
Elucidating the diversity of mid-eastern Queensland Pinwheel Snails (Eupulmonata: Charopidae) using aspects of shell morphology.  

Lorelle Holcroft s5063935    1 | P a g e  

 

Elucidating the diversity of mid-eastern 

Queensland Pinwheel Snails 

(Eupulmonata: Charopidae) using aspects 

of shell morphology. 

 

Lorelle Holcroft 

 

School of Environment and Science 

Griffith University 

 

 

 

Submitted in fulfilment of the requirements of the degree 

of Master of Philosophy 

April, 2018  

 

DECLARATION  

This work has not previously been submitted for a degree or diploma in any university. To the 

best of my knowledge and belief, the thesis contains no material previously published or written 

by another person except where due reference is made in the thesis itself. 

Lorelle Holcroft 

  



Elucidating the diversity of mid-eastern Queensland Pinwheel Snails (Eupulmonata: Charopidae) using aspects of shell morphology.  

Lorelle Holcroft s5063935    2 | P a g e  

 

ACKNOWLEDGMENTS  

The research presented in this dissertation could not have been done without the help of many 

colleagues and friends who supported me in many ways during the last two  years. Only the names of 

some of them can be listed here. Firstly, Griffith University and my supervisors, Professor Jane Hughes 

and Dr Chris Burwell for their unstinting support, feedback and encouragement. Thank you, Jane for 

skillfully ensuring the right mix of ‘supervision’ and ‘independent latitude’ in research. I have learnt much 

these past two years, and that could not have happened without your guidance. I have benefited greatly 

from the valuable feedback and suggestions of my other supervisor, Dr Chris Burwell. Thank you Chris, 

for the comprehensive critique and discussions. This was enormously informative and constructive. 

Thanks also to Kathryn Real from Griffith University for the DNA extraction and subsequent support and 

especially to PhD student, Jeremy Wilson, for help and guidance with the cladistic analyses of the 

molecular data. Sincere gratitude is expressed to two eminent biologists, Dr Christine Lambkin from the 

Queensland Museum who spent time teaching the process for running a PAUP analysis and who 

supervised the author’s first efforts, and Dr Frank Köhler from the Australian Museum for his support for 

the DNA analysis. 

 

Over the past two years, I have had the great pleasure of interacting with an incredible group of people 

including PhD students and professors from the Griffith School of Environment and Science - the ‘Geek’ 

group. I do hope you enjoyed your treats. In particular, I would like to thank Jeremy Wilson, Dr Dan 

Schmidt and Kathryn Real for taking an interest in my research and offering valuable advice.  

 

To the staff at Queensland Museum who have been so encouraging and supportive whenever I have 

had questions, Dr Christine Lambkin, Darryl Potter, Dr John Healy, Geoff Thompson, photographer 

extraordinaire, all the Level 6 scientists and in particular, the vertebrate crowd who gave me space in 

their lab - thank you. The copyright of all photographs of shells in Chapters 2 to 5 belongs to the 

Queensland Museum unless otherwise stated. 

 

The Australian Rivers Institute is recognised for many educational opportunities and ongoing support 

offered. Petney Dickson, a big thank you for cheerfully handling all administrative niggles, and the IT staff 

at Queensland Museum for their technical support and wizardry.  

 

Finally, I would like to thank Dr John Stanisic who has provided immeasurable help and support over the 

course of this work, for continual encouragement, for brainstorming ideas and theories for many hours 

and for teaching me much about these tiny snails as well as providing me many forums in which to learn. 

His advice and insights have been extremely helpful in shaping the research and I would like to dedicate 

this thesis to John. To many family members and friends have assisted throughout the production of this 

thesis in a number of ways, my thanks go to them. 

 

  



Elucidating the diversity of mid-eastern Queensland Pinwheel Snails (Eupulmonata: Charopidae) using aspects of shell morphology.  

Lorelle Holcroft s5063935    3 | P a g e  

 

ABSTRACT  

Species of Charopidae from mid-eastern Queensland in the collections of the Queensland and Australian 

Museums were reviewed primarily using aspects of shell morphology. Protoconch sculpture played a key 

role in this revision and 261 protoconchs were examined by scanning electron microscopy in order to 

develop a basic terminology that could be used in descriptions of genera and species. Eleven baseline 

patterns, some with subtle variations, were established. Eight of these are shown to be present in mid-

eastern Queensland Charopidae. Studies of protoconch and teleoconch sculpture combined with shell 

coiling patterns showed that a number of genera and species, many newly documented, are represented. 

A cladistic analysis using a range of shell measurements was conducted to confirm these results. 

Additional verification, though limited, was sought through molecular analysis where animal tissue was 

available. Anatomical dissection of the male genitalia was performed on specimens of two species for 

which adequate preserved material was available.  

 

From an initial 13 known species, thirty-nine species of charopid are documented including a reallocation 

of the three ‘Gyrocochlea’ species currently described from the region resulting in three new genera, 

Whitcochlea gen. nov., Stanisicaropa gen. nov. and Radiolaropa gen. nov., and a new species, 

Radiolaropa eungella sp. nov.  An additional four new Gyrocochlea-grade species are described in four 

new genera, Amfractaropa gen. nov., Comularopa gen. nov. Nodularopa gen. nov., and Xenoropa gen. 

nov. The genera Isolderopa Stanisic 2010 and Pereduropa Stanisic 2010 are expanded with the 

description of six new species.  A new genus, Tristanoropa gen. nov. is diagnosed for the inclusion of 

three new species. Twelve additional species, some based on damaged specimens,  are briefly 

described in order to complete the inventory.  

 

The majority of mid-eastern Queensland species appear to be endemic to the region. Biogeographical 

discussions focus on how the charopid fauna of the Central Mackay Coast Bioregion relates to similar 

faunas in bioregions to the north and south. Isolation of the region and its rainforests by dry corridors to 

the north and south that have developed as result of continental aridification since the Miocene may offer 

an explanation for the high endemicity of the mid-eastern Queensland charopid species. 
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CHAPTER 1: Introduction  

 

Australian native land snails belong to 27 families and comprise approximately 1600 described species 

with an estimate of another 900 species in museums awaiting description. A total of 2500 species is 

probable (Stanisic pers. comm 2016). Land snails form a significant part of Australia’s terrestrial 

invertebrate biodiversity, inhabiting nearly all landscapes with the exception of the sandy deserts of 

central Australia. The most diverse families are the Camaenidae (forest, rock and woodland snails), 

Helicarionidae (semi-slugs and glass snails), Rhytididae (carnivorous snails) and the Charopidae 

(pinwheel snails). Taxonomically, the Charopidae are the most poorly known with less than 300 of an 

estimated 750 species described (Shea et al. 2012). Their tiny shells and numerical abundance, 

particularly in eastern Australia, combined with difficulties in collection have been impediments to 

developing a comprehensive taxonomy for the family. 

 

Until the 1980s, description and classification of Australia’s land snails with minor exceptions (Hedley 

1892, Odhner 1917), have been shell based and reliant on conchological characters such as shell 

sculpture, shape, size and coiling pattern. The multi-volume studies of Solem on the Camaenidae of 

southern, western and central Australia added the characters of the reproductive anatomy to description 

of new species of Australian land snails (Solem 1979, 1981, 1992, 1997 and related references therein). 

More recently, the work of Köhler and Criscione on the Kimberley and central Australian Camaenidae 

placed a much greater emphasis on molecular studies for discriminating species (Köhler 2010, Köhler & 

Criscione 2015). Stanisic (1990) was the first major study using reproductive anatomy in the classification 

of charopids from eastern Australian rainforests. Hyman & Stanisic (2005) also combined shell and 

anatomical characters from their study of charopids from limestone sites in New South Wales. Shea et 

al. (2012) combined shell and reproductive morphology with limited molecular data to produce a 

phylogenetic framework for northern New South Wales charopids. The latter study highlighted problems 

with obtaining enough charopid material for both anatomical and molecular studies. Most museum 

charopid material exists as dead shells recovered from litter sorting with few spirit preserved specimens 

available. As such, internal morphology and molecular analysis are not very practical as the primary 

means of establishing an identification and classification system within the Charopidae. 

 

Current eastern Australian biogeography is almost exclusively based on landscape (geology), vegetation 

and the distribution of vertebrate animals. Land snails represent 6% of terrestrial biodiversity (Solem 

1984) yet have very limited consideration in the biogeographical literature. Land snails have much to 

offer to biogeographers with their limited dispersal ability (low vagility) making them good subjects for 

biogeographical studies. The mid-eastern Queensland charopids have yet to be fully utilised in these 

studies chiefly due to the fact that relatively few species have been described from the region. Stanisic 

(1990) made limited reference to connections between the mid-eastern Queensland rainforests and 

those of Border Ranges (NE NSW/SEQ) and the Wet Tropics (WT) in relation to the charopid genera 

Biomphalopa Stanisic, 1990 and Setomedea Iredale, 1933. 
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1.2 Aims of this study 

A. To document fully the charopid fauna of mid-eastern Queensland utilising material currently in 

the Queensland and Australian Museums as the basis for the study. While relatively few species 

have been described from this region, additional undescribed species exist in uncurated material 

in the Queensland and Australian Museum collections;  

B. To develop a shell-based classification for the mid-eastern Queensland charopids which builds 

on the frameworks established by Hyman & Stanisic (2005) and Shea et al. (2012). The study 

used aspects of shell microsculpture and general shell characters shown by former studies to be 

most useful in delimiting and describing the species. These characteristics were used to develop 

a phylogeny of the species as a framework for the higher classification of genera;  

C. Where possible, to verify the phylogeny by anatomical and molecular studies; and 

D. To provide a key to the species for mid-east Queensland charopids. 

 

In documenting a large component of the mid-eastern Queensland charopid fauna, the study has 

alleviated some of the family’s taxonomic impediment. At a broader scale, it has facilitated the 

biogeographic contextualisation of this significant snail fauna.  

 

1.3 Thesis overview 

This thesis is a combination of 3 papers submitted for publication and another chapter describing those 

species not formally described in the previous chapters. In total, 39 species of charopid from mid-east 

Queensland (MEQ) are documented indicating the strong diversity of charopid fauna in this region. A 

brief outline of each successive chapter following this one is given below. 

 

Chapter 2: Background. This chapter defines the study area of mid-east Queensland and overviews the 

Charopidae, the history of species delimitation methods for this family and the biogeography of mid-east 

Queensland.  

 

Chapter 3: Protoconch sculpture as a taxonomic tool in Australian charopid systematics (Gastropoda: 

Eupulmonata: Charopidae). This paper was published by Molluscan Research and defined the broad 

framework for the protoconch sculpture of eastern Australian charopids as a benchmark for the 

terminology to be used in the descriptions and generic diagnoses of this group. Eleven major protoconch 

patterns were identified and described. 

 

Chapter 4: A revision of Gyrocochlea-grade Charopidae from mid-eastern Queensland and a 

redescription and generic reassignment of Gyrocochlea iuloidea (Forbes, 1851), G. chambersae Stanisic 

2010 and G. danieli Stanisic, 2010.  (Eupulmonata: Charopidae). This paper was published in the 

Memoirs of the Queensland Museum Nature. The consequent generic reassignment of the three 

aforementioned species and the description of five new species of Gyrocochlea-grade charopids from 

MEQ in this study led to the description of seven new genera primarily based on differences in protoconch 

sculpture. 
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Chapter 5: A revision of the charopids with a finely cancellate protoconch sculpture (Eupulmonata: 

Charopidae). This paper has also been submitted for publication to Memoirs of the Queensland Museum 

Nature. It provides a full description of the 6 known finely cancellate charopid species only briefly 

described in Stanisic et al. 2010 and introduces another nine species, three of which are members of a 

new genus. 

 

Chapter 6: Systematics of other MEQ taxa. The remainder of the MEQ fauna consists of 15 species 

comprising seven that are assigned to previously diagnosed genera, and eight  with uncertain generic 

affinity. This chapter briefly describes these species. Three of these species represent described species 

( Setomedea janae Stanisic 1990, Sinployea intensa Iredale 1941 and Discocharopa aperta Möllendorff, 

1888). Four are new species within previously described genera (Lenwebbia 1990, Luturopa Stanisic 

2010, Ngairea Stanisic 1990 and Comularopa Holcroft 2018) and eight are new species which cannot be 

confidently assigned to known genera at this time. 

 

Chapter 7: Morphological and molecular Analyses. This chapter describes and discusses the data from 

a PAUP analysis using morphological characters and the results of the DNA analysis of those species 

where suitable DNA was available. This chapter is a supporting chapter to the aspects of shell 

morphology used in this study. 

 

Chapter 8: Outcomes of the study. This chapter summarises the outcomes of the study and provides a 

Key to the Species. 

 

Chapter 9: Discussion and Conclusions. This chapter discusses the diversity of the charopid fauna of 

MEQ discussing the patterns of variation, biogeography and conservation.  
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CHAPTER 2: BACKGROUND 

2.1 Study area: Mid-eastern Queensland 

The study area is located within the Central Mackay Coast Bioregion (CMC) adjacent to the Brigalow 

Belt Bioregion to the west, north and south (Sattler & Williams 1999).  This bioregion is divided into 

subregions (Fig. 2.1) based on major structural geological units which are defined later in this chapter. 

This study area which is referred to as mid-eastern Queensland is defined as the 3 subregions of 

Whitsunday, the Proserpine-Sarina Lowlands and the Clarke-Connors Ranges.  

 

Mid-eastern Queensland (hereafter MEQ) 

is separated from the humid, Wet Tropics 

and the dry to moist subtropical forests of 

south-east Queensland by two dry 

corridors of open eucalypt forest. This has 

isolated the region into pockets of 

subtropical rainforest (Webb & Tracey 

1981, Bryant & Krosch 2016) and affected 

subsequent charopid distribution.  

Environmental changes associated with 

continental aridification have been 

significant in affecting the distribution of 

Australian charopids and this has also 

played a part in the distribution of the MEQ 

charopids.  

 

2.2 Background 

2.2 Land snails and the Charopidae 

2.2.1 Higher classification of the Mollusca 

Australia’s native land snails belong to two morphologically and physiologically distinct groups within the 

class Gastropoda. A comparatively small number of species are operculate land snails belonging to the 

Superorders Neritomorpha and Caenogastropoda. These species have an operculum, one pair of 

tentacles with the eyes at their bases, an open mantle cavity in which oxygen is absorbed directly across 

the mantle tissue. Species are dioecious. The vast majority of Australia’s native land snails are 

pulmonates or air-breathing snails, semi-slugs and slugs in the Superorder Heterobranchia. Pulmonates 

lack an operculum, have two pairs of tentacles with eyes at the tips of the superior pair, and a closed 

mantle cavity (lung) with a small opening (pneumostome). Species are hermaphrodite. Fundamentally, 

the characteristics that differentiate pulmonates from other gastropods are largely associated with the 

change from marine to non-marine habitats (Smith & Stanisic 1998). The present day terrestrial 

Figure 2.1: Central Mackay Coast Bioregion (IBRA). 
Green: Clarke-Connors Range subregion. Red: 
Whitsunday subregion. Orange: Sarina-Proserpine 
Lowlands subregion. 
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pulmonates are considered to be an invasion from marine species and the freshwater pulmonates are a 

secondary invasion of the aquatic environment from the land (Solem 1978, 1983, 1984). 

 

Solem (1978) argued for the retention of Pulmonata as a sub-class of Gastropoda. With the use of 

molecular phylogenetics, the monophyly of Pulmonata was shown to be uncertain and the groups is now 

considered polyphyletic (Ponder & Lindberg 1997). Terrestrial pulmonates are now divided into two 

orders, Systellommatophora and Eupulmonata (Bouchet & Rocroi 2005). Estimates suggest that of the 

35,000 species of terrestrial gastropods (Solem 1984), most, probably around 30,000 belong to 

Eupulmonata, a successful and diverse group that dominates the terrestrial snail fauna in most parts of 

the world (Barker 2001). Among the Eupulmonata, the Charopidae are the most diverse family of snails 

in the forests of eastern Australia. 

2.2.2 Family classification of the Charopidae 

The family-level taxon Charopidae was first introduced by Hutton (1884) for the New Zealand genus 

Charopa Albers, 1860 (type species. Helix coma Gray, 1843) and several related species. Charopids 

were previously assigned to various families (e.g. Flammulinidae, Endodontidae, Phenacohelididae, 

Rotadiscidae). Although this name was not generally accepted by subsequent authors at the time, Hedley 

(1892) provisionally applied it to Australian species. Later, Iredale (1933, 1937a,b) applied the 

Charopidae to some Australian species while still maintaining other family-level categories for several 

genera (e.g. Hedleyoconchidae). However, it was not until the work of Solem (1983), in which he 

synonymised a number of formerly used family and sub-family taxa for this group of snails, that 

Charopidae was fully entrenched in land snail taxonomy. 

2.2.3 Australian Charopidae 

The Australian Charopidae (Pinwheel Snails) are part of the much larger group of Charopidae found on 

most land masses of the Southern Hemisphere. Their greatest diversity occurs in Australia, New Zealand 

(Climo 1981; Marshall and Barker 2008) and the Pacific Islands (Preston 1913; Iredale 1944, 1945; 

Solem 1983). Some species are also present on sub-Antarctic islands (Stanisic 1998). Charopids are 

particularly diverse in eastern Australia where they prefer both humid moist and dry rainforests. In 

addition, they favour the lithorefugia of mountain tops and limestone outcrops. Many live under logs and 

in the leaf litter, while the few arboreal species may be found under the bark of trees and logs. Australian 

charopids are considered to be herbivores, feeding on decaying leaves, fungi and biofilm (Stanisic et al. 

2010).  

 

Australian charopids are mostly characterised by their tiny size (shell diameter 1 to 7mm). Modern 

revisions (Stanisic 1990, Hyman and Stanisic 2005, Shea et al. 2012) describe them as mainly discoidal 

in shape with rounded whorls and a flat, sunken or slightly raised spire which may be dome shaped and 

conical. The umbilicus varies from pinhole to wide saucer-shaped and the lip is simple. Shell apertures 

are usually lunate and without barriers, although some species may bear one to several palatal, parietal 

or columellar barriers. Shell sculpture is complex with various combinations of fine and coarse spiral 
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cords and radial ribs and ridges. The number and occurrence of these varies between species and may 

also increase from the initial teleoconch to the body whorl. Shell colour is generally cream to brown but 

may include flammulations which are alternating streaks of reddish-brown and white. Some species have 

setae (hair-like extensions of the periostracum). Animal colour varies from white to grey-brown or black 

though some have a mottled or multi-coloured pattern. Nothing is known about the reproductive 

behaviour of Australian species. 

 

2.3 Previous studies 

2.3.1 History of species description 

Historically, there are limited studies of Australian charopids. The first known record of Charopidae in 

Queensland was Helix iuloidea Forbes, 1851, collected by the naturalist John MacGillivray (1852) ‘under 

a stone’ at Port Molle (= Long Island), MEQ during the voyage of the H.M.S. Rattlesnake. This followed 

Pfeiffer (1850) who described a species from Port Jackson, NSW and Benson (2009) who described two 

species from south-west Western Australia in 1853. 

 

Cox (1868) in his ground-breaking monograph of Australian land shells included 33 species of charopid 

in the section Discus within the genus Helix. Legrand (1871) and Petterd (1879) added 16 species from 

Tasmania. Iredale (1937a,b, 1939, 1941a,b, 1942, 1944, 1945) added an additional 31 species from 

various locations on the continent including South Australia and Western Australia. 

 

By 1992, 156 Australian charopid species had been described (Smith 1992). More recently, Stanisic 

(1993a,b) added 3 species, Hyman & Stanisic (2005): 19 species, Stanisic et al. (2010): 63 species, 

Shea et al. (2012): 17 species and Stanisic (2016): 2 species. This included the 13 previously described 

species from MEQ. With a total of 260 described species it is estimated that another 350 undescribed 

species from the eastern Australian mainland are currently in AM and QM collections. These estimates 

do not include any undescribed species from Victoria, Tasmania, South Australia and Western Australia 

which could number up to 200 (Stanisic pers. comm 2016). This study increases the known charopid 

fauna of MEQ from 13 to 39 species and thus increases the number of described Australian species to 

almost 280. 

2.3.2 Systematic study of Australian charopids 

The observations of the Australian charopids by Cox (1868) describes them as having an umblilicated, 

discoidal shell. He noted colour patterns, rib structures and whorl counts with some mention of aperture 

shape. These superficial descriptions from shell morphology based on observation and also constrained 

by the available microscopy of the day make comparison with contemporary studies problematic. 

 

Hedley (1892) was the first to carry out detailed studies on several charopids from Tasmania and Western 

Australia. Hedley (1912) described Endodonta recava from a single specimen found by the ornithologist 
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Sydney Jackson, west of Mackay in 1908. He also introduced Helix iuloidea var. curtisiana for a species 

from Mt Larcom, SEQ and several other charopid species. Hedley mentioned the difficulty of working 

with such small species and the limitations of the technology of the time, making species difficult to 

distinguish without magnification.  

 

Hedley (1924) just prior to his untimely death, diagnosed a new genus Gyrocochlea (type species. Helix 

vinitincta Cox 1868) from the rainforests of north-eastern New South Wales and south-eastern 

Queensland (= Border Ranges). His description included the protoconch as smooth, flat and of a whorl 

and a half as a significant aspect in separating this genus from the New Caledonian Monomphalus 

(spirally striated protoconch) and the New Zealand Allodiscus (protoconch with fine and crowded ribs). 

This attention to protoconch whilst superficial, was an extension of the earlier observations of shell 

sculpture and introduced this character as a diagnostic feature for the first time.  

 

Iredale (1933) in his all-encompassing paper on the systematics of Australian land snails, introduced a 

number of new charopid genera with very brief descriptions. In his faunal checklists of Australian land 

snails, Iredale (1937a,b) describes charopids with tightly coiled whorls often in the same plane much as 

Hedley had previously done (Hedley 1924).  Iredale also noted that a limited number of species had 

slightly elevated spires. These early malacologists used largely conchological details to establish species 

and new genera though these have little value in contemporary systematics (Stanisic 1990). Apart from 

Odhner (1917) and Hedley (1924) who provided limited anatomical detail and, with the exception of 

Solem (1983), it was only from the 1990s that modern revisions of genera and species were possible 

when the combination of shell morphology, anatomy and genetic studies was able to reveal the natural 

differences required to establish a phylogenetic framework for the family in Australia. In his Pacific Island 

monograph, Solem established what can be considered the contemporary benchmark for land snail 

systematics (Solem, 1983). His methods for measuring and describing species using shell and 

anatomical features are still the current taxonomic standard for the group. 

2.3.3 The emergence of SEM in charopid systematics 

Solem (1970) was the first to introduce scanning electron microscopy (SEM) into land snail systematics. 

Solem states that the use of this technology in the study of conchological features could serve as a 

subfamily or generic identification criterion especially in tiny and very small species of land snails. He 

extended the use of this technology in his monographs on the endodontoid land snails (including 

Charopidae) of the Pacific Islands (Solem 1976, 1983). Subsequently, SEM studies have been included 

in identification of new species and genera for the Australian Charopidae (Smith & Kershaw 1985, 

Stanisic 1990, Hyman & Stanisic 2005, Shea et al. 2012). The exception to this is the field guide of 

Stanisic et. al. (2010) which describes several new charopid genera and species but not to the level 

required by journals. The species descriptions in this case are based only on shell characters which the 

authors themselves regard as subject to revision and the new genera as hypotheses to be tested more 

rigorously.  
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Smith & Kershaw (1985) utilised SEM in defining 3 genera of Tasmanian and Victorian charopids. 

However, their conclusions regarding the microsculpture lacked the detail necessary for comparative 

studies. Stanisic (1990) analysed conchological and anatomical variation in fifty species of charopids in 

eastern Australia and concluded that large shifts in anatomical structure coincided with major changes 

of shell pattern and in particular, protoconch (embryonic) structure. Recent studies have shown that 

within the Charopidae, protoconch sculpture can be effective in delineating genera while the teleoconch 

sculpture can be diagnostic at the species level (Hyman & Stanisic 2005, Shea et al. 2012). Both these 

studies have for the first time established rudimentary phylogenetic frameworks for small cohorts of 

Charopidae using conchological features validated by anatomical and in the latter, molecular studies.  

 

Of the charopids occurring in MEQ prior to this study, only the endemic Biomphalopa recava (Hedley, 

1912) and the widespread Discocharopa aperta (Möllendorff, 1888) have been investigated by SEM 

(Solem 1983, Stanisic 1990).  

2.3.4 Towards an integrative taxonomy 

Wheeler (2008) argues that an integrative taxonomy combining both morphology and DNA sequencing 

is the best solution for providing valid information for species descriptions. However, the tiny size and 

often cryptic habitats make live charopids difficult to find and in general, they are collected as dead shells 

from leaf litter sorting. As a result, identification of charopid species has required a strong emphasis on 

shell morphology. Lack of animal tissue suitable for molecular analysis has been a key factor in the 

development of aspects of shell morphology as the primary tool in the delimitation of charopid species. 

Charopid shells have a number of  characteristics that make it possible to achieve such a task.  

 

The major characteristic of the charopid shell that has been shown to be effective in generic differentiation 

is that of protoconch sculpture (Stanisic 1990, Bonham 2003, Hyman and Stanisic 2005, Shea et al. 

2012, Stanisic 2016). The protoconch is the embryonic shell formed in the egg. On hatching, the snail 

continues to grow its shell but this part of the shell, the teleoconch, has a completely different architecture 

that has been shown to vary between species in the same genus (Solem 1983, Stanisic 1990, Hyman 

and Stanisic 2005, Shea et al. 2012, Holcroft 2018a).  

 

Delimitation of charopid genera and species 
Use of morphology 

From a morphological perspective, determining generic difference has been primarily based upon 

protoconch architecture in combination with shell coiling pattern and spire protrusion. While spiral, radial 

and reticulate protoconch sculptures were used previously (Iredale 1937, Smith and Kershaw 1979, 

Stanisic et al. 2010, Shea et al. 2012), the more rigorous classification system and nomenclature for 

protoconch sculptural patterns prescribed by Holcroft (2018a) in Chapter 3 provide a consistent and 

informative terminology for the descriptions in this study.  Eleven major configurations of protoconch 

microsculpture were identified of which eight have been applied to MEQ taxa included on this study.  
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Secondarily, the size and structure of genitalia may be also used to delimit genera. However, this is 

largely dependent on the availability of suitable material for 

dissection. In this study, only two species provided suitable 

material for dissection and the results are included in Chapter 

4.  

 

In the absence of animal tissue suitable for molecular and 

anatomical analysis, species delimitation in this study has 

been based on shell morphology. Charopidae with very minor 

exceptions are rich in shell characters useful in species 

delimitation. Solem (1983) established criteria for such an 

approach. He recognised that to maintain genetic integrity, 

species must have certain ‘species recognition’ features in the 

reproductive organs. In particular he indicated that penial 

structure (size of penis and the number, shape and length of 

internal pilasters) was significant in this regard. Solem also 

found that major differences in reproductive anatomy 

correlated with measurable conchological differences. This 

was based on the premise that genetic divergence is reflected 

in phenotypic alterations of the shell. As a result, Solem (1983) 

proposed that at least 3 non-correlated conchological 

differences must exist for allopatric populations to be 

classified as distinct species.  

 

In this study, strong emphasis has been placed on a number of conchological features such as shell 

coiling pattern, shell diameter, number of ribs on the body whorl, ratio of shell diameter to umbilical width 

(D/U), ratio of shell height to diameter (H/D), protoconch diameter, umbilical shape and the number of 

whorls (Fig. 2.2). In addition to these features relating to gross shell morphology and teleoconch sculpture 

(radial rib structure, rib spacing, microsculpture) has also been examined in detail. 

 
Use of DNA sequencing 

Charopid research in Australia to date has rarely utilised DNA sequencing and very little genetic data is 

available with one exception. Shea et al. (2012) established a framework for defining natural 

monophyletic groups based on both molecular and morphological data. The study utilised DNA 

sequences of cytochrome c oxidase subunit I and the internal transcribed spacer 2 region of the 

ribosomal RNA in combination with qualitative and quantitative conchological data, scanning electron 

microscopy (primarily of the shell protoconch) and anatomical studies of the male reproductive system. 

The use of DNA sequencing on other Australian land snail families, particularly the larger species, is 

more common. Köhler and Criscione (2015) researched camaenid land snails that exhibited considerable 

and well documented morphological diversity from north-western Australia. In this study which focused 

predominantly on the use of DNA sequencing and the subsequent analysis, they showed a link to the 

Figure 2.2: Method of measuring 
specimens (Solem 1976:14) A-B, shell 
diameter; C-D, shell height; E-F, Spire 
protrusion; F-G, body whorl width; H-I 
umbilical width.  
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morphological characters and revealed extensive convergence in all studied shell characters and in three 

out of four genital features across this group. They performed Bayesian and Maximum Likelihood 

analyses of concatenated nuclear (28S) and mitochondrial (COI, 16S) DNA sequences which they have 

shown to be the preferred genes for analysis for Australian land snails. 

 

In this study, only 25% of the species in the  museum collections and discovered in a subsequent field 

trip provided any suitable animal tissue. Of that, DNA analyses were conducted on fragments of one 

mitochondrial gene (cytochrome oxidase subunit I DNA) in a protocol documented in Chapter 7.  

 

2.4 Biogeography  

2.4.1 Biogeography of the eastern Australian Charopidae 

The land snail family Charopidae is a Gondwanan group (van Bruggen 1980). While there are no known 

fossil records in Australia, charopids are assumed to have been present on the Australian continent since 

at least the early Miocene when their preferred moist forest habitats covered a larger proportion of 

Australia than they do today (Stanisic 1990). These tiny snails are now mostly restricted to humid 

rainforest refugia in eastern Australia. Some species also occur in isolated patches of vine thicket and 

rocky outcrops in subcoastal semi-arid environments in this region (Stanisic 1998, Hyman & Stanisic, 

2005). Their low vagility associated with habitat contraction and fragmentation since the Miocene, has 

resulted in high rates of speciation and high endemicity among these snails (Stanisic 1990, 1994).  

 

Distributions of other families of larger pulmonates such as Camaenidae (forest, rock and woodland 

snails), Helicarionidae (semi-slugs and glass snails) and Caryodidae (bush and panda snails) are 

represented by species in both the Border Ranges and Wet Tropics as well as MEQ (Stanisic et al. 2010) 

showing the historical linkages across the regions to the north and south of the MEQ region. 

Megaspiridae, a family distributed in eastern Australia, Papua New Guinea and South America contains 

the genus, Coelocion (Pilsbry, 1904) with species that are sporadically distributed in MEQ and the 

Lockyer Valley in SEQ indicating a historical connection across the 2 bioregions (Stanisic et al. 2010). 

 

Until recently, MEQ invertebrates, in particular land snails, have rarely been mentioned in this 

biogeographical narrative. Rix & Harvey (2012): assassin spiders; Boyer et al. (2015): mite harvestmen; 

Burwell & Nakamura (2016): ants, represent relevant studies. The distribution of these invertebrates 

largely reflects historical rainforest biogeography (Australian Government State of Origin Report 2013). 

With their limited means of dispersal, land snails are exemplar subjects for biogeographical studies. 

However, biogeographical studies of Australian land snails to date have been broad scale (McMichael & 

Iredale 1959, Bishop 1981). This is due in the main to the lack of detailed taxonomic data about much of 

the fauna. The MEQ area has not been subject to extensive study with respect to land snails and as a 

result this fauna has had very little involvement in biogeographical discussions.  
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2.4.2 Ecology of the eastern Australian Charopidae 

The ecological factors that influence the present distribution of charopid land snails in eastern Australia 

include the availability of food, calcium and moisture, habitat shelter and temperature (Solem 1984). Lack 

of moisture in particular, is a major consideration. Their preference is for rainforest (humid wet and 

seasonally dry) environments which provide the decaying plant material, fungi and biofilm that forms part 

of their diet and the leaf litter and logs under which they shelter. A secondary preference is for rocky 

outcrops (lithorefugia) which often harbour rich snail faunas (Bishop 1981, Hyman & Stanisic 2005). 

Solem (1984) detailed the environmental parameters for favourable land snail habitat as being a stable 

and moderate moisture supply, deep leaf litter and gully topography as shelter from prevailing winds. It 

is therefore not surprising that in MEQ, charopids are chiefly restricted to montane and surrounding 

rainforest habitats of the Clarke, Connors and Conway Ranges. Though not diverse, they also occur on 

most of the Whitsunday Islands.  

 

Moisture supply: Rainfall  
The Clarke-Connors Range extends for 300km along the western boundary of the CMC and is one of 

the largest wilderness areas in Queensland. This range forms a watershed that feeds the major rivers of 

the area (Proserpine, O’Connell and Pioneer) in addition to accommodating the headwaters of the Fitzroy 

and Burdekin River systems. The Eungella Plateau rises to 1267 m at Mt Dalrymple though charopids 

are just as diverse at the lower altitudes at Broken River (470m) and Finch Hatton Gorge (250m). This 

subregion has a climate that  differs from the other subregions being both cooler and receiving greater 

rainfall that averages 1600mm per annum decreasing to about 1200 mm in the south and to 1000 mm to 

the west (State of Region Report, Clarke- Connors Range 2013). The moist rainforests of Eungella 

National Park (NP) in the Clarke Range have a high annual rainfall of around 2300 mm (Bureau of 

Meteorology 2017). An annual rainfall of 1600 mm (Bureau of Meteorology 2017) in the lower altitudes 

of the Crediton State Forest, MEQ (575m) affects the known charopid locations near the two tributaries 

of the Teemburra Creek, Endeavour Creek and Cherry Tree Creek. Both creeks are relatively 

inaccessible but home to two endemic species. 

 

The Whitsunday subregion includes the araucarian rainforests of the Whitsunday, South Cumberland 

and Gloucester Island groups, the Conway Ranges, Mt Dryander and the Proserpine River. These drier 

coastal rainforests receive an annual average rainfall of 1300 mm (Bureau of Meteorology 2017). Wigton 

Island, east of Mackay and south of the Whitsunday Islands has an annual rainfall of 1246mm (Bureau 

of Meteorology 2017). This more southern island is the only island of this South Cumberland group known 

to have a charopid species.  

 

The semi-evergreen vine thickets of Bell’s Gap and Funnel Creek on the eastern escarpment of the 

Connors Range are drier than the rainforests of the main range and have an average rainfall of 1072 mm 

(Bureau of Meteorology 2017). In the transition to the Brigalow Belt, the semi-evergreen vine thickets on 

the western escarpment of the Clarke-Connors Range of Eungella Dam, Hazelwood Gorge and 

Homevale, MEQ share a similar annual rainfall.  
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Leaf Litter: Vegetation of the Central Mackay Coast 
The gradual but continual leaf fall that is suitable charopid habitat in the rainforests and vine thickets of 

MEQ provide a thick accumulation that maintains a moisture content (Fig. 2.3). The major habitats of 

MEQ genera lie in refugial pockets within the moist montane rainforests of the Clarke-Connors Range 

and the drier araucarian rainforests of the Conway Range, Mt Dryander NP and off lying Whitsunday 

Islands.  

 

 

The Clarke-Connors Range subregion contains moister complex notophyll rainforests on a granitic base. 

The montane area of the range supports large tracts of subtropical rainforest and tall eucalypt forest and 

protects a range of ecosystems including vine thickets, wet upland forests and drier open forests and 

woodlands. These high altitude rainforests have close affinities with north Queensland’s Wet Tropics’ 

forests.  

 

Semi-evergreen vine thickets are considered an extreme form of dry seasonal subtropical rainforest 

(McDonald 1996). They are generally characterised by the presence of bottle trees as emergents from 

the vegetation. The thickets occur in areas with a subtropical, seasonally dry climate (Webb & Tracey 

1981, 1994). Deciduous trees are common within these vine thickets and produce leaf litter which holds 

the moisture in the soil and provides adequate protection for charopids.  

 

A 

Figure 2.3. Leaf litter of the Central Mackay Coast Bioregion forests, MEQ. A. Eungella NP, 1200m. B. Brandy 
Creek NP, Conway Ra. C. Long I.  

B 
C 

A 
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The Whitsunday region comprising the submerged coastline and islands east of Proserpine as well as 

the coastal hills and ranges of Mt Dryander and the Conway Range with their volcanic origins, supports 

mixed notophyll rainforest with a pronounced semi-deciduous element at the lower altitude (Sattler & 

Williams 1999). Conway National Park and Conway State Forest protects the largest remaining area of 

lowland rainforest in the bioregion. Open eucalypt forests and semi-deciduous rainforests extend across 

lower altitude parts of the bioregion and are more closely linked to the vegetation of southern Queensland 

(taken from Mackay Regional Botanic Gardens website). Araucarian emergents are a feature of this 

landscape. Gloucester Island on the boundary of CMC and the Brigalow Belt North Bioregion shows 

closer geological and floristic affinities to the MEQ region and in particular, the Whitsunday subregion 

(Sattler & Williams 1999, Willmott 2006). 

 

The Proserpine-Sarina Lowlands Subregion with its alluvial and estuarine sediments supports woodlands 

and notophyll rainforests. Much of this area has been cleared for sugar cane farming and pasture and 

only sparse remnant vine thickets remain in coastal areas.  

 

The rainforests of MEQ are isolated from those in south-east Queensland and the tropical rainforests of 

the wet tropics by two dry corridors (Webb and Tracey 1981; Bryant et al. 2016): the Burdekin-Lynd Gap 

in the north and the St Lawrence Gap in the south, which have probably affected the distribution of 

charopids in MEQ. The Proserpine-Sarina lowlands between these two areas of rainforest have been 

largely cleared for farming and charopids are rarely found there. The exception is the Cape Hillsborough 

NP, an area formed during the volcanic activity 34 million years ago much later than the formation of the 

volcanic activity which formed the Whitsunday Islands around 100 million years ago (Willmott 2006). The 

Cape Hillsborough area has an araucarian rainforest very similar to that of the Whitsunday Islands and 

is home to a few species of minute charopids (Stanisic et al. 2010).  

 

Gully topography: Geology of the Central Mackay Coast 
The geology of central Queensland has had a complex history in the past 400 million years with tectonic 

plates overriding one another, volcanic activity, mountains thrust up and the eastern side of the continent 

fragmented to open the Coral Sea (Willmott 2006). The landscapes (Fig. 2.4) resulting from this 

tumultuous geological history provide the refugia that promote the survival of the diverse charopid fauna 

of the CMC. 

 

The area of study includes the New England fold belt (formed 100 to 190 million years ago) and the 

Whitsunday volcanic subregion (formed 95 to 140 Million years ago). The New England fold belt 

incorporates the Clarke-Conway Range Subregion including Eungella National Park, Cathu State Forest 

and the Gloucester Island National Park and is mostly composed of granitic rocks.  

 

The Whitsunday volcanic subregion includes the Dryander and Conway National Parks as well as the 

Whitsunday Islands and South Cumberland Islands. Since the eruptions of this line of volcanoes was so 

violent, rocks from ash (tuff), lava flows (basalt and rhyolite) as well as granites are common in this area 

(Willmott 2006). The present islands and adjacent mainland are the mountain tops of this old landscape 
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which has been inundated in recent history. At the depth of the last Ice Age 19 million years ago, the sea 

level was 150m lower than at present and the coastline was about 140km further east (Willmott 2006: 

107). 

 

  

The Proserpine-Sarina Lowlands subregion is part of the Hillsborough Basin, a narrow strip running 

between Cape Hillsborough and Proserpine. This basin, now partly submerged, resulted from sediments 

washing into a narrow land-locked trough between 65 and 55 million years ago. High sandstone cliffs are 

a feature of this landscape. 

 

Rock habitats can act as refugia (lithorefugia) for the persistence of rainforest lineages (Couper & Hoskin 

2008) and thus provide a sustainable microhabitat for snail fauna. The extensive rocky outcrops and 

large boulders offer good protection for charopids. The volcanic rocks and sandstones of MEQ not only 

form the soils on which the varied forest types exist but also provide the moist rocky retreats in which 

land snails are able to survive.  

 

  

 
Figure 2.4. Landscapes of the Central Mackay Coast 
Bioregion. A. Montane rainforests of Broken R., 
Eungella NP. B. Semi-arid vine thickets of 
Hazelwood Gorge, Eungella Dam. C. Araucarian 
rainforests of Whitsunday Island. D. Araucarian 
rainforest at Cape Hillsborough. E. Farming in the 
Proserpine-Sarina lowlands. 

A 

D C 

B 

E 
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CHAPTER 3: Protoconch sculpture as a taxonomic tool in Australian 

charopid systematics (Gastropoda: Eupulmonata: Charopidae)  

 

Lorelle Holcroft,  

School of Environment and Science, Griffith University; Australian Rivers Institute. 

lorelle.holcroft@griffithuni.edu.au; lorelle.holcroft@bigpond.com  

 

Abstract 

Charopidae represent one of the most speciose land snail faunas in Australia with an estimated 750 

species, mostly being less than 5 mm in shell diameter. The majority of its species are undescribed. With 

limited available material suitable for molecular analysis, morphological methods remain the primary 

technique for the identification of charopid species, and recent studies have shown that the sculptural 

patterns on the protoconch are diagnostic in establishing a generic signature. This study attempts to 

establish a formal framework for the description of the protoconch patterns for those species currently 

considered to be members of the eastern Australian Gyrocochlea s.l. group of charopids. The protoconch 

sculpture of 60 species and 72 putative species of Gyrocochlea s.l. were examined and grouped by 

sculptural pattern and location. Eleven major configurations are identified, defined and described. It is 

intended that this terminology will be the benchmark for future descriptions of the protoconch 

characteristics of Australian charopid species and their generic placement. Implications for the past 

generic allocation of some Gyrocochlea s.l. species are discussed. Evidence from this study also 

indicates that there is local geographic consistency in the distribution of the protoconch  patterns and a 

broad latitudinal sequence of pattern turnover. The biogeographic implications of this are briefly explored. 

 

Keywords  

Mollusca, Charopidae, protoconch sculpture, cancellate, spiral, radial, malleate, generic framework, 

biogeography. 

 

Introduction 

Australian native land snails belong to 27 families and comprise approximately 1600 described species 

with an estimate of another 700 species in museums awaiting description (Stanisic, pers. comm.). They 

form a significant part of Australia’s terrestrial invertebrate biodiversity, inhabiting nearly all ecosystems 

with the exception of the sandy deserts of central Australia. One of the most diverse families is the 

Charopidae (Pinwheel Snails). More than 95% of charopid species inhabit moist to dry rainforests where 

they live under logs, litter and rocks. They eat fungi, biofilm and decaying vegetation and play an 

important role in maintaining the ecosystems in which they live (Stanisic 1990).  However, less than 200 

of an estimated 750 species of Australian charopids have been described (Stanisic et al. 2010). Their 

tiny shells and high speciation, particularly in eastern Australia, combined with difficulties in collection, 

mailto:lorelle.holcroft@bigpond.com
mailto:lorelle.holcroft@bigpond.com
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have been impediments to developing a comprehensive taxonomy for the family. Charopids range from 

1.2 mm to 8 mm in shell diameter with the vast majority less than 5 mm. When describing their 

morphology size is a challenge, both in terms of shell and reproductive anatomy. 

 

Considering the size of the fauna, there have been comparatively few detailed studies of Australian 

charopids. The first known record of Charopidae in Australia was by Pfeiffer (1850) who described a 

species from Port Jackson, New South Wales (NSW). The observations of the Australian charopids by 

Cox (1868) in the first monograph on Australian land snails describes them as having an umbilicated 

discoidal shell. He noted colour patterns, rib structures and whorl counts with some mention of aperture 

shape. These superficial descriptions from shell morphology, based on observation and also constrained 

by the available microscopy of the day, make comparison with contemporary studies problematic. 

 

Hedley (1892) was the first to carry out detailed studies on charopids from Tasmania and Western 

Australia. In 1924, he diagnosed the genus Gyrocochlea (type species. Helix vinitincta Cox, 1868) from 

the rainforests of north-eastern New South Wales and south-eastern Queensland (= Border Ranges). 

His description included the protoconch as ‘smooth, flat and of a whorl and a half’ was considered to be 

a significant indicator in separating this genus from the New Caledonian Monomphalus Ancey, 1882 

(spirally striated protoconch,) and the New Zealand Allodiscus Pilsbry, 1892 (protoconch with fine and 

crowded ribs). This attention to protoconch, whilst superficial, was an extension of the earlier 

observations of shell sculpture and introduced this character as a diagnostic feature for the first time.  

 

The protoconch is the embryonic shell formed inside the snail 

egg and presumably has no environmental function. 

Consequently it has been argued that the protoconch 

sculpture would not be readily subject to selective pressure 

and therefore major differences in this structure between 

genera are likely to be inherited (Bonham 2003). In charopids, 

the protoconch generally comprises the first one to one and a 

half whorls and has a distinctive sculptural pattern. The 

teleoconch or shell which is grown following the hatching of 

the snail forms a quite different pattern of sculpture that may 

vary between species (Fig. 3.1).  

 

Solem (1983) established what can be considered the 

contemporary morphological benchmark for land snail systematics. Making full use of the emergent SEM 

technology, Solem illustrated and described protoconch and teleoconch sculpture of charopids at a 

standard that would revolutionise the study of these tiny snails into the future. In particular, the protoconch 

sculpture, when viewed in microscopic detail (X300 magnification), appeared to segregate species into 

generic groupings. 

 

FIGURE 3.1. Charopid MQ21, MEQ 
showing the protoconch and teleoconch. 
Image: G. Thompson, QM. 
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Stanisic (1990) analysed conchological and internal anatomical variation in fifty species of Charopidae 

from eastern Australian rainforests and concluded that large shifts in internal anatomical structure 

coincided with major changes of shell pattern and protoconch sculpture in particular. More recent studies 

have also shown that within the Charopidae, protoconch sculpture can be effective in delineating genera 

while the teleoconch sculpture and coiling pattern of the shell can be diagnostic at the species level 

(Stanisic 1998, Hyman and Stanisic 2005, Shea et al. 2012). Both these studies established rudimentary 

phylogenetic frameworks for small cohorts of Charopidae using conchological features validated by 

anatomical and molecular studies.  

 

In the meantime, Stanisic et. al (2010) added 64 new species of Charopidae to the Australian fauna with 

22 assigned to Gyrocochlea, while at the same time admitting that this generic concept was polyphyletic 

and merely a grade of conchological organisation. Gyrocochlea-grade (hereafter Gyrocochlea s.l.) 

species of Charopidae are the dominant group in eastern Australia. Gyrocochlea s.l. is characterised as 

a group of species with generally brown, biconcave shells with a diameter of 3-8 mm and a strong, 

radially-ribbed teleoconch (Shea et al. 2012). True Gyrocochlea s.s. species (Gyrocochlea sensu stricto) 

have a nautiloid shell coiling pattern but the broader Gyrocochlea s.l. also encompasses species with 

both nautiloid and multi-whorled coiling patterns (Fig. 3.2). 

 

 

More recently, Stanisic (2016) used protoconch sculpture together with other elements of shell 

morphology to describe two new monotypic genera of Gyrocochlea s.l. charopids and re-assign one of 

the recently introduced Gyrocochlea s.l. species to a new genus. In this paper, he recognised that while 

the nautiloid shell organisation of these species was similar, the protoconch structure of all three differed 

significantly from that of true Gyrocochlea (type species. Helix vinitincta from the Border Ranges. His 

study implied that each protoconch pattern essentially signified a group of closely related species or 

genera.  

 

While these previous studies indicated that protoconch is a very useful character for generic delimitation 

in charopids, they did not use consistent terminology. Protoconch sculpture typically consists of spiral 

cords and radial ribs of varying widths and intensities. Some species have both cords and ribs of similar 

intensity, some both in varying degrees, a small number have one or the other and there are even a few 

species which have only a random malleate pattern. The difficulty in using such sculpture in taxonomic 

description lies in being able to describe patterns in a way that effectively differentiates broadly similar 

FIGURE 3.2. A. Type species of Gyrocochlea s.s., Gyrocochlea vinitincta, AMSC139752, showing the nautiloid shell 
shape and the depressed spire. B. Multi-whorled shell of Biomphalopa recava, QMMO39878. Images: J. Stanisic. 
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but microscopically diverse protoconchs. Historically, protoconch sculpture has been described using 

four major patterns - spiral, radial, cancellate/reticulate and pitted.  

 

Holcroft (2017) prefaced the wider use of protoconch sculpture in generic diagnosis of the Charopidae 

with the possibility of establishing a standardised terminology. The current study is an extension of that 

concept based on a detailed examination of 260 protoconch sculptures of 186 species of eastern 

Australian charopid. Gyrocochlea s.l., perhaps the most speciose group of eastern Australian charopids, 

exhibits a wide range of protoconch structure and was considered an ideal group to use as a model to 

define a framework of protoconch sculptural patterns. 

 

The aims of this study were, firstly, to identify the major protoconch microsculptural patterns of eastern 

Australian charopids as a framework to be used in the future descriptions and generic diagnoses of this 

group; and secondly to define and standardise terminology for this microsculpture. The implications for 

some species of Gyrocochlea s.l. whose protoconch architecture is not consistent with that of the type 

species of Gyrocochlea s.s. are raised.  

 

Finally, an overview of the geographical patterns of charopid protoconch in eastern Australia is briefly 

discussed. 

 

Materials and methods 

The study is based on material held in the Queensland (Brisbane) and Australian (Sydney) Museums. 

Undescribed species are denoted by an alpha-numeric code used in the land snail collections of these 

museums. The code is geographically based and coincides approximately with east coast bioregions 

(IBRA, Version 4.0: Thackway and Cresswell 1995). 

 

Protoconchs were photographed using a TM-1000 tabletop Scanning Electron Microscope located at the 

Queensland Museum. Specimens were mounted on sticky tabs, gold sputter coated and imaged under 

high vacuum. The majority of specimens were cleaned by ultra sound but not by the removal of the 

periostracum as most of the sculptural elements are present within this structure. Existing scanning 

electron microscope (SEM) images from Hyman and Stanisic (2005), Shea et al. (2012) and Parkyn 

(unpublished) were also included in this study. The list of specimens used in this study is included in 

Appendix 2. A total of 260 scanning electron micrographs of 186 eastern Australian charopid species 

formed the basis of this study. Images used and not taken by the author are acknowledged individually.  

 

The protoconch sculptures of 132 Gyrocochlea s.l. species were closely examined under scanning 

electron microscopy and revealed a broad framework of protoconch types. Another 54 charopid species 

(described and undescribed) not considered Gyrocochlea s.l., have been used to overlay this framework 

to determine the usefulness of the broad groupings in the description of all charopid species. Multiple 

images were taken where a species was present in a range of localities.  Each broad protoconch type 

has been coded for all species in the study (see Appendix 1). 
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Terminology 

To standardise terminology, the following lexis will be used. Throughout this study, descriptions of 

protoconch sculpture refer to spiral cords and radial ribs. Spiral cords may be strong or weak depending 

on their dominance and size in the pattern. Their appearance may be broad (wide), coarse (rough), 

rugose (corrugated) or thin (Fig 3.3A, B). They may be called threads where the cord is a fine line. 

Description of radial ribs is similar, using terms such as strong, weak, high and low. Radial ribs may be 

curved in a forward direction (prosocline) (Fig. 3.3C) or straight (opisthocline) (Fig. 3.15A). Radial ridges 

occur as broad, raised radial undulations on the protoconch surface. 

 

In a few cases, charopids with a radial protoconch pattern exhibit discontinuous periostracal wrinkles in 

a spiral pattern rather than true spiral cords which form a continuous pattern. These are considered to 

be shrinkage artefacts due to periostracal drying (Solem 1983).  A close-up view of the radial protoconch 

of Egilodonta bairnsdalensis (Gabriel, 1930) illustrates an example of these spiral wrinkles (Fig. 3.3C).  

 

Spiral cord and radial rib spacing is another element used in the description of the protoconch sculpture 

and terms such as widely spaced (>20 m) and crowded (<10 m) are used to define wide and narrow 

spacing respectively between the spiral cords or radial ribs. 

 

Abbreviations 

AM, Australian Museum, Sydney; Ck, Creek; FNQ, Far North Queensland; FR, Flora Reserve; MEQ, 

Mid-eastern Queensland; ME NSW, Mid-eastern New South Wales; N, North; Mt, Mount; Mt., Mountain;  

Mts, Mountains; NE NSW, North-eastern New South Wales; NEQ, North-eastern Queensland; NP, 

National Park; NR, Nature Reserve; NSW, New South Wales; Qld, Queensland; QM, Queensland 

Museum, Brisbane; R, River; Rd, Road; S, South; SEM, Scanning Electron Microscopy; SCU, Southern 

Cross University; SEQ, South-east Queensland; SF, State Forest. 

 

Results 

In this paper, the four existing categories of protoconch sculpture in current use, viz. spiral, radial, 

cancellate/reticulate and pitted, are divided into categories with very specific terminology. Eleven broad 

sculptural configurations were identified from the material examined. These are summarised and defined 

in Table 3.1 and described below. While some charopid genera may share one of these broad patterns, 

each genus is distinguished by a specific variation (sub-pattern) which is unique to it.  These sub-patterns 

FIGURE 3.3. Examples of the terminology A. 
Thin spiral cords over thin radial ribs of Charopid 
MQ35. QMMO85135, St Helens Beach, MEQ. 
B. Broad spiral cords and wide radial ribs, 
Charopid MQ26. QMMO39879, Proserpine 
River, MEQ. C. Spiral wrinkles of Egilodonta 
bairnsdalensis. AMSC154808, Bairnsdale, 
Victoria. 



Elucidating the diversity of mid-eastern Queensland Pinwheel Snails (Eupulmonata: Charopidae) using aspects of shell morphology.  

Lorelle Holcroft s5063935    31 | P a g e  

 

will require much finer definition to delimit the taxa and in some cases, include data such as the relative 

number of apical cords and radial rib spacing (see ‘Discussion’). A reference species is named for each 

of the broad patterns.  

 

TABLE 3.1. Definitions of the major protoconch patterns in Gyrocochlea s.l. A Reference species is listed 
for each new category. 

Current 
categories 

Proposed 
new 
categories 

Definition Generic variation  Reference 
Species 

Cancellate 
 

Beaded 
cancellate 

Thin interrupted spiral cords 
visible as round or elongate 

beads where they cross low 
radial ribs or ridges resulting 
in a beaded appearance. 

 

Gyrocochlea: finely beaded 
cancellate  

Planorbacochlea: coarsely beaded 
cancellate  
 

Gyrocochlea 
vinitincta. 
Fig. 3.6A 

 Pitted 
cancellate 

A lattice of broad spiral cords 
and radial ribs or ridges 

closely woven so that the 
distance between each is 
smaller than the width of the 

cord or rib resulting in a pitted 
appearance. 

Barringtonica: low, flattened, broad 
spiral cords (26) and radial ribs  

Biomphalopa: low, flattened, radial 
ribs and narrower spiral cords (26) 
Chordaropa: low, broad spiral cords 

(26) and weaker radial ribs  
Koreelahropa: low, broad spiral 
cords and weak, curved radial ribs 

Nautiliropa: low, flattened, broad 
spiral cords (16) and radial ribs  
 

Biomphalopa 
recava  
Fig. 3.5A 

 Broadly 
cancellate 

A lattice of spiral cords and 
radial ribs spaced at intervals 
greater than the width of the 

cord or rib resulting in a widely 
reticulate appearance. 
 

Dictyoropa: widely spaced spiral 
bands (15) and radial ribs 
Macphersonea: closely spaced 

narrow spiral cords (19) and radial 
ribs. 
Reticularopa: strong, widely-spaced 

spiral bands (15-19); strong radial 
ribs beaded at their intersection  
 

Dictyoropa 
eurythma (Hedley, 
1924). 
Fig. 3.9A 

 Pitted to 
broadly 
cancellate 

A combination lattice starting 
as pitted cancellate and 
opening to broadly cancellate 

Cancellocochlea: pitted cancellate 
for first whorl graduating to broadly 
cancellate 

Cancellocochlea 
coolongolook. 
Shea et al. 2012 
Fig. 3.10A 

 Finely 
cancellate 

A lattice of thin spiral threads 
and thin radial ribs widely 

spaced resulting in a net or 
web-like appearance. 
 

No Gyrocochlea s.l. genus but 
present in ‘Gyrocochlea’ raveni and 

other charopid genera  

Isolderopa 
iangallowayi, 
Stanisic, 2010. 
Fig. 3.11D 

Spiral Spiral Spiral cords and no radial ribs 
for all or at least the first one 
and a half whorls of the 

protoconch.  
 

Diphyoropa: strong spiral cords with 
strong radial ribs only after 1.5 
whorls 

Diphyoropa 
saturni (Cox, 
1864). 
Fig. 3.12C 

 Early spiral Spiral cords only for the first 

whorl followed by a pattern of 
strong radial ribs over the 
spiral cords for the remainder 

of the protoconch. 
 

Cumberlandica: widely spaced 

spiral cords for the first whorl with 
radial ribs for the latter part of the 
protoconch 

Leurocochlea: widely spaced spiral 
cords for the first whorl with 
crowded radial ribs for the latter part 

of the protoconch. 

Cumberlandica 
impressa (Hedley, 
1924). 
Fig. 3.13A 

 Superior 
spiral 

Spiral cords for only the first 
quarter of a whorl followed by 

dominant spiral cords over 
raised radial ribs. 
 

Comboynea: crowded, low spiral 
cords (28) and very weak, 

irregularly spaced radial ribs  
Richmondaropa: low spiral cords 
(17-21) and very weak, irregularly 

spaced radial ribs. 
 

Richmondaropa 
prava (Hedley, 
1924).  
Fig. 3.14A 

Radial Radial Strong radial ribs with no 

spiral cords; periostracal 
shrinkage wrinkles may be 
present.  

 

Macleayropa: irregularly-spaced 

radial ribs  
Scelidoropa: crowded, evenly-
spaced radial ribs 

Discocharopa 
aperta 
Möllendorff,1888 
Fig. 3.15A 
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 Superior 
radial 

Dominant radial ribs and 

lower, thin spiral cords. 
 

Acheronopa: crowded curved radial 

ribs (60) and weaker, lower spiral 
cords 

Acheronopa 
attunga Hyman & 
Stanisic, 2005.  
Fig. 3.16A 
 

Pitted Malleate  A random pattern with no 
spiral cords or radial ribs 

resulting in a beaten copper 
appearance. 

No Gyrocochlea s.l. genus but 
present in other charopid genera 

Letomola 
contortus Hyman 
& Stanisic, 2005. 
Fig. 3.17A 

 

 

Within each of the major patterns, there are several distinctive sub-patterns which have also been 

illustrated below and presented in a diagrammatic key in Appendix 1.  

 

Cancellate protoconch sculpture  

The most common form of protoconch structure in this group has similar sized spiral and radial cords 

present over the entire protoconch demonstrating four main patterns and one combination pattern that 

can all be described by the term ‘cancellate’, referring to a pattern with a lattice-like structure (Fig. 3.4). 

This term has been previously used in land snail descriptions (Stanisic et al. 2010, Shea et al. 2012, 

Stanisic 2016) but has not been specifically defined and has sometimes been interchanged with the term 

‘reticulate’ as a descriptor.  

 

Of the species of Gyrocochlea s.l. examined in this study, a cancellate protoconch was found in 60% of 

the species with other sculptural patterns seen less frequently (Fig. 3.5A). However, with the exception 

of one species from Binna Burra, SEQ (Fig. 3.5B), the pitted cancellate protoconch pattern was not 

observed in the cohort of non-Gyrocochlea s.l. species examined in this study. Conversely, the finely 

cancellate pattern was the dominant pattern for the non-Gyrocochlea s.l. species and very rare in the 

larger Gyrocochlea species. 

FIGURE 3.4. Cancellate sculptural forms. A. Beaded cancellate. B. Finely cancellate. C. Broadly cancellate. D. Pitted 
cancellate. 
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Beaded cancellate 
Reference species: Gyrocochlea vinitincta (Cox, 1868); (Fig. 3.6A). 

In the beaded cancellate pattern, the spiral cords are thin and appear only where they are raised over 

incipient radial ribs or ridges, giving the appearance of a stitched or beaded pattern. Of the species 

studied, this protoconch type is confined to species located in the forests between the Border Ranges of 

Qld/NSW and the Sydney Basin. Gyrocochlea vinitincta  from the Border Ranges and all Gyrocochlea 

s.s. have a finely beaded cancellate pattern with radial ribs of approximately 5 m in width (Fig. 3.6).  

 

Variation occurs in the apparent 

coarseness of the pattern with some 

‘beads’ much longer and some more 

pronounced than others. Planorbacochlea 

Shea et al., 2012 from the Sydney Basin 

has a beaded cancellate protoconch that is 

much coarser, having fewer spirals cords 

and radial ribs of approximately 10 m (Fig. 

3.7A, B). This is one of the characteristics 

that separates the genus from Gyrocochlea 

s.s.  

0

28

0

1

0

5

0

5

5

12

2

Beaded Cancellate

Finely Cancellate

Broadly Cancellate

Pitted Cancellate

Pitted to Broadly Cancellate

Superior Spiral

Early Spiral

Spiral

Superior Radial

Radial

Malleate

23

2

10

32

11

8

14

8

9

13

0

Beaded Cancellate

Finely Cancellate

Broadly Cancellate

Pitted Cancellate

Pitted to Broadly…

Superior Spiral

Early Spiral

Spiral

Superior Radial

Radial

Malleate

FIGURE 3.5. The number of species in this study exhibiting a particular protoconch sculptural pattern including the 
variation of pitted cancellate to broadly cancellate. A. Gyrocochlea s.l. B. Non-Gyrocochlea s.l. 

FIGURE 3.6. Finely beaded protoconch of Gyrocochlea s.s. A. 
Reference species: Gyrocochlea vinitincta. AMSC139752, 
Lismore, NE NSW. B. Gyrocochlea paucilamellata. QMMO16546, 

Canungra, SEQ. Images: S. Lindsay, AM. Scale bars=100m. 
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Another species of Gyrocochlea s.l., Cancellocochlea heatherae Shea et al., 2012 (Fig. 3.7C) exhibits a 

much coarser beaded cancellate protoconch; following an initial pitted protoconch, the intersection of the 

spiral cords and radial ribs (5-20 m) appears nodulose only after the first three-quarters of a whorl. 

 

Pitted cancellate  
Reference species: Biomphalopa recava (Hedley, 1912); (Fig. 3.8A). 

In this pattern, the protoconch has a pitted appearance with broad spiral and broad radial cords 

intersecting in a regularly spaced pattern. The pits or spaces are narrower than the width of the cords 

and radials in an average space:rib ratio of 1:3. This pitted cancellate protoconch is dominant in 

Gyrocochlea s.l. and accounts for 30% of the species which were investigated. Species with this 

protoconch type can be found across all the bioregions included in this study. Biomphalopa recava and 

Gyrocochlea chambersae Stanisic, 2010 from MEQ exhibit this type of protoconch as does G. calliope 

Stanisic, 2010 from SEQ (Fig. 3.8ABC) and B. concinna (Hedley, 1924) from NEQ (Stanisic 1990). 

 

This pattern was found in one non-Gyrocochlea s.l. species, Ygernaropa binnaburra Stanisic, 2010 

(QMMO78977) from the Gwongoorool Pool track at Binna Burra in the Border Ranges. All other 

Ygernaropa species have finely cancellate protoconch sculpture (Fig. 3.8D). 

 

 

FIGURE 3.7. Coarsely beaded cancellate protoconchs of other Gyrocochlea s.l. species A. Planorbacochlea 
hawkesburyana (Stanisic, 2010). AMSC462512, Brooklyn, S NSW.  B. Planorbacochlea planorbis (Hedley, 1924). 
AMSC462535, Shoal Bay, ME NSW. C. Cancellocochlea heatherae. AMSC464074, Johns River, ME NSW. Images: S. 

Lindsay, AM. Scale bars=100m. 

FIGURE 3.8. Pitted cancellate protoconchs. A. Reference species: Biomphalopa recava. QMMO39878, Finch Hatton 
Gorge, MEQ. B. Gyrocochlea chambersae. QMMO78961, Eungella NP, MEQ. C. Gyrocochlea calliope. QMMO23347, 
Dan Dan Scrub, SEQ. D. Ygernaropa binnaburra. QMMO78977, Gwongoorool Pool, Lamington NP, SEQ.   Image C: S. 

Lindsay, AM. Scale bars=100m. 
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Broadly cancellate 
Reference species: Dictyoropa eurythma (Hedley, 1924); (Fig. 3.9A) 

In size, the broadly cancellate pattern lies between the pitted cancellate and the finely cancellate patterns. 

The ‘pits’ on the protoconch are wider than on the pitted cancellate protoconch and the spiral cords and 

radial ribs wider than those of the finely cancellate sculpture in space:rib ratios between 2:1 and  4:1 (Fig. 

3.9). This cancellate pattern occurs in Macphersonea Shea et al., 2012, Dictyoropa Shea et al., 2012 

and Reticularopa Stanisic, 2016 as well as two undescribed species from north Queensland. Most 

species of this protoconch type come from the Border Ranges although this protoconch sculptural type 

has a disjunct distribution and reappears in the Wet Tropics. 

 

 

Pitted to broadly cancellate  
Reference species: Cancellocochlea coolongolook Shea et al., 2012; (Fig. 3.10A). 

A combination of the previous two cancellate patterns occurs in NE NSW and the Sydney Basin, (Fig. 

3.10). The protoconch begins with a pitted cancellate pattern which opens to a broadly cancellate pattern 

as seen in Cancellocochlea coolongolook (Fig. 3.10A). Planorbacochlea gibraltar Shea et al., 2012, P. 

nambucca Shea et al., 2012, P. parriwiensis Shea et al., 2012, P. yessabahensis Shea et al., 2012 and 

two undescribed species from the lluka Nature Reserve, NE NSW (Charopid NN6) and Booyong, 

Richmond River, NE NSW (Charopid NN13) also share this protoconch. 

 

FIGURE 3.9. Broadly cancellate protoconchs. A. Charopid WT2. QMMO24794, Fitzroy I., Cairns, NEQ. B. Reference 
species: Dictyoropa eurythma. AMSC103618, Northern Rivers, NE NSW. C. Reticularopa minjerribah Stanisic, 2016. 
QMMO70517, North Stradbroke I., SEQ. D. Macphersonea canalis Stanisic, 2010. AMSC140473, Brunswick Heads, NE 

NSW.  Images B-D: S. Lindsay, AM. Scale bars=100m. 

FIGURE 3.10. Combination of pitted to broadly cancellate protoconch patterns. A. Reference species: Cancellocochlea 
coolongolook. AMSC463435, Coolongolook, ME NSW. B. Planorbacochlea parriwiensis. AMSC462433, Parriwi Park, The 

Spit, S NSW. C. Charopid NN6. AMSC154980, Iluka NR, NE NSW. Images: S. Lindsay, AM. Scale bars=100m. 
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Finely cancellate  
Reference species: Isolderopa iangallowayi Stanisic, 2010; (Fig. 3.11D). 

The finely cancellate protoconch occurs when narrow, raised spiral cords or threads and narrow, raised 

radial ribs of similar dimensions combine to give a net-like appearance in space:rib ratios of 

approximately 4:1. Less than 2% of Gyrocochlea s.l. species examined demonstrate this protoconch 

sculpture. This rare pattern is only found in one described Gyrocochlea s.l. species, Gyrocochlea raveni 

Stanisic, 2010 from the Border Ranges (Fig. 3.11) and one undescribed species from Mt Cristoe, MEQ 

(Charopid BL11). 

 

Finely cancellate protoconchs dominate in charopids which are not considered Gyrocochlea s.l., 

representing over 50% of the species analysed in this study. The majority of these species come from 

Queensland and range from the Border Ranges, SEQ through to the base of Cape York Peninsula, FNQ 

(Fig. 3.11A-E). A ‘scalloped’ variant of this pattern occurs in MEQ and NEQ when the spiral cords lift over 

the radial ribs. Rotacharopa Stanisic, 2010 from SEQ and Setomedea Iredale, 1941 with species in SEQ, 

MEQ and NEQ (Fig. 3.18B) demonstrate this pattern. Isolderopa Stanisic, 2010 (Fig. 3.11B) and 

Pereduropa Stanisic, 2010 from MEQ, Shearopa Stanisic, 2010 (Fig. 2.11C) from both MEQ and NEQ 

and Excaliburopa Stanisic, 2010 from NEQ also exhibit this variant. In a rare occurrence in NSW, the 

single species Coricudgia wollemiana Hyman & Stanisic, 2005 (Fig. 3.11F) from the Sydney Basin has 

continuous spiral cords raised over higher radial ribs, giving a web-like pattern on the first whorl of the 

C 

FIGURE 3.11. Finely cancellate protoconch of A. Gyrocochlea raveni. QMMO78955, Mt Coot-tha, SEQ. B. Finely 
cancellate variant Setomedea janae Stanisic, 1990. QMMO35632, Mt Dryander, MEQ. C. Finely cancellate variant 
Shearopa magnetica Stanisic, 2010. QMMO78975. Magnetic Island, NEQ. D. Reference species: The ‘scalloped’ 
form of Isolderopa iangallowayi. QMMO85131, Mt Charlton, MEQ. E. The ‘scalloped’ form of Charopid WT41. 
QMMO73854, Bakers Blue Mt., NEQ. F. The web-like form of Coricudgia wollemiana . AMSC205164, Mt Coricudgy, 

S NSW. Image A, D: I. Hyman, AM. Scale bars=100m. 
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protoconch. However, this finely cancellate pattern matures to a superior radial pattern for the final whorl 

of a longer protoconch (1.75 whorls).  

 

The reference species Isolderopa iangallowayi has been chosen from this group as the most appropriate 

example of this pattern.  

 

Spiral protoconch sculpture  

Spiral 
Reference species: Diphyoropa saturni (Cox, 1864); (Fig. 3.12C). 

No Gyrocochlea s.l. species examined in this study have a strictly spiral protoconch although it is evident 

in some non-Gyrocochlea s.l. species (Fig. 3.12A).  However, within the Gyrocochlea s.l. group, e.g. 

Diphyoropa Hyman & Stanisic, 2005, spiral cords may dominate but radial ribs appear in the last quarter 

of a longer than normal protoconch that is greater than 1.5 whorls. This is considered a variation of the 

spiral pattern and is evident in two species, Diphyoropa saturni  from the Sydney Basin and D. 

macleayana Hyman & Stanisic, 2005 from the Macleay Valley west of Kempsey, ME NSW (Fig. 3.12B, 

C) as well as four undescribed species from NE NSW, the Border Ranges and SEQ (Charopids NN23, 

BR27, SQ43 and SQ46) and one species (Charopid MQ39) from MEQ.  

 

In non-Gyrocochlea s.l. charopid genera, there are several species with strictly spiral protoconchs of 1.5 

whorls. The spiral protoconch form is represented in two genera: Macrophallikoropa Hyman & Stanisic, 

2005 from SE NSW and ranging as far north as Cooloola NP, SEQ (Stanisic 2010) and Sinployea Iredale, 

1941 with representatives in SEQ, MEQ and NEQ (Fig. 3.20A).  

 

Early spiral 
Reference species: Cumberlandica impressa (Hedley, 1924); (Fig. 3.13A). 

In some species of charopid, the spiral pattern gives way to  dominant radial ribs much sooner than other 

species in the spiral group. In this group, the radial ribs are evident following the first whorl of the 

protoconch and become more pronounced towards the protoconch-teleoconch boundary. Three species 

of Gyrocochlea s.l. illustrate this pattern (Fig. 3.13) and it is the protoconch pattern for two described 

genera, Cumberlandica Shea et al., 2012 from the Sydney Basin and Leurocochlea Stanisic, 2010 from 

the Border Ranges. To date, this pattern has not been observed in non-Gyrocochlea s.l. species. 

FIGURE 3.12. Spiral protoconchs. A. Charopid BR27. QMMO60936, Mt Mee, SEQ. B. Diphyoropa macleayana. AMSC168685, 
Macleay Valley, ME NSW. C. Reference species: Diphyoropa saturni. AMSC318947, Gore Hill, S NSW. D. Sinployea intensa 
Iredale, 1941. QMMO13475, Mackay, MEQ. Images: A: M. Dawes, SCU; B: I. Hyman, AM; C: S. Lindsay, AM. Scale 

bars=100m. 
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Superior spiral 
Reference species: Richmondaropa prava (Hedley, 1924); (Fig. 3.14A). 

This pattern features a dominantly spiral protoconch with raised radial ribs running under the spiral cords 

only after the first third of a whorl (Fig. 3.14). It varies from the beaded cancellate pattern in that the radial 

ribs are raised rather than impressed and only occur after the first third of a whorl.   

 

The superior spiral pattern is known in two described genera of Gyrocochlea s.l., Richmondaropa Shea 

et al., 2012 from the Border Ranges, SEQ/NE NSW and Gyrocochlea iuloidea (Forbes, 1851) from the 

Whitsunday Islands and Conway Range in MEQ. However, it is also present in a number of other 

undescribed species from SEQ and MEQ identified in this study. This protoconch type has not been 

observed in non-Gyrocochlea s.l. species to date. 

 

Radial protoconch sculpture 

Radial 
Reference species: Discocharopa aperta Möllendorff, 1888; (Fig. 3.15A). 

An unusual but distinct protoconch pattern in Gyrocochlea s.l. occurs when the protoconch is composed 

only of radial ribs, e.g. Macleayropa Stanisic, 2010 from the Macleay Valley, ME NSW and Scelidoropa 

Hyman & Stanisic, 2005 which ranges from Tasmania to the New England region, NE NSW. 

FIGURE 3.13. Early spiral protoconchs of Gyrocochlea s.l. species. A. Reference species: Cumberlandica impressa. 
AMSC462733, Bilpin, S NSW. B. Cumberlandica wombeyanensis Shea et al., 2012. AMSC319717, Wombeyan Caves, 

S NSW. C. Gyrocochlea etna. QMMO62722, Mt Etna, SEQ. Images: S. Lindsay, AM. Scale bars=100m. 
 

FIGURE 3.14. Superior spiral protoconchs of Gyrocochlea s.l. species. A. Reference species: Richmondaropa prava. 
AMSC103621, Upper Tweed R., NE NSW. B. Charopid BR50. QMMO52067, Murphy’s Ck, SEQ. C. Charopid BR4. 

QMMO16889, Tooloom Scrub, NE NSW. Images: A: S. Lindsay, AM; B: M. Dawes, SCU. Scale bars=100m. 
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Gyrocochlea danieli Stanisic, 2010 from Endeavour Creek, MEQ and G. fitzgeraldae Stanisic, 2010 from 

the Dee River, SEQ are the two representatives of this type in Gyrocochlea s.l. Where spiral cords are 

evident, the latter shows a variation after one and a half whorls. Another species of undescribed charopid 

from St Mary’s Falls, SEQ (Charopid SQ26) has a rare pattern where the radials are intersected by low, 

weak spiral cords after one and a quarter whorls (Fig. 3.15). This similar but opposite variation to the 

early spiral pattern, viz. early radial, is shown in FIGURE 15C. Due to the low occurrence of this pattern, 

it is not named as a separate form but pending further investigations remains as a variation of the radial 

pattern.  

 

Radial protoconchs represent 26% of the non-Gyrocochlea s.l. species studied and were observed in 

Discocharopa Möllendorff, 1888, Rhophodon Hedley, 1924, Ngairea Stanisic, 1990 and Egilodonta 

Iredale, 1941. The reference species is named from Discocharopa aperta where a true radial pattern 

without variation is represented. Discocharopa species can be found in both Qld and NSW. Discocharopa 

aperta (Fig. 3.15A) is unusual in that it occurs from south-east NSW northward across much of tropical 

Australia, central Australia as well as elsewhere in SE Asia and the Pacific (Stanisic et al. 2010). A ‘look-

alike’ species of similar shell diameter and colour and with a radial protoconch but different teleoconch 

sculpture has been discovered in MEQ (Charopid MQ31). Rhophodon species occur from northern NSW 

to the Bobby Range, SEQ (Fig. 3.15D). Ngairea species can be found in SE NSW and SEQ although a 

new species recently discovered in MEQ (Charopid MQ48) may extend the range of this genus. 

Egilodonta species can be found in eastern Victoria and SE NSW.  

 

Superior radial 
Reference species: Acheronopa attunga Hyman & Stanisic, 2005; (Fig. 3.16A). 

A more pronounced pattern is that of superior radial, where the radial ribs are much more dominant than 

the spiral cords. It differs from the finely cancellate pattern in the dominance of the radial ribs. While rare 

in the described Gyrocochlea s.l. species, superior radial protoconchs occur in eight undescribed species 

of Gyrocochlea s.l. from NE NSW to MEQ (see supplementary file). This pattern is also present in 

Acheronopa attunga from Yarramanbully, NE NSW (Fig. 3.16A-C). 

 

The superior radial pattern is similarly featured in non-Gyrocochlea s.l. genera, viz. Cralopa Iredale, 

1941, Gouldiropa Hyman & Stanisic, 2005, Hedleyropa Hyman & Stanisic, 2005, Marilyniropa Hyman & 

FIGURE 3.15. Radial protoconchs. A. Reference species: Discocharopa aperta. QMMO8360, Kenilworth, SEQ. B. 
Gyrocochlea fitzgeraldae. QMMO13461, Dee River Crossing, SEQ. C. Charopid SQ26. QMMO16797, St Mary’s Falls, 
SEQ. D. Rhophodon kempseyensis Stanisic, 1990. AMSC153720, Carrai SF, ME NSW. Images: B, C: M. Dawes, SCU; D: 

I. Hyman, AM. Scale bars=100m. 
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Stanisic, 2005 and Sharniropa Hyman & Stanisic, 2005 which occur  between Inverell, NE NSW and the 

Abercrombie Caves, SE NSW (Figs 3.16D-F).  

 

 

Malleate protoconch sculpture  

Reference species: Letomola contortus Hyman & Stanisic, 2005; (Fig. 3.17A). 

Results of this study indicate that it is rare for an Australian charopid species to have a pattern lacking 

any combination of spiral cords and radial ribs. No known record of such a pattern has been found in 

Gyrocochlea s.l. However, two non-Gyrocochlea s.l. genera, Letomola Iredale, 1941 and Lenwebbia 

Stanisic, 1990  have an unusual protoconch pattern which has the appearance of beaten copper. In 

metalwork,  a malleate pattern is defined as ‘hammered’(Fig. 3.17). Letomola is found in the Macleay 

Valley in NSW and Lenwebbia is found in Mudlo Gap, SEQ and the Paluma Range in NEQ with a new 

species (Charopid MQ17) discovered in MEQ.   

FIGURE 3.16. Superior radial protoconchs. A. Reference species: Acheronopa attunga. QMMO70400, Manilla-
Yarramanbully Rd, N NSW. B. Charopid BR58. QMMO12263, Yarraman, SEQ. C. Charopid MQ42. QMMO13081, 
Bell’s Gap, MEQ. D. Marilyniropa jenolanensis Hyman & Stanisic, 2005. AMSC204165, Jenolan Caves, S NSW. E. 
Hedleyropa yarrongobillyensis Hyman & Stanisic, 2005. QMMO70401, Yarrangobilly, SE NSW. F. Sharniropa 
wollondillyana Hyman & Stanisic, 2005. QMMO70399, Abercrombie Caves, SSW Oberon, S NSW. Images: A, D: I. 

Hyman, AM; B: M. Dawes, SCU. Scale bars=100m. 
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Discussion 

Charopid snails represent a major element of the land snail fauna of Australia. However, the description 

of only about 25% of the species present in museum collections highlights the taxonomic impediment of 

this family. The importance of the development of a formal descriptive framework to support 

morphological methods which remain the primary approach in the absence of suitable material for 

molecular analysis, is self-evident.  

 

The protoconch differs in sculptural form between charopid genera, and correlation between protoconch 

microsculpture and generic identity has been shown (Stanisic 1990, Hyman & Stanisic 2005, Shea et al. 

2012). However, the difficulty in using protoconch sculpture in taxonomic description lies in being able to 

describe patterns in detail in a way that effectively differentiates broadly similar but microscopically 

diverse protoconchs. The microsculptural architecture of the protoconch shows many variations that are 

not apparent under light microscopy and need to be interpreted through SEM (Stanisic 2016). This study 

has utilised SEM and identified eleven major configurations, most of which show numerous variations 

that are often geographically localised. While some genera may share a similar major configuration, it is 

the variation within this larger category that determines the separation of the genera. Gyrocochlea and 

Planorbacochlea both exhibit a beaded cancellate protoconch with that of Gyrocochlea being finely 

beaded and that of Planorbacochlea coarsely beaded. A key to the major categories outlined above can 

be found in Appendix 1.  

 

In the absence of detailed molecular analyses, the task of determining whether variations within major 

categories represent different genera must also rely on other conchological elements such as shell coiling 

patterns and teleoconch sculpture, as well as reproductive anatomy (where possible).  

 

Although this study is not inclusive of all eastern Australian charopid species, it nevertheless 

demonstrates that there is enormous generic diversity within the described and undescribed species of 

Gyrocochlea s.l. More significantly, the application of this framework has major implications for some 

past cations within Gyrocochlea s.l. (sensu Stanisic et al. 2010) with a number of species requiring re-

assessment.   

FIGURE 3.17. Malleate protoconchs. A. Reference species: Letomola contortus. AMSC119349, Lower Macleay Valley, ME 
NSW. B. Close-up view of L. lanalittleae Hyman & Stanisic, 2005. QMMO70397, Upper Macleay Valley, ME NSW. C. 

Charopid MQ17. QMMO85178, Cape Upstart, MEQ. Images A, B: I. Hyman, AM. Scale bars=100m. 
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Stanisic (1990) restricted  Gyrocochlea s.s. (very finely beaded cancellate with approximately 40 spiral 

threads) to G. vinitincta, G. convoluta Hedley, 1924 and G. paucilamellata Stanisic, 1990. These three 

species are endemic to the Border Ranges, SEQ. Other Gyrocochlea species (Gyrocochlea s.l.) treated 

by Stanisic et al. (2010) reveal a protoconch sculpture sometimes radically different from the finely 

beaded cancellate pattern of G. vinitincta.  

 

G. burleigh Stanisic, 2010 (coarsely beaded cancellate with only about 14 spiral threads), G. multicosta 

Stanisic, 2010 (pitted cancellate to superior radial), G. flammulata Stanisic, 2010 (pitted cancellate), G. 

kessneri Stanisic, 2010 (broadly cancellate) and G. raveni (finely cancellate),  all from the Border Ranges, 

would seem to require re-assignment to new genera (Figs 3.11B, 18).  

 

Gyrocochlea notiala Stanisic, 2010 and G. wauchope Stanisic, 2010 from NSW and G. appletoni Stanisic, 

2010, G. greenae Stanisic, 2010, G. goodnight Stanisic, 2010, G. calliope, G. etna Stanisic, 2010, G. 

chambersae, G. austera (Hedley, 1912), G. cinnamea (Hedley, 1912) and G. iuloidea  from Qld are 

additional species needing re-assignment. All species have some degree of spiral sculpture on their 

protoconch which differs from the finely beaded pattern of G. vinitincta (Figs 3.8C, 3.13C, 3.19). G. danieli 

from the Finch Hatton region, MEQ differs in having a radially ribbed protoconch more common in species 

in the Rockhampton-Yeppoon-Byfield area (Stanisic, pers. comm.) and also requires re-assignment. 

 

Shea et al. (2012) utilised both DNA and morphological analyses to investigate Gyrocochlea s.l. and 

diagnosed seven new genera to accommodate a number of mid-eastern and north-eastern New South 

Wales charopids previously assigned to Gyrocochlea s.l. However, the authors cautioned that while the 

DNA results identified broader groups, some of the species attributed to the various genera did not 

appear to fit the protoconch patterns of the genotype.  

FIGURE 3.18. Protoconch sculpture of described Gyrocochlea s.l. species. A. G. burleigh. QMMO6312, Burleigh, SEQ. 
B. G. multicosta. QMMO73697, Mt Warning, NE NSW. C. G. flammulata. QMMO10401, Red Scrub FR, NE NSW. D. G. 

kessneri. QMMO16920, Burleigh Heads, SEQ. Images: A, B: S. Lindsay, AM; D: M. Dawes, SCU. Scale bars=100m. 
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Planorbacochlea is one of the new genera diagnosed with a distribution ranging from the Sydney Basin 

to NE NSW and features very small, brownish shells with a weakly to strongly depressed spire and a 

coarsely beaded protoconch sculpture (28 to 30 spiral threads). (Figs 3. 7, 3.20).  

 

However five  species included in the genus Planorbacochlea, viz. P. parriwiensis (Sydney, ME NSW), 

P. yessabahensis Shea et al., 2012 (Yessabah Caves, ME NSW), P. nambucca (Nambucca, NE NSW), 

P. gibraltar Shea et al., 2012 (syn. P. dandahra Shea et al., 2012) from the Gibraltar Range, NE NSW 

and P. reticulata Shea et al., 2012 from the Dorrigo area, NE NSW have a protoconch sculpture that 

FIGURE 3.19. Protoconch sculpture of described Gyrocochlea s.l. species. A. G. notiala. QMMO78947, Misty Mt., SE NSW. 
B. G. wauchope. QMMO55917, Mt. Seaview NR, NE NSW. C. G. appletoni. QMMO12319, Mt Mia, SEQ. D. G. greenae. 
QMMO12432, Mt Woowoonga, SEQ. E. G. goodnight. QMMO12470, Goodnight Scrub NP, SEQ. F. G. austera. 
AMSC32955, Darlington Range, SEQ. G. G. cinnamea. AMSC154937, Kilkivan, SEQ. H. G. iuloidea. QMMO64807, Long 

I., MEQ. Images B, D-G: S. Lindsay, AM. Scale bars=100m. 
 

FIGURE 3.20. Finely beaded protoconch sculpture of described Gyrocochlea s.l. species. A. P. graemei Shea et al., 2012. 
AMSC462745, Lake Macquarie, ME NSW. B. P. watagan Shea et al., 2012. AMSC309158, Watagan Mts, ME NSW. C. 

P. manningensis Shea et al., 2012. AMSC163134, Taree, ME NSW. Images: S. Lindsay, AM. Scale bars=100m. 
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differs from Planorbacochlea s.s. The first four have a pitted cancellate to broadly cancellate protoconch 

sculpture which would indicate that they belong elsewhere (Figs 3.10, 3.21A, 3.21B). In particular P. 

parriwiensis is readily distinguished from other Sydney Basin Planorbacochlea by this protoconch 

sculpture. P. reticulata (Fig. 3.21C) has a protoconch sculpture that differs from that seen in all other 

Planorbacochlea species. The species has a coarsely beaded cancellate pattern (23 to 25 high spiral 

threads) wherein the initial beaded cancellate pattern becomes a well-defined finely cancellate pattern, 

an unusual variation in Gyrocochlea s.l. The pattern is also seen in an undescribed species (Charopid 

NN37) from the Comboyne Plateau, ME NSW. This would indicate the need for further investigation and 

possible generic re-assignment of these five species.  

 

Cancellocochlea Shea et al., 2012 are very small charopids with orange-brown, biconcave shells having 

a depressed spire. Molecular analysis places Cancellocochlea within a larger clade of Planorbacochlea 

/Cancellocochlea. The type species, C. coolongolook from Coolongolook, ME NSW, has a similar 

protoconch pattern to P. parriwiensis and P. yessabahensis which is pitted cancellate to broadly 

cancellate and may well associate with these species (Fig 10). In contrast, the coarsely beaded 

cancellate protoconch of C. heatherae (Fig. 3.7C), known only from south of the Johns River, mid-eastern 

NSW, links this species more closely with the Planorbacochlea group from the Hunter/Port Stephens 

area.  

 

Previous attempts at charopid description (with few recent exceptions) have been fairly ad hoc in their 

approach, with little attention to consistency in terminology. This is particularly the case in protoconch 

descriptions which have focussed largely on four basic configurations, namely spiral, radial, cancellate 

and pitted, without attention to microscopic architectural detail. This approach has led to ‘an 

unsatisfactory jumble of broadly defined, often polyphyletic (generic) units’ (Stanisic 2016: p.9). What is 

evident in this study is that species descriptions must be accompanied by detailed SEM of protoconch 

sculpture if genera are to more closely reflect the evolution of the group and as a result, have 

biogeographic significance. 

 

FIGURE 3.21. A. Pitted to broadly cancellate protoconch of Planorbacochlea nambucca. QMMO44862, Nambucca Heads, 
NE NSW. B. Pitted to Broadly cancellate protoconch of P. gibraltar. QMMO10844, Gibraltar Range NP, NE NSW. C. Beaded 
cancellate to coarsely cancellate protoconch of P. reticulata. AMSC377860, Gladstone SF, NE NSW. Images: S. Lindsay, 

AM. Scale bars=100m. 
 



Elucidating the diversity of mid-eastern Queensland Pinwheel Snails (Eupulmonata: Charopidae) using aspects of shell morphology.  

Lorelle Holcroft s5063935    45 | P a g e  

 

Geographic patterns of protoconch sculptures and their biogeographic implications 

Protoconch sculptural patterns within Gyrocochlea s.l. identified in this study show local geographic 

consistency and a latitudinal sequence of pattern turnover (Fig. 3.27). This has many potential 

implications for the interpretation of biogeography in eastern Australia. The linkage of protoconch 

sculptures to generic diversity within the group makes it possible to properly analyse the evolutionary 

history of the Charopidae in eastern Australia in relation to proposed biogeographic barriers (Bryant and 

Krosch 2016).   

 

NORTH Cape York Wet Tropics Mid-east 
Queensland 

South-east 
Queensland 

Border 
Ranges 

North-east 
NSW 

Sydney 
Basin 

Southern 
Tablelands 

SOUTH 

Beaded cancellate          
          Pitted cancellate          

          Broadly cancellate          

          Pitted/broadly cancellate          
          Finely cancellate          
          Spiral          
          Early spiral          

          
Superior spiral          

          Radial          
          Superior radial          
          Malleate          

           

FIGURE 3.22. Distribution of major protoconch patterns of Gyrocochlea s.l. described in the present study.  

 

Eleven unique protoconch configurations appeared in the area of study. All but the broadly cancellate 

protoconch sculptural pattern occur in adjacent biogeographic areas. This pattern is separated by two 

bioregions in Queensland which may reflect a lack of specimens available for study or, alternatively, 

represent independent radiations. The broadly cancellate pattern does occur in combination with the 

pitted cancellate protoconch pattern in NSW which links the Border Ranges, NE NSW and the Sydney 

Basin region central NSW.  

 

In observing the dependence of most charopids on moist rainforest, Stanisic (1990) also considered the 

significance of two broad dry corridors that have separated bodies of forests since the late Miocene 

(Burdekin Gap and St. Lawrence Gap). These corridors correlate with the disjunct distributions of many 

charopid genera (Stanisic 1990, 1994). More recently, Bryant and Krosch (2016) document eight 

biogeographical boundaries in eastern Australia that have affected the distribution of a range of rainforest 

taxa. These barriers generally appear to correlate with regional charopid radiations such as Gyrocochlea 

s.l. (as defined by the protoconch configurations identified herein), with the possible exception of the 

Brisbane Valley barrier.  

 

Where genera occur across biogeographic regions and maintain a similar protoconch sculpture, further 

investigation and genetic analysis is needed to determine whether they are closely related taxa or 

represent convergence. 
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The data in this study do not include all Gyrocochlea s.l. species and should be considered with some 

caution before making statements about the regional radiation of protoconch patterns. The absence of a 

protoconch type in any specific bioregion does not mean that the pattern does not occur there. Future 

studies may yet fill the gaps. While the distribution patterns shown are unlikely to change substantially, 

these tiny snails are easily missed in general biodiversity field trips. Only targeted field work including 

the collection of leaf litter for sorting by microscope will improve the detail within the protoconch sculptural 

framework proposed herein.  

 

In conclusion, this study has defined the broad framework for the protoconch sculpture of eastern 

Australian charopids using Gyrocochlea s.l. as a benchmark for the terminology to be used in the 

descriptions and generic diagnosis of this group. Eleven major protoconch patterns were identified and 

described. As further collecting of charopids is undertaken, a broader perspective of their protoconch 

patterns will emerge. This study did not include charopids from Victoria (with one exception) nor those 

from Tasmania, South Australia and Western Australia.  

 

While the task to describe the remaining 75% of Australian charopids already catalogued in museums 

around Australia continues, the outcomes of these findings should improve the precision of future 

diagnoses. It will also allow planning of subsequent investigation of relationships by molecular studies. 
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Abstract 

This study reviews the Gyrocochlea-grade charopid snails of mid-eastern Queensland. Gyrocochlea 

auct., characterised by brown, biconcave shells with a diameter of 3-7 mm, has been shown to be 

polyphyletic (Shea et al. 2010). Gyrocochlea s.s. is confirmed as a genus geographically restricted to the 

Border Ranges of south-east Queensland and north-eastern New South Wales (Stanisic 1990). This 

study utilised scanning electron microscopy of the shell architecture, qualitative and quantitative 

measurements of conchological features and anatomical dissection where suitable specimens were 

obtainable. Based on shell morphology, primarily protoconch sculptural patterns (as defined in Holcroft 

2018a), this study re-assigns three Gyrocochlea-grade species, G. chambersae (Stanisic, 2010), G. 

iuloidea (Forbes, 1851) and G. danieli (Stanisic, 2010) to three new genera, Stanisicaropa gen.nov., 

Whitcochlea gen.nov. and Radiolaropa gen.nov. respectively and diagnoses four new genera, 

Amfractaropa gen.nov., Comularopa gen.nov., Nodularopa gen.nov.  and Xenoropa gen.nov. Five new 

species are described: Nodularopa samanthae sp. nov., Amfractaropa bretti sp. nov., Comularopa 

georginae sp. nov., Radiolaropa eungella sp. nov., and Xenoropa wigtonensis sp. nov.  

 

Key Words 
Mollusca, Eupulmonata, Charopidae, Gyrocochlea, protoconch sculpture, new genera, new species. 

 

Introduction  

The Charopidae (Pinwheel Snails) is a speciose family of tiny snails (shell diameter from 1-7 mm) of 

Gondwanan origin (van Bruggen 1980) inhabiting rainforest environments of many of the land masses 

of the Southern Hemisphere but is particularly diverse in eastern Australia (Queensland, New South 

Wales, Victoria and Tasmania). The family does occur, but less frequently, in South Australia, Western 

Australia and central Australia (Smith 1992; Stanisic et al. 2010, 2017). Of an estimated 750 Australian 

charopid species, only approximately 25% have been described, causing a taxonomic backlog within this 

mailto:lorelle.holcroft@bigpond.com
mailto:lorelle.holcroft@bigpond.com
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family which needs to be resolved (Hyman & Stanisic 2005; Stanisic et al. 2010, 2017; Shea et al. 2012; 

Stanisic 2016).  

 

A major group of charopids in eastern Australia are the Gyrocochlea-grade species (Stanisic 1990, 

Stanisic et al. 2010, Shea et al. 2012, Holcroft 2017, 2018a). Gyrocochlea-grade charopids are a group 

of species characterised by typically brown, biconcave shells with a diameter of 3-7 mm (generally less 

than 5 mm) and a strong, radially-ribbed teleoconch (Shea et al. 2012).  Species inhabit rainforests, both 

wet and dry, where they play a significant role in maintaining the environmental health of the ecosystem 

(Stanisic 1990, 1998). Species prefer to live under logs, rocks and in the leaf litter of rainforests (Bishop 

1981, Stanisic 1994, Stanisic & Ponder 2004, Hyman & Stanisic 2005).  

 

From an initial 11 species of Gyrocochlea described by Hedley (1924) the number had grown to 34 

species in Stanisic et aI. (2010) which included 22 newly described. Shea et al. (2012) in a molecular 

and morphological study of Gyrocochlea showed that Gyrocochlea sensu stricto was in fact restricted to 

a small number of species from Border Ranges of NE NSW/SEQ. Consequently eight new genera were 

diagnosed to accommodate 17 new and 9 previously described Gyrocochlea-grade species from mid-

east and north-eastern NSW. Subsequently Stanisic (2016) reassigned ‘Gyrocochlea’ myora Stanisic, 

2010 from North Stradbroke Island, SEQ to a new genus. 

 

Historically, Gyrocochlea-grade charopids have been known from mid-eastern Queensland (MEQ) since 

the 1840s with ‘Gyrocochlea’ iuloidea described from Long I, (= Port Molle) in the Whitsunday islands by 

Forbes in 1851. Hedley (1912) added ‘Gyrocochlea’ recava which Stanisic (1990) subsequently 

reassigned to a new genus Biomphalopa. Stanisic et al. (2010) described 9 species of pinwheel snails 

from the region including three new species of Gyrocochlea-grade charopids. However, recent 

investigations of the land snail collections of the Queensland Museum (Brisbane) by the author revealed 

an additional number of putative species of  Gyrocochlea-grade charopids from MEQ that have yet to be 

described.  

 

This study revises three ‘Gyrocochlea’ species from MEQ introduced by Stanisic et al. (2010). All three 

species are assigned to new generic units based on their protoconch sculpture which differs significantly 

from true Gyrocochlea (type species. Helix vinitincta Cox, 1868). In addition, five new genera and species 

of Gyrocochlea-grade charopids from MEQ are described with protoconch sculpture also differing 

substantially from true Gyrocochlea.  Biomphalopa recava (Hedley, 1912) has been included in this study 

as a MEQ Gyrocochlea-grade species originally separated from Gyrocochlea s.s. by Stanisic (1990).  

 

Delimitation of charopid genera and species 
From a morphological perspective, determining generic difference in Australian Charopidae has been 

primarily based upon protoconch architecture (Stanisic 1990, Bonham 2003, Hyman & Stanisic 2005, 

Shea et. al 2012, Stanisic 2016, Holcroft 2018a) in combination with shell coiling pattern and teleoconch 

sculpture. While spiral, radial and reticulate protoconch sculptures were used previously (Iredale 1937ab, 

Smith and Kershaw 1979, Stanisic et al. 2010, Shea et al. 2012), the more rigorous classification system 
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and nomenclature for protoconch sculptural patterns prescribed by Holcroft (2018a) provide a consistent 

and informative terminology in the descriptions presented in this study.  Eleven major configurations of 

protoconch microsculpture were identified by Holcroft (2018a) of which four have been applied to taxa 

included on this study.  

 

Secondarily, the size and structure of genitalia may be also used to delimit genera. However, this is 

largely dependent on the availability of suitable material for dissection. 

 

In the absence of animal tissue suitable for reliable molecular analysis and comparative anatomical 

analyses, species delimitation in this study has been based on shell morphology with the exception of 

two species where anatomical dissection was possible. Charopidae with very minor exceptions are rich 

in shell characters useful in species delimitation. Solem (1983) established criteria for such an approach. 

He recognised that to maintain genetic integrity, species must possess certain ‘species recognition’ 

features in the reproductive organs. In particular, Solem indicated that penial structure (size of penis and 

the number, shape and length of internal pilasters) was significant in this regard. Solem also found that 

major differences in reproductive anatomy correlated with measurable conchological differences. This 

was based on the premise that genetic divergence is reflected in phenotypic alterations of the shell. As 

a result, Solem (1983) proposed that at least 3 non-correlated conchological differences must exist for 

allopatric populations to be classified as distinct species.  

 

In this paper, strong emphasis has been placed on a number of conchological features such as shell 

coiling pattern, shell diameter, number of ribs on the body whorl, ratio of shell diameter to umbilical width 

(D/U), ratio of shell height to diameter (H/D) and number of whorls to distinguish species. In addition 

features relating to gross shell morphology and teleoconch sculpture (radial rib structure, rib spacing, 

microsculpture) have also been examined in detail. 

 

Abbreviations 

General: SEM, scanning electron microscopy; SC, spirit collection; RC, dry collection. 

Institutions: AM, Australian Museum, Sydney; NHM, Natural History Museum, London; QM, Queensland 

Museum, Brisbane. 

Habitat Data: alt., altitude; Ck, Creek; CNVF, complex notophyll vine forest; Hts, Heights; I., Island; Mts, 

Mountains; NVF, notophyll vine forest; R., River; Ra., Range; SEVT, semi-evergreen vine thicket; 

SNEVF, simple notophyll vine forest; MEQ, Mid-eastern Queensland; NENSW, North-eastern New South 

Wales; NEQ, North-eastern Queensland;  WT, Wet Tropics; NP, National Park; NSW, New South Wales;. 

SEQ, South-eastern Queensland; SF, State Forest. 

Shell features: AH, aperture height; AW, aperture width; D, shell diameter; H, shell height; PD, 

protoconch diameter; T1, 1st whorl of the teleoconch; UW, umbilical width; WWB, number of ribs on the 

3rd quarter of the body whorl. 

Anatomical data: E, epiphallus; EP, epiphallic pore; P, Penis; PP, penial pilasters; PRM, penial retractor 

muscle; PS, penial sheath; VD, vas deferens. 
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Materials and Methods 

The study was chiefly based on material held in the Queensland (Brisbane) and Australian (Sydney) 

Museums. Individual specimens are identified by their registration number and respective institutional 

prefix (QMMO, Queensland Museum; AMSC, Australian Museum) and the private collection of Jack 

Worsfold (JW). Supplementary field work was conducted to collect further animal tissue suitable for 

dissection. 

 

Morphological methods 

Adult shells were measured using a Camera Lucida mounted on a WILD M5 stereo microscope. 

Measurements were converted from ocular micrometer units to mm using a conversion factor at a set 

magnification. Characters investigated included shell shape, size (height and diameter), whorl count, 

coiling pattern, rib count and umbilical width (Appendix 3A). Standard definitions (Solem 1983) for most 

conchological characters were used and whorl counts were made to the nearest 1/8 whorl.  

 

High resolution images of shells (260-600MB) were obtained using a Visionary Digital BK-Plus lab 

system camera set-up in the Queensland Museum’s Digital Imaging Unit. 

 

The shell sculpture of specimens was investigated and photographed using a TM-1000 Tabletop 

Scanning Electron Microscope located at the Queensland Museum. Shells were cleaned in an ultrasonic 

cleaner but not by chemical means in order to prevent the removal of the periostracum which maintains 

many of the shell’s sculptural elements. Specimens were mounted on sticky tabs, gold sputter coated 

and imaged under high vacuum. Sculptural patterns of both the protoconch and teleoconch were 

extensively examined. Protoconch sculptural patterns were coded according to Holcroft (2018a), viz. 

pitted cancellate (a lattice of broad spiral cords and radial ribs or ridges closely interwoven so that the 

distance between each is smaller than the width of the cord or rib resulting in a pitted appearance); 

superior spiral (spiral cords for only the first quarter of a whorl followed by dominant spiral cords over 

raised radial ribs); spiral (spiral cords and no radial ribs); early spiral (spiral cords only for the first whorl 

followed by a pattern of strong radial ribs over the spiral cords for the remainder of the protoconch); 

beaded cancellate (thin interrupted spiral cords visible as round or elongate beads where they cross 

low radial ribs or ridges resulting in a beaded appearance). 

 

Adult specimens of two species for which animal tissue was available, Stanisicaropa chambersae 

(Stanisic, 2010) comb. nov. and Whitcochlea iuloidea (Forbes, 1851) comb. nov., were submerged in a 

shallow container of 75% ethanol and pinned to a black latex base using very fine ‘Austerlitz’ 

entomological pins. These pins were also used as dissection implements. Shells were removed and 

specimens were dissected. Photographs were taken of the male reproductive system using a NIKON 

Coolpix 4500 camera mounted on a WILD M5 stereo microscope. Photographs were labelled to show 

the internal anatomy of the penis which is considered to be species specific (Solem 1983).  

 

A summary of specimens investigated by SEM and anatomical photography is included in Appendix 4. 
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Results and Analysis 

Shell morphology. Mean shell measurements are shown in Table 4.1 and all specimens measured are 

tabulated in Appendix 3A. Each species differed from all others in at least 10 conchological features with 

only 3 required to consider species differentiation. The only measurement that overlapped between 

species was the height/diameter ratio.  

 

TABLE 4.1. Mean shell measurements of MEQ Gyrocochlea-grade species examined in this study. 

Taxon n D H UW AH AW PD WWB T1 
H/D 

ratio 

D/U 

ratio 

No. 

whorls 

Amfractaropa bretti  6 3.14 1.64 0.85 1.3 1.11 0.49 41 104 0.54 3.70 4.00 

Biomphalopa recava 7 3.89 2.21 1.87 1.85 1.09 0.55 22 40 0.57 2.09 4.375 

Comularopa georginae 1 2.30 1.31 0.66 0.90 0.66 0.41 66 132 0.57 3.50 3.875 

Nodularopa samanthae 2 3.20 1.84 1.19 1.72 1.39 0.49 43 78 0.58 2.68 4.125 

Radiolaropa danieli 3 3.17 1.80 1.26 1.50 1.17 0.49 42 79 0.61 2.57 3.75 

Radiolaropa eungella 2 3.03 1.60 1.15 1.35 1.02 0.49 39 91 0.53 2.66 4.00 

Stanisicaropa chambersae 13 5.04 2.78 1.65 2.11 1.65 0.55 20 53 0.55 3.08 4.25 

Whitcochlea iuloidea 68 4.65 2.48 1.68 1.96 1.54 0.59 25 49 0.53 2.75 4.25 

Xenoropa wigtonensis 2 6.02 2.87 2.01 2.09 2.01 0.78 52 67 0.48 3.00 4.375 

 

Scanning Electron Micrographs. SEM images showed four major protoconch sculptural patterns. A 

pitted cancellate protoconch is characteristic of Biomphalopa Stanisic, 1990 and Stanisicaropa gen. nov. 

(Figs 4.1B, C). All three forms of spiral protoconch sculpture were found viz. spiral, superior spiral and 

early spiral. Variations of a spiral protoconch were found on Amfractaropa gen. nov.  and Comularopa 

gen. nov. (Figs 4.2A, B). Two slightly different superior spiral protoconchs were a feature of Whitcochlea 

gen. nov. and Xenoropa gen. nov. (Figs 4.2C, D). Radiolaropa gen. nov. and Nodularopa gen. nov. both 

shared an early spiral protoconch sculpture which showed variations in the number and prominence of 

the spiral cords and the nodulose pattern of the latter genus (Figs 4.1D, E, F). Genera sharing a particular 

protoconch sculpture were differentiated on the finer dimensions and characteristics of that sculpture 

together with other characteristics such as shell dimensions and anatomy. All MEQ Gyrocochlea-grade 

genera displayed a protoconch sculpture markedly different from the beaded cancellate pattern of 

Gyrocochlea s.s. (Fig 4.1A). 



Elucidating the diversity of mid-eastern Queensland Pinwheel Snails (Eupulmonata: Charopidae) using aspects of shell morphology.  

Lorelle Holcroft s5063935    52 | P a g e  

 

< 

 

 

 

FIGURE 4.1. Protoconch sculptures. A, Beaded cancellate: Type species of Gyrocochlea s.s., Gyrocochlea 

vinitincta (Cox, 1868), AMSC139752, Border Ranges, SEQ. B-C, Pitted cancellate: B, Biomphalopa recava 

(Hedley, 1912), QMMO85117, Finch Hatton Gorge, MEQ; C, Stanisicaropa chambersae (Stanisic, 2010) 

comb. nov., QMMO78961, Diggings Road, Eungella, MEQ. D-F, Early spiral: D, Radiolaropa danieli (Stanisic, 

2010) comb. nov., QMMO35807, Endeavour Ck, MEQ. E, Radiolaropa eungella sp. nov., QMMO36099, 

Eungella Dam. F, Nodularopa samanthae sp. nov., QMMO77397, Upper Funnel Ck, MEQ. Scale bars = 

100m. 

A B C 

D E F 
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Teleoconch microsculpture of the species exhibited both rounded ribbing on Stanisicaropa chambersae 

(predominately nodulose spiral cords over very fine radial threads) and Biomphalopa recava (radial 

threads over very fine spiral cords) and bladed ribbing in the other seven species (Fig. 4.3). The 

microsculpture of radial threads varied in number and size between species but was consistent within 

species including Whitcochlea iuloidea which occurs both on the mainland and on off-shore islands. 

FIGURE 4.2. Protoconch sculptures. A-B, Spiral: A, Amfractaropa bretti sp. nov., QMMO11716 , Broken R., 

MEQ; B, Comularopa georginae sp. nov., QMMO59645, Crediton Ck, MEQ. C-D, Superior spiral: C, 

Whitcochlea iuloidea (Forbes, 1851) comb. nov., QMMO6342, Brandy Ck, Conway Ra., MEQ. D, Xenoropa 

wigtonensis sp. nov., QMMO85180, Wigton I., MEQ. Scale bars = 100m.  

A 

C D 

B 
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Anatomy. The terminal male genitalia of Stanisicaropa chambersae and Whitcochlea iuloidea were 

dissected (Figs 4.4A, B ) and demonstrated two distinct penial configurations: S. chambersae with a 

pear-shaped penis lacking a penial sheath and lateral entrance of the epiphallus into the penial chamber 

(Fig. 4.5A); and W. iuloidea with a tubular-shaped penis with a penial sheath and apical entrance of the 

epiphallus into the penial chamber (Fig. 4.5B). Both species differed from the penial structure of 

Biomphalopa recava illustrated by Stanisic (1990).  

 

FIGURE 4.3. Teleoconch sculpture. A, Biomphalopa recava (Hedley, 1912), QMMO39878, Finch Hatton 

Gorge, MEQ. B, Stanisicaropa chambersae, QMMO78961, Eungella, MEQ. C, Radiolaropa danieli 

(Stanisic, 2010) comb. nov., QMMO35807, Endeavour Ck, MEQ. D, Radiolaropa eungella sp. nov., 

QMMO36099, Eungella Dam. E, Nodularopa samanthae sp. nov., QMMO77397, Upper Funnel Ck, 

MEQ. F, Amfractaropa bretti sp. nov., QMMO11716 , Broken R., MEQ. G, Comularopa georginae sp. 

nov., QMMO59546, Crediton Ck, MEQ; H, Whitcochlea iuloidea (Forbes, 1851) comb. nov., 

QMMO85334, Brandy Ck, Conway Ra., MEQ. I, Xenoropa wigtonensis sp. nov., QMMO70431, Wigton 

I., MEQ. All magnification 600X. 

A B C 

E D F 

G H I 
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FIGURE 4.4. Terminal male genitalia. A, Stanisicaropa chambersae (Stanisic, 2010) comb. nov., 

QMMO78961. B, Whitcochlea iuloidea (Forbes, 1851) comb. nov., QMMO85338. Scale bars = 1mm. 

FIGURE 4.5. Internal penial anatomy. A, Stanisicaropa chambersae (Stanisic, 2010) comb. nov., 

QMMO78961. B, Whitcochlea iuloidea (Forbes, 1851) comb. nov., QMMO85338. Scale bars = 1mm. 
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SYSTEMATICS 

 

Order EUPULMONATA 

 

Superfamily PUNCTOIDEA 

 

Family CHAROPIDAE Hutton, 1884 

Biomphalopa Stanisic, 1990 

Type species. Endodonta recava Hedley, 1912-by original designation. 

 

Diagnosis. As cited in Stanisic (1990) with the re-description of the apical sculpture as pitted cancellate.  

 

Remarks. Biomphalopa Stanisic, 1990 has a pitted protoconch sculpture (Fig. 2B) similar to that of 

Stanisicaropa gen. nov. (Fig.2C) but differing in greater number of whorls and the thickness of the radial 

ribs and spiral cords. The former is also distinguished from the latter genus by other aspects of shell 

morphology including the flammulated shell, bolder teleoconch ribbing and much wider, cup-shaped 

umbilicus. Biomphalopa differs from Gyrocochlea s.s. by having bolder protractively sinuated teleoconch 

ribs, a wider cup-shaped umbilicus and a coiling pattern that is multi-whorled in contrast to the nautiloid 

form of the latter. Stanisic (1990) also included B. concinna (Hedley, 1924) from the Wet Tropics, NEQ. 

 

Biomphalopa recava (Hedley, 1912) 
(Figs 4.1B, 4.3A, 4.6A-B, 4.10, TABLE 4.1) 

Endodonta recava Hedley, 1912: 267. 

Gyrocochlea recava (Hedley). Hedley, 1924: 217; Iredale, 1937; 323 

Biomphalopa recava (Hedley). Stanisic, 1990: 95. Smith, 1992: 182; Stanisic et al., 2010: sp.389. 

 

Material examined.  

Holotype. AMSC32992, Finch Hatton Gorge, 50 miles W of Mackay, nvf under logs, coll. S. Jackson, 

13.xii.1912. 

Other material. Eungella: QMMO39878, 2RC; QMMO6345, 1SC; QMMO85176, 2SC; AMSC140230, 

2RC; Broken R.: QMMO11715, 1RC. Diggings Road,: QMMO11757, 1SC/2RC; QMMO13073, 2RC; Mt 

Dalrymple: QMMO36093, 1RC; QMMO6367, 1SC/1RC; QMMO77431, 3SC; QMMO85065, 1RC; Finch 

Hatton Gorge: QMMO11749, 1RC; AMSC153726, 1RC. 

 

Distribution and habitat. Eungella NP, MEQ; in rainforest living under logs and other forest debris. 
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Remarks. Biomphalopa recava (Hedley, 1912) differs from all other MEQ Gyrocochlea-grade charopids 

by having a multi-whorled shell with a very wide cup-shaped umbilicus. The description detailed in 

Stanisic (1990) is adequate with the exception that the protoconch sculpture was described as ‘regularly 

arranged pits and vague radial ridges’ but is pitted cancellate in the new terminology proposed by Holcroft 

(2018a). B. recava is a MEQ endemic species confined to the Clarke Ra. in the vicinity of Eungella NP 

and its environs. 

 

Stanisicaropa gen. nov. 

Type species. Gyrocochlea chambersae Stanisic, 2010-herein designated. 

 

Etymology. For Dr John Stanisic in honour of his taxonomic work on Australian Charopidae; and a 

contraction of Charopa. 

 

FIGURE 4.6. Dorsal and ventral views of shells. A-B, Biomphalopa recava (Hedley, 1912), 

QMMO39878, paratype, Finch Hatton Gorge, MEQ. C-D,  Stanisicaropa chambersae (Stanisic, 2010) 

 

A 

C D 

B 
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Diagnosis. Shell small, orange brown with darker radial bands, discoidal, nautiliform with a slightly 

sunken spire; protoconch pitted cancellate, pits formed by intersecting broad, low spiral cords and broad, 

low radial ridges of equal height; teleoconch with moderately spaced, broad, bold radial ribs and 

microsculpture of very crowded, very low microradial threads continuous on the major ribs and low 

microspiral cords forming beads at their intersection, spiral cords rolling over the major ribs; aperture 

ovately lunate; umbilicus wide cup-shaped; epiphallus long, entering penis laterally, penis pear-shaped 

with longitudinal pilasters. 

 

Remarks. Stanisicaropa gen. nov. differs from Gyrocochlea s.s. by having a pitted protoconch sculptural 

pattern (Fig. 4.1C) which contrasts markedly with the fine, beaded cancellate pattern seen in the latter 

(Fig. 4.1A). This difference is of similar magnitude to the differences between Gyrocochlea s.s. and some 

of the new genera of Shea et al. (2012) and is therefore considered sufficient justification for the 

description of a new genus to accommodate ‘Gyrocochlea' chambersae Stanisic, 2010. The genus 

appears to be endemic to MEQ (Stanisic, pers. comm.). 

 

Stanisicaropa chambersae (Stanisic, 2010) comb. nov. 
(Figs 4.1C, 4.3B, 4.4A, 4.5A, 4.6C-D, 4.10, TABLE 4.1) 

 

Gyrocochlea chambersae Stanisic, 2010 (in Stanisic et al. 2010, sp. 295) 

 

Material examined.  

Holotype. QMMO11758, Diggings Rd Eungella NP, 21°09’S, 148°29’E, nvf, coll. J. Stanisic, 8.vii.1982. 

Paratypes. QMMO11714, 2SC/3RC, Eungella NP, Broken R., 21°10’S, 148°30’E, nvf, coll. J. Stanisic, 

5.vii.1982; QMMO13071, 1RC, same data as holotype; QMMO13456, 1RC, Eungella NP, Broken R., 

21°10’S, 148°30’E, nvf, coll. J. Stanisic, 5.vii.1982; QMMO50888,1RC, Eungella NP, Rocky Ck, 20°54’S, 

148 35°E, coll. ANZSES, 27.xii.1993; QMMO78961, 10SC, same data as holotype. 

Other Material. Eungella NP: QMMO20224, 1SC; QMMO77427, 1SC; QMMO85102, 1RC; 

QMMO85113, 1SC; QMMO85118, 2SC; QMMO85119, 1SC; QMMO85120, 1SC; QMMO85121, 1SC; 

QMMO85122, 2SC; QMMO59648, 1RC; QMMO85174, 2SC. Broken R.: QMMO6375, 5SC; 

QMMO6377, 1SC; QMMO77435, 1SC. Pease's Lookout: QMMO85111, 1SC; QMMO85073, 1RC. Finch 

Hatton Gorge: QMMO85115, 1SC; Crediton Ck: QMMO6356, 2SC; QMMO85344, 3SC. Mt Macartney: 

QMMO35619, 1RC. 

 

Diagnosis. As for genus. 

 

Description. Shell small, orange brown with darker radial bands, discoidal, nautiliform with a slightly 

sunken spire; whorls 4.00-4.5 (mean 4.2); sutures moderately impressed; diameter of shell 3.5-4.4 mm 

(mean 3.99 mm), height 2.01 to 2.4 mm (mean 2.2 mm); H/D 0.51-0.61 (mean 0.55). Protoconch flat, 1.5 

whorls, diameter 490-660 m (mean 550 m), pitted cancellate consisting of broad spiral cords and broad 

radial ridges, teleoconch with moderately spaced, bold radial ribs, 42-61 (mean 53) on the first whorl; 

microsculpture of extremely fine microradial threads and low, spiral cords forming beads at their 
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intersections with the microradials, rolling unbroken over the major teleoconch ribs; aperture ovately 

lunate; umbilicus wide cup-shaped, diameter 1.00-1.46 mm (mean 1.3 mm), D/U 2.6-3.7 (mean 3.08). 

Based on 13 measured adult specimens. 

 

Terminal male genitalia (Figs 4A, 5A). Vas deferens-epiphallus junction a ball and socket arrangement; 

epiphallus long, longer than penis, initially swollen becoming thinner approaching the penis, bound to 

penis head in the vicinity of the penial retractor muscle attachment, before descending and entering penis 

laterally through a simple pore with a muscular collar. Penis pear-shaped, internally with longitudinal 

pilasters; length 1.69mm. Based on one dissected specimen (QMMO78961). 

 

Distribution and habitat. Eungella to Mt Macartney. Clarke Ra., MEQ, in moist humid rainforest living 

under logs. 

 

Remarks. Stanisicaropa chambersae (Stanisic, 2010) comb. nov. can be readily distinguished from other 

MEQ Gyrocochlea-grade species by the combination of pitted cancellate protoconch and more intense 

microradial ribbing rolling over the major ribs on the teleoconch (Figs 4.1C, 4.3B). The protoconch pattern 

in S. chambersae is broadly similar to that of Biomphalopa recava (Hedley, 1912) in that it is pitted 

cancellate. However,  B. recava has a pitted cancellate sculpture with narrow spiral cords and wider 

radial ribbing compared to that of  S. chambersae which has much broader spiral cords (Figs 4.1B, C). 

The orange-brown coloured shell with slightly sunken spire, open cup-shaped umbilicus and nautiloid 

coiling of S. chambersae also differs from that of B. recava which has a cream coloured shell with reddish-

brown flammulations and a strongly biconcave, multi-whorled shell with a wide cup-shaped umbilicus. S. 

chambersae has a long epiphallus entering the pear-shaped penis laterally (Fig. 4.4A) similar to that of 

B. recava which has a the tubular penis and much shorter epiphallus (Stanisic, 2010: Fig. 4.5B). S. 

chambersae is restricted to the moist rainforests of Eungella NP in the Clarke Ra. With an annual rainfall 

of around 2300 mm (Bureau of Meteorology 2017), the Eungella Plateau rises to an altitude of 1259m at 

Mt Dalrymple. The species has been collected from lower altitudes at Broken R. (alt. 470m) and Finch 

Hatton Gorge (alt. 250m) to the higher slopes of Mt Dalrymple. 

 

Radiolaropa gen. nov. 

Type species. Gyrocochlea danieli Stanisic, 2010-herein designated. 

 

Etymology. From the Latin radiolus = rays referring to the dominant radial ribs on the protoconch; and 

a contraction of Charopa. 

 

Diagnosis. Shell tiny, light brown, discoidal, nautiliform with a slightly sunken spire; whorls rounded, last 

weakly descending; protoconch early spiral with prominent, curved radial ribs and very low spiral cords 

(Fig.1D); teleoconch with very crowded, bladed radial ribs (c. 150 on last whorl), microsculpture of 

prominent microradial threads over very low microspiral cords forming weak buttresses at their 

intersection with the microradials; umbilicus wide, V-shaped.  
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Remarks. Radiolaropa gen. nov. differs from both Whitcochlea gen. nov. and Stanisicaropa gen. nov. 

by the combination of smaller size, having more prominent radial ribs on the early spiral protoconch and 

in having a much more densely ribbed teleoconch. Radiolaropa differs from Gyrocochlea s.s. by having 

an early spiral protoconch (Fig. 4.1D) which contrasts with the fine, beaded cancellate pattern seen in 

the latter (Fig. 4.1A). This difference is equivalent to the differences between Gyrocochlea s.s. and some 

of the new genera described by Shea et al. (2012) and is herein considered sufficient to justify the 

description of a new genus for ‘Gyrocochlea’ danieli Stanisic, 2010 with the addition of R. eungella sp. 

nov. Further Radiolaropa species may be present in the Rockhampton-Byfield area, SEQ (Stanisic, pers. 

comm). 
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FIGURE 4.7. A-B, Radiolaropa danieli (Stanisic, 2010) comb. nov., QMMO35807, holotype. Endeavour 

Ck, MEQ. C-D, Radiolaropa eungella sp. nov., QMMO36099, holotype, Eungella Dam, MEQ. E-F, 

Nodularopa samanthae sp. nov., QMMO77397, holotype, Upper Funnel Ck, MEQ. Images: Geoff 

Thompson, QM. 

A B 

C D 
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Radiolaropa danieli (Stanisic, 2010) comb. nov. 
(Figs 4.1D, 4.3I, 4.7A-B, 4.10, TABLE 4.1) 

Gyrocochlea danieli Stanisic, 2010 (in Stanisic et al. 2010, sp. 294). 

 

Material examined.  

Holotype. QMMO35807, 1RC, upper reaches of Endeavour Ck, Clarke Ra., W of Mackay, 21°15’30”S, 

148°37’30”E, rainforest, under logs, coll. J. Stanisic, 20.v.1990. 

Other material. QMMO85340, 1RC, Cherry Tree Ck, 1.2km off Pinnacle Station Road, MEQ, vine forest, 

21° 12' S, 148° 42' E, under rocks and logs, coll. J. Stanisic, L. Holcroft, 17.xi.2016. 

 

Diagnosis. Shell tiny, light brown, discoidal, nautiliform with a slightly sunken spire; whorls rounded, last 

weakly descending; protoconch early spiral with very low spiral cords and prominent, radial ribs (Fig.1D); 

teleoconch with very crowded, bladed radial ribs (c. 150 on last whorl), microsculpture of prominent 

microradial threads over very low microspiral cords forming weak buttresses at their intersection with the 

microradials; umbilicus wide, V-shaped.  

 

Description. Shell tiny, orange-brown with darker radial bands, discoidal, nautiliform with a slightly 

sunken spire; whorls 4.125; sutures moderately impressed; diameter of shell 2.92 mm, height 1.62 mm; 

H/D 0.5-0.66 (mean 0.61). Protoconch flat, 1.5 whorls, diameter 490 m,  early spiral with low spiral cords 

and widely spaced prominent, radial ribs on the latter part of the protoconch; teleoconch with crowded 

radial ribs, 67-94 (mean 79) on the first whorl; microsculpture of microradial threads and very low spiral 

cords buttressing against the radial threads; aperture ovately lunate; umbilicus wide, V-shaped, diameter 

1.07-1.56 mm (mean 1.26mm), D/U 1.84-3.46 (mean 2.57). Based on 3 measured adult specimens.  

 

Distribution and habitat. Endeavour Ck and Cherry Tree Ck, Clarke Ra., MEQ; restricted to riparian 

rainforest environments of Endeavour Ck and Cherry Tree Ck south of Finch Hatton, living under logs 

and rocks.  

 

Remarks. Radiolaropa danieli (Stanisic, 2010) comb. nov. is distinguished by the combination of strong 

bladed, radial ribs on the early spiral protoconch which run over the spirals and more intense teleoconch 

ribbing (Figs 4.1D, 4.3C). A specimen from Bell’s Gap (QMMO11745) was originally considered 

conspecific with R. danieli by Stanisic et al. (2010) but is shown to be a different species below. R. danieli 

is found at Endeavour Ck and Cherry Tree Ck in the lower altitudes of the Crediton SF, MEQ (alt. 575m). 

Both creeks are relatively inaccessible and further collecting of the surrounding habitats is needed to 

establish the full extent of the species’ range.   

 

Radiolaropa eungella sp. nov. 
(Figs 4.1E, 4.3D, 4.7C-D, 4.10, TABLE 1) 

Etymology. Named for the Eungella Dam area, the type locality. 
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Preferred common name. Eungella Dam Pinwheel Snail 

 

Material examined.  

Holotype. QMMO36099, Eungella Dam, c. 1.5km E on road to Eungella, W Mackay, 21°10’S, 148°23’E, 

coll. J. Stanisic, 21.v.1990. Diameter 2.95 mm, height 1.56 mm, H/D 0.53, D/U 2.4, number of whorls 

4.125. 

Paratype. QMMO85343, 1RC, Hazelwood Ck, Lizzie Ck Rd at pipeline Xing, MEQ, sevt, 21° 10' S, 148° 

22' E, under rocks, coll. J. Stanisic, L. Holcroft, 18.xi.2016. 

Other Material. AMSC154898. 1RC, Homevale, N of Nebo, 21° 24' S, 148° 33' E, 440m, sevt, coll. J. 

Burch, W. Ponder, P. Colman, 5.v.1975. 

 

Diagnosis. Shell tiny, white, discoidal, nautiliform with a slightly sunken spire; protoconch early spiral 

with initial low, broad spiral cords rising over strong, bold radial ribs after the first whorl; teleoconch with 

very crowded, moderately thin, bladed radial ribs recurved towards the suture at the apical end and 

microsculpture of prominent microradial threads and low microspiral cords forming buttresses at their 

intersection with the microradials; umbilicus V-shaped. 

 

Description. Shell tiny, white, discoidal, nautiliform with a slightly sunken spire; whorls 3.875-4.125 

(mean 4); sutures moderately impressed; diameter of shell 2.95-3.11 mm (mean 3.03 mm), height 1.56-

1.64 mm (mean 1.6 mm); H/D 0.53. Protoconch flat, 1.5 whorls, diameter 490 m, early spiral with initial 

low, broad spiral cords rising over strong, bold, radial ribs after the first whorl; teleoconch with very 

crowded, radial ribs 86-95 (mean 91 on the first whorl), prominent microradial threads and low microspiral 

cords forming buttresses at their intersection with the microradials; aperture ovately lunate; umbilicus V-

shaped, diameter 1.07-1.23 mm (mean 1.15 mm), D/U 2.40-2.92 (mean 2.6). Based on 2 measured adult 

specimens.  

 

Distribution and habitat. Eungella Dam area, Hazelwood Gorge, Homevale, MEQ; in semi-evergreen 

vine thicket living under logs and rocks. 

 

Remarks. Radiolaropa eungella sp. nov. can be separated from R. danieli (Stanisic, 2010) comb. nov. 

by the white shell colour, lower H/D ratio, finer teleoconch ribbing and smaller umbilical width.  R.  

eungella with the preferred habitat of semi-evergreen vine thickets of Eungella Dam, Hazelwood Gorge 

and Homevale, MEQ, shares similar shell dimensions and protoconch sculpture to those of Nodularopa 

samanthae sp. nov. from moister rainforests of the eastern escarpments of the Connors Ra. closer to 

the MEQ coast, but can be distinguished by the combination of lighter shell colour and lack of nodulose 

protoconch and teleoconch sculpture.  

 

Nodularopa gen. nov. 

Type species. Nodularopa samanthae sp. nov.- herein designated. 
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Etymology. From the Latin nodulus = a small, knot like protuberance, relating to the nodular appearance 

of the radial ribs on both the protoconch and teleoconch; and a contraction of Charopa.  

 

Diagnosis. Shell tiny, white to brown, discoidal, nautiliform with a slightly sunken spire; protoconch early 

spiral with initial low, broad spiral cords rising over strong, bold radial ribs forming nodules at their 

intersection; teleoconch with crowded radial ribs crossed by low microspiral cords forming nodules at 

their intersection; microsculpture of prominent microspiral cords and thin microradial threads forming 

beads or nodules at their intersection; umbilicus wide, V-shaped. 

 

Remarks. Nodularopa gen. nov. is distinguished from other MEQ Gyrocochlea-grade genera by the 

combination of a nodulose early spiral protoconch and nodulose radial ribbing on the teleoconch. 

Additional Gyrocochlea-grade species possessing similar nodulose shell sculpture exist in the Calliope-

Rockhampton area, SEQ but require further study in order to confirm their inclusion in Nodularopa 

(Stanisic, pers. comm).  

 

Nodularopa samanthae sp. nov. 
(Figs 4.1F, 4.3E, 4.7E-F, 4.12, TABLE 4.1) 

Gyrocochlea danieli Stanisic 2010 (in Stanisic et al. 2010) [partim]  

 

Etymology. Named for the author’s daughter, Samantha. 

 

Preferred common name. Nodular Pinwheel Snail 

 

Material examined.  

Holotype. QMMO77397, 1RC, Sarina, SW at upper Funnel Ck, 21º34’S, 149º12’E, 200-450m, coll. QM 

party, 16.xi.1992. Diameter 2.79 mm, height 1.64 mm, H/D 0.59, D/U 2.62, number of whorls 4. 

Other material. QMMO11745, 1RC/4SC; QMMO13081, 3RC, Bell’s Gap, Sarina Ra., c. 15km S Sarina 

on Bruce Highway, 21°31’S, 149°07’E, coll. J. Stanisic, 7.vii.1982. 

 

Diagnosis. As for genus. 

 

Description. Shell tiny, brown, discoidal, nautiliform with a slightly sunken spire; whorls 4-4.25 (mean 

4.125); sutures moderately impressed; diameter of shell 2.79-3.61 mm (mean 3.2 mm), height 1.64-2.05 

mm (mean 1.84 mm); H/D 0.57-0.59 (mean 0.58). Protoconch flat, 1.5 whorls, diameter 490 m, early 

spiral with initial low, broad spiral cords rising over strong, bold, radial ribs after 1 whorl creating nodules 

at their intersection; teleoconch with very crowded, nodulose radial ribs 60-95 (mean 78) on the first 

whorl, microsculpture of crowded and prominent microspiral cords and crowded, thin microradial threads 

forming beads or nodules at their intersection; aperture ovately lunate; umbilicus wide, V-shaped, 

diameter 1.07-1.31 mm (mean 1.19 mm), D/U 2.62-2.75 (mean 2.68). Based on 2  measured adult 

specimens. 
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Distribution and habitat. Funnel Ck and Bell’s Gap, Connors Ra., MEQ; in moist humid rainforest living 

under logs. 

 

Remarks. Nodularopa samanthae sp. nov. can be readily distinguished by the nodulose early spiral 

protoconch sculpture and prominent nodulose teleoconch ribbing (Figs 4.3F, 4.4H). The specimens from 

Funnel Ck were previously undescribed while the specimens from Bell’s Gap were originally ascribed to 

‘Gyrocochlea’ danieli Stanisic, 2010 (Stanisic et al. 2010) based on gross shell similarity. More detailed 

study by SEM has shown that there is a marked difference in early the spiral protoconch sculpture 

between the latter species and N. samanthae having closely spaced spiral cords that form a nodule at 

the intersection of the radial ribs in the second part of the protoconch unlike that of both Radiolaropa gen. 

nov. species where the weak spiral cords run under the stronger, more prominent radial ribs. This 

warrants both specific and generic separation.  

 

Amfractaropa gen. nov. 

Type species. Amfractaropa bretti sp. nov.- herein designated. 

 

Etymology. From the Latin amfractus = coil or spiral relating to the protoconch sculptural pattern; and a 

contraction of Charopa.  

  

Diagnosis. Shell tiny, brown, discoidal, nautiliform with a slightly sunken spire; protoconch flat, 1.75 

whorls, spiral with broad spiral cords and broad radial ridges only appearing after 1.5 whorls - in a 

transition to the teleoconch that occupies ¼ of a whorl; teleoconch with very crowded radial ribs, 

microsculpture of prominent microradial threads and numerous, low microspiral cords forming buttresses 

at their intersection with the microradials, spiral cords rolling over the major ribs, though ribs appearing 

as blades where the shell has been worn; umbilicus wide V-shaped. 

 

Remarks. Amfractaropa gen. nov. can be distinguished from other MEQ Gyrocochlea-grade genera by 

the combination of brown shell colour, spiral protoconch sculpture, a longer than normal protoconch (1.5 

whorls), dense radial ribbing on the teleoconch and a wide V-shaped umbilicus. Amfractaropa is similar 

to Diphyoropa Hyman & Stanisic, 2005 from SEQ and NSW in having similar shell sculpture and a longer 

than normal spiral protoconch with the last quarter whorl transitioning into the teleoconch having broad 

radial ribs. However, Amfractaropa can be distinguished from Diphyoropa by having a protoconch 

sculpture of regular spiral cords unlike the bimodal spiral pattern of Diphyoropa. Several undescribed 

species with a similar protoconch sculpture from the SEQ may also belong in Amfractaropa  (Holcroft, 

unpublished). The species is found in the rainforest of the Broken R. in the Eungella NP, MEQ. 

 

Amfractaropa bretti sp. nov. 
(Figs 4.2A, 4.3F, 4.8A-B, 4.10, TABLE 4.1) 

Etymology. Named for the author’s son, Brett.  
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Preferred common name. Broken River Pinwheel Snail 

 

Material examined.  

Holotype. QMMO6376, 1RC, Eungella NP, Broken R, 21°10’S, 148°30’E, 800m, coll. M. Bishop, xi.1976. 

Diameter 3.2 mm, height 1.64 mm, H/D 0.51, D/U 5.57, number of whorls 4.125. 

Paratypes. QMMO11716, 3SC, Eungella NP, Broken R, 21°10’S, 148°30’E, nvf, coll. J. Stanisic, 

5.vii.1982.  

Other material. QMMO59545, 1SC, Crediton Ck, Eungella NP, 21°11’S, 148°32’E, 850m, coll. M. 

Bishop, xi.1976. 

 

Diagnosis. As for genus. 

 

Description. Shell tiny, brown, discoidal, nautiliform with a slightly sunken spire; whorls 4; sutures 

moderately impressed; diameter of shell 2.87-3.52 mm (mean 3.14 mm), height 1.39-1.8 mm (mean 1.61 

mm); H/D 0.47-0.54 (mean 0.51). Protoconch flat, 1.75 whorls, diameter 490 m, spiral with broad spiral 

cords, and broad radial ridges only appearing after 1.5 whorls in a transition to the teleoconch; teleoconch 

with very crowded radial ribs, 83-121 (mean 104) on the first whorl; microsculpture of prominent 

microradial threads and numerous, low microspiral cords forming buttresses at their intersection with the 

microradials, spiral cords rolling over the major ribs though ribs appearing as blades where the shell has 

been worn; aperture ovately lunate; umbilicus wide V-shaped, diameter 0.57-1.07 mm (mean 0.85 mm), 

D/U 3-5.57 (mean 3.94). Based on 6 measured adult specimens. 

 

Distribution and habitat. Broken R. and catchment area, Eungella NP, MEQ; in moist humid rainforest 

living under logs. 

 

Remarks. Amfractaropa bretti sp. nov. is distinguished among MEQ Gyrocochlea-grade charopids by 

having a spiral protoconch with broad spiral cords (Fig. 4.3A).  However, Diphyoropa jonesi Stanisic, 

2010 from Goomeri, SEQ and several undescribed species from SEQ (Bunya Mts, Mt Mudlo and Gatton) 

have a comparable spiral sculpture on a longer than normal protoconch and similar teleoconch structures 

(Holcroft, pers. obs.). However, A. bretti differs from these southern species by having a larger number 

of broader spirals on the protoconch especially towards the suture (mean 19). Further investigation of 

possible links with the SEQ charopids with the similar protoconch architecture is needed to confirm 

possible relationships. The longer protoconch length of 1.75 whorls separates A. bretti from two other 

MEQ charopid species with spiral protoconchs viz. Comularopa georginae sp. nov. and Sinployea 

intensa (Iredale, 1941) (see Stanisic 1990), both of which have the more common protoconch of 1.5 

whorls. 
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Comularopa gen. nov. 

Type species. Comularopa georginae sp. nov.- herein designated. 

 

Etymology. From the Latin comula = dainty; and a contraction of Charopa.  

  

Diagnosis. Shell tiny, light brown, discoidal, nautiliform with a slightly sunken spire; protoconch spiral 

with thin spiral cords; teleoconch with extremely crowded radial ribs, microsculpture of prominent 

microradial threads and numerous, low microspiral cords forming buttresses at their intersection with the 

microradials, spiral cords rolling over the major ribs; umbilicus wide V-shaped. 

 

Remarks. Comularopa gen. nov. is distinguished from other MEQ Gyrocochlea-grade genera by the 

combination of light brown shell colour, protoconch sculpture of thin spiral cords, ultra-fine radial ribbing 

on the teleoconch and a narrow, U-shaped umbilicus. Comularopa is similar to Amfractaropa gen. nov. 

in shell sculpture but can be distinguished from the latter by having smaller shell dimensions but most 

notably, a smaller protoconch diameter (TABLE 4.1). The protoconch sculpture of Comularopa consists 

of thin, continuous equally spaced spiral cords running all the way to the teleoconch. As such, there is 

no transition zone of different microsculpture before the beginning of the teleoconch, in contrast to the 

case in larger charopids including Amfractaropa. Although the genus is currently considered monotypic 

additional species of Comularopa may occur in the Rockhampton-Byfield area, SEQ (Stanisic, pers. 

comm.). 

 

 

Comularopa georginae sp. nov. 
(Figs 4.2B, 4.3G, 4.8C-D, 4.10, TABLE 4.1) 

Etymology. Named for the author’s daughter-in-law, Georgina. 

 

Preferred common name. Crediton Creek Pinwheel Snail 

 

Material examined.  

Holotype. QMMO59546, 1RC, Crediton Ck, Eungella NP, 21°11’S, 148°32’E, 850m, coll. M. Bishop, 

xi.1976. Diameter of shell 2.3 mm, height 1.31 mm, H/D 0.57, D/U 3.5, number of whorls 3.875. 

Paratypes. QMMO59645, 2RC, same data as holotype. 

 

Description. Shell tiny, light brown, discoidal, nautiliform with a slightly sunken spire; whorls 3.875; 

sutures moderately impressed; diameter of shell 2.3 mm, height 1.31 mm; H/D 0.57. Protoconch flat, 1.5 

whorls,  diameter 410 m, spiral with thin, bladed equidistant spiral cords (mean 13), teleoconch with 

ultra-fine crowded radial ribs, 132 on the first whorl; microsculpture of prominent microradial threads and 

numerous, low microspiral cords forming buttresses at their intersection with the microradials, spiral 

cords rolling over the major ribs; aperture ovately lunate; umbilicus wide V-shaped, diameter 0.66 mm, 

D/U 3.5. Based on 1 measured adult specimen. 
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Distribution and habitat. Hitherto known only from Crediton Ck, Eungella NP, MEQ; in moist humid 

rainforest living under logs. 

 

Remarks. Comularopa georginae sp. nov. can immediately distinguished by the spiral protoconch 

consisting of thin bladed, equidistant spirals (Fig. 4.3B) and also differentiates the species from the 

grossly similar Amfractaropa bretti sp. nov. which has a spiral protoconch with low, broad spirals. In 

addition C. georginae has a smaller protoconch diameter (consistently larger in A. bretti, TABLE 4.1) and 

a lower D/U ratio.  While it may seem ambitious to describe a genus and species on a single adult 

specimen, the distinctive spiral protoconch is thus far unique among eastern Australian Gyrocochlea-

grade species and is considered justification for such a decision.   

 

 

 

FIGURE 4.8. Dorsal and ventral views of shells. A-B, Amfractaropa bretti sp. nov., QMMO6376, 

holotype, Broken R., MEQ. C-D, Comularopa georginae sp. nov., QMMO59546, holotype, Crediton Ck, 

MEQ. Images: Geoff Thompson, QM.  

 

A B 

C D 
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Whitcochlea gen. nov. 

Type species. Helix iuloidea Forbes, 1851-herein designated. 

 

Etymology. From a contraction of Whitsunday and a contraction of Gyrocochlea, alluding to the 

distribution of the species in the Whitsunday biogeographic province and the general similarity to 

Gyrocochlea s.s.  

 

Diagnosis. Shell small, brown, discoidal, nautiliform with a slightly sunken spire; protoconch superior 

spiral with numerous, low, broad spiral cords becoming thinner towards the protoconch-teleoconch 

boundary rising over low curved radial ridges; teleoconch with crowded, moderately thin, bladed radial 

ribs recurved towards the suture at the apical end and microsculpture of prominent microradial threads 

and low microspiral cords forming buttresses at their intersection with the microradials; umbilicus wide, 

cup-shaped; penis tubular with longitudinal pilasters and a long epiphallus entering the penis apically. 

 

Remarks. Whitcochlea gen. nov. can be distinguished from other MEQ Gyrocochlea-grade genera by 

the combination of a relatively large-sized, brown shell, superior spiral protoconch sculpture, dense radial 

ribbing on the teleoconch and a very wide umbilicus. The genus appears to be monotypic and endemic 

to MEQ. 

 

Whitcochlea iuloidea (Forbes, 1851) comb. nov. 
(Figs 4.2C, 4.3H, 4.4B, 4.5B, 4.9A-B, 4.10, TABLE 4.1) 

Helix iuloidea Forbes, 1851: 379. 

Gyrocochlea iuloidea (Forbes). Iredale, 1937: 323; Smith, 1992: 191; Stanisic, 2010 (in Stanisic et al. 

2010, sp. 296)  

 

Syntypes. NHM1859.3.11.15, 2 specimens ( fide Smith 1992), Port Molle, MEQ-therein designated.  

 

Taxonomic issues. The syntypes cited in Smith (1992) were not sighted and unable to be located by 

staff of the NHM, London. Topotypic specimens were collected and used in this study. 

 

Material examined.  

Long I: QMMO64881, 1SC/1RC; QMMO64807, 4SC/3RC; QMMO74082, 1SC/6RC; QMMO85338, 

6SC/7RC. Conway Ra.: QMMO85181, 1RC; QMMO6342, 28RC; JW1449, 2RC; QMMO6340, 13SC; 

QMMO6341, 2RC; QMMO6343, 1SC; QMMO19928, 7SC; QMMO35366, 3SC; QMMO59185, 1SC; 

QMMO85110, 16SC; QMMO85124, 1RC; AMSC154888, 6RC; AMSC154889, 1RC; QMMO85334, 

8SC/6RC. Riordan Vale: JW1512, 11RC. Airlie Beach: QMMO20143, 4RC/2SC; QMMO35357, 

4SC/8RC. Gloucester I: QMMO85186, 1RC; QMMO74108, 1RC. Hamilton I: QMMO85182, 1RC; 

QMMO65833, 2RC. Peter Faust Dam: QMMO85183, 1RC; QMMO35569, 2SC/5RC. Whitsunday I: 

QMMO85184, 1RC; QMMO65943, 4RC; QMMO65923, 2SC/2RC. Proserpine R: QMMO85185, 1RC; 
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QMMO39879, 2RC; JW3857, 2RC; QMMO42391, 1RC; QMMO58018, 2SC/1RC; QMMO77414, 3SC; 

QMMO77418, 1SC; QMMO85107, 1SC. Mt Dryander: QMMO85187, 1RC; QMMO35545, 12SC; 

JW3433, 8RC; QMMO19981, 15SC/5RC; QMMO35560, 6SC/2RC; QMMO54774, 1RC; QMMO59193, 

6SC; QMMO77221, 1SC; QMMO77444, 3SC; AMSC140445, 4RC; AMSC154894, 1RC. Mt Jukes: 

JW3444, 3RC. 

 

Diagnosis. As for genus. 

 

Description. Shell small, brown, discoidal, nautiliform with a slightly sunken spire; whorls 4-4.75 (mean 

4.25); sutures moderately impressed; diameter of shell 3.61- 5.66 mm (mean 4.66 mm), height 1.8-3.11 

mm (mean 2.48 mm); H/D 0.33-0.72 (mean 0.53). Protoconch flat, 1.5 whorls, diameter 490-740 m 

(mean 610 m), superior spiral with low, broad spiral bands over weaker radial ribs; teleoconch with 

crowded radial ribs, 43-66 (mean 48) on the first whorl; microsculpture of microradial threads and very 

low spiral cords buttressing against the radial threads; aperture ovately lunate; umbilicus wide cup-

shaped, diameter 1.39-2.03 mm (mean 1.68 mm), D/U 2.5-3 (mean 2. 75). Based on 68 adult specimens. 

 

Terminal male genitalia (Figs 4.4B, 4.5B). Vas deferens-epiphallus junction, a ball and socket 

arrangement; epiphallus long, longer than penis, initially swollen but becoming thinner nearing penis, 

entering penis apically through a simple pore. Penis tubular with a thin penial sheath; internally with 

longitudinal pilasters; penial retractor muscle inserting apically on penis head; length 1.43mm. Based on 

1 dissected specimen. 

 

Distribution and habitat. Proserpine R. environs, Mt Dryander, Conway Ra., Gloucester I. and the 

Whitsunday islands, MEQ; in drier araucarian rainforest living under logs and rocks. 

 

Remarks. Whitcochlea iuloidea (Forbes, 1851) comb. nov. was described from Port Molle (= Long I.), 

MEQ, but the syntypes could not be located in the Natural History Museum, London. As a result, the 

concept of the species adopted here is based on previous records and other material collected since 

1980 and in particular, specimens collected on a 2016 field trip to the type locality. W. iuliodea has a 

superior spiral protoconch (Fig. 4.3C) which differs from all other known MEQ charopids with the 

exception of Xenoropa wigtonensis sp. nov. and can be distinguished from that species by its smaller 

size, wider teleoconch ribbing and by broader spiral cords on the protoconch. W. iuloidea is found in the 

Whitsunday biogeographic province which includes the araucarian rainforests of the Whitsunday islands, 

the Conway Ra., Mt Dryander and the riparian rainforest along the Proserpine R. These drier coastal 

rainforests, which receive an annual average rainfall of 1300 mm (Bureau of Meteorology 2017), harbour 

this single Gyrocochlea-grade species which is characterised by a superior spiral protoconch. Specimens 

from Long I. and Mt Dryander have slightly larger shells than those from the Conway Ra., Mt Jukes and 

the Proserpine R. (TABLE 4.1) although all have a similar shell colour and identical teleoconch sculpture. 

The specimens group into a single species showing links from the time when sea levels were lower and 

the land masses connected approximately 15, 000 years ago (Willmott 2006).  
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Xenoropa gen. nov. 

Type species. Xenoropa wigtonensis -herein designated. 

 

Etymology. From the Ancient Greek xeno = foreign relating to granitic xenolithic rock formations found 

in the South Cumberland Islands; and a contraction of Charopa.  

 

Diagnosis. Shell small, orange brown with darker radial bands, discoidal, nautiliform with a slightly 

sunken spire; protoconch superior radial with narrow, bladed spiral cords and weaker raised radial ribs, 

teleoconch with crowded radial ribs and microsculpture of microradial threads and low spiral cords 

buttressing against the radial threads; aperture ovately lunate; umbilicus wide cup-shaped. 

 

Remarks. Xenoropa gen. nov. has a similar superior spiral protoconch sculpture to Whitcochlea gen. 

nov. but is distinguished by having more defined and raised spiral cords and raised radial ribbing on the 

protoconch as well as by its larger shell dimensions (diameter, height and protoconch diameter, see 

TABLE 1). Xenoropa gen. nov. is only known from Wigton I., MEQ, however, it may well have a wider 

distribution on the adjacent mainland. 

 

Xenoropa wigtonensis sp. nov. 

(Figs 4.2D, 4.3I, 4.9C-D, 4.10, TABLE 4.1) 

Etymology. For Wigton I., the type locality. 

 

Preferred common name. Wigton Island Pinwheel Snail 

 

Material examined.  

Holotype. QMMO85180, 1RC, Wigton I., NE of Mackay, 20° 43' 25" S, 149° 27' 36" E, coll. J. Stanisic, 

T. Carless, 21.viii.2001. Diameter of shell 6.15 mm, height 2.95 mm, H/D 0.48, D/U 3.23, number of 

whorls 4.375. 

Paratype. QMMO70431, 1RC, same data as holotype. 

 

Diagnosis. As for genus. 

 

Description. Shell small, brown, discoidal, nautiliform with a slightly sunken spire; whorls 4.375; sutures 

moderately impressed; diameter of shell 5.9-6.15 mm (mean 6.02 mm), height 2.79-2.95 mm (mean 2.87 

mm); H/D 0.47-0.48 (mean 0.48). Protoconch flat, 1.5 whorls, diameter 740-820 m (mean 780 m), 

superior spiral with narrow, bladed spiral bands over weaker raised radial ribs, teleoconch with crowded 

radial ribs, 57-68 (mean 68) on the first whorl; microsculpture of microradial threads and very low spiral 

cords buttressing against the radial threads; aperture ovately lunate; umbilicus wide cup-shaped, 
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diameter 1.97-2.05 mm (mean 2.01 mm), D/U 2.88-3.13 (mean 3). Based on 2 measured adult 

specimens. 

 

Distribution and habitat. Hitherto known only from Wigton I., MEQ; in araucarian rainforest living under 

logs. 

 

Remarks. Xenoropa wigtonensis sp. nov. is broadly similar to Whitcochlea iuloidea (Forbes, 1851) in 

having a brown shell with similar umbilical width and apertural height and a superior spiral protoconch 

sculpture (Fig. 4.2D). However, X. wigtonensis is distinguished from W. iuloidea by the combination of a 

larger shell diameter (over 6 mm) and shell height, a larger number of whorls, a larger protoconch 

diameter and much denser radial ribbing on the teleoconch (mean 52 ribs on the third quarter of body 

whorl as opposed to an average of 25 on the third quarter of the body whorl of W. iuloidea: TABLE 4.1). 

No animal tissue of this species was available for anatomical analysis and the description was made 

from two worn specimens. The SEM image of the protoconch sculpture was taken through the umbilicus 

due to damage on the apices of each specimen. Additional material is needed to more fully document 

the species conchological features. 

 

X. wigtonensis is presently known only from Wigton I. in the south Cumberland Group and not from the 

Whitsunday Islands. However, further collecting on this and the surrounding islands may extend the 

range of this species. W. iuloidea, first recorded from an off-lying island was subsequently found on the 

adjacent mainland areas and given the similar geological history of this region, it is quite possible for X. 

wigtonensis or a sister species to be present on the adjacent mainland. However, given that this section 

of the mainland is part of the Proserpine-Sarina lowlands that have been heavily impacted by clearing 

for sugar cane farming and cattle grazing, a continental relative in mainland MEQ could be difficult if not 

impossible to locate. Continental relatives may be present on the mainland further south. 
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Discussion 

Gyrocochlea Hedley,1924 has historically been a convenient generic ‘repository’ for eastern Australian 

mainland  charopids with prominently ribbed, brown discoidal shells. Shea et al. (2012) have shown that 

Gyrocochlea s.s. only applies to a small suite of species in SEQ and NENSW and that the historical 

generic concept was polyphyletic and concealed a vast hidden diversity of charopid evolution. Only four 

species of Gyrocochlea-grade charopids have been previously described from MEQ and the present 

study has shown that a similar scenario exists with these species.  The consequent necessary 

reassignment of these species and the description of new species of Gyrocochlea-grade charopids from 

MEQ in this study has led to the description of seven new genera largely based on differences in 

protoconch sculpture. 

 

FIGURE 3.9. Dorsal and ventral views of shells. A-B, Whitcochlea iuloidea (Forbes, 1851) comb. nov., 

QMMO64881, topotype, Long I, MEQ. C-D, Xenoropa wigtonensis sp. nov., QMMO85180, holotype, 

Wigton I, MEQ. Images: Geoff Thompson, QM.  

A B 
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All new genera in this paper can be recognised using protoconch sculpture which differs markedly from 

the beaded cancellate pattern of true Gyrocochlea s.s. (Fig. 4.2A). Investigations under optical 

microscopy reveal a predominantly spiral pattern on most protoconchs. Closer examination under SEM 

(Figs 4.1, 4.2) provides further differentiation in the spiral pattern with superior spiral (Whitcochlea and 

Xenoropa), spiral (Amfractaropa and Comularopa), early spiral (Nodularopa and Radiolaropa) and pitted 

cancellate (Stanisicaropa and Biomphalopa) patterns emerging in the protoconch architecture. This 

reinforces Stanisic’s view (2016) that all protoconch descriptions need to be completed by analysis of 

scanning electron micrographs. 

 

Gyrocochlea-grade MEQ charopids 

are chiefly restricted to montane and 

surrounding moist rainforest habitats 

of the Clarke-Connors Ra. and the 

drier coastal araucarian forests of the 

Conway Ra., Mt Dryander and 

nearby Whitsunday islands (Fig. 

4.11).  A volcanic hotspot from 32 

million years ago at Cape 

Hillsborough provides a similar forest 

ecosystem to that of the Whitsundays 

and is the exception to this as no 

Gyrocochlea-grade species have 

been found there to date. The semi-

evergreen vine thickets of the 

Eungella Dam environs and notophyll 

vine forests in the Funnel Ck-Bell’s 

Gap area also support Gyrocochlea-

grade species. Land clearing and 

farming in the Proserpine-Sarina 

lowlands has restricted charopids to 

remnant patches of vine thicket but 

no Gyrocochlea-grade species has 

hitherto been discovered in these 

habitats.  

 

The importance of the Clarke-Connors Ra. and Whitsunday biogeographic provinces as hotspots of 

charopid endemism raises questions of their evolutionary relationships. Mid-eastern Queensland is 

separated from the humid, wet tropics and the dry to moist subtropical forests of SEQ by two dry corridors 

of open eucalypt forest: the Burdekin-Lynd Gap in the north and the St Lawrence Gap in the south. This 

has isolated the region into refugial pockets of rainforest (Webb & Tracey 1981, Bryant et al. 2016) and 

probably affected subsequent charopid distribution including that of the Gyrocochlea-grade species. The 

FIGURE 4.10. Map showing localities of MEQ Gyrocochlea-

grade species. Species are identified by the following symbols: 

 Biomphalopa recava (Hedley, 1912);  Stanisicaropa 

chambersae (Stanisic, 2010) comb. nov.; ⚫ Radiolaropa danieli 

(Stanisic, 2010) comb. nov.;  Radiolaropa eungella sp. nov.; 

◼ Amfractaropa bretti sp. nov.;  Comularopa georginae sp. 

nov.;   Whitcochlea iuloidea (Forbes, 1851) comb. nov.; 

Xenoropa wigtonensis sp. nov.;  Nodularopa samanthae 

sp. nov. 
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nine species dealt with in this study represent one known genus and seven new genera including the re-

assignment of the three previously known ‘Gyrocochlea' species from this area. This indicates a level of 

charopid diversity previously unknown within the MEQ area. The extralimital relationships of these 

species have yet to be established but the examination of numerous protoconch micrographs undertaken 

by the author as part of a related study (Holcroft 2018a) strongly suggests that these will chiefly be to 

species in adjacent bioregions to the south. Detailed investigation of Gyrocochlea-grade species, 

particularly in the Calliope-Rockhampton-Byfield area as well as the off-lying islands of the Cumberland, 

South Cumberland and Northumberland groups should be a priority for future research. However, 

relatives of at least one of the Gyrocochlea-grade species, Biomphalopa recava, do occur in adjacent 

bioregions but in northern Queensland. This MEQ-NEQ relationship also needs to be re-examined in the 

detail outlined herein and by Holcroft (2018a).  

 

While this study is focused on Gyrocochlea-grade charopids, many non-Gyrocochlea-grade MEQ 

charopids are also endemic to the region and similarly appear related to species in the SEQ and the Wet 

Tropics (Holcroft unpublished). The north-south geographical patterns of charopid lineages that have 

been identified in recent charopid research (Shea et al. 2012, Holcroft 2018a) would suggest that 

continued research into the Charopidae could contribute significantly to an improved biogeographic 

understanding of eastern Australia.  

 

Conservation 

Snails including the Charopidae, are often overlooked in conservation assessments. With their ability to 

be responsive to environmental change, these tiny charopids make excellent indicators of terrestrial 

biodiversity and ecosystem health (Stanisic 1990; Stanisic & Ponder 2004; Shea et al. 2012). Their 

endemism in particular has significant impact for all the environments in which they are found. Concerns 

are being raised about clearing of rainforests (McAlpine et al. 2002) and the impact of controlled burn-

offs particularly in the Eungella NP where at the point where this national park is no wider than one 

kilometre, the gradual encroaching of the land affected by these fires into the pristine rainforest could 

well have the potential to eradicate entire species of charopid.  

 

While none of the MEQ charopids have received conservation protection under legislation, their 

preference for humid rainforests and vine thickets indicates that conservation of these areas is crucial 

for the snails’ continued survival. Many of the mainland coastal areas have been cleared for farming and 

the high levels of endemicity this group display would suggest that some species may have already been 

lost. Much of the remaining rainforest is now situated in National Parks and State Forests which will 

protect the diversity of these charopids. 
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FIGURE 3.11. MEQ charopid habitats. A, Moist montane rainforest of 
Broken R., Eungella NP, MEQ. B, Drier araucarian rainforest of the 
Whitsunday Islands, MEQ. C, Semi-arid vine thicket of Hazelwood Gorge 
near Eungella Dam, MEQ. 
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Abstract 
This study reviews the charopid land snails of mid-eastern Queensland possessing finely cancellate 

protoconchs (Holcroft 2018a). Microscopic features of shell sculpture and qualitative and quantitative 

measurements of conchological features are utilised to delimit species due to lack of animal material 

suitable for DNA analysis. This study confirms the generic status of Pereduropa Stanisic 2010 and 

Isolderopa Stanisic 2010 and expands the brief descriptions of the species in these genera included in 

Stanisic et al. (2010). Two species of Pereduropa, P. dalrymple sp. nov., P. diamante sp. nov. and four 

new species of Isolderopa, I. teemburra sp. nov., I. whitsunday sp. nov., I. westmolle sp. nov. and I. 

pelion sp. nov. are described. A new genus, Tristanoropa gen. nov., is diagnosed for three new species, 

T. hughesae sp. nov., T. conwayensis sp. nov. and T. burwelli sp. nov. 

 

Key Words 
Mollusca, Eupulmonata, Charopidae, protoconch sculpture, finely cancellate, new genera, new species. 

Introduction 

Charopids are tiny land snails and their size (shell diameter 1-7mm) and often cryptic habitats make them 

difficult to find and as a result they are generally collected as dead shells from leaf litter sorting. 

Consequently, identification of charopid species and their assignment to genera has required a strong 

emphasis on shell morphology and in particular, protoconch sculptural patterns (Hyman and Stanisic 

2005; Shea et al. 2012; Stanisic 2016; Holcroft 2018a). This study reviews the charopid land snails of 

mid-eastern Queensland possessing finely cancellate protoconchs and is part of a larger revision of the 

Charopidae (Pinwheel Snails) of mid-eastern Queensland (Holcroft 2018 a, b). 

 

The eastern Australian charopids have been shown to possess eleven major protoconch sculptural 

patterns formed by a combination of spiral cords and radial ribs (Holcroft 2018a). The finely cancellate 

sculptural pattern is one where narrow, raised spiral cords or threads and narrow, raised radial ribs of 

similar dimensions combine to give a net-like appearance when viewed under scanning electron 

microscopy (SEM). This pattern is more prevalent in the smallest of the Australian charopids (those 

whose shell diameter is less than 2.6mm) currently assigned to Rotacharopa Stanisic, 1990, Pereduropa 

Stanisic, 2010, Isolderopa Stanisic, 2010, Excaliburopa Stanisic, 2010, Shearopa Stanisic, 2010 and 
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Ygernaropa Stanisic, 2010. Within this baseline 

pattern, there are a number of variations such 

as ‘scalloped’ and ‘webbed’ which further 

define individual genera.  

 

In this study, six described and nine 

undescribed species of charopid from mid-

eastern Queensland (Fig. 5.1) are shown to 

have a finely cancellate protoconch sculpture. 

All are very tiny and less than 2.6mm in shell 

diameter. Stanisic et al. (2010) introduced two 

genera with nautiloid coiling patterns to 

incorporate the six described species 

mentioned above. Pereduropa comprised 

minute charopids with a brown shell and a 

slightly elevated spire. In contrast, Isolderopa 

included minute charopids with a brown, biconcave shell, a depressed to very depressed spire and in 

two species, apertural barriers. Apertural barriers appear shortly after hatching are added to anteriorly 

and reabsorbed posteriorly during subsequent growth (Solem 1983: 15) and at times disappear 

altogether in adulthood (Stanisic pers. comm.). This character is not a feature of any Pereduropa species.  

 

Six new species belonging to these genera, P. dalrymple sp. nov., P. diamante sp. nov. I. teemburra sp. 

nov., I. whitsunday sp. nov., I. westmolle sp. nov. and I. pelion sp. nov. are described. Tristanoropa gen. 

nov., is diagnosed for three new species with finely cancellate protoconchs and a multi-whorled coiling 

pattern, viz. T. hughesae sp. nov., T. conwayensis sp. nov. and T. burwelli sp. nov. 

 

Abbreviations 

General: SEM, scanning electron microscopy; SC, spirit collection; RC, dry collection. 

Institutions: AM, Australian Museum, Sydney; QM, Queensland Museum, Brisbane. 

Habitat Data: alt, altitude; Ck, Creek; cnvf, complex notophyll vine forest; Hts, Heights; I., Island; Mts, 

Mountains; nvf, notophyll vine forest; R, River; Ra, Range; sevt, semi-evergreen vine thicket; MEQ, Mid-

eastern Queensland; NP, National Park; NSW, New South Wales; NENSW, North-eastern New South 

Wales; NEQ, North-eastern Queensland; SEQ, South-eastern Queensland; SF, State Forest; WT, Wet 

Tropics. 

Shell features: AH, aperture height; AW, aperture width; D, shell diameter; D/U, ratio of shell diameter 

to umbilical width; H, shell height; H/D, ratio of shell height to shell diameter; PD, protoconch diameter; 

PL, protoconch length; T1, 1st whorl of the teleoconch; UW, umbilical width; WWB, number of ribs on 

the 3rd quarter of the body whorl. 

 

FIGURE 5.1. Mid-eastern Queensland showing 
major collection areas. 
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Materials and Methods 

The study was chiefly based on material held in the Queensland (Brisbane) and Australian (Sydney) 

Museums. Individual specimens are identified by their registration number and respective institutional 

prefix (QMMO, Queensland Museum; AMSC, Australian Museum). Undescribed species in the 

collections of these museums are identified by a family descriptor and an alpha-numeric codon e.g. 

Charopid WT41. 

 

Adult shells were measured using a Camera Lucida mounted on a WILD M5 stereo microscope. 

Measurements were converted from ocular micrometer units to mm using a conversion factor at a set 

magnification. Characters investigated included shell shape, size (height and diameter), whorl count, 

coiling pattern, protoconch diameter, protoconch whorl length, rib count and umbilical width. Standard 

definitions (Solem 1983) for most conchological characters were used and whorl counts were made to 

the nearest 1/8 whorl.  

 

High resolution images of shells (260-600MB) were obtained using a Visionary Digital BK-Plus lab 

system camera set-up in the Queensland Museum’s Digital Imaging Unit. 

 

The shell sculpture of specimens was investigated and photographed using a TM-1000 Tabletop 

Scanning Electron Microscope located at the Queensland Museum. Shells were cleaned in an ultrasonic 

cleaner but not by chemical means in order to prevent the removal of the periostracum which maintains 

many of the shell’s sculptural elements. Specimens were mounted on sticky tabs, gold sputter coated 

and imaged under high vacuum. Sculptural patterns of both the protoconch and teleoconch were 

extensively examined.  

 

Results 

 

Shell morphology  

Shell coiling patterns 
Protoconch sculpture has been increasingly used to define charopid genera (Solem 1983; Stanisic 

1990, 1998; Hyman and Stanisic 2005; Shea et al. 2012). However other morphological features of 

shells can be used in conjunction with this character (Solem 1983). In this study, where all species 

have a finely cancellate protoconch, other shell characters have been used. In this study where the 

protoconch pattern is similar across genera, shell coiling pattern and spire protrusion play a significant 

role in the delimitation of genera. Both nautiloid and multi-whorled forms are evident within MEQ 

charopids. Pereduropa Stanisic 2010 has an evenly coiled nautiloid form with a flat to raised spire (Fig. 

5.1A), Isolderopa Stanisic 2010 has a more tightly coiled, laterally compressed, nautiloid form with a 

depressed spire (Fig. 5.1B) and Tristanoropa gen. nov. has a tightly multi-whorled shell where the body 

whorl does not flare as in the previous two genera (Fig. 5.1C). 
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Shell measurements 
Averages of the shell measurements of all species examined in this study are shown in Table 5.1 and 

measurements of all individual specimens are tabulated in the Appendix 3B. Within Pereduropa Stanisic 

2010, species were differentiated by the protoconch diameter and the number of ribs on the first whorl of 

the teleoconch. Pereduropa diamante sp. nov. was much smaller in shell diameter, shell height and 

protoconch diameter than its congeners. Pereduropa dalrymple sp. nov. was distinguished from other 

Pereduropa by a large D/U ratio and a large protoconch diameter. Both new species had more ribs on 

the teleoconch than the previously described species. 

 

Isolderopa Stanisic, 2010 species shared a similar protoconch diameter with the exception of two 

species,  I. minuta Stanisic 2010, which had an unusually tiny diameter of 250 m and I. pelion sp. nov. 

with a larger one of 410 m. The former also had a much smaller shell diameter and the latter much finer 

ribbing on the teleoconch. The aperture height and width of I. iangallowayi Stanisic 2010, in addition to 

its tighter coiling, distinguishes this species from its congeners. D/U ratios differentiate I. deliqua Stanisic 

2010, I. teemburra sp. nov., I. westmolle sp. nov. and I. whitsunday sp. nov. from each other. The form 

and number of apertural barriers is also important in distinguishing the species in this genus. 

 

Protoconch diameter, number of protoconch whorls, teleoconch ribbing and the D/U ratio separate the 

species in Tristanoropa gen. nov. Protoconch diameter varies among the three species:  T. hughesae 

sp. nov. 410 m, T. conwayensis sp. nov. a smaller diameter  of 330 m and T. burwelli sp. nov. a larger 

diameter of 490 m. The D/U ratio differentiates T. burwelli from the other two species. However, the 

number of ribs on the first whorl of the teleoconch, T. hughesae sp. nov. mean of 110, T. conwayensis 

sp. nov. mean 79 and T. burwelli sp. nov. mean of 89 reveals a marked difference between the species. 

 

 

 

 

FIGURE 5.2. Coiling patterns of the finely cancellate genera of MEQ. A: Nautiloid shell with flat spire of 
Pereduropa Stanisic, 2010 (P. diamante sp. nov. QMMO77078, Diamond Cliffs). B: Nautiloid shell with 
depressed spire of Isolderopa Stanisic, 2010  (I. whitsunday sp. nov. QMMO11902, Cape Hillsborough). C: 
Multi-whorled shell of Tristanoropa gen. nov. (T. hughesae sp. nov., QMMO50887, Eungella NP). Scale bars 

= 100m. 
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TABLE 5.1. Mean shell measurements of MEQ species examined in this study. New species are designated in bold 

type. 

Taxon n 
D 

(mm)  

H 

(mm) 

UW 

(mm) 

AH 

(mm) 

AW 

(mm) 

PD 

(mm) 
WWB T1 

H/D 

ratio 

D/U 

ratio 

No. 

whorls 

PL 

Pereduropa cursacosta 11 2.35 1.33 0.82 0.92 0.83 0.41 32 55 0.57 2.87 4.26 1.5 

Pereduropa delicata 8 2.01 1.10 0.74 0.86 0.75 0.41 31 75 0.55 2.76 4.33 1.5 

Pereduropa hamiltoniana 6 1.90 1.08 0.64 0.83 0.66 0.41 17 43 0.57 2.97 4.31 1.5 

Pereduropa diamante 7 1.55 0.93 0.67 0.82 0.57 0.33 39 108 0.60 2.32 3.98 1.7 

Pereduropa dalrymple 11 2.25 1.29 0.63 0.98 0.83 0.49 37 101 0.57 3.61 4.23 1.7 

Isolderopa iangallowayi 14 1.86 1.16 0.70 1.02 0.70 0.33 49 104 0.62 2.68 5.15 1.7 

Isolderopa minuta 10 1.41 0.82 0.65 0.70 0.50 0.25 59 124 0.58 2.18 4.42 1.7 

Isolderopa deliqua 11 1.95 1.10 0.80 0.91 0.65 0.33 38 100 0.57 2.43 4.41 1.6 

Isolderopa teemburra  3 1.97 1.12 0.93 0.87 0.68 0.33 45 119 0.57 2.12 4.42 1.7 

Isolderopa  whitsunday 15 1.63 0.85 0.69 0.74 0.46 0.33 52 116 0.53 2.38 4.53 1.6 

Isolderopa westmolle  3 1.72 0.85 0.66 0.74 0.46 0.33 56 126 0.49 2.63 4.42 1.5 

Isolderopa pelion  1 1.56 0.82 0.57 0.66 0.49 0.41 59 147 0.53 2.71 3.375 1.8 

Tristanoropa hughesae 13 1.71 0.97 0.65 0.78 0.65 0.41 53 110 0.57 2.64 4.82 1.5 

Tristanoropa conwayensis 8 1.73 1.02 0.67 0.73 0.63 0.33 35 79 0.59 2.62 4.62 1.6 

Tristanoropa burwelli 5 2.18 1.20 0.69 0.98 0.77 0.49 38 89 0.55 3.17 4.20 1.7 

 

Shell sculpture 
SEM images confirmed that finely cancellate was the baseline protoconch sculptural pattern of all 

species. A detailed study of the MEQ and other species from the WT and SEQ showed two major 

variations of this sculpture (Fig. 5.3): 1, a pattern where the protoconch exhibited spiral cords only for the 

first quarter of a whorl followed by these spirals appearing ‘bladed’ and rising over radial ribs dropping 

down immediately following the ribs giving the appearance of a ‘scalloped’ pattern; and 2, a variation was 

formed by spiral cords and radial ribs of similar heights intersecting to give a netlike appearance. The 

‘scalloped’ variation of a finely cancellate protoconch sculpture was found in each species of the three 

genera, Pereduropa, Isolderopa and Tristanoropa.  

 

FIGURE 5.3. Finely cancellate protoconch sculptural variations. A: Scalloped variant of Isolderopa 

pelion sp. nov., QMMO85080, Pelion SF, MEQ. B: Webbed variant of Charopid SQ78, QMMO13463, 

Biloela, SEQ. 
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Pereduropa species have protoconchs with 17-19 (mean 17) spiral cords with a radial rib distance of 8 

to 15 m at the end of the first whorl and a distance between the spiral cords and radial ribs forming a 

‘squarish’ pattern on the first whorl, particularly if the specimen is worn. However, the spiral cords rise 

over the ribs in a scalloped pattern unlike those with the truly webbed pattern (Fig. 5.3). Isolderopa 

species also display a scalloped pattern but have smaller protoconch diameters than the species of the 

other two genera and only 12-20 spiral cords (mean 15) with a radial rib distance of 8 to 10 m at the 

end of the first whorl (Fig. 5.4). Tristanoropa species have a similar pattern with the first quarter of a whorl 

of spiral cords followed by a scalloped pattern with 17-20 spiral cords (mean 18) and a radial rib distance 

of 10m (Fig. 5.5). While these patterns are very similar, the three genera in question can be 

differentiated by major differences in shell coiling pattern, spire protrusion and the presence of apertural 

barriers. 

 

FIGURE 5.4. Protoconch sculpture of Pereduropa species. A: P. cursacosta Stanisic, 2010, QMMO85129, 
Jaxut SF, MEQ. B: P. delicata Stanisic, 2010, AMSC154896, Mt Dryander, MEQ. C: P. hamiltoniana Stanisic, 
2010, QMMO86089, Hamilton I., MEQ. D: P. dalrymple sp. nov., QMMO6369, Dalrymple Hts, MEQ. E: P. 

diamante sp. nov., QMMO77078, Diamond Cliffs, MEQ. Scale bars = 100 m. 
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FIGURE 5.5. Protoconch sculpture of Isolderopa species. A: I. iangallowayi Stanisic, 2010, QMMO85131, Mt 
Charlton, MEQ. B: I. minuta Stanisic, 2010, QMMO78980, Eungella NP, MEQ. C: I. deliqua Stanisic, 2010, 
QMMO78963, Calen-Mt Charlton Rd, MEQ. D: I. teemburra sp. nov., QMMO35809, Endeavour Ck, MEQ. E: 
I. whitsunday sp. nov., QMMO11902, Cape Hillsborough, MEQ. F: I. westmolle sp. nov. QMMO6348, West 
Molle I., MEQ. G: I. pelion sp. nov. QMMO85080, Pelion SF, MEQ (viewed through the umbilicus). Scale bars 

= 100 m. 
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Teleoconch sculpture of the fifteen species exhibited bladed ribbing in fourteen of the species and 

rounded ribbing in only one, Pereduropa hamiltoniana (Figs 5.7, 5.8 and 5.9). The microsculpture of the 

interstitial radial threads varied in number and size between species. Spiral cords were broad and 

buttressed against the microradial threads in all species. However, in Isolderopa species, the spiral cords 

were much less defined and appeared missing on the body whorl of I. minuta. 

 

 

FIGURE 5.7. Teleoconch sculpture of Pereduropa species. A: P. cursacosta Stanisic, 2010, QMMO11901, 
Cape Hillsborough, MEQ. B: P. delicata Stanisic, 2010, AMSC154896, Mt Dryander, MEQ. C: P. hamiltoniana 
Stanisic, 2010, QMMO86089, Hamilton I., MEQ. D: P. dalrymple sp. nov., QMMO6369, Dalrymple Hts, MEQ. 
E: P. diamante sp. nov., QMMO77078, Diamond Cliffs, MEQ. Magnification x800. 

FIGURE 5.6. Protoconch sculpture of Tristanoropa gen. nov. species. A: T. hughesae sp. nov., QMMO85135, St 
Helens Beach, MEQ. B: T. conwayensis sp. nov., AMSC154891, Brandy Creek, MEQ. C: T. burwelli sp. nov., 

QMMO6374, Broken R., MEQ. Scale bars = 100 m. 

A B C 



Elucidating the diversity of mid-eastern Queensland Pinwheel Snails (Eupulmonata: Charopidae) using aspects of shell morphology.  

Lorelle Holcroft s5063935    85 | P a g e  

 

 

FIGURE 5.8. Teleoconch sculpture of Isolderopa species. A: I. iangallowayi Stanisic, 2010, QMMO85131, Mt 
Charlton, MEQ. B: I. minuta Stanisic, 2010, QMMO78980, Eungella NP, MEQ. C: I. deliqua Stanisic, 2010, 
QMMO78963, Calen-Mt Charlton Rd, MEQ. D: I. teemburra sp. nov., QMMO35809, Endeavour Ck, MEQ. E: I. 
whitsunday sp. nov., QMMO11902, Cape Hillsborough, MEQ. F: I. westmolle sp. nov. QMMO6348, West Molle I. G: 
I. pelion sp. nov. QMMO85080, Pelion SF, MEQ. Magnification A-E, G x800 F. x1500. 
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Apertural Barriers 

Apertural barriers are not present in species of Pereduropa or Tristanoropa. however, barriers are 

present in many of the species of Isolderopa. 

 

Isolderopa iangallowayi Stanisic, 2010 has an aperture with two vertical palatal barriers (Fig. 5.10A). 

Isolderopa minuta Stanisic, 2010 has two internal vertical barriers and one parietal barrier (Fig. 5.10B, 

C). Isolderopa whitsunday sp. nov. has five vertical palatal barriers but no parietal barriers (Fig. 5.10D). 

Isolderopa westmolle sp. nov. has several palatal barriers. Isolderopa deliqua Stanisic, 2010, I. 

teemburra sp. nov. and I. pelion sp. nov. have no barriers.  

 

 

 

Systematics 

 

Pereduropa Stanisic, 2010 

 
Type species. Pereduropa cursacosta Stanisic, 2010-by original designation. 

 

Diagnosis. Shell tiny, brown, discoidal with a flat to slightly elevated spire, whorls evenly coiled, sutures 

impressed; protoconch sculpture finely cancellate consisting of 17-19 scalloped, fine, crisp, crowded 

FIGURE 5.9. Teleoconch sculpture of Tristanoropa gen. nov. species. A: T. hughesae sp. nov., QMMO50905, 
Eungella NP, MEQ. B: T. conwayensis sp. nov., AMSC154891, Brandy Creek, MEQ. C: T. burwelli sp. nov., 
QMMO6374, Broken R., MEQ. Magnification x800. 

FIGURE 5.10. Barriers in Isolderopa species. A: Palatal barriers in I. iangallowayi, QMMO78962, Mt Charlton, MEQ. B: 
Parietal barrier in I. minuta, QMMO9737, Broken R., MEQ. C: Palatal barriers in I. minuta, QMMO9726, Eungella NP, 
MEQ. D: Multiple palatal barriers of I. whitsunday, QMMO74081, Long I, MEQ. Images B, C: John Stanisic, QM. 

A B C D 
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spiral cords over weaker radial ribs with a spacing averaging 8-15 m, teleoconch sculpture of crowded 

radial ribs, microsculpture of microradial threads and low spiral cords; umbilicus wide V-shaped.  

 

Remarks. Pereduropa Stanisic, 2010 has a finely cancellate protoconch sculpture similar to that of 

Isolderopa Stanisic, 2010 but can be distinguished from the latter genus by other aspects of shell 

morphology, in particular, the raised spire. Pereduropa can be distinguished from Tristanoropa gen. nov. 

by the nautiloid coiling pattern as compared with the multi-whorled pattern of the latter. Pereduropa differs 

from Shearopa Stanisic, 2010 which has species in SEQ and WT by the lack of apertural barriers. 

 

Pereduropa cursacosta Stanisic, 2010 

(Figs 5.3A, 5.6A, 5.10A, 5.15, Table 5.1) 

Pereduropa cursacosta  Stanisic, in Stanisic et al., 2010: sp.395. 

 

Common Name. Coarse-ribbed Pinwheel Snail. 

 

Holotype. QMMO13082, Bell’s Gap, c15km S of Sarina, Sarina Range, 21º31’S, 149º07’E, nvf, coll. J 

Stanisic, 7.vii.1982. 

Paratype. QMMO78972, 8RC, same data as holotype. 

Other material. Cape Hillsborough NP: QMMO11901, 3RC; Eungella NP: QMMO50900; AMSC140433, 

1RC; Gloucester I: QMMO74109, 1RC; Hatfield’s Gap: QMMO19993, 1RC; Homevale: AMSC154897, 

6RC; Jaxut SF: QMMO85129, 15RC; Mackay Seaforth Rd: QMMO13473, 1RC; Mt Macartney: 

QMMO59649, 1RC;  

Nebo-Mackay Rd: QMMO85133, 5RC; Nth Mackay, Hicks Rd: QMMO85127, 4RC. 

 

Diagnosis. Shell tiny, mean diameter 2.35 mm, with a slightly elevated spire, mean shell height 1.33 

mm; protoconch finely cancellate with 17 scalloped spiral cords, mean radial rib spacing 10 m, diameter 

410 m; teleoconch with 44 to 72 (mean 55)  radial ribs on first whorl; wide V-shaped umbilicus, mean 

D/U ratio 2.87. 

 

Description. Shell tiny, brown, discoidal with a slightly elevated spire, whorls 4.0 to 4.625 (mean 4.26) 

evenly coiled, sutures impressed; diameter of shell 2.13 to 2.54 mm (mean 2.35 mm), height 1.15 to 1.48 

mm (mean 1.33 mm); H/D 0.50-0.62 (mean 0.57). Protoconch flat, 1.5 whorls with a diameter of 410 m 

sculptured with a scalloped finely cancellate pattern consisting of fine, crisp, crowded spiral cords and 

widely spaced, weak radial ribs; teleoconch sculpture of bladed, crowded radial ribs 44 to 72 (mean 55) 

on first whorl, microsculpture of microradial threads and low, broad spiral cords; umbilicus wide V-

shaped, diameter 0.74 to 0.90 mm (mean 0.82 mm). D/U 2.7-3.3 (mean 2.87). Based on 11 measured 

adult specimens. 
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Distribution and habitat. Mackay-Sarina hinterland, MEQ, in rainforest and vine thicket; living under 

logs and other forest debris, in litter.  

 

Remarks. Pereduropa cursacosta Stanisic, 2010 differs from P. delicata Stanisic, 2010, P. diamante sp. 

nov. and P. dalrymple sp. nov. in having coarser, more widely spaced ribs on the teleoconch. P. 

cursacosta differs from P. hamiltoniana Stanisic, 2010 by having bladed ribs on the teleoconch in contrast 

to the rounded ribs of the latter.  

 

Pereduropa delicata Stanisic, 2010 

(Figs 5.3B, 5.6B, 5.10B, 5.15, Table 5.1) 

Pereduropa delicata  Stanisic, in Stanisic et al., 2010: sp.396. 

 

Common Name. Delicate-ribbed Pinwheel Snail. 

 

Holotype. QMMO13090, c.19km N of Proserpine, beside Gregory R., 20°17’S, 148°35’E, nvf, coll. J. 

Stanisic, 6.vii.1982. 

Paratypes. QMMO35547, 2RC, Mt Dryander, lower slopes, via Gregory, NE Proserpine, 20° 17' S, 148° 

35' 30" E, coll. J. Stanisic, D. Potter, N. Potter, 16.v.1990; QMMO78971, 7RC, ca. 19k N. of Proserpine, 

beside Gregory R., 20° 17' S, 148° 35' E, coll. J. Stanisic, 6.vii.1982; AMSC142470, 1RC, Eungella Ra, 

50m W of Mackay, 21° 55' S, 148° 30' E, coll. L. Price, ix.1957; AMSC142468, 3RC, Mt Dryander, 50m 

W of Mackay, 21° 15' S, 148° 34' E, coll. L. Price, 4.vii.1964; AMSC150092, 1RC, Mt Dryander, 50m W 

of Mackay, 21° 15' S, 148° 34' E, coll. L. Price, 16.vi.1958. 

Other material. Mt Dryander: QMMO31293, 1SC; AMSC154896, 9RC; Gregory R. Xing: QMMO35562, 

1SC; Crediton Ck: QMMO6384, 6RC; Finch Hatton Gorge: QMMO6365, 1RC. 

 

Diagnosis. Shell tiny, mean diameter 2.01 mm, with flat to a slightly elevated spire, mean shell height 

1.33 mm; protoconch finely cancellate with 19 scalloped spiral cords, mean radial rib spacing 15 m, 

diameter 410 m; teleoconch with 62 to 91 (mean 75) radial ribs on first whorl; umbilicus wide V-shaped, 

mean D/U ratio 2.76. 

 

Description. Shell tiny, brown, discoidal with a flat to slightly raised spire, whorls 4.0 to 4.875 (mean 

4.33) evenly coiled, sutures impressed; diameter of shell 1.72 to 2.21 mm (mean 2.01 mm), height 0.98 

to 1.23 mm (mean 1.1 mm); H/D 0.48-0.58 (mean 0.55). Protoconch flat, 1.5 to 1.625 (mean 1.52) whorls 

with a diameter of 410 m sculptured with a scalloped finely cancellate pattern consisting of fine, crisp, 

crowded spiral cords and widely spaced, weak radial ribs; teleoconch sculpture of bladed, crowded radial 

ribs 62 to 91 (mean 75) on first whorl, microsculpture of microradial threads and low, broad spiral cords; 

umbilicus wide V-shaped, diameter 0.57 to 0.82 mm (mean 0.74 mm). D/U 2.27-3.0 (mean 2.76). Based 

on 8 measured adult specimens. 

 

Distribution and habitat. Mackay-Proserpine, MEQ; rainforest living in litter. 
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Remarks. Pereduropa delicata Stanisic, 2010 is distinguished from P. cursacosta Stanisic, 2010 and P. 

hamiltoniana Stanisic, 2010 by having a higher mean value of  ribs on the teleoconch than the latter two 

but differs from P. dalrymple sp. nov. and P. diamante sp. nov. by having less ribs on the teleoconch. 

The mean protoconch diameter of P. delicata (410 m) differs from that of P. dalrymple (490 m) and P. 

diamante (330 m). 

 

Pereduropa hamiltoniana Stanisic, 2010 

(Figs 5.3C, 5.6C, 5.10C, 5.15, Table 5.1) 

Pereduropa hamiltoniana  Stanisic, in Stanisic et al., 2010: sp.396. 

 

Common Name. Hamilton Island Pinwheel Snail.  

 

Material examined.  

Holotype. QMMO65834, Hamilton I., c.2.5km N of main resort on E side, Whitsunday Group, 

20°20’23”S, 148°57’24”E, Araucaria/vine thicket, coll. J. Stanisic, J. Chaseling, 26.vi.1999. 

Paratypes. QMMO60585, 1RC, Whitsunday Group, Whitsunday I, 20° 18' S, 149° 3' 30" E, coll. J. 

Stanisic, 2.x.1996; QMMO78970, 6RC, same data as holotype. 

Other material. QMMO86089, 2RC, Hamilton I. 

 

Diagnosis. Shell tiny, mean diameter 1.9 mm, with a flat to slightly raised slightly elevated spire, mean 

shell height 1.33mm; protoconch finely cancellate with 19 scalloped spiral cords and radial ribs 15 m 

apart, diameter 410 m; teleoconch with mean 43 radial ribs on first whorl and more widely spaced 

teleoconch on the body whorl; umbilicus wide V-shaped, mean D/U ratio 2.97. 

 

Description. Shell tiny, orange-brown, discoidal with a flat to slightly raised spire, whorls 4.25 to 4.375 

(mean 4.31) evenly coiled, sutures impressed; diameter of shell 1.8 to 2.05 mm (mean 1.9 mm), height 

0.98 to 1.08 mm (mean 1.08 mm); H/D 0.52-0.61 (mean 0.57). Protoconch flat, 1.5 to 1.625 (mean 1.56) 

whorls with a diameter 410 m sculptured with a scalloped finely cancellate pattern consisting of fine, 

crisp, crowded spiral cords and widely spaced, weak radial ribs; teleoconch sculpture of rounded, 

crowded radial ribs 42 to 45 (mean 43) on first whorl, microsculpture of microradial threads and low spiral 

cords; umbilicus wide V-shaped, diameter 0.57 to 0.74 mm (mean 0.64 mm). D/U 2.78-3.29 (mean 2.97). 

Based on 6 measured adult specimens. 

 

Distribution and habitat. Whitsunday islands, MEQ; rainforest and vine thicket living in litter. 

 

Remarks. Pereduropa hamiltoniana Stanisic, 2010 is distinguished from P. cursacosta Stanisic, 2010 

and P. delicata Stanisic, 2010 by having a more elevated spire and more widely spaced ribs on the 

teleoconch. P. hamiltoniana differs from the other Pereduropa species by having rounded, as opposed 
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to bladed, ribs on the teleoconch. The drier coastal rainforests of the off-lying islands of MEQ, which 

receive an annual average rainfall of 1600 mm (Bureau of Meteorology 2017) harbour this species which 

has not yet been found on the mainland.  

 

Pereduropa dalrymple sp. nov. 

(Figs 5.3D, 5.6D, 5.10D, 5.15, Table 5.1) 

Etymology. Named for the type locality. 

 

Preferred common name. Dalrymple Pinwheel Snail.  

 

Holotype. QMMO6372, 1RC, Eungella NP, Dalrymple Heights, 21° 2'S, 148° 36'E, coll. M. Bishop, 

xi.1976. 

Paratype. QMMO6369, same data as holotype. 

Other material. Eungella NP: QMMO85071, 1 RC; QMMO85103, 1 RC; QMMO85105, 1 RC; Dalrymple 

Heights: AMSC154899, 1RC; Mt William: AMSC154908, 1RC; Crediton Creek: QMMO6355, 3RC; 

QMMO85177, 8RC; QMMO13075, 5RC. 

 

Diagnosis. Shell tiny, mean diameter 2.25 mm with a flat to slightly elevated spire, mean shell height 

1.29 mm; protoconch finely cancellate with 18 scalloped spiral cords, mean radial rib spacing 15 m, 

protoconch diameter 490 m; teleoconch with mean 101 radial ribs on first whorl; umbilicus wide V-

shaped, D/U ratio 3.61. 

 

Description. Shell tiny, brown, discoidal with a flat to slightly raised spire, whorls 4 to 4. 5 (mean 4.23) 

evenly coiled, sutures impressed; diameter of shell 2.05 to 2.54 mm (mean 2.25 mm), height 1.15 to 1.48 

mm (mean 1.29 mm); H/D 0.5-0.62 (mean 0.57). Protoconch flat, 1.5 to 1.875 (mean 1.68) whorls with a 

diameter of 490 m sculptured with a scalloped finely cancellate pattern consisting of fine, crisp, crowded 

spiral cords and widely spaced, weak radial ribs; teleoconch sculpture of bladed, very crowded radial ribs 

78 to 116 (mean 101) on first whorl, microsculpture of microradial threads and low spiral cords; umbilicus 

wide V-shaped, diameter 0.49 to 0.74 mm (mean 0.63 mm). D/U 2.89-4.89 (mean 3.61). Based on 10 

measured adult specimens. 

 

Distribution and habitat. Eungella NP, MEQ; rainforest and vine thicket living in litter. 

 

Remarks. Pereduropa dalrymple sp. nov. is distinguished from its congeners by having a larger 

protoconch diameter, more finely spaced ribs on the teleoconch and a much larger D/U ratio (Table 5.1). 

P. dalrymple is one of the larger Pereduropa species and appears to be restricted to the moist rainforests 

of Eungella NP in the Clarke Range. With an annual rainfall of around 2300 mm (Bureau of Meteorology 

2017), the Eungella Plateau rises to an altitude of 1259m at Mt Dalrymple. Pereduropa dalrymple is not 
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known at altitudes below the upper reaches of Crediton Ck and is distinguished from P. cursacosta which 

has been found at lower altitudes by much finer ribbing on the teleoconch.  

 

Pereduropa diamante sp. nov. 

(Figs 5.3E, 5.6E, 5.10E, 5.15, Table 5.1) 

Etymology. Named for the type locality. 

 

Preferred common name. Diamond Cliffs Pinwheel Snail. 

 

Holotype. QMMO86546, Mackay, WSW at Diamond Cliffs, Homevale NP, 21° 22' 59"S, 148° 34' 21"E, 

coll. QM party, 14.x.2005. 

Paratypes. QMMO77078, 100RC, same data as holotype. 

 

Diagnosis. Shell tiny, mean diameter 1.55 mm with a flat spire, mean shell height 1.29 mm; protoconch 

finely cancellate with 18 scalloped spiral cords, mean radial rib spacing 8 m, protoconch diameter 330 

m; teleoconch with mean 108 radial ribs on first whorl; umbilicus wide V-shaped, mean D/U ratio 2.32. 

 

Description. Shell minute, pale brown, discoidal with a flat spire, whorls 3.75 to 4.25 (mean 3.98) evenly 

coiled, sutures impressed; diameter of shell 1.39 to 1.62 mm (mean 1.55 mm), height 0.82 to 1.15 mm 

(mean 0.93 mm); H/D 0.56-0.67 (mean 0.6). Protoconch flat, 1.5 to 1.75 (mean 1.68) whorls with a 

diameter of 330 m sculptured with a scalloped finely cancellate pattern consisting of fine, crisp, crowded 

spiral cords and widely spaced, weak radial ribs; teleoconch sculpture of bladed, very crowded radial ribs 

102 to 117 (mean 108) on first whorl, microsculpture of microradial threads and low, broad spiral cords; 

umbilicus wide V-shaped, diameter 0.57 to 0.74 mm (mean 0.67 mm). D/U 2.1-2.43 (mean 2.32). Based 

on 7 measured adult specimens. 

 

Distribution and habitat. Homevale NP, MEQ; rainforest living in litter. 

 

Remarks. Pereduropa diamante sp. nov. is distinguished from its congeners by having a smaller 

protoconch diameter and more finely spaced ribs on the teleoconch (Table 5.1). Unlike other Pereduropa 

species which have more widely ranging distributions, P. diamante appears to be endemic to a small 

area of dry rainforest in the Diamond Cliffs, MEQ. Thirty million years ago a series of eruptions covered 

older basalt rocks with lava, creating hard granite formations. Over time, basalt eroded away more easily 

leaving the Diamond Cliffs on the eastern escarpment of Mt Britton. No other species of Pereduropa is 

known from this area though P. cursacosta can be found in the rainforests to the west of Mt Britton. A 

minute undescribed species, Charopid MQ31 similar to Discocharopa aperta (Möllendorff, 1888), is the 

only other charopid known from this area. 
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FIGURE 5.11. Dorsal and ventral views of holotypes of Pereduropa species. A: P. cursacosta Stanisic, 2010, 
QMMO11901, Cape Hillsborough, MEQ. B: P. delicata Stanisic, 2010, QMMO13090, N of Proserpine, MEQ. C: P. 
hamiltoniana Stanisic, 2010, QMMO65834, Hamilton I, MEQ. D: P. dalrymple sp. nov., QMMO6732, Dalrymple Hts, 
MEQ. E: P. diamante sp. nov., QMMO77078, Diamond Cliffs, MEQ. Images A: John Stanisic; B-E: Geoff 
Thompson, QM. 
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Isolderopa Stanisic, 2010 

Type species. Isolderopa iangallowayi Stanisic 2010-by original designation. 

 

Diagnosis. Shell tiny, brown, biconcave with a depressed to very depressed spire, whorls numerous and 

very tightly coiled; protoconch sculpture finely cancellate consisting of 12 - 17 scalloped, fine, crisp, 

crowded spiral cords and widely spaced, strong radial ribs with a spacing averaging 10 m; teleoconch 

sculpture of densely crowded radial ribs, microsculpture of microradial threads and low spiral cords; 

aperture usually with barriers, palatal barriers when present, vertical; umbilicus wide V-shaped to wide 

cup-shaped.  

 

Remarks. The combination of a strongly sunken spire with more prominent apical spiral cords, numerous 

tightly coiled whorls and vertical palatal barriers separate Isolderopa from Shearopa, Tristanoropa gen. 

nov. and Pereduropa. Furthermore, Isolderopa can be distinguished from Tristanoropa gen. nov. by its 

nautiloid coiling pattern as compared with the multi-whorled pattern of the latter. 

 

Isolderopa iangallowayi Stanisic, 2010 

(Figs 5.4A, 5.7A, 5.11A, 5.16, Table 5.1) 

Isolderopa iangallowayi  Stanisic, in Stanisic et al., 2010: sp.392. 

 

Preferred common name. Galloway’s Pinwheel Snail 

 

Holotype. QMMO13102, c17.5km SW of Calen, on Calen Mt Charlton Road, 21º00’S, 148º42’E, nvf, 

coll. J Stanisic, 6.vii.1982. 

Paratypes. QMMO50880, 8RC, Eungella NP, Rocky Ck, 20° 54'S, 148° 36'E, coll. ANZSES, 29.xii.1993; 

QMMO78962, 17RC, same data as holotype. 

Other material. Eungella NP: QMMO50885, 7RC; QMMO59641, 1RC; QMMO85116, 1SC; 

QMMO50891, 1RC; QMMO85076, 1 RC; QMMO85345, 3SC; QMMO86088, 2RC; Mt Charlton: 

QMMO85131, 11RC; Mt Dalrymple: QMMO36094, SC6; Mt Macartney: QMMO35633, SC7; 

QMMO35634, SC1; Mt Vince: AMSC140446, 3RC; Pelion SF: QMMO85082, 1 RC. 

 

Diagnosis. Shell tiny, golden-brown, mean diameter 1.86 mm, biconcave with a deeply depressed spire, 

mean shell height 0.82mm, very tightly coiled and laterally compressed; protoconch finely cancellate with 

13 - 16 scalloped spiral cords, mean radial rib spacing 10 m, protoconch diameter 330 m; teleoconch 

with mean 104 radial ribs on the first whorl; aperture with 2 vertical internal palatal barriers; umbilicus 

deep V-shaped, mean D/U ratio 2.68. 

 

Description. Shell tiny, golden-brown, biconcave with a very deeply sunken spire, whorls numerous 

4.875 to 5.375 (mean 5.15) very tightly coiled and laterally compressed, sutures impressed; diameter of 

shell 1.56 to 2.13 mm (mean 1.86 mm), height 1.07 to 1.23 mm (mean 1.16 mm); H/D 0.58-0.74 (mean 
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0.62). Protoconch flat, 1.5 to 1.75 (mean 1.69) whorls with a diameter of 330 m sculptured with a 

scalloped finely cancellate pattern consisting of fine, crisp, crowded spiral cords and widely spaced, 

strong radial ribs; teleoconch sculpture of bladed, crowded radial ribs 88 to 120 (mean 104) on first whorl, 

microsculpture of microradial threads and low spiral cords; aperture with 2 internal vertical palatal 

barriers; umbilicus wide, deep V-shaped, diameter 0.66 to 0.74 mm (mean 0.7 mm). D/U 2.44-3.0 (mean 

2.68). Based on 14 measured adult specimens. 

 

Distribution and habitat. Eungella NP and Mt Charlton, MEQ; rainforest living in litter. 

 

Remarks. Isolderopa iangallowayi Stanisic, 2010 is distinguished from Pereduropa species and 

Tristanoropa species by the combination of a very deeply sunken spire, very tightly coiled whorls and V-

shaped umbilicus. The two vertical palatal barriers and more numerous whorls separates I. iangallowayi 

from other Isolderopa species.  

 

Isolderopa minuta Stanisic 2010 

(Figs 5.4B, 5.7B, 5.11B, 5.16, Table 5.1) 

Isolderopa minuta  Stanisic, in Stanisic et al., 2010: sp.393. 

 

Preferred common name. Golden Goblet Pinwheel Snail 

 

Holotype. QMMO13445, Broken R, Eungella NP, 21°10’S, 148°30’E, nvf, coll. J. Stanisic, 5.vii.1982. 

Paratypes. QMMO9368, 12RC, Eungella NP, Dalrymple Heights, 21° 2' S, 148° 36' E, 1000m, coll. M. 

Bishop, xi.1976; QMMO9726, 10RC, Crediton Ck, Eungella NP, 21°11'S, 148° 32'E, 850m, coll. M. 

Bishop, xi.1976; QMMO9737, 6RC, Eungella NP, Broken R, 21°10'S, 148°30'E, 800m, coll. M. Bishop, 

xi.1976; QMMO13072, 4RC, Diggings Rd, Eungella NP, 21° 9'S, 148° 29'E, coll. J. Stanisic, 8.vii.1982; 

QMMO50886, 7 RC, Eungella NP, Rocky Ck, 20° 54'S, 148°36'E, coll. ANZSES, 29.xii.1993; 

QMMO50904, 4RC, Eungella NP, 20°52'S, 148°37' E, coll. ANZSES, 28.xii.1993; QMMO78980, 5RC, 

same data as holotype. 

Other material. Bells Gap: QMMO13083, 2RC; Calen - Mt Charlton Rd: QMMO13100, 4RC; Crediton 

Ck: QMMO59543, 1SC, AMSC154907, 4RC; Eungella NP off Eungella Dam Rd: QMMO85114, 1SC; 

Eungella NP, Broken River: QMMO59643, 3 RC; Eungella NP, Entrance/lookout: QMMO85137, 5RC; 

Eungella NP, Finch Hatton Gorge: QMMO85066, 2RC; QMMO85072, 1RC; QMMO85085, 3RC; 

QMMO85087, 1RC; QMMO85099, 2RC; Eungella NP, Mt Dalrymple: QMMO50879, 1RC; QMMO85077, 

1RC; QMMO85078, 10RC, QMMO85081, 3RC; QMMO85088, 1 RC; QMMO85093, 1RC; QMMO85094, 

1 RC; QMMO85097, 2RC; QMMO85100, 1RC; Eungella NP, Mt Henry: QMMO85068, 1RC; 

QMMO85106, 2RC; Eungella NP, Mt William: QMMO85070, 1RC; AMSC154905, 2RC. 

 

Diagnosis. Shell minute, brown, mean diameter 1.41 mm, biconcave with a deeply depressed spire, 

mean shell height 1.95 mm, tightly coiled laterally compressed; protoconch finely cancellate with 12 - 16 

scalloped spiral cords, mean radial rib spacing 10 m, protoconch diameter 250 m; teleoconch with 
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mean 124 crowded, radial ribs on first whorl; aperture with several internal vertical, palatal barriers and 

one parietal barrier; umbilicus wide saucer-shaped, mean D/U ratio 2.18. 

 

Description. Shell minute, brown, biconcave with a very deeply sunken spire, whorls numerous 4.25 to 

4.75 (mean 4.42) very tightly coiled and laterally compressed, sutures impressed; diameter of shell 1.23 

to 1.64 mm (mean 1.41 mm), height 0.74 to 0.9 mm (mean 0.82 mm); H/D 0.53-0.63 (mean 0.58). 

Protoconch flat, 1.5 to 1.75 (mean 1.66) whorls with a diameter of 250 m sculptured with a scalloped 

finely cancellate pattern consisting of fine, crisp, crowded spiral cords and widely spaced, strong radial 

ribs; teleoconch sculpture of bladed, crowded radial ribs 112 to 129 (mean 124) on first whorl, 

microsculpture of microradial threads and low spiral cords; aperture with several internal, vertical palatal 

barriers and one parietal lamella; umbilicus wide saucer-shaped; diameter 0.57 to 0.74 mm (mean 0.65 

mm). D/U 2.00-2.29 (mean 2.18). Based on 10 measured adult specimens. 

 

Distribution and habitat. Eungella environs and the Clarke Ra., MEQ; rainforest living in litter. 

 

Remarks. Isolderopa minuta Stanisic, 2010 differs from all other Isolderopa species by its small shell 

diameter combined with a minute protoconch diameter of 250 m and a parietal lamella as well as vertical 

palatal barriers. I. minuta differs from I. iangallowayi Stanisic, 2010 by having a less depressed spire and 

much wider umbilicus. The Eungella Plateau, home to I. minuta, rises to an altitude of 1259m at Mt 

Dalrymple. The species has been collected from lower altitudes at Broken River (alt. 470m) and Finch 

Hatton Gorge (alt. 250m) to the higher slopes of Mt Dalrymple. 

 

 

Isolderopa deliqua Stanisic, 2010 

(Figs 5.4C, 5.7C, 5.11C, 5.16, Table 5.1) 

Isolderopa deliqua  Stanisic, in Stanisic et al., 2010: sp.394. 

 

Preferred common name. Whitsunday Pinwheel Snail 

 

Holotype. QMMO13101, c.17.5km SW Calen, on Calen-Mt Charlton Rd, 21°00’S, 148°42’E, nvf, coll. J. 

Stanisic, 6.vii.1982. 

Paratypes. QMMO9725, 13RC, Eungella NP, Broken R, 21° 10'S, 148° 30'E, 800m, coll. M. Bishop, 

xi.1976; QMMO13452, 19RC, Eungella NP, Broken R, 21° 10'S, 148° 30'E, coll. J. Stanisic, 5.vii.1982; 

QMMO78963, 5RC, same data as holotype; QMMO6354, 20RC, Crediton Ck, Eungella NP, 21° 11' S, 

148° 32' E, coll. M. Bishop, xi.1976; QMMO78960 4RC, Eungella NP, Broken R, 21° 10'S, 148° 30'E, 

coll. J. Stanisic, 5.vii.1982. 

Other material. Cathu SF: QMMO85138, 34RC; Conway Range NP: QMMO85125, 1RC; QMMO85333, 

1SC; Crediton Ck: QMMO59544, 3SC; Eungella NP: QMMO6378, 1SC; Jaxut SF: QMMO85128, 15RC; 
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Mt Charlton: QMMO85132, 1RC; Proserpine: QMMO68647, 16RC; Sarina, SW at Blue Mts: 

QMMO75825, 2SC; Sarina at Cameron Ck: QMMO77246, 1SC. 

 

Diagnosis. Shell tiny, brown, mean diameter 1.95 mm, biconcave with a depressed spire, mean shell 

height 1.95 mm, very tightly coiled with a shallow sulcus on the upper half of body whorl of adults; 

protoconch finely cancellate with 17 - 19 scalloped spiral cords, mean radial rib spacing 10 m, 

protoconch diameter 330 m; teleoconch with mean 100 radial ribs on first whorl; umbilicus wide V-

shaped, mean D/U ratio 2.43. 

 

Description. Shell tiny, brown, biconcave with a depressed spire, whorls numerous 4.125 to 4.75 (mean 

4.41) tightly coiled with a shallow sulcus on upper half of body whorl in adults, sutures impressed; 

diameter of shell 1.64 to 2.21 mm (mean 1.95 mm), height 0.9 to 1.15 mm (mean 1.1 mm); H/D 0.52-

0.68 (mean 0.57). Protoconch flat, 1.5 to 1.75 (mean 1.625) whorls with a diameter of 330 m sculptured 

with a scalloped finely cancellate pattern consisting of fine, crisp, crowded spiral cords and widely 

spaced, strong radial ribs; teleoconch sculpture of bladed, densely crowded radial ribs 87 to 115 (mean 

100) on first whorl, microsculpture of microradial threads and low spiral cords; aperture with no barriers; 

umbilicus saucer-shaped; diameter 0.74 to 0.82 mm (mean 0.8 mm). D/U 2.00-2.78 (mean 2.43). Based 

on 11 measured adult specimens. 

 

Distribution and habitat. Eungella NP and Mt Charlton and Mackay-Proserpine area, MEQ; rainforest 

and vine thicket living in litter. 

 

Remarks. Stanisic et al. (2010) placed this species in Isolderopa with reservations. However, detailed 

morphological examination confirms this species as a member of the genus. Isolderopa deliqua is 

distinguished from I. iangallowayi, I. minuta, I. westmolle sp. nov. and I. whitsunday sp. nov. by its lack 

of apertural barriers. I. deliqua differs from I. teemburra sp. nov., which also has no barriers by having 

less ribs on the teleoconch and a higher D/U ratio than the latter which is endemic to a small area of the 

Endeavour River in the Crediton SF, whereas I. deliqua is found across the rainforest and vine thicket 

areas of the MEQ mainland. This unusually wide distribution indicates that I. deliqua survives in both the 

wet subtropical rainforests of the higher altitudes of Eungella NP as well drier araucarian rainforests 

closer to the coast.  

 

Isolderopa teemburra sp. nov. 

(Figs 5.4D, 5.7D, 5.11D, 5.16, Table 5.1) 

Entomology: Named for Teemburra Creek which is the major creek into which Endeavour Creek, the 

type locality, flows. 

 

Preferred common name. Teemburra Pinwheel Snail 
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Holotype. QMMO35809, Endeavour Ck, Upper Reaches, Clarke Ra, W of Mackay, 21° 15' 30"S, 148° 

37' 30"E, coll. J. Stanisic, D. Potter, N. Potter, 20.v.1990;  

Paratypes. QMMO86547, 5SC/15RC, same data as holotype. 

 

Other material. Cherry Tree Creek: QMMO85339, 1SC; Finch Hatton Gorge: QMMO85075, 1RC. 

 

Diagnosis. Shell tiny, brown, mean diameter 1.97 mm, biconcave with a depressed spire, mean shell 

height 1.95 mm, tightly coiled laterally compressed; protoconch finely cancellate with 15 - 16 scalloped 

spiral cords, mean radial rib spacing 10 m, protoconch diameter 330 m; teleoconch with mean 119 

very crowded, radial ribs on first whorl; umbilicus saucer-shaped, mean D/U ratio 2.12. 

 

Description. Shell tiny, brown, biconcave with a depressed spire, whorls numerous 4.375 to 4.5 (mean 

4.42) very tightly coiled and laterally compressed, sutures impressed; diameter of shell 1.89 to 2.05 mm 

(mean 1.97 mm), height 1.07 to 1.23 mm (mean 1.12 mm); H/D 0.54-0.6 (mean 0.57). Protoconch flat, 

1.625 to 1.75 (mean 1.71) whorls with a diameter of 330 m sculptured with a scalloped finely cancellate 

pattern consisting of fine, crisp, crowded spiral cords and widely spaced, strong radial ribs; teleoconch 

sculpture of bladed, very densely crowded radial ribs 110 to 125 (mean 119) on first whorl, microsculpture 

of microradial threads and low spiral cords; aperture with no barriers; umbilicus wide, saucer-shaped, 

diameter 0.9 to 0.98 mm (mean 0.93 mm). D/U 2 -2.27 (mean 2.12). Based on 3 measured adult 

specimens. 

 

Distribution and habitat. Endeavour Creek and Cherry Tree Creek, both tributaries of Teemburra Creek 

in Crediton SF and Finch Hatton Gorge, MEQ; rainforest living in litter. 

 

Remarks. Isolderopa teemburra sp. nov. is distinguished from most other Isolderopa species with the 

exception I. deliqua Stanisic, 2010 by having no apertural barriers. I. teemburra can be distinguished 

from I. deliqua by having finer teleoconch ribbing, 4-5 microradial ribs versus 6-7 microradial ribs in the 

latter, a much wider umbilicus and lower D/U ratio. I. teemburra has been found at Finch Hatton Gorge 

at an altitude of 244m, and Endeavour Creek and Cherry Tree Creek in the lower altitudes of Crediton 

State Forest, MEQ (alt. 575m).  

 

Isolderopa whitsunday sp. nov. 

(Figs 5.4E, 5.7E, 5.11E, 5.16, Table 5.1) 

Entomology: Named for the Whitsunday Bioprovince where the snail is found. 

 

Preferred common name. Proserpine Pinwheel Snail 

 

Holotype. QMMO13089, ca. 19k N. of Proserpine, beside Gregory R., 20° 17'S, 148° 35'E, coll. J. 

Stanisic, 6.vii.1982; 
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Paratype. QMMO86548, 12RC, same data as holotype. 

Other material. Brandy Ck SF: AMSC154890, 22RC; Cape Hillsborough NP: QMMO11902, 11RC, , 

c.45km N Mackay, 20° 54' S, 149° 3' E, coll. J. Stanisic, 3.vii.1982; Hamilton I: QMMO65835, 1RC; 

QMMO86073, 2RC; Long I: QMMO74081, 2RC; Mt Dryander: QMMO35548, 4RC; AMSC154892, 1RC; 

AMSC154895, 10RC; QMMO60586, 4RC. 

 

Diagnosis. Shell tiny, golden-brown, mean diameter 1.63 mm, biconcave with a depressed spire, mean 

shell height 0.85 mm, tightly coiled, laterally compressed; protoconch finely cancellate with 12 - 16 

scalloped spiral cords, mean radial rib spacing 10 m, protoconch diameter 330 m; teleoconch with 

mean 116 crowded, radial ribs on first whorl; mean aperture height 0.93 mm; aperture with five internal 

vertical, palatal barriers; umbilicus wide saucer-shaped, mean D/U ratio 2.38. 

 

Description. Shell tiny, golden-brown, biconcave with a depressed spire, whorls numerous 4.125 to 5.00 

(mean 4.53) tightly coiled with a shallow sulcus on upper half of body whorl in adults, sutures impressed; 

diameter of shell 1.48 to 2.05 mm (mean 1.63 mm), height 0.82 to 0.9 mm (mean 0.85 mm); H/D 0.44 to 

0.58 (mean 0.53). Protoconch flat, 1.5 to 1.625 (mean 1.55) whorls with a diameter of 330 m sculptured 

with a scalloped finely cancellate pattern consisting of fine, crisp, crowded spiral cords and widely 

spaced, strong radial ribs; teleoconch sculpture of bladed, very densely crowded radial ribs 108 to 130 

(mean 116) on first whorl, microsculpture of microradial threads and low spiral cords; aperture with five 

vertical palatal barriers; umbilicus wide, saucer-shaped; diameter 0.57 to 0.9 mm (mean 0.69 mm). D/U 

2.09-2.63 (mean 2.38). Based on 15 measured adult specimens. 

 

Distribution and habitat. Mackay-Proserpine area, Cape Hillsborough and off lying Whitsunday islands, 

MEQ; rainforest and vine thicket living in litter. 

 

Remarks. Isolderopa whitsunday sp. nov. is distinguished from other Isolderopa species by having five 

vertical palatal barriers and no parietal barriers. Isolderopa whitsunday has very crowded teleoconch 

ribbing similar to that in I. minuta Stanisic, 2010 but differs from that species in its larger shell diameter, 

larger protoconch width and higher mean D/U ratio.  

 

Isolderopa westmolle sp. nov. 

(Figs 5.4F, 5.7F, 5.11F, 5.16, Table 5.1) 

Entomology: Named for West Molle Island, the type locality. 

 

Preferred common name. West Molle Pinwheel Snail 

 

Holotype. QMMO6348, West Molle I, Molle Channel, 20° 15'S, 148° 49'E, coll. M. Bishop, xii.1976. 

Paratypes. QMMO86549, 5RC, same data as holotype. 
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Diagnosis. Shell tiny, light brown, mean diameter 1.72 mm, biconcave with a depressed spire, mean 

shell height 1.85 mm, tightly coiled; protoconch finely cancellate with 18 - 20 scalloped spiral cords, weak, 

mean radial rib spacing 10 m, protoconch diameter 330 m; teleoconch with mean 126 very crowded, 

radial ribs on first whorl; aperture with several vertical palatal barriers; umbilicus V-shaped, mean D/U 

ratio 2.63. 

 

Description. Shell tiny, light brown, biconcave with a depressed spire, whorls numerous 4.375 to 4. 5 

(mean 4.42) tightly coiled and laterally compressed, sutures impressed; diameter of shell 1.64 to 1.8 mm 

(mean 1.72 mm), height 0.82 to 0.9 mm (mean 0.85 mm); H/D 0.48 to 0.5 (mean 0.49). Protoconch flat, 

1.5 whorls with a diameter of 330 m sculptured with a scalloped finely cancellate pattern consisting of 

fine, crisp, crowded spiral cords and widely spaced, strong radial ribs; teleoconch sculpture of bladed, 

very densely crowded radial ribs 121 to 129 (mean 126) on first whorl, microsculpture of microradial 

threads and low spiral cords; aperture with several vertical palatal barriers; umbilicus V-shaped, diameter 

0.66. D/U 2.5 to 2.75 (mean 2.63). Based on 3 measured adult specimens. 

 

Distribution and habitat. West Molle I., MEQ, in rainforest living in litter. 

 

Remarks. Isolderopa westmolle sp. nov. differs from other Isolderopa species by a combination of 

crowded teleoconch ribbing and the presence of vertical palatal barriers. Isolderopa iangallowayi 

Stanisic, 2010 which also has vertical palatal barriers has a much deeper sunken spire that of I. 

westmolle. 
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Isolderopa pelion sp. nov. 

(Figs 5.4G, 5.7G, 5.11G, 5.16, Table 5.1) 

Entomology: Named for Pelion SF, the type locality. 

 

Preferred common name. Pelion Pinwheel Snail 

 

Holotype. QMMO85098, Pelion SF, Owens Ck, rainforest, 21.062°S, 148.677°E, 600m site 7, litter, 

621m, coll. C. Burwell, 29.iii.2014. 

Paratype. QMMO85080, 1RC, Pelion SF, Owens Ck, rainforest, 21.077°S, 148.688°E, 200m site 1 (rep 

1), litter, 194m, coll. E. Leach, J. Mackie, 15.iii.2014. 

 

Diagnosis. Shell tiny, pale brown, mean diameter 1.56 mm, biconcave with a deeply depressed spire, 

mean shell height 0.82 mm, very tightly coiled laterally compressed; protoconch finely cancellate with 13 

FIGURE 5.12. Dorsal and ventral views of holotypes of Isolderopa species. A: I. iangallowayi, type species 
SW of Calen Charlton, MEQ. B: I. minuta Stanisic 2010, QMMO13445, Eungella NP, MEQ. C: I. deliqua 
Stanisic 2010, QMMO13101, SW Calen, MEQ. D: I. teemburra sp. nov., QMMO35809, Endeavour Ck, MEQ. 
E: I. whitsunday sp. nov., QMMO11902, Cape Hillsborough, MEQ. F: I. westmolle sp. nov. QMMO6348, West 
Molle I., MEQ. G: I. pelion, QMMO85098, Pelion SF, MEQ. 
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- 18 scalloped spiral cords, mean radial rib spacing 8 m, protoconch diameter 410 m; teleoconch with 

mean 147 very crowded, radial ribs on first whorl;  umbilicus wide saucer-shaped, mean D/U ratio 2.71. 

 

Description. Shell tiny, pale brown, biconcave with a very deeply depressed spire, whorls numerous 

3.375 very tightly coiled and laterally compressed, sutures impressed; diameter of shell 1.56 mm, height 

0.82 mm; H/D 0.53. Protoconch flat, 1.75 whorls with a diameter of 410 m sculptured with a scalloped 

finely cancellate pattern consisting of fine, crisp, crowded spiral cords and widely spaced, strong radial 

ribs; teleoconch sculpture of bladed, very densely crowded radial ribs 147 on first whorl, microsculpture 

of microradial threads and flat spiral cords appearing slightly darker than microradials; aperture with no 

barriers; umbilicus wide saucer-shaped, diameter 0.57. D/U 2.71. Based on 1 measured adult specimen. 

 

Distribution and habitat. Pelion SF, MEQ; rainforest living in litter. 

 

Remarks. Isolderopa pelion sp. nov. is distinguished from other Isolderopa species by the extremely fine 

and densely crowded radial ribs on the teleoconch with the spiral bands slightly darker but not raised as 

they are in other Isolderopa species. The higher D/U ratio and the larger protoconch diameter are other 

features that distinguish this species from its congeners. Isolderopa pelion has a very deeply depressed 

spire similar to that of I. iangallowayi but differs from the latter species by its wide saucer-shaped 

umbilicus, lower H/D ratio and larger protoconch diameter.  

 

 

Tristanoropa gen. nov. 

Type species. Tristanoropa hughesae sp. nov.- herein designated. 

 

Etymology. From the tale of ‘Tristan and Isolde’ inspired by Celtic legend and the relationship to 

Isolderopa Stanisic 2010, and a contraction of Charopa.  

  

Diagnosis. Shell tiny, brown, discoidal, multi-whorled with a flat spire, whorls numerous and tightly 

coiled; sutures impressed; protoconch finely cancellate with 17-19 scalloped spiral cords, mean radial rib 

spacing 10 m, protoconch length 1.5 to 1.75 whorls; teleoconch bladed with crowded radial ribs, 

microsculpture of prominent microradial threads and numerous, well-defined microspiral cords lifting over 

the microradial ribs; umbilicus V-shaped. 

 

Remarks. Tristanoropa gen. nov. is distinguished from other MEQ genera with a finely cancellate 

protoconch by the combination of multi-whorled coiling pattern and flat spire. Tristanoropa gen. nov. is 

similar to Shearopa Stanisic 2010, from SEQ and WT, in shell sculpture and coiling pattern but lacks the 

lamellate barriers of the latter. The umbilicus also differs between the two genera, being V-shaped in 

Tristanoropa species and wide cup-shaped in Shearopa species. 

 

https://en.wikipedia.org/wiki/Celts
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Tristanoropa hughesae sp. nov. 

(Figs 5.5A, 5.8A, 5.12A, 5.17, Table 5.1) 

Etymology. Named for Professor Jane Hughes from Griffith University. 

 

Preferred common name. Hughes Pinwheel Snail 

 

Holotype. QMMO85130, Mt Charlton, Calen-Mirani Rd, rainforest, 21°00'S, 148°42'E, litter, 129m, coll. 

G. Annabell, 18.iv.1984. 

Paratypes. QMMO85136, 7RC, Mt Charlton, 2 miles N, Calen-Mirani Rd, rainforest, 21°01'S, 148°03'E, 

litter, coll. G. Annabell, 11.iv.1982. 

Other Material. Calen - Mt Charlton Rd: QMMO13099, 10RC; Cathu SF: QMMO85144, 4RC; Gloucester 

I: QMMO71737, 1RC; Eungella NP: QMMO50881, 3RC; QMMO59542, 1SC; QMMO50887, 8RC; 

QMMO50892, 1RC; QMMO50897, 2RC; QMMO50905, 2RC; QMMO50909, 1RC; QMMO51000, 2RC; 

Hatfields Gap: QMMO85347, 2SC; Mt Dalrymple: QMMO36095, 2SC; Nth Mackay, Hicks Rd: 

QMMO85126, 1RC; St Helen's Beach: QMMO85135, 8 RC; QMMO85134, 1RC. 

 

Diagnosis. Shell tiny, brown, mean diameter 1.71 mm, multi-whorled with a flat spire, mean shell height 

0.82 mm, tightly coiled laterally compressed; protoconch finely cancellate with mean 18 scalloped spiral 

cords, mean radial rib spacing 10 m, protoconch diameter 410 m, 1.5 whorls; teleoconch with mean 

110 crowded, radial ribs on first whorl; umbilicus V-shaped, mean D/U ratio 2.64. 

 

Description. Shell tiny, brown, discoidal with a flat spire, whorls 4.125 to 5.625 (mean 4.82) multi-

whorled, sutures impressed; diameter of shell 1.39 to 2.05 mm (mean 1.71 mm), height 0.82 to 1.07 mm 

(mean 0.97 mm); H/D 0.48-0.62 (mean 0.55). Protoconch flat, 1.5 to 1.625 (mean 1.52) whorls with a 

diameter of 410 m sculptured with a scalloped finely cancellate pattern consisting of fine, crisp, crowded 

spiral cords and widely spaced, weak radial ribs; teleoconch sculpture of bladed, very crowded radial ribs 

102 to 121 (mean 110) on the first whorl, microsculpture of microradial threads and low, broad spiral 

cords; umbilicus wide V-shaped, diameter 0.57 to 0.82 mm (mean 0.65 mm). D/U 2.38-3 (mean 2.64). 

Based on 13 measured adult specimens. 

 

Distribution and habitat. Widespread from Eungella NP and environs, the eastern escarpment of the 

Connors Range, the Whitsunday coastline and Gloucester I,. MEQ; rainforest and vine thicket living in 

litter. 

 

Remarks. Tristanoropa hughesae sp. nov. is distinguished from its congeners by having more coils and 

a protoconch diameter smaller than T. burwelli sp. nov. and larger than T. conwayensis sp. nov., and 

more finely spaced ribs on the teleoconch. It is smaller in all shell measurements, including the D/U ratio, 

than T. burwelli. T. hughesae can be differentiated from T. conwayensis by its smaller diameter and 

shorter protoconch length of 1.52 whorls (mean). A close examination of the finely cancellate protoconch 

patterns show T. hughesae with an average of 18 spiral cords, in contrast to T. burwelli with an average 
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of 17 spiral cords and T. conwayensis with an average of 19 spiral cords. The widespread distribution of 

T. hughesae across the uplands of Eungella NP and lower, drier altitudes of the eastern Connors Range 

escarpments including the tiny patch of subtropical rainforest at Hatfields Gap and on the drier coast in 

araucarian rainforest is highly unusual for a charopid species. Further collecting of this species and live 

animal tissue may improve understanding of this distribution and clarify whether this is a single species. 

 

Tristanoropa conwayensis sp. nov. 

(Figs 5.5B, 5.8B, 5.12B, 5.17, Table 5.1) 

Etymology. Named for the Conway Range, MEQ, which includes the type locality of Brandy Creek SF. 

 

Preferred common name. Brandy Creek Pinwheel Snail 

 

Holotype. AMSC154891, Brandy Ck SF, E of Proserpine, 20° 21'S, 148° 43'E, 120m, cnvf, litter, coll. J. 

Burch, W. Ponder, 2.v.1975. 

Paratypes. AMSC560994, same data as holotype; QMMO85336, 3SC. 

 

Diagnosis. Shell tiny, brown, mean diameter 1.73 mm, multi-whorled with a flat spire, mean shell height 

1.02 mm, tightly coiled laterally compressed; protoconch finely cancellate with mean 19 scalloped spiral 

cords, mean radial rib spacing 10 m, protoconch diameter 330 m, 1.6 whorls; teleoconch with mean 

79 crowded, radial ribs on first whorl; umbilicus V-shaped, mean D/U ratio 2.62. 

 

Description. Shell tiny, brown, discoidal with a flat spire, whorls 4.25 to 5.2 (mean 4.62) multi-whorled, 

sutures impressed; diameter of shell 1.64 to 1.89 mm (mean 1.73 mm), height 0.98 to 1.23 mm (mean 

1.02 mm); H/D 0.52 to 0.65 (mean 0.59). Protoconch flat, 1.5 to 1.625 (mean 1.53) whorls with a diameter 

of 330 m sculptured with a scalloped finely cancellate pattern consisting of fine, crisp, crowded spiral 

cords and widely spaced, weak radial ribs; teleoconch sculpture of bladed, crowded radial ribs 70 to 96 

(mean 79) on first whorl, microsculpture of microradial threads and low, broad spiral cords; umbilicus 

wide V-shaped, diameter 0.57 to 0.74 mm (mean 0.67 mm). D/U 2.22 to 3.29 (mean 2.62). Based on 8 

measured adult specimens. 

 

Distribution and habitat. Brandy Creek SF, Conway Range, MEQ; rainforest living in litter. 

 

Remarks. Tristanoropa conwayensis sp. nov. is distinguished from its congeners by having a smaller 

protoconch diameter, a larger H/D ratio and less ribs on the teleoconch. T. conwayensis has a larger 

number of spiral cords on the protoconch (mean 19) than both T. hughesae sp. nov. and T. burwelli sp. 

nov. which both average 17 and 18 spiral cords respectively. T. conwayensis appears to be endemic to 

the rainforests of Brandy Creek SF, MEQ. 

 



Elucidating the diversity of mid-eastern Queensland Pinwheel Snails (Eupulmonata: Charopidae) using aspects of shell morphology.  

Lorelle Holcroft s5063935    104 | P a g e  

 

Tristanoropa burwelli sp. nov. 

(Figs 5.5C, 5.8C, 5.12C, 5.17, Table 5.1) 

Etymology. Named for the Dr Chris Burwell from Queensland Museum and Griffith University. 

 

Preferred common name. Burwell’s Pinwheel Snail 

 

Holotype. QMMO6374, Eungella NP, Broken R, 21° 10'S, 148° 30'E, coll. M. Bishop, xi.1976; 

Paratypes. QMMO86550, 12RC, same data as holotype. 

Other material. Eungella NP: QMMO11759, 1RC; QMMO42392, 1RC; QMMO85084, 1RC; 

QMMO85170, 1 RC; QMMO85171, 1 RC; Finch Hatton NP: AMSC154906, 1RC. 

 

Diagnosis. Shell tiny, light brown, mean diameter 2.18 mm, multi-whorled with a flat spire, mean shell 

height 1.2 mm, tightly coiled laterally compressed; protoconch finely cancellate with mean 17 scalloped 

spiral cords, mean radial rib spacing 10 m,  protoconch diameter 490 m, >1.6 whorls; teleoconch with 

mean 88 crowded, radial ribs on first whorl; umbilicus V-shaped, D/U ratio 3.17. 

 

Description. Shell tiny, brown, discoidal with a flat spire, whorls  4.125 to 4.375 (mean 4.2) multi-whorled, 

sutures impressed; diameter of shell 2.05 to 2.46 mm (mean 2.18 mm), height 0.98 to 1.48 mm (mean 

1.2 mm); H/D 0.48 to 0.6 (mean 0.55). Protoconch flat, 1.625 to 1.78 (mean 1.68) whorls with a diameter 

of 490 m sculptured with a scalloped finely cancellate pattern consisting of fine, crisp, crowded spiral 

cords and widely spaced, weak radial ribs; teleoconch sculpture of bladed, very crowded radial ribs 72 

to 102 (mean 88) on first whorl, microsculpture of microradial threads and low, broad spiral cords; 

umbilicus wide V-shaped , diameter 0.66 to 0.74 mm (mean 0.69 mm). D/U 3 to 3.25 (mean 3.17). Based 

on 5 measured adult specimens. 

 

Distribution and habitat. Eungella NP and Finch Hatton Gorge, MEQ, in rainforest living in litter. 

 

Remarks. Tristanoropa burwelli sp. nov. is distinguished from its congeners by having less coils and a 

protoconch diameter larger than both T. hughesae sp. nov. and T. conwayensis sp. nov., and a much 

higher D/U ratio. A close examination of the finely cancellate protoconch patterns show T. burwelli with 

an average of 17 spiral cords,, T. hughesae with an average of 18 spiral cords and  T. conwayensis with 

an average of 19 spiral cords. T. burwelli is endemic to the rainforests of Broken River (altitude 564m) 

and Finch Hatton Gorge (244m) and has not yet been discovered on the higher altitudes of Eungella 

plateau above 600m nor in lower coastal areas.  
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Discussion 

The charopid land snails of MEQ include a number of tiny species that have finely cancellate protoconchs 

(Holcroft 2018a). The generic assignment of these species that have broadly similar finely cancellate 

protoconch sculpture relies heavily on conchological features such as shell microsculpture (protoconch 

and teleoconch) and general shell features (spire protrusion, umbilical width, coiling pattern). Emphasis 

FIGURE 5.13. Dorsal and ventral views of the holotypes of Tristanoropa gen. nov. species. A: Type 
species, T. hughesae sp. nov., QMMO85135, St Helens Beach, MEQ. B: T. conwayensis sp. nov., 
AMSC154891, Brandy Creek, MEQ. C: T. burwelli sp. nov., QMMO6374, Broken R., MEQ. Images: Geoff 
Thompson, QM. 
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on shell morphology has been necessitated by the lack of suitable material for molecular analyses and 

anatomical dissection. 

 

The shared finely cancellate protoconch sculpture of these genera is visible by optical microscopy but 

the differences between the genera are subtle and discernable only by SEM. However, shell coiling 

pattern and spire protrusion provide two general shell characters by which the genera may be 

distinguished..  

 

The nautiloid coiling pattern of Pereduropa Stanisic, 2010 and Isolderopa Stanisic, 2010 is similar but 

the genera differ in that Pereduropa species feature a flat to slightly raised spire while those of Isolderopa 

have a biconcave shell and depressed spire. Tristanoropa gen. nov. differs from both by having a tight 

multi-whorled shell and a flat spire. Isolderopa is the only one of the three genera that includes species 

with apertural barriers, although they are absent in some Isolderopa species.  

 

FIGURE 5.14. Finely cancellate protoconch sculpture of SEQ and NEQ charopids. A: Webbed variant of 
Shearopa offordae Stanisic 2010, QMMO85145, Yeppoon, SEQ. B: Scalloped variant of Shearopa magnetica 
Stanisic 2010, QMMO78975, Magnetic Island, NEQ. C: Spiral pattern with finely cancellate pattern emerging 
after 1 whorl of Excaliburopa leroii Stanisic 2010, QMMO79893,  Undara Crater, NEQ. D: Webbed variant of 
Charopid WT41, QMMO73854, Bakers Blue Mt., FNQ. E:  Webbed variant of Charopid MQ53 from Byfield NP. 

Scale bars = 100m. 
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From the evidence available, all three genera appear endemic to MEQ. Investigation of species in the 

neighboring regions of SEQ and NEQ considered other taxa with a finely cancellate protoconch 

sculpture; Shearopa offordae Stanisic, 2010 from Yeppoon, SEQ, Shearopa magnetica Stanisic, 2010 

from Magnetic Island, NEQ, Excaliburopa leroii Stanisic, 2010 from Undara Crater, NEQ, Charopid WT41 

from Bakers Blue Mt., NEQ and Charopid MQ53 from Byfield NP, SEQ. Each of these species 

demonstrated significant variation in the finely cancellate protoconch pattern from that found in MEQ 

species (Fig. 4.14). The webbed variant displayed by S. offordae, Charopid WT41 and Charopid MQ53 

separate these species from any in MEQ. The strongly spiral protoconch sculpture in the first protoconch 

whorl of E. leroii is also a factor distinguishing this species from all MEQ species. S. magnetica has a 

similar protoconch sculpture to the MEQ species but the protoconch has more spiral cords (>20) than 

any MEQ species. It can also be distinguished from all MEQ species by having apertural barriers with 

numerous lamellae, three to four parietal outside the apertural edges and seven to eight internal palatals 

(Stanisic et al. 2010) unlike any Isolderopa species.  

 

At species level, protoconch diameter is a characteristic that appears to be unvarying within all species 

(Appendix 3B), and thus may be useful for species differentiation within charopids. Investigation of wider 

range of species will be needed to confirm that this measurement is as significant as it appears in 

differentiating the species in the three genera treated here. 

 

The distribution of the 15 species of MEQ charopids with a finely cancellate protoconch documented in 

this study centres around the moist rainforests of the Eungella NP and surrounds and the drier araucarian 

rainforests of the coastal uplands of the 

Conway Range and Mt Dryander NPs. 

Species are also found in similar dry 

rainforests on many of the Whitsunday 

Islands. Unlike the larger Gyrocochlea-

grade charopid species of MEQ (Holcroft 

2018b), species of Pereduropa and 

Isolderopa are known from Cape 

Hillsborough, MEQ. 

 

Of note, the type species of Pereduropa (P. 

cursacosta) has only been found south of 

Proserpine in the Clarke-Connors Range 

subregion as well as in two coastal 

locations (Fig. 5.15). Pereduropa delicata is 

known from these areas and also in the 

Conway and Mt Dryander NPs. Pereduropa 

hamiltoniana is endemic to the Whitsunday 

islands, P. dalrymple sp. nov. to the 

Eungella plateau and P. diamante sp. nov. 

 

 

◼ 

◼ 

◼ 

◼ 

◼ 
 

 

 

 

◼ 

◼ 

FIGURE 5.15. Map of localities Pereduropa species 
based on material examined. Species are identified by 
the following symbols: ◼ Type species, Pereduropa 
cursacosta Stanisic, 2010;  Pereduropa delicata 
Stanisic, 2010; ⚫ Pereduropa hamiltoniana Stanisic, 
2010; Pereduropa diamante sp. nov.;  Pereduropa 
dalrymple sp. nov. 

◼ 
 

⚫ 
⚫ 
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to the Diamond Cliffs, Homevale NP. Pereduropa delicata has a widespread distribution across the MEQ 

rainforests.  

 

Isolderopa shares a comparable distribution to that of Pereduropa (Fig. 5.16). The type species, I. 

iangallowayi and I. minuta are endemic to 

the Clarke-Connors Range, I. pelion sp. nov. 

to the Pelion SF, I. westmolle sp. nov. to 

West Molle I and I. whitsunday sp. nov. to the 

Whitsunday region. The exception to this 

localised distribution is I. deliqua which can 

be found in both the Clarke-Connors Range 

and Conway Range areas. However, the 

genus is does not appear to occur in the 

Homevale NP, MEQ.  

 

Tristanoropa gen. nov. has two species with 

very localised distributions, T. conwayensis 

sp. nov. endemic to the Conway Range and 

T. burwelli sp. nov. endemic to Eungella NP 

(Fig. 5.17). This is in contrast to the type 

species, T. hughesae sp. nov. which has a 

wide distribution across MEQ in that it occurs 

not only in the environs of the Eungella 

plateau and the drier rainforests of the 

Conway and Mt Dryander NPs but also at 

Cape Hillsborough and in small patches of vine thicket at St Helen’s Beach in the Proserpine-Sarina 

lowlands. The single specimen described from Gloucester I., whilst sharing similar a protoconch 

sculpture and shell measurements to other T. hughesae specimens should be treated with caution until 

further collecting can confirm its conspecificity. No specimens of Tristanoropa have been found on any 

of the Whitsunday islands.  

 

While P. cursacosta and P. dalrymple appear to live in close proximity on the Eungella plateau, 

congeneric sympatry in charopids is highly unusual (Shea et al. 2012). This pattern of distribution is also 

reflected in three species of Isolderopa: I. iangallowayi, I. minuta and I. deliqua. The aforementioned five 

species occur in the higher altitude rainforests of Eungella NP. It may well be that these tiny snails live 

in tiny pockets of this extensive rainforest as no two have been found in exactly the same location 

(microsympatrically). However, further collecting particularly of live material allowing for DNA analysis 

will be necessary to understand this complex scenario.  

 

The distribution of several species across both the Clarke-Connors Range and Whitsunday subregions 

alludes to an historical more widespread distribution of these tiny charopids prior to the aridification of 

FIGURE 5.16. Map of localities Isolderopa  species based 
on material examined. Species are identified by the 
following symbols: ◼ Type species, Isolderopa iangallowayi 
Stanisic, 2010;  Isolderopa minuta Stanisic, 2010; ⚫ 
Isolderopa deliqua Stanisic, 2010;  Isolderopa teemburra 
sp. nov.;  Isolderopa whitsunday sp. nov.;  Isolderopa 
westmolle sp. nov.;  Isolderopa pelion sp. nov. 
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the continent and contraction of rainforest in the Miocene (Kemp 1981). Ancient distributions would have 

been fractured with possible subsequent local species extinctions resulting in the current disjunct 

patterns. The land clearing of the 

Mackay-Proserpine lowlands in recent 

history may have contributed to loss of 

species in the areas between these two 

major areas of rainforest.  

 

This study has a major emphasis on shell 

morphology. It is recommended that 

future collecting focus on animal tissue 

suitable for molecular and anatomical 

analyses so that a more comprehensive 

systematics, combining DNA sequence 

data and morphological information, can 

enhance our understanding of these tiny 

MEQ charopids and thus provide a more 

integrative taxonomy. 
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FIGURE 5.17. Map of localities Tristanoropa gen.nov.  
species based on material examined. Species are identified 
by the following symbols: ◼ Type species, Tristanoropa 
hughesae sp. nov.;  Tristanoropa conwayensis sp. nov.; ⚫ 
Tristanoropa burwelli sp. nov. 
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CHAPTER 6: Systematics of other MEQ charopid taxa  

 

MEQ supports a wide diversity of charopids living in rainforest and vine thickets in the three major 

subregions of the Central Mackay Coast Bioregion. The larger Gyrocochlea-grade species of charopid 

are treated in Chapter 4 and comprised nine species in nine genera living in the moist montane 

rainforests of the Clarke-Connors Range subregion, the drier araucarian rainforests of the Whitsunday 

subregion and drier vine thickets of the eastern side of the escarpment. Additionally, these species are 

located in vine thickets in the area south-west of the Eungella Dam which is located at the transition to 

the Brigalow Lands Bioregion. MEQ also supports a considerable diversity of charopid species with a 

finely cancellate protoconch sculpture which are treated in Chapter 5 and comprise three genera 

encompassing 15 species living in similar environments to those of the Gyrocochlea-grade species. 

 

The remainder of the charopid fauna consists of 15 species comprising seven which are assigned to 

previously diagnosed genera, and eight with uncertain generic affinity. This chapter briefly characterises 

these species. In many instances, the time constraints of this study and in some cases poor quality 

specimens have not allowed a fully detailed description but nevertheless have helped elucidate the 

diversity of charopid fauna in MEQ.  

 

6.1 Previously described species.  

Three species belonging to three genera, one with setae on the teleoconch are outlined below. 

Setomedea Iredale, 1941 

Type species. Suteria seticostata Hedley, 1924-by original designation 
 

Diagnosis. Shell very small, discoidal with a low to flat or slightly sunken spire; whorls rounded, sutures 

impressed; protoconch with weak to strong, squiggly spiral cords, teleoconch with prominent, regularly 

spaced radial ribs with regularly spaced, long, hair-like periostracal setae, microsculpture of microradial 

threads and low microspiral cords; umbilicus narrow, V-shaped to wide U-shaped. Colour pale yellow 

with reddish zigzag flammulations. Range from Dorrigo NE NSW to the Wet Tropics, NEQ. 

  

Remarks. Setomedea Iredale, 1941 is distinguished by the combination of discoidal, flammulated shell 

and presence of periostracal setae (Stanisic et al. 2010). Preliminary investigations of this genus show 

that there is a difference in the protoconch sculpture between the species from SEQ, the type species 

Setomedea seticostata (Hedley, 1924), S. nudicostata Stanisic, 1990  and those of MEQ and NEQ. S. 

janae Stanisic, 1990, S. monteithi Stanisic, 1990 and S. ianlochi Stanisic, 2010 have an early spiral 

protoconch sculpture whereas the SEQ species have a variant that has very widely spaced radial ribs 

rising under the spiral cords as compared to the MEQ/NEQ species which have much more crowded 

radial ribbing. This would suggest that the placement of the latter three species may need further 

examination. 
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Setomedea janae Stanisic, 1990. 

(Fig. 6.1, Appendix 3C) 

 
Holotype. AMSC142469, Mt Dryander, 10 miles E of Proserpine, coll. L. Price, 16.vi.1958 (not 
sighted). 
 
Material examined. 

Paratypes. QMMO6371, 3SC/5RC, Eungella NP, Dalrymple Hts, 21°02’s, 148°36’E, coll. M. Bishop, 

xi.1976. 

Other material. QMMO17155, 2RC, Eungella NP, Mt William, rainforest, 21°02’s, 148°36’E, coll. G. 

Monteith, 19.iv.1979; QMMO17156, 1RC, Eungella NP, Mt William, 21°02’s, 148°36’E, coll. G. 

Monteith,19.iv.1979; QMMO35546, 5SC/1RC, Mt Dryander, lower slopes, via Gregory, NE Proserpine, 

20° 17' S, 148° 35' 30", coll. J. Stanisic, D. Potter, 16.v.1990; QMMO35620, 2SC/3RC, Mt Macartney 

slopes, Cathu Forest Dve, SW Proserpine, 20°20’s, 148°33’E, 18.v.1990; QMMO35632, 6SC/8RC, Mt 

Macartney slopes, Cathu Forest Dve, SW Proserpine, 20°20’s, 148°33’E, 900m, coll. J. Stanisic, D. 

Potter, 18.v.1990; QMMO36092, 11SC/10RC, Mt Dalrymple, lower slopes, Eungella, 21°04’s, 148°35’E, 

coll. J. Stanisic, D. Potter, N. Potter, 21.v.1990; QMMO77233, 1RC, Sarina, SW at Blue Mts, c.0.6k SE, 

21° 36' S, 148° 58' E, 930m, coll. G. Monteith, 23.iii.2000; QMMO77236, 2RCS, Sarina, SW at Blue Mts, 

c.0.6k SE, 21° 36' S, 148° 58' E, 930m, coll. G. Monteith, 23.iii.2000; QMMO77322, 1RC, Sarina, SW at 

Blue Mts, c.0.6km SE, pitfall trap, 21º36’S, 148º58’E, 930m, coll. G. Monteith, D. Cook, 30.v.2000; 

QMMO77326; 1RC, Sarina, SW at Blue Mts, c.0.6k SE, 21° 36' S, 148° 58' E, 950m, coll. G Monteith, 

31v.2000; QMMO77328, 1SC, Sarina, SW at Blue Mts, c.0.6k SE, 21° 36' S, 148° 58' E, 900m, coll. QM 

party, 31.v.2000; QMMO77432, 2SC, Eungella NP, at Upper Cattle Ck, 21° 02' S, 148° 36' E, 900m, coll. 

QM party, 17.xi.1992; QMMO77466, 3SC, Proserpine, S at Mt Macartney, 20° 50' S, 148° 34' E, 900m, 

coll. QM party, 19.xi.1992; QMMO85175, 2 SC, Eungella NP, Mt Henry, rainforest, 21.026°S, 148.627°E, 

1200m site 2, under logs, 1164m, coll. J. Stanisic, 14.xi.2013; AMSC142486, 1RC, Dalrymple Hts NP, 

NW of Mackay, 21° 04' S, 148° 35', 1000m, mnvf,  coll. J. Burch, W. Ponder, P. Colman, 28.iv.1975; 

AMSC142487, 1RC, Mt William NP, 21° 1' S, 148° 36' E, coll. P. Colman, J. Burch, 27.iv.1975; 

AMSC142488, 1RC, Olmara Hills near Eungella, W of Mackay, 21° 08' S, 148° 29', rainforest, coll. D.  

McAlpine, iv.1975. 

 

Description. As presented in Stanisic et al. (2010) with the re-description of the apical sculpture as early 

spiral. Shell tiny, white with pale brown zigzag flammulations, discoidal with a low to flat spire, whorls 

rounded, sutures impressed; diameter of shell 2.3 to 4.1 mm (mean 3.64 mm), height 1.48 to 2.13 mm 

(mean 1.84 mm), H/D 0.48 to 0.64 (mean 0.51).  Protoconch diameter 570 m, protoconch early spiral 

with squiggly spiral cords, teleoconch sculptured with radial ribs that have strongly scalloped periostracal 

blades and long hair-like setae, 36 to 50 (mean 43) on the first whorl, microsculpture of microradial ribs 

with scalloped periostracal blades and low microspiral cords; umbilicus wide, U-shaped; diameter 0.82 

to 1.31 mm (mean 1.18 mm), D/U 2.86 to 3.83 (mean 3.09). Based on 14 measured adult specimens. 

 

Distribution and habitat. Clarke Range, west of Mackay to Mt. Dryander, N of Proserpine, MEQ; in 

rainforest, living under logs. 
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Discocharopa Iredale, 1913 

Type species. Charopa exquisita Iredale, 1913-by original designation 
 

Diagnosis. Shell minute, discoidal with a flat spire; whorls rounded, sutures weakly to moderately 

impressed; protoconch sculpture radial with radial ribs and spiral stress wrinkles, teleoconch sculpture 

of fine radial ribs, microsculpture of fine radial threads and very low microspiral cords; sometimes with 

one or several lamellae located deep within the aperture; umbilicus narrow, V-shaped to very wide, 

saucer-shaped. Colour white. Range from SE NSW to FNQ and the Torres Strait islands, elsewhere 

Central Australia, SE Asia and the Western Pacific islands.  

 

Remarks. Discocharopa Iredale, 1913 is distinguished by the extremely small white shell with prominent 

sculpture of fine radial ribs and wide umbilicus. Stanisic et al. (2010:216) considers that this genus is 

‘probably polyphyletic as currently defined’. In MEQ, a similar species to Discocharopa aperta 

(Möllendorff, 1888) and registered in the collections represents a new genus that has been discovered 

in this study supporting this statement (see Charopid MQ31 in this chapter). The generic difference lies 

in the variance in the radial ribbing on the protoconch (Fig. 3C) and the presence of microspiral cords on 

the teleoconch. True Discocharopa lacks any trace of spiral sculpture. 

 

Discocharopa aperta (Möllendorff, 1888) 

(Fig. 6.2, Appendix 3C) 
Patula aperta Möllendorff, 1888 

Entodonta (Charopa) planorbulina Tate, 1896 

Endodonta concinna Hedley, 1901 

 

Lectotype. SMF 165385, Philippines (not sighted). 

 
 
Material examined. QMMO13098, 1RC, Endeavour Ck, c.17.5km W Calen, 21° S, 148° 42' E, 900m, J. 

Stanisic, D. Potter, N.  Potter, 18.v.1990; QMMO50882, 1RC, Eungella NP, Rocky Ck, 20° 54' S, 148° 

36' E, Annabell, Graeme, 12.v.1988; QMMO73832, 1RC, Long I, NE Side on Whitsunday Circuit, 20° 19' 

FIGURE 6.1: Setomedea janae Stanisic, 1990, QMMO36092, Eungella NP, MEQ. A. Dorsal view. B. Umbilical view. C. 
Protoconch detail. D. Teleoconch detail showing setae on the radial ribs. Images A, B: Geoff Thompson QM. 

100m 100m A B C D 
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44" S, 148° 51' 27" E, J. Stanisic, D. Potter, 15.vi.1987; QMMO77074, 1RC, Mackay, WSW at Diamond 

Cliffs, Homevale NP, 21° 22' 59" S, 148° 34' 21" E, J. Stanisic, D. Potter, N.  Potter, 17.v.1990; 

AMSC152150, 1RC, Brandy Creek SF, E of Proserpine, 20°21’ S, 148° 43' E, 120m, cnvf, litter, coll. J. 

Burch, W. Ponder, 2.v.1975. 

 

Description. As presented in Stanisic et al. (2010) with the re-description of the apical sculpture as 

radial. Shell minute, white, discoidal with almost flat spire; whorls rounded, sutures moderately 

impressed; diameter of shell 1.31 to 1.64 mm (mean 1.5 mm), height 0.66 to 0.82 mm (mean 0.7 mm); 

H/D 0.4-0.56 (mean 0.47).  Protoconch diameter 410 m, sculpture radial with crowded radial ribs, 

teleoconch with, prominent crowded strong radial ribs 72 to 86 (mean 81) on the first whorl, 

microsculpture of microradial threads and fine microspiral cords; umbilicus wide, saucer-shaped; 

diameter 0.49 to 0.57 mm (mean 0.5 mm). D/U 2.58 to 3.33 (mean 2.99). Based on 7 measured adult 

specimens. 

 

Distribution and habitat. SE NSW northward across much of trop0ical  Australia. Elsewhere in SE Asia 

and the Pacific; in dry vine thicket to dry woodland usually on rocky outcrops, living in litter. 

 

Sinployea Solem, 1983 

 
Type species. Sinployea peasei Solem, 1983-by original designation 
 
Diagnosis. Shell very small, brown, discoidal with low to flattened spire, relatively few rounded whorls, 

sutures deeply impressed; protoconch spiral sculptured with low, widely spaced spiral cords, teleoconch 

sculpture of  crowded, curved radial ribs, microsculpture of microradial threads and low spiral cords; 

umbilicus wide, V-shaped. Range is disjunct from NE NSW to NEQ and elsewhere the Pacific Basin. 

 

Remarks. Sinployea Solem 1983 is a speciose group on the Pacific Islands that has limited 

representation in eastern Australia. Sinployea differs from the SEQ Omphaloropa Stanisic, 1990 by 

having fewer apical spiral cords, and a V-shaped rather than wide, cup-shaped umbilicus (Stanisic et al. 

2010). 

 

FIGURE 6.2: Discocharopa aperta (Möllendorff, 1888), SE NSW northward across much of tropical Australia. A. 

Dorsal view. B. Umbilical view. C. Protoconch detail. Scale bar = 100m.  D. Teleoconch detail, Scale bar = 100m.  
Images A, B: John Stanisic. 
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Sinployea intensa (Iredale, 1941) 

(Fig. 6.3, Appendix 3C) 
 

Craylopa intensa Iredale 1941 

 

Holotype. AMSC63496, Cape Byron, NSW (not sighted). 

 

Material examined. 

Paratypes. (probable fide Smith, 1992) AMSC31650, 2RC, AMSC63796, 2RC, Cape Byron, NSW. 

Other material. QMMO11733, 1RC, c. 19k N. of Proserpine, beside Gregory R., 20° 17' S, 148° 35' E, 

J. Stanisic, 6.vii.1982; QMMO13084, Bells Gap, 1RC, Sarina Ra, c.15km S Sarina, 21° 31' S, 149° 7' E, 

J. Stanisic, 7.vii.1982; QMMO13454, 4RC, Eungella NP, Broken R, 21° 10' S, 148° 30' E, J. Stanisic, 

5.vii.1982; QMMO13475, 2RC, c. 36.7k N. of Mackay, on Mackay Seaforth Rd., 21° S, 148° 52' E, J. 

Stanisic, 3.vii.1982; QMMO35808, 6SC/9RC, Endeavour Ck, Upper Reaches, Clarke Ra, W of Mackay, 

21° 15' 30" S, 148° 37' 30" E, coll. J. Stanisic, D. Potter, N.  Potter, 20.v.1990; QMMO59644, 1RC, 

Eungella NP, Dalrymple Heights, 21° 02' S, 148° 36' E, 1000m, coll. M.J. Bishop, xi.1976; AMSC340763, 

1RC, Eungella Ra, W of Mackay, 21° 04' S, 148° 36', coll. L. Price, x.1957; QMMO85112, 2SC, Mt 

Aberdeen, South Summit, MEQ, 20° 12' South, 147° 53' East, coll. G. Monteith & D. Cook, 08.iv.1997. 

 
Description. As presented by Stanisic (1990) with protoconch sculpture as spiral. Shell tiny, cinnamon 

brown, discoidal with a low to flattened spire, whorls relatively few, rounded, sutures deeply impressed; 

diameter of shell 2.46 to 2.87 mm (mean 2.66 mm), height 1.39 to 1.48 mm (mean 1.43 mm), H/D 0.51 

to 0.57 (mean 0.54).  Protoconch diameter 570 m. Protoconch sculpture spiral with low, widely spaced 

broad spiral cords; teleoconch sculpture of  crowded, curved radial ribs, 63 to 76 (mean 70) on the first 

whorl, microsculpture of microradial threads under low spiral cords; umbilicus wide, V-shaped; diameter 

0.82 to 0.98 mm (mean 0.9 mm), D/U 2.92 to 3.00 (mean 2.96). Based on 2 measured adult specimens. 

 

Distribution and habitat.  Grafton, NE NSW to Proserpine, MEQ; in dry vine thicket and littoral 

rainforest, under bark on logs in in leaf litter. 

6.2 New species assigned to previously described genera  

New species belonging to existing genera are briefly described. Lenwebbia sp. nov. (Charopid MQ17), 

Luturopa sp. nov. (Charopid MQ18) and Ngairea sp. nov. (Charopid MQ48) are the first records for these 

genera in MEQ. Charopid MQ13 is a new species of Comularopa Holcroft, 2018. 

100m 

FIGURE 6.3: Sinployea intensa (Iredale, 1941), AMSC340763, Eungella NP, MEQ. A. Dorsal view. B. 
Umbilical view. Sinployea intensa (Iredale, 1941), QMMO13475 C. Protoconch detail. D. Teleoconch detail. 

100m 
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Lenwebbia Stanisic, 1990 

Type species. Lenwebbia protoscrobiculata Stanisic, 1990-by original designation. 
 
Diagnosis. Shell very small, depressedly turbinate with a moderately raised, domed spire; whorls 

subangulate to rounded, sutures impressed; protoconch malleate, teleoconch with spiral grooves and 

fine thread like radial ribs; umbilicus tiny, U-shaped. Colour yellow-brown with darker grey spire. Range 

from Mudlo Gap, SEQ to the Wet Tropics, NEQ (disjunct).  

 

Remarks. Lenwebbia Stanisic, 1990 differs from other east coast charopid genera by the combination 

of depressedly turbinate shell, malleate protoconch sculpture and reduced teleoconch sculpture which 

includes spiral grooves (Stanisic et al. 2010). 

 

Charopid MQ17 ‘Lenwebbia sp. nov.’ 

(Fig. 6.4, Appendix 3C) 

 

Material examined. QMMO77441, 1RC, Mt Dryander, 20° 15' S, 148° 33' E, 700m, coll. QM party, 

21.xi.1992; AMSC154893, 1RC, Mt Dryander, 20° 15' S, 148° 32' E, 120m, coll. J. Burch, W. Ponder, P. 

Colman, 3.v.1975; QMMO85335, 1RC, Brandy Creek NP, MEQ, Rainforest, 20° 21'  S, 148° 43' E, litter, 

under logs, coll. J. Stanisic, L. Holcroft, 14.xi.2016.  

 

Distribution and habitat. Brandy Creek and Mt Dryander, MEQ; in rainforest living under logs and in 

litter. 

 

Descriptive notes. Shell tiny, yellow-brown, depressedly turbinate with a moderately raised domed 

spire; whorls 3.5 to 4.5 (mean 3.675) subangulate to rounded, sutures impressed; diameter of shell 3.11 

to 4.43 mm (mean 3.51 mm), height 1.89 to 2.79 mm (mean 2.15 mm), H/D 0.58 to 0.63 (mean 0.61). 

Protoconch diameter 660-820 m (mean 770 m), sculpture malleate with no spiral cords or radial ribs; 

teleoconch sculpture of bladed, crowded radial ribs 54 to 62 (mean 57) on the first whorl, microsculpture 

of random microradial threads with no spiral cords; umbilicus tiny, U-shaped; diameter 0.25 to 0.57 mm 

(mean 0.38 mm), D/U 5.71 to 18.0 (mean 11.3). Based on 5 measured adult specimens. 

 

100m 100m 

FIGURE 6.4. Charopid MQ17, ‘Lenwebbia sp. nov.’, QMMO77441, Mt Dryander, MEQ. A. Dorsal view. B. Umbilical 
view. C. Protoconch detail. D. Teleoconch detail. Images A, B: Geoff Thompson QM. 
 

A B C D 
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Remarks. Charopid MQ17, ‘Lenwebbia sp. nov.’ is distinguished from its congeners Lenwebbia 

protoscrobiculata Stanisic, 1990 from the Kalpowar SF, SEQ and L. paluma Stanisic, 1993 from the  

Paluma Range, NEQ by its smaller size and lack of spiral cords in the microsculpture of the teleoconch. 

Both L. protoscrobiculata and L. paluma live under bark on standing trees and logs whereas Charopid 

MQ17 has been found as dead shells in the litter of rainforests. Charopid MQ17 may yet be shown as 

inhabiting the same microhabitat as those of the preceding two species. Specimens from Cape Upstart, 

MEQ (QMMO85178) and Mt Abbott, MEQ (QMMO85179) not included here, most likely represent 

additional Lenwebbia species. These two localities are considered outliers of the CMC Bioregion based 

on their land snail communities (Stanisic pers. comm). 

Luturopa Stanisic, 2010 

Type species. Luturopa kenilworth Stanisic, 2010-by original designation. 
 
Diagnosis. Shell very small, waxy, depressedly turbinate with a low spire; whorls shouldered, sutures 

strongly impressed; protoconch superior radial with a sculpture of weak, moderately spaced radial ribs, 

teleoconch with prominent to degenerate radial ribs and fine, crowded spiral lirae, microsculpture 

indistinct, consisting of microradial threads and low microspiral cords; usually dirt-covered; umbilicus 

moderately to narrowly open, V-shaped. Colour dirty yellow to greenish-grey. Range from Macleay 

Valley, W of Kempsey, NE NSW to N of Rockhampton, SEQ.  

 

Remarks. Luturopa Stanisic, 2010 is readily distinguished by the combination of radially sculptured 

protoconch, teleoconch with weak to degenerate sculpture and adherent dirt particles. Luturopa differs 

from Coenocharopa Stanisic, 1990 by having a radially sculptured protoconch and weaker teleoconch 

sculpture (Stanisic et al. 2010). 

 

Charopid MQ18 ‘Luturopa sp. nov.’ 

(Fig. 6.5, Appendix 3C) 

Material examined. QMMO13074, 1RC, Diggings Rd, Eungella NP, 21° 9' S, 148° 29' E, coll. J. 

Stanisic, 8.v.1982. 

 
Distribution and habitat. Eungella NP, MEQ; in rainforest living in litter. 

 

Descriptive notes. Shell tiny, yellowish-grey, trochoidal with a low spire; whorls 3.125, sutures strongly 

impressed; diameter of shell 1.64 mm, height 1.15, H/D 0.7. Protoconch diameter 490 m, sculpture 

superior radial with weak spiral cords and stronger radial ribs; teleoconch sculpture of bladed, very 

widely-spaced radial ribs, 34 on the first whorl, microsculpture of numerous microradial threads and spiral 

cords rising over the microradial; umbilicus narrowly open, V-shaped; diameter 0.25 mm, D/U 6.67. 

Based on 1 measured sub-adult specimen. 
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Remarks. Charopid MQ18 ‘Luturopa sp. nov.’ is distinguished from other MEQ species by the 

combination of its dirt covered shell and degenerate teleoconch sculpture. Charopid MQ3 has a dirt 

covered shell but strong, prosocline radial ribs n the teleoconch. Congeners Luturopa kenilworth Stanisic, 

2010 from the Bunya Mts NP, SEQ, L. macleayensis Stanisic, 2010 from the Macleay Valley, NE NSW 

and L. rockhamptoniana Stanisic, 2010 from SW Calliope to The Caves, N of Rockhampton, SEQ, live 

in vine thicket and at lower altitudes than does Charopid MQ18 which lives in moist rainforest of the 

Eungella plateau. Further collection of adult specimens followed by SEM photography to confirm the 

protoconch sculpture is needed to confirm a description of this species which would extend the known 

range of Luturopa species 250km northward into MEQ.  

 

Ngairea Stanisic, 1990 

Type species. Oreokera dorrigoensis Iredale, 1941- by original designation. 
 
Diagnosis. Shell small, thin, depressedly trochoidal to depressedly globose with a low to domed spire; 

whorls angular to rounded, sutures impressed to channelled; protoconch sculpture of curved radial ribs 

and indistinct low spiral cords, teleoconch sculpture of either close to moderately spaced radial ridges 

and incised spiral grooves, or dense curved radial ribs crossed by low spiral cords; umbilicus minute to 

relatively wide, U-shaped. Colour yellowish with reddish brown flammulations to pale monochrome. 

Range from SE NSW to SEQ (disjunct).  

 

Remarks. The significant differences in protoconch and teleoconch sculptures among the various 

species suggests that the genus is polyphyletic as currently defined (Stanisic et al. 2010). 

 

Charopid MQ48 ‘Ngairea sp. nov.’ 

(Fig. 6.6, Appendix 3C) 

Material examined. QMMO75828, 2RC, SW Sarina, c. 0.6km SE Blue Mts, 21° 36' S, 148° 58' E, coll. 

QM Party, 4.x.1999. 

 

Distribution and habitat. Blue Mts, MEQ; in dry rainforest and vine thicket living in litter. 

 

FIGURE 6.5: Charopid MQ18, ‘Luturopa sp. nov.’, QMMO13074, Mt Dalrymple, MEQ. A. Dorsal view. B. 
Umbilical view.  

A B 
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Descriptive notes. Shell small, brown with reddish flammulations; depressedly trochoidal with a low 

spire; whorls 3 subangulate to angulate, sutures impressed; diameter of shell 3.69 mm, height 2.62 mm, 

H/D 0.71. Protoconch diameter 410 m, sculpture ‘radial’ with low, numerous, curved radial ribs and very 

low, widely spaced spiral cords only towards the outer edge of the protoconch; teleoconch sculpture of 

bladed, very crowded radial ribs 164 on the first whorl, microsculpture of microradial threads with no 

spiral cords; umbilicus very narrow U-shaped, diameter 0.33mm, D/U ratio 11.25. Based on 1 measured 

sub-adult specimen. 

 

Remarks. Charopid MQ48 ‘Ngairea sp. nov.’ is the first known occurrence of Ngairea Stanisic, 1990 

north of the Mt Larcom and Kalpowar SF, SEQ. The barely open umbilicus separates Charopid MQ48 

from other Ngairea species with the exception of N. dorrigoensis (Iredale, 1941) which shares this feature 

as well as the flammulated shell. Charopid MQ48 can be separated from the latter by the lack of 

microspiral cords on the teleoconch and a much smaller shell diameter and height. 

 

Comularopa Holcroft, 2018 

Type species. Comularopa georginae Holcroft, 2018-by original designation. 
 

Diagnosis. Shell tiny, brown, discoidal, nautiliform with a slightly sunken spire; protoconch spiral with 

thin spiral cords; teleoconch with extremely crowded radial ribs, microsculpture of prominent microradial 

threads and numerous, low microspiral cords forming buttresses at their intersection with the 

microradials, spiral cords rolling over the major ribs; umbilicus V-shaped. 

 

Charopid MQ13 ‘Comularopa sp. nov.’ 

(Fig. 6.7, Appendix 3C) 

Material examined. QMMO35621, 1RC, Mt Macartney, slopes, Cathu Forest Dve, SW Proserpine, 20° 

50' S, 148° 33' E, 800m, coll. J. Stanisic, D. Potter, N. Potter, 18.v.1990; QMMO9724, 9RC, Crediton Ck, 

Eungella NP, 21° 11' S, 148° 32' E, 850m, coll. coll. M. Bishop, xi.1976; QMMO50890, 1RC, Eungella 

NP, 20° 53' S, 148° 35' E, coll. ANZSES, 25.xii.1993; QMMO59645, 2RC, Crediton Ck, Eungella NP, 21° 

11' S, 148° 32' E, 850m, coll. M. Bishop, xi.1976; QMMO59647, 3RC, Diggings Rd, Eungella NP, 21° 09' 

S, 148° 29' E., coll. J. Stanisic, 8.vii.1982; QMMO77454, 1RC, Mackay, WNW at Mt Blackwood, half way 

FIGURE 6.6: Charopid MQ48, Ngairea sp. nov., QMMO75828, Blue Mts, MEQ. A. Dorsal view. B. Umbilical 
view. C. Protoconch detail. D. Teleoconch detail. 

100m A B C D 
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up south side, 21° 02' 10" S, 148° 57' E, 590m, coll. QM party, 18.xi.1992; QMMO85086, 1 RC, Eungella 

NP, off Eungella Dam Rd, rainforest, 21.143°S, 148.497°E, 800m site 2 (rep 1), litter, 766m, coll. C. 

Burwell, C. Gely, 18.iii.2014; QMMO85095, 1RC, Eungella NP, Mt Dalrymple, rainforest, 21.026°S, 

148.638°E, 1200m site 4, litter, 1225m, coll. A. Nakamura, E. Leach, 2-12.iv.2014; QMMO85096, 1 RC, 

Eungella NP, Finch Hatton Gorge, rainforest, 21.062°S, 148.636°E, 400m site 1 (rep 2), litter, 371m, coll. 

C. Burwell, 16.iii.2014.  

 

Distribution and habitat. Mt Macartney, highest elevations of the Eungella plateau to Finch Hatton 

Gorge, Eungella NP, MEQ; in moist humid rainforest living under logs. 

 

Descriptive notes. Shell minute, brown, discoidal, whorls rounded with a slightly sunken spire; whorls 

3-3.375 (mean 3.28); sutures moderately impressed; diameter of shell 1.31 to 1.56 mm (mean 1.43mm), 

height 0.74 to 0.82 mm (mean 0.78mm), H/D 0.53 to 0.56 (mean 0.54); protoconch flat, 1.5 whorls, 

diameter 410 m, spiral with thin, bladed spiral cords (mean 10); teleoconch with bladed crowded radial 

ribs, 37 to 64 (mean 55) on the first whorl; microsculpture of prominent microradial threads over 

numerous, low microspiral bands; aperture ovately lunate; umbilicus narrow V-shaped, diameter 0.49 to 

0.57 mm (mean 0.51 mm), D/U 2.83 to 3.17 (mean 2.81). Based on 4 measured adult specimens. 

 

Remarks. Charopid MQ13 ‘Comularopa sp. nov.’ can be differentiated from Comularopa georginae 

Holcroft, 2018 by the smaller, brown shell with much less crowded teleoconch ribbing and a lower D/U 

ratio. The teleoconch ribs are bladed unlike that of C. georginae where the spiral cords roll over the major 

ribs. Shell diameter, height and umbilical width are much smaller than that of C. georginae which has a 

much wider V-shaped umbilicus. 

 

 

6.3 Other putative species with brief descriptive notes 

Finally, eight species of uncertain generic affinities that will need further investigation are briefly included. 

In the majority of these cases, the lack of suitable material and poor specimen quality prevented 

worthwhile SEM or photography. For many specimens in this chapter, the shell appears dirty but cleaning 

in the ultra-sonic cleaner  may potentially have destroyed the specimen as did occur on one occasion.  

 

FIGURE 6.7: Charopid MQ13 ‘Comularopa sp. nov.’, QMMO9724, Eungella NP, MEQ. A. Dorsal view. B. 
Umbilical view. C. Protoconch with spiral sculpture. D. Teleoconch with bladed ribbing. 

A B C D 



Elucidating the diversity of mid-eastern Queensland Pinwheel Snails (Eupulmonata: Charopidae) using aspects of shell morphology.  

Lorelle Holcroft s5063935    120 | P a g e  

 

Charopid MQ3 ‘Charopid sp. nov.’ 

(Fig. 6.8, Appendix 3C) 

Material examined. QMMO50893, 1RC, Eungella NP, Urannah Ck Headwaters, 20° 54' S, 148° 33' E, 
coll. ANZSES, 4.i.1994. 
 
Distribution and habitat. Eungella NP, MEQ; in rainforest living in litter. 

 

Descriptive notes. Shell tiny, brown, trochoidal with a low conical spire; whorls 3.375; sutures 

moderately impressed; diameter of shell 2 .54 mm, height 1.48 mm, H/D 0.58; protoconch diameter 570 

m, flat, 1.5 whorls superior radial with raised radial ribs at the protoconch – teleoconch boundary; 

teleoconch with rounded radial ribs, 24 on the first whorl, microsculpture of rounded radial ribs with spiral 

cords indistinct; aperture ovately lunate; umbilicus narrow U-shaped, diameter 0.57 mm; D/U 4.43. Based 

on 1 measured adult specimen. 

 

Remarks. Charopid MQ3 represents a new species very similar to the SEQ Coenocharopa sordidus 

Stanisic, 1990 in having a dirt covered shell with a superior radial protoconch and strongly prosocline 

radial ribs on the teleoconch. The protoconch sculpture would place it in this broadly defined genus 

(Stanisic 1990, Stanisic et al. 2010). However, additional material is required in order to more fully 

describe the species and to make a generic determination. 

 

  

Charopid MQ10 ‘Charopid sp. nov.’ 

(Fig. 5.9, Appendix 3C) 

Material examined. QMMO6347, 2RC, South Molle I, Molle Channel, 20° 15' S, 148° 50' E, coll. M. 
Bishop, xii.1976. 
 
Distribution and habitat. South Molle Island, MEQ; in rainforest living in litter. 

 

Descriptive notes. Shell tiny, brown, discoidal with a flat spire; whorls 4, multi-whorled, sutures 

impressed; diameter of shell 1.15mm, height 0.66 mm; H/D 0.57. Protoconch flat, 1.5 whorls with a 

diameter of 330 m sculptured with a scalloped finely cancellate pattern consisting of fine, crisp, crowded 

spiral cords and radial ribs with an average spacing of 5m; teleoconch sculpture of bladed, very crowded 

radial ribs 130 to 142 (mean 136) on the first whorl, microsculpture of microradial threads and low, broad 

FIGURE 6.8. Charopid MQ3, QMMO50893, Eungella NP, MEQ. A. Dorsal view. B. Umbilical view. C. 
Protoconch indistinct but showing radial ribs at the protoconch –teleoconch boundary. 

A B C D 
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spiral cords; 1 large parietal barrier recessed about ¼ whorl back from the aperture; umbilicus wide, V-

shaped; diameter 0.57 mm. D/U 2.8. Based on 2 measured adult specimens. 

 

Remarks. Charopid MQ10 has a similar shell morphology and coiling pattern to the charopids included 

in Tristanoropa (Chapter 5) but has a protoconch with radial rib spacing about 5m as compared to the 

10 m in the latter. Comparison could also be made to Shearopa offordae Stanisic, 2010 which has a 

webbed variant of the finely cancellate protoconch sculpture not too dissimilar to the protoconch 

architecture of Charopid MQ10 (Fig. 14, Chapter 5). Charopid MQ10 is distinguished from Tristanoropa 

conwayensis also found in the Whitsunday province, by having a smaller shell diameter, a larger H/D 

ratio and much more crowded teleoconch ribbing. Charopid MQ10 has a similar protoconch diameter 

and number of spiral cords on the protoconch (mean 19) to T. conwayensis but differs from both T. 

hughesae and T. burwelli with averages of 17 spiral cords and larger protoconch diameters. Charopid 

MQ10 appears to be endemic to the araucarian rainforests of South Molle I., MEQ. 

 
 

Charopid MQ20 ‘Charopid sp. nov.’ 

(Fig. 6.10, Appendix 3C) 

Material examined. QMMO77399, 1RC, Sarina, SW at Upper East Funnel Ck, 21° 34' S, 149° 12' E, 

200m, QM party, 16.xi.1992.  

 

Distribution and habitat. Upper east Funnel Creek, MEQ; in rainforest living in litter. 

 

Descriptive notes. Shell tiny, brown, trochoidal with a low conical spire; whorls 4 multi-whorled; sutures 

moderately impressed; diameter of shell 3.69mm, height 2.3 mm, H/D 0.62; protoconch diameter 570 

100m 
100m 

FIGURE 6.9. Charopid MQ10, QMMO6347, South Molle I., MEQ. A. Dorsal view. B. Umbilical view. C. 
Protoconch. D. Teleoconch  E. 1 large parietal barrier recessed about ¼ whorl back from the aperture. 

A 
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m, flat, 1.5 whorls; teleoconch with rounded radial ribs, 22 on the first whorl; microsculpture of 

prominent, curved microradial threads and numerous, wide microspiral cords rising over the microradials 

forming a nodule at their intersection; long hair-like periostracal setae emerging from the radial ribs on 

the teleoconch; aperture ovately lunate; umbilicus pinhole, very narrow U-shaped, diameter 0.82, D/U 

4.5. Based on 1 measured adult specimen. 

 

Remarks. Charopid MQ20 is a setose snail which can be differentiated from the only other setose snail 

found to date in MEQ, Setomedea janae Stanisic, 1990 by having a trochoidal shell with a narrow U-

shaped umbilicus. While the single specimen has a damaged protoconch which makes comparison of 

the  protoconch sculpture between the two species impossible at this time, it is so distinctive in form 

that is described as a new charopid without hesitation. The hirsute Setoturbinata taylori Stanisic, 2010 

from the Wet Tropics, NEQ is smaller, has a depressed conical spire with spiral protoconch, a 

teleoconch with widely spaced, raised thin spiral cords and scattered setae. 

Charopid MQ30 ‘Charopid sp. nov.’ 

(Fig. 6.11, Appendix 3C) 

Material examined. QMMO77210, South Percy Is, Lagoon area, 21°46’S, 150°18’E, coll. D. Cook, H. 

Janetzki, 26.xi.1992. Diameter 4.18mm, height 2.21mm, H/D 0.53, D/U 3.64, number of whorls 4.375. 

 

Distribution and habitat. South Percy Island, MEQ; low eucalypt woodland; living under logs. 

 

Descriptive notes. Shell small, brown, discoidal, nautiliform with a slightly sunken spire; whorls 4.375; 

sutures moderately impressed; diameter of shell 4.18mm, height 2.21mm; H/D 0.53. Protoconch flat, a 

longer than normal protoconch 1.75 whorls sculpture superior radial with broad spiral bands over radial 

ribs, transitioning with stronger radial ribs to the protoconch -teleoconch boundary; teleoconch with 

crowded radial ribs, 64 on the first whorl; microsculpture of microradial threads and very low spiral cords 

buttressing against the radial threads; aperture ovately lunate; umbilicus U-shaped, diameter 0.57mm, 

D/U 3.64. Based on 1 adult specimen. 

 

Remarks. Charopid MQ30 is broadly similar to Whitcochlea iuloidea (Forbes, 1851) in that it has a brown 

shell, similar shell height, umbilical width and aperture height.  Charopid MQ30 can be readily 

distinguished from W. iuloidea by the combination of spiral protoconch sculpture, a larger-sized shell 

FIGURE 6.10. Charopid MQ20, QMMO77399, Funnel Creek, MEQ. A. Dorsal view. B. Umbilical view.  

A B 
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diameter (over 6mm), greater number of whorls, larger protoconch diameter and much denser radial 

ribbing on the teleoconch (average 51 ribs on the third quarter of body whorl as opposed to an average 

of 25 on the third quarter of the body whorl of W. iuloidea). The species is found in the open woodland 

of the South Percy Island, MEQ located further south in the remote Northumberland Island group south-

east of Sarina than the Whitsunday Islands.  

 

This species represents a new genus of Gyrocochlea-grade charopid and can be differentiated from both 

Whitcochlea Holcroft, 2018 and Xenoropa Holcroft, 2018 which display a superior spiral protoconch 

sculpture by its superior radial protoconch sculptural pattern. The occurrence of Charopid MQ30 in the 

Northumberland Islands, a group further south than the Cumberland group incorporating the Whitsunday 

islands, represents the only charopid known from these islands.  

 

Charopid MQ31 ‘Charopid sp. nov.’ 

(Fig. 6.12, Appendix 3C) 

Material examined. QMMO85313, 1RC, Calen - Mt Charlton Rd, c.17.5km W Calen, 21° S, 148° 42' 

E, 900m, J. Stanisic, D. Potter, N.  Potter, 18.v.1990; QMMO85314, 4RC, Mackay, WSW at Diamond 

Cliffs, Homevale NP, 21° 22' 59" S, 148° 34' 21" E, J. Stanisic, D. Potter, N.  Potter, 17.v.1990; 

QMMO85091, 1RC , Eungella NP, Finch Hatton Gorge, 21° 3' 39.6" S, 148° 38' 16.8" E, 766m, C 

Burwell & C Gely, 18.iii.2014. 

 
 

Distribution and habitat. Mt Charlton, Eungella NP and Diamond Cliffs, MEQ; in rainforest living in litter. 

 

Descriptive notes. Shell minute, white, discoidal with a flat spire; whorls 4 multi-whorled; sutures 

moderately impressed; diameter of shell 1.07 to 1.23 mm (mean 1.2mm), height 0.74 to 0.82 mm (mean 

0.66mm), H/D 0.53 to 0.62 (mean 0.55); protoconch flat,  diameter 330 m, radial with crowded radial 

FIGURE 6.11. Charopid MQ30, proposed holotype, QMMO77210, South Percy Island, MEQ. A. Dorsal 
view. B. Umbilical view. C. Protoconch detail. D. Teleoconch- outer whorl. Images: Geoff Thompson 
QM. 
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FIGURE 6.12. Charopid MQ31, QMMO85314, Diamond Cliffs, MEQ. A. Dorsal view. B. Umbilical 
view. C. Protoconch. D. Teleoconch. 
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ribs and periostracal wrinkles; teleoconch with bladed crowded radial ribs, 69 to 100 (mean 88) on the 

first whorl; microsculpture of prominent microradial threads over numerous, low microspiral bands; 

aperture ovately lunate; umbilicus wide saucer-shaped, diameter 0.41 to 0.49 mm (mean 0.44 mm), D/U 

2.17 to 3.2 (mean 2.73). Based on 5 measured adult specimens. 

 

Remarks. Charopid MQ31. is a tiny white species which is easily confused with Discocharopa aperta 

(Möllendorff, 1888) which also has a minute white shell, radial protoconch sculpture and a similar number 

of radial ribs on the teleoconch. However a key distinguishing feature is in the teleoconch sculpture. 

Charopid MQ31 has a radially ribbed teleoconch with simple interstitial microradial riblets and low, broad 

microspiral cords which form elongate lozenge-like beads when they intersect with the microradial riblets. 

D. aperta has a similar radial teleoconch but the microradial riblets are serrate and there is no microspiral 

sculpture. Furthermore the protoconch of Charopid MQ31 is smaller at 330 m as compared to 410 m 

in D. aperta and the radial ribbing is more crowded. This species appears to inhabit the wetter rainforest 

environments of MEQ as opposed to D. aperta which prefers drier araucarian rainforest and dry vine 

thickets. N.B. Cursory inspection of the D. aperta material from other eastern Australian locations in the 

collections of the QM using SEM indicates that there are a number of lots in this material with spiral 

elements in the sculpture of the teleoconch. These may be Charopid MQ31 or at the very least 

undescribed congeners (Stanisic, pers. comm). 

 

Charopid MQ36 ‘Charopid sp. nov.’ 

(Fig. 6.13, Appendix 3C) 

Material examined. QMMO85089, 1RC, Eungella NP, Mt Dalrymple track, rainforest, 21.026°S, 

148.627°E, 1200m site 3, litter, 1144m, coll. A. Nakamura, E. Leach, 2-12.iv.2014.  

 
Distribution and habitat. Eungella NP, MEQ; in moist humid rainforest living in litter. 

 

Descriptive notes. Shell minute, white, discoidal, nautiliform with a flat spire; whorls 4 multi-whorled; 

sutures moderately impressed; diameter of shell 1.48mm, height 0.82 mm, H/D 0.56; protoconch 

diameter 250 m. Protoconch flat, 1.5 whorls, superior radial sculptured with thin, numerous spiral cords 

rising over very dominant widely spaced broad radial ribs which increase in frequency the closer to the 

protoconch-teleoconch boundary; teleoconch with rounded radial ribs, 47 on the first whorl; 

microsculpture of prominent microradial threads and numerous, low, wide microspiral cords rising over 

the microradials forming a nodule at their intersection; aperture ovately lunate; umbilicus pinhole, narrow 

U-shaped, diameter 0.25, D/U 6. Based on 1 measured adult specimen. 

 

Remarks. Charopid MQ36 is distinctive among MEQ charopids as being the only species with a superior 

radial protoconch pattern comprised of broad rather than narrow, widely spaced radial ribs. The white 

shell colour, large  D/U ratio and tiny pinhole umbilicus also separate this species from many of the known 

MEQ species of similar shell dimensions.  
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Charopid MQ57 ‘Charopid sp. nov.’ 

(Fig. 6.14, Appendix 3C) 

Material examined. QMMO85341, 1RC, QMMO85346, Cherry Tree Ck, 1.2km of Pinnacle Station Rd, 

21° 12' S, 148° 42' E, Under rocks and logs, Vine forest, coll. J. Stanisic , L. Holcroft, 17.xi.2016; 

QMMO85346, 3SC/4RC, Hatfields Gap, Koumala-Bolingbroke Rd, MEQ, Vine Forest, 21° 33' S, 149° 

11' E, Under logs, coll. J. Stanisic , L. Holcroft,  19.xi.2016.  

 
Distribution and habitat. Cherry Tree Creek (Crediton SF), Hatfield’s Gap, MEQ; in rainforest living 

under rocks and logs. 

 

Descriptive notes. Shell tiny, brown, discoidal, with a raised spire; whorls 4.375 to 4.675 (mean 4.48); 

sutures strongly impressed; diameter of shell 2.54 to 2.87 mm (mean 2.7 mm), height 1.39 to 1.56 mm 

(mean 1.5 mm) mm, H/D 0.51 to 0.58 (mean 0.55), protoconch diameter 570 m. Protoconch flat, 1.5 

whorls sculptured with broad spiral cords; teleoconch with widely spaced, bladed, prosocline radial ribs, 

17 to 25 (mean 22) on the first whorl; microsculpture of raised microradial threads and numerous, 

microspiral cords rising over the microradials forming a nodulose pattern; aperture ovately lunate; 

umbilicus wide saucer-shaped, diameter 0.98 to 1.07 (mean 1.05 mm), D/U 2.54 to 2.69 (mean 2.59). 

Based on 4 measured adult specimens. 

 

Remarks. Charopid MQ57 can be differentiated from other MEQ charopids with a spiral protoconch 

sculpture by a combination of its large protoconch diameter and widely spaced ribbing on the teleoconch. 

The unusual distribution from the rainforests of Cherry Tree Creek in the Crediton SF and those of 

Hatfields Gap on the eastern escarpment of the Connors Range suggest that this unusual species may 

be present in other rainforests between these areas. Alternatively, the distribution may represent a 

species that has continued unchanged since continental aridification restricted rainforests to more 

isolated patches. DNA analyses (Chapter 7) have shown it to be unrelated to Gyrocochlea-grade species 

as well as the species analysed in the Isolderopa and Tristanoropa clades. 

100m 100m 

FIGURE 6.13. Charopid MQ36, QMMO85089, Mt Dalrymple, MEQ. A. Dorsal view. B. Umbilical 
view. C. Protoconch. D. Teleoconch. 
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Charopid MQ58 ‘Charopid sp. nov.’ 

(Fig. 6.15, Appendix 3C) 

Material examined. QMMO85342, 1SC, Hazelwood Creek, Lizzie Creek Rd, Eungella Dam at pipeline 

Xing, MEQ, SEVT, 21° 10'  S, 148° 22' E, Under rocks, , coll. J. Stanisic , L. Holcroft, 18.xi.2016. 

 

Distribution and habitat. Hazelwood Creek, Eungella Dam environs, MEQ; in vine thicket, living in litter. 

 

Descriptive notes. Shell tiny, brown, discoidal, multi-whorled with a flat spire; whorls 5; sutures 

moderately impressed; diameter of shell 2.21 mm, height 1.23 mm, H/D 0.56, protoconch diameter 410 

m. Protoconch flat, 1.625 whorls, finely cancellate sculptured with thin, numerous spiral cords and radial 

ribs in a webbed pattern; teleoconch with moderately crowded radial ribs, 49 on the first whorl; 

microsculpture of microradial threads and numerous, low, prominent microspiral cords rising over the 

microradials forming a nodule at their intersection; aperture ovately lunate; umbilicus pinhole, wide 

saucer-shaped, diameter 0.82, D/U 2.7. Based on 1 measured adult specimen. 

 

 

Remarks. Charopid MQ58 is one of two finely cancellate species known in MEQ and not described in 

Chapter 5 due to lack of material. Charopid MQ58 from Eungella Dam shares a multi-whorled coiling 

pattern similar to Tristanoropa species but can be separated from other Tristanoropa species by having 

a much smaller number of ribs on the teleoconch. The protoconch details of Charopid MQ58 show a 

scalloped finely cancellate sculpture with strong spiral cords and strong radial ribbing which is a feature 

of Tristanoropa species suggesting that this is a new species of Tristanoropa. 

  

100m 
100m 

FIGURE 6.14. Charopid MQ57, QMMO85346, Hatfields Gap, MEQ. A. Dorsal view. B. Umbilical view. C. 
Protoconch. D. Teleoconch. 
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FIGURE 6.15. Charopid MQ58, QMMO85342, Hazelwood Ck, MEQ. A. Dorsal view. B. Umbilical view. C. 
Protoconch. D. Teleoconch. 
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CHAPTER 7: Morphological and molecular Data 

The move towards an integrative taxonomy relies on both morphological and molecular data (Wheeler 

2008). The advantages of using nucleotide sequence data for studying phylogeny have been shown to 

include number of potential characters available for comparison, rate independence between molecular 

and morphological evolution, and utility of molecular data for modeling patterns of nucleotide substitution 

(Nadler 1995). Despite many advantages of molecular data, it is still necessary to collect additional 

morphological data for morphology-based phylogenetics (Wiens 2004). In this chapter, morphological 

and molecular data analyses of the MEQ charopid taxa have been attempted.  

7.1 Morphological data 

For the morphological analysis, a character matrix was constructed using characters previously used in 

research by Hyman and Stanisic (2005) and Shea et al. (2012) with the addition of protoconch sculpture 

using the known nomenclature developed in this thesis (see Holcroft 2018a). 

 

Using Mesquite v 3.2 (Madison & Madison 2017), a character matrix was produced using 23 character 

states (Table 7.1). Data from 24 species from MEQ and two Gyrocochlea s.s. species from SEQ including 

the type species G. vinitincta, were included. An extra species from SEQ, Setomedea seticostata 

(Hedley, 1924), the type species of Setomedea Stanisic, 1990 was included for comparative analysis. 

The 27 taxa were scored for 23 morphological characters (10 qualitative, 13 quantitative) that comprised 

characters most commonly used in charopid taxonomy (Table 6.2) and novel characters relating to 

protoconch sculpture (Holcroft, 2018a). Shell measurements used were the mean values for each 

species.  

 

Using PAUP 4.06.10 (Swofford 2002), phylogenetic analyses completed 1000 random step-wise addition 

searches with tree-bisection-reconnection (TBR) branch swapping, MULPARS, and branches having 

maximum length zero collapsed to yield polytomies in effect. To compute consensus, a semi-strict rule 

with a majority of 50% was used. A SACW (successive approximations character weighting) search was 

conducted  and the consistency index was reweighted until the resultant RCI (rescale consistency index) 

and number of trees produced remained constant. 

 

TABLE 7.1. List of characters and character states used in Mesquite matrix and subsequent PAUP 

analysis 

Character States 

1. Protoconch sculptural pattern  0: beaded cancellate, 1: pitted cancellate, 2: broadly 
cancellate, 3. finely cancellate, 4. spiral, 5: early spiral, 6: 
superior spiral, 7: radial, 8: superior radial, 9: malleate 

2. No of protoconch whorls 0: <1.5, 1: 1.5, 2: >1.5 
3. Teleoconch rib sculpture 0: bladed, 1: rounded 
4. Teleoconch microspiral sculpture 0: buttressed, 1: beaded, 2: flat, 3: none 
5. Protoconch diameter 0: <0.4 mm, 1: 0.4-0.5 mm, 2:0.51 mm-0.6 mm, 3:0.61-0.7 

mm, 4:>0.7 mm 
6. Shell diameter 0: <1 mm, 1: 1-2 mm, 2: 2.01-3 mm; 3: 3.01-4 mm, 4: 4.01-

5 mm, 5:>5.01 mm 
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7. D/U ratio 0: <2.5, 1:2.6-3.0, 2: 3.1-4.0, 3: 4.1-5, 4: 5.1-6, 5: 6.1-7, 6: 
>7.1 

8. H/D ratio 0: <0.4, 1: 0.4-0.5, 2: 0.51-0.6, 3: >0.61 
9. Ribs on 1st whorl of the teleoconch 0: <25, 1: 26-50, 2: 51-75, 3: 76-100, 4: >101 
10. Coiling pattern 1. loose, 1: normal, 2: tight 
11. Umbilicus shape 0: cup or saucer shaped, 1: V-shaped, 2: U-shaped 
12. Umbilicus width 0: 0mm, 1: 0.01-1 mm, 2:1.01-1.5 mm 3: 1.51—2.0 mm 
13. Number of whorls  0: 3.0-4.0, 1: 4.0-4.5, 2: 4.5-5, 3: 5-6 
14. Setae on shell 0: absent, 1: present 
15. Shell colour 0: white, 1: flammulated, 2: brown 
16. Nature of sutures 0: moderately  impressed, 1: strongly impressed, 2: 

channelled 
17. Whorl periphery 0: flattened, 1: rounded, 2: shouldered, 3: turbinate 
18. Spire protrusion  0: elevated, 1: flat, 2: depressed 
19. Shell height 0: <1 mm, 1: 1-1.5 mm, 2: 1.51-2.0 mm; 3: 2.01-2.5 mm, 4: 

>2.51 mm 
20. Aperture height 0: <1 mm, 1:1-1.5 mm 2: 1.51—2.0 mm, 3:>2.01 mm 
21. Aperture width 0: closed, 1: 0.01-1 mm, 2:1.01-1.5 mm 3: 1.51—2.0 mm 
22. Apertural barriers 0: absent, 1: present 
23. Ribs on 3rd quarter of the final 

whorl of the teleoconch 
0: <20, 1: 20-40, 2: 41-55, 3:56-80; 4: 81-100; 5: >100 

 

TABLE 7.2. Character matrix for PAUP analysis 

Species Character States 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Gyrocochlea vinitincta       0 2 0 1 4 5 2 3 4 2 2 3 2 0 2 1 1 2 4 3 3 0 ? 

Gyrocochlea 
paucilamellata   

0 2 0 2 4 5 2 3 0 2 2 3 1 0 2 1 1 2 4 ? ? 0 0 

Whitcochlea iuloidea        6 1 0 0 5 4 1 2 2 1 0 3 1 0 2 0 1 1 4 2 3 0 1 

Xenoropa wigtonensis       6 1 0 0 6 5 1 1 2 1 0 3 1 0 2 0 1 1 4 3 3 0 2 
Stanisicaropa chambersae     1 1 1 1 4 4 2 2 2 1 2 3 1 0 2 0 1 1 4 3 3 0 0 
Biomphalopa recava           1 1 1 1 4 3 0 2 1 2 1 3 1 0 1 0 1 1 3 2 2 0 1 

Radiolaropa danieli          7 1 0 0 4 3 1 2 3 1 2 2 0 0 2 0 1 1 2 2 2 0 2 
Nodularopa samanthae         5 1 0 1 3 3 1 2 1 1 1 2 1 0 2 0 1 2 2 2 2 0 2 
Amfractaropa bretti          4 2 0 1 3 3 2 2 4 2 2 1 0 0 2 0 1 2 2 1 2 0 1 

Comularopa georginae         4 1 1 1 3 2 2 2 4 2 2 1 0 0 0 0 1 2 1 0 1 0 3 
Nebularopa eungella          5 1 0 1 3 3 1 2 3 1 1 2 1 0 0 0 1 1 2 1 2 0 1 
Setomedea janae              5 1 0 2 4 3 1 2 1 1 2 2 2 1 1 0 1 1 2 1 2 0 0 

Setomedea seticostata        5 1 0 0 3 3 1 2 1 1 2 2 2 1 1 0 1 1 2 ? ? 0 0 
CharopidMQ17                  9 1 0 2 6 3 6 3 2 1 2 1 0 0 2 1 3 0 3 1 3 0 1 
CharopidMQ36                  8 1 1 2 2 1 4 2 1 1 2 1 1 0 0 0 1 1 0 0 1 ? 0 

CharopidMQ3                   6 1 0 1 4 2 3 2 0 0 2 1 0 0 2 0 3 0 4 0 1 ? 0 
CharopidMQ20                  ? 1 0 1 4 3 3 3 0 0 2 1 1 1 2 0 3 0 3 1 2 ? 0 
CharopidMQ8                  9 1 0 1 3 1 5 3 1 1 2 1 0 0 0 0 1 0 1 0 1 ? 0 
Sinployea intensa            4 1 0 1 4 2 1 2 2 1 1 1 1 0 2 0 1 1 1 0 1 0 1 

Pereduropa curscosta         3 1 0 0 2 1 1 2 2 1 2 1 1 0 2 0 1 1 1 0 1 0 1 
Pereduropa delicata          3 1 1 1 2 1 1 2 2 1 2 1 1 0 2 0 1 1 1 0 1 0 1 
Pereduropa hamiltoniana       3 1 1 1 2 1 1 2 1 1 2 1 1 0 2 0 1 1 1 0 1 0 0 

Isolderopa iangallowayi      3 2 0 0 1 1 1 3 4 1 2 1 3 0 2 0 1 2 0 0 1 1 2 
Isolderopa minuta            3 2 0 0 0 1 0 3 4 1 0 1 2 0 2 0 1 2 0 0 1 1 3 
Isolderopa deliqua           3 1 0 0 0 1 0 2 3 1 0 1 1 0 2 0 1 2 0 0 0 0 1 

Discocharopa aperta          7 1 0 3 3 1 1 1 3 1 0 1 0 0 0 0 1 1 0 0 1 1 1 
Charopid MQ31                 7 1 0 1 2 1 1 2 3 1 0 1 0 0 0 0 1 1 0 0 1 0 2 

7.2 Molecular Data 

For the molecular analysis, DNA was extracted from those specimens where suitable animal tissue was 

available from QM collections (1997-2013) and that collected on a subsequent field trip in 2016.  

 

Phylogenetic analyses were conducted on short fragments of one mitochondrial gene, cytochrome 

oxidase subunit I DNA (CO1) and internal transcribed spacer 2 (ITS2) following the methods used by 

Shea et al. (2012).  
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Suitably preserved specimens of each species (where available) were sequenced for the COI gene 

fragment. To allow comparisons between species, all sequences were cut to a length of 205 base-pairs. 

DNA extraction was conducted by a research assistant at the School of Environment and Science, Griffith 

University. Both shell and animal were macerated. A spin column extraction protocol (Epoch Life 

Sciences) was used. Fragments of one mitochondrial gene, cytochrome c oxidase subunit (CO1) were 

amplified by PCR with MyTaq (Bioline) using the DF2/ HCO2198 primer combination from Shea et al 

(2012). Cycling conditions were as follows: 94°C for 5 minutes followed by 35 cycles of 94°C for 30 

seconds, 43°C for 1 minute and 72°C for 1 minute, and a final extension of 72°C for 7 minutes. Samples 

were then run on a gel and purified using Exonuclease 1 (Fermentas) and FastAp (Fermentas) and 

sequenced by Macrogen Inc (Geumchum=Gu, Korea). 

 

GenBank sequences JX853473 to JX853514, the only other set of Australian charopid data (Shea et al. 

2012) was included in this study to assist in delimiting the MEQ species. Sequence alignments were 

generated using Geneious 9.1.8 (www.geneious.com, Kearse et al. 2012). Pairwise distances between 

taxa were also calculated using this program. Partitions were found using PartitionFinder2 (Lanfear et al. 

2016), which also provided the model test for the preferred model of evolution. 

 

Maximum likelihood analyses of the CO1 dataset for both the MEQ charopids and the dataset containing 

the MEQ and the SEQ and NSW charopids were conducted using the RAxML Blackbox tool (Stamatakis 

et al. 2008) via the Cipres Science Gateway (Miller et al. 2010). Default parameter settings were used 

with the exception of the proportion of invariable sites which was estimated during the run. CO1 bases 

were partitioned into three subsets according to their codon position. A maximum likelihood tree was 

inferred.  

 

Bayesian inference of the CO1 dataset from the MEQ charopids was conducted with MrBayes 3.2.6 

(Ronquist et al. 2012) using default parameters except as specified herein. The ‘ratepr’ was set to 

variable, a GTR model of evolution was modeled by setting nst=2 and a gamma distribution identified 

through the partitioning process was used to model variation in substitution rates between base positions 

in the alignment. Individual positions were used for each codon position. ‘Unlink’ commands were used 

to enable the independent estimation of parameter values for partition elements. The Metropolis-Coupled 

Markov Chain Monte Carlo was run with four differently heated chains for 40 million ‘generations’ 

sampling every 10 000 generations. The first 10 million generations were omitted in each run. 

 

The ITS2 data proved unreliable and preliminary analysis produced data and a subsequent tree that was 

not useful. 

7.3 Results 

PAUP analysis. All of the 23 morphological characters were parsimony informative. Cladistic analysis 

of the 27 taxa produced 14 most parsimonious trees (MPT’s) of length=144 with a consistency index (CI) 

= 0.4514, a homoplasy index (HI) = 0.4514 and a retention index (RI) = 0.5885. The trees differed only 

in the placement of the three Pereduropa Stanisic 2010 species and Charopid MQ36. However, the 
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placement of all the Gyrocochlea-grade taxa (charopids with diameter >3mm) was consistent among all 

the most parsimonious trees. Most parsimonious tree (MPT) 3 was chosen based on the results of the 

SACW and an understanding of the MEQ taxa (Fig. 7.1). This phylogram, while only showing major 

groupings, demonstrated the need for re-assignment of 3 previously described species, Gyrocochlea 

iuloidea (Forbes, 1851), G. chambersae Stanisic, 2010 and G. danieli Stanisic, 2010, and that other MEQ 

Gyrocochlea-grade species were not Gyrocochlea s.s. The SACW (reweighted) analyses resulted in a 

single tree of length 39, CI= 0.4105 , HI= 0.4105, RI= 0.7408 and a rescale consistency index (RCI) = 

0.4367. 

 

FIGURE 7.1. One of the 14 most parsimonious phylograms from the PAUP* analysis, MPT3. The 
outgroups Gyrocochlea vinitincta and a sister species from NSW, Gyrocochlea paucilamellata were 
added to show the relationships with Gyrocochlea s.s. Setomedea seticostata  (Hedley, 1924) from SEQ 
was added as the type species for Setomedea janae. All other species are from MEQ.  
 

Molecular analysis. Short fragments of DNA of length 205 base pairs were successfully extracted from 

19 MEQ charopid specimens. These were verified in Geneious and the primer artefacts removed. The 

success of the PCR amplification was 68% (Table 7.3). Noticeably, the success of the PCR amplification 

declined with the age of the sample. This may relate to the quality of the DNA.  The animal material 

collected on field trips in 2013 (Eungella) and 2016 (MEQ) i.e. those with registration numbers greater 

than QMMO85100, proved the most reliable.   

 

In the RAxML maximum likelihood analysis of the COI DNA sequence data, the final optimization 

likelihood was -1538.444. In the Bayesian analysis of the average standard deviation of the splits 

frequency was 0.002. The likelihood of trees remaining after ‘burn-in’ performed by MrBayes was -

1526.18. The effective sample size (ESS) of the log likelihood was 2162.664. There were 5608 trees in 

the MP analysis of the CO1 DNA sequence data, each of length 719. A Bayesian analysis of the MEQ 

species using Figtree v1.4.3 (http://tree.bio.ed.ac.uk/software/figtree/) produced a consensus tree (Fig. 

7.2). A  summarized and annotated maximum likelihood tree (Fig. 7.3) from the RAxML analysis was 
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produced using Figtree v1.4.3. Aligning the GenBank data of the SEQ and NSW with the MEQ charopids 

in a second RAxML analysis provided the data for a second, more detailed maximum likelihood tree (Fig. 

7.4). Although bootstraps values were calculated, the relationships between species could not be 

accurately defined (i.e., low branch support values) and therefore the values are not shown. However, 

the same branching pattern between species were found across multiple trees. 

 

TABLE 7.3. Specimens included in molecular analysis showing the success of the DNA extractions. 

Taxa Registration 

number 

DNA: 

CO1 PCR 

COI sequence DNA: ITS PCR  ITS sequence 

Biomphalopa recava           QMMO85176 
 

✓ Y ✓ Y 

Charopid MQ57 QMMO85346 ✓ Y ✓  
Isolderopa deliqua QMMO85333 ✓ Y ✓  
Isolderopa iangallowayi QMMO85345 ✓ Y ✓  
Isolderopa minuta QMMO84114 

 
X  ✓ Y 

Radiolaropa danieli          QMMO11745 
QMMO85338 
 

✓ 
✓ 

Y 
Y 

✓ Y 

Setomedea janae QMMO85175 ✓ Y ✓ N 
 QMMO77236 

 
X  ✓ Y 

Sinployea intensa QMMO85112 
 

✓ Y ✓ Y 

Stanisicaropa chambersae     QMMO85344 
QMMO85173 
QMMO85122 
QMMO85118 
 

✓ 
✓ 
✓ 
✓ 

Y 
 

Y 
Y 

✓ 
 
✓ 
✓ 

 
 

Y 
Y 

Tristanoropa conwayensis QMMO85336 ✓ Y ✓  
Tristanoropa hughesae QMMO85339 

 

✓ Y ✓  

Whitcochlea iuloidea QMMO58018 XX NN ✓✓ YY 
 QMMO59193 ✓ N ✓ Y 
 QMMO65923 X  ✓ Y 
 QMMO85110 ✓✓✓ YYY ✓X✓  
 QMMO85334 ✓ Y ✓ Y 

 QMMO85337 ✓ Y ✓  
 QMMO85338 ✓✓ YY X Y 

 

Genera in this study have been largely diagnosed on protoconch sculpture. DNA analysis attempted to 

show phylogenetic relationships that supported the independent morphology of the MEQ species. The 

three new genera introduced in Chapter 4 to accommodate three previously described Gyrocochlea-

grade species by Stanisic et al. (2010) viz. Whitcochlea, Stanisicaropa and Radiolaropa, are supported 

as a different clade from Gyrocochlea s.s. (Holcroft 2018b). Notable is the clade of charopids containing 

Isolderopa iangallowayi Stanisic 2010 and I. deliqua Stanisic 2010, tiny snails with finely cancellate 

protoconch sculpture, confirming their placement within the genus Isolderopa Stanisic 2010. The 

congeneric relationship of Tristanoropa hughesae sp. nov. and T. conwayensis sp. nov. was not 

supported in the molecular analyses but at least these taxa at did appear to be closely related to the 

clade containing I. iangallowayi and I. deliqua.  
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FIGURE 7.3. Maximum likelihood tree from the COI gene showing MEQ charopid species where DNA could be 
extracted and Gyrocochlea vinitincta from SEQ (GenBank sequence JX853546). Bootstrap values from the RAxML 
maximum likelihood analysis are shown.  
 

FIGURE 7.2. MrBayes consensus tree from the COI gene of MEQ charopid species showing branch lengths. The 
tree included the type species of Gyrocochlea ss., Gyrocochlea vinitincta for comparison. This cladogram supports 
the morphology which shows the necessity for the generic re-assignment of G. iuloidea, G. danieli and G. 
chambersae. 
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FIGURE 7.4. RAxML Maximum likelihood tree from the COI gene showing the relationship between the MEQ, 
SEQ and NSW charopid species (all known Australian charopid DNA data) and includes GenBank sequences 
JX853515 to JX853560. MEQ species in coloured text.  
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7. 4 Degree of molecular divergence 

The genetic distance calculated between the MEQ charopids and Gyrocochlea s.s. using COI averaged 

20.9% (Table 7.4). These distances were larger than the distances calculated between closely related 

MEQ genera. Although not all groupings were statistically supported, both the ML and Bayesian 

combined gene trees suggested the presence of multiple groups within the MEQ charopid fauna and 

displayed similar topologies. Three clades were evident within the Qld populations, viz. Whitcochlea, 

Stanisicaropa and Isolderopa with the monophyly of the first two supported.  

 

TABLE 7.4. Genetic distance (Geneious 9.1). 
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Gyrocochlea vinitincta 
C466294  83.168 77.005 77.941 78.238 77.34 76.961 77.34 78.922 80.198 80.392 82.353 79.902 81.026 

Isolderopa iangallowayi 

MO85345 83.168  83.333 84.653 83.938 83.168 83.168 83.168 84.653 89.109 83.168 85.644 85.149 83.077 

Whitcochlea iuloidea 
MO85110 Conway Range  77.005 83.333  89.84 89.385 96.791 96.791 98.93 85.561 83.333 82.888 80.749 82.353 84.358 

Stanisicaropa chambersae 
MO85118 Eungella 77.941 84.653 89.84  99.482 89.655 89.706 88.67 83.333 84.158 83.333 82.843 83.824 85.128 

Stanisicaropa chambersae 
MO85344 Crediton Hall  78.238 83.938 89.385 99.482  89.119 89.119 88.083 82.383 83.42 82.383 81.865 83.42 84.974 

Whitcochlea iuloidea 

MO85338 Long Is 77.34 83.168 96.791 89.655 89.119  100 96.059 86.207 84.653 83.744 82.759 83.744 84.615 

Whitcochlea iuloidea 
MO85337 Mt Dryander  76.961 83.168 96.791 89.706 89.119 100  96.059 86.275 84.653 83.824 82.843 83.824 84.615 

Whitcochlea iuloidea 
MO85334  Brandy Creek  77.34 83.168 98.93 88.67 88.083 96.059 96.059  85.714 83.663 83.744 81.281 82.266 84.103 

Biomphalopa recava 
MO85176  78.922 84.653 85.561 83.333 82.383 86.207 86.275 85.714  88.119 86.275 85.784 87.745 82.564 

Isolderopa deliqua 

MO85333  80.198 89.109 83.333 84.158 83.42 84.653 84.653 83.663 88.119  86.139 85.644 87.129 87.179 

Charopid MQ57 MO85346 
Hatfields Gap  80.392 83.168 82.888 83.333 82.383 83.744 83.824 83.744 86.275 86.139  87.255 83.824 85.641 

Tristanoropa conwayensis 
MO85336 Brandy Creek  82.353 85.644 80.749 82.843 81.865 82.759 82.843 81.281 85.784 85.644 87.255  84.314 84.103 

Tristanoropa hughesae 
MO85339 Cherry Tree Ck  79.902 85.149 82.353 83.824 83.42 83.744 83.824 82.266 87.745 87.129 83.824 84.314  86.154 

Radiolaropa danieli 

MO11745  81.026 83.077 84.358 85.128 84.974 84.615 84.615 84.103 82.564 87.179 85.641 84.103 86.154  

 

7.5 Discussion 

7.5.1 Morphological analyses. 

While the final tree based on morphology (Fig. 6.1) showed an expected grouping, the maximum 

parsimony analysis of morphological characters is possibly imperfect as not all characters used have a 

discrete or at least discontinuous distribution. For example, many shell characters such as shell 

dimensions are probably not strictly independent. More significantly, measurements and size indices, 

such as H/D or D/U are not discrete characters. The characters referring to different shell dimensions 

and likely exhibiting a more or less continuous distribution across the studied group, may not be suitable 
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for this kind of cladistics analysis. However, they would be eminently suitable for an identification key 

and have been used as such in Chapter 8. 

 

If this were to be reworked, mapping the distribution of each character state for the entire group (i.e., 

measurements) in order to identify potentially existing disjunct classes that can ‘objectively’ be 

discriminated would be recommended as a better way in which to consider the morphological dataset.  

 

There may be an enigma with character 1 - protoconch sculpture. The present coding implies that the 

difference between e.g. ‘beaded cancellate’ and ‘pitted cancellate’ is as meaningful as that between e.g. 

‘beaded cancellate’ and ‘radial’, which it is not. Different developmental stages of radial elements are 

evolutionarily less distinct than say fundamentally different structures, such as spirals and radials. Hence, 

it is recommended (Köhler pers. comm) that this character be broken up into several distinct characters, 

such as: 1. protoconch sculpture: 0- cancellate, 1-radial, 2-spiral.. etc., then 2 – cancellate sculpture: 0 

– beaded, 1 – pitted… etc.  

 

The resulting tree (Fig. 7.1)  has some resemblance with the genetic tree in that Stanisicaropa and 

Whitcochlea are supported but is largely unresolved. At most, the present MP tree may be a 

representation of external shell similarity and as such, may not be a suitable indicator for systematic 

relationships.  

7.5.2 Molecular analyses of CO1  

The short fragments of 205 base pairs from the MEQ charopids make the comparison to the Shea et al. 

(2012) where 655 base pairs were used, difficult and thus the MEQ data are not suitable for uploading 

to GenBank. Future studies would need to rely on improved taxon sampling and the amplification of 

fragments of DNA to 655 base pairs prior to any analysis (Köhler pers.comm.). A secondary proposal 

given that Gastropods contain a large amount of muco-polysaccharides (slime), is to remove the shell 

and use a tiny sliver of the foot and extract the DNA with a protocol developed specifically for Molluscs. 

 

Phylogenetic trees. The topology of the two MEQ trees is similar (Figs 7.2 and 7.3). Based on very 

limited taxon sampling, it appears that there could be four comparatively well differentiated clades in the 

datasets. The clades of the MEQ species of Whitcochlea, Stanisicaropa, Radiolaropa and Isolderopa are 

supported but not resolved for the other MEQ species.  However, low values in both data sets indicate 

that the only statistically valid observation may be that no other sequence is particularly closely related 

to the clade containing Stanisicaropa and Whitcochlea. The ML tree (Fig. 7.3) shows some nodes that 

received bootstrap values below 70. In this case, the tree is not reliable. The only statistically valid 

observation may be that one clade contains Radiolaropa and its sister lineage Stanisicaropa + 

Whitcochlea, and that no other sequence is particularly closely related to this clade. But even a bootstrap 

value of 59 is too low to be used to postulate a statistically significant relationship between clades. The 

sister relationship of Radiolaropa and Stanisicaropa + Whitcochlea is not supported in the maximum 

likelihood tree (Fig. 7.4). 
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A saturation analysis for the data (e.g., using DAMBE) would be recommended ensure that the data is 

actually informative (Köhler pers.comm.). The label of the scale bar in the tree in the RAxML tree (Fig. 

7.4), 0.2, means that a branch equivalent to the length of the scale indicates 20% sequence divergence. 

This unrealistic modelled distance suggests that there is a substantial problem with sequence saturation 

or data quality as the analysed sequences have too little in common to provide a reasonable estimate of 

the phylogenetic relationships. This may be because either the gene is saturated or the alignment 

contains errors. This casts doubts on the reliability of the shown trees.  

 

Given the meagre branch support and poor taxon sampling, it is likely that the addition of more in-group 

sequences might produce a different topology. The shown trees have limited value for the delimitation of 

genera, but it provides some evidence for monophyly / non-monophyly of delimited species groups 

(genera). The use of more than one gene e.g. a 16s gene at a minimum, would improve the reliability of 

the data. 

 

In conclusion, whilst an evaluation of the phylogenetic trees provides some support, they do provide a 

foundation rather than contradiction to the taxonomic decisions made in this study using aspects of shell 

morphology. Given the time constraints of this study, the opportunity to redo the DNA and morphological 

analysis, which is highly recommended, is limited and may need to be considered by this researcher 

following the completion of this study. 
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CHAPTER 8. Summary of outcomes  

This chapter summarises the findings of this study which have been detailed in previous chapters. 

8.1 Morphological studies 

8.1.1. Using protoconch sculpture to delimit charopid genera 

Protoconch sculpture is a morphological character of major significance for superspecific charopid taxa 

and strongly supported for continued use in generic differentiation within this family. A key result of the 

intensive examination of the protoconch sculptural patterns of 186 eastern Australian charopid species 

under SEM was the finding of eleven major sculptural patterns that not only provide a terminology for the 

description of species but also provide insight into north-south patterns of variation of eastern Australian 

charopid species (Chapter 3). Within each protoconch sculptural pattern, variations were found that 

enabled further division of the sometimes numerous species sharing the same major pattern into different 

genera. An example of this subdivision was documented in Chapter 4 which shows two important 

variations of a finely cancellate protoconch viz. a scalloped variant in all three MEQ genera and a webbed 

variant in some NEQ and SEQ species. 

 

Investigations of SEM images of the MEQ charopid taxa displayed eight of the eleven possible major 

protoconch sculptural patterns in MEQ genera. A pitted cancellate protoconch is characteristic of 

Stanisicaropa and Biomphalopa species. A finely cancellate protoconch was most common for the 

smaller charopid species appearing on those of Pereduropa, Isolderopa and Tristanoropa species and 

Charopids MQ10 and MQ58. Variations of a spiral protoconch were found on Sinployea, Amfractaropa, 

Comularopa species and Charopid MQ57. Setomedea and Nodularopa species both exhibited an early 

spiral protoconch but Setomedea species can be differentiated from Nodularopa species by the setae 

on the teleoconch of the former. Two slightly different superior spiral protoconch sculpture patterns 

were a feature of Whitcochlea and Xenoropa species. A radial protoconch was found on Charopid MQ48 

(Ngairea sp. nov.), Discocharopa aperta and Charopid MQ31. Radiolaropa species, Charopid MQ18 

(Luturopa sp. nov.), Charopid MQ30 and Charopid MQ36 were the species with a superior radial 

protoconch though this sculptural pattern demonstrated significant variation from one genus to another. 

A new species of Charopid MQ17 (Lenwebbia sp.nov.) displayed a malleate protoconch.  

 

No species in MEQ have yet been found to have a broadly cancellate, pitted to broadly cancellate or 

beaded cancellate protoconch sculpture. 

 

In each of the genera sharing a similar gross protoconch sculptural pattern, noteworthy variations 

provided the necessary detail that enabled the separation genera. These variations are detailed in 

Chapters 4 to 6. 
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8.1.2. Shell characters 

Charopids have a variety of shell characters that are useful in taxonomy. Of these, protoconch 

sculpture should be considered the primary character which differentiates genera. A character of 

secondary importance is shell coiling pattern. A nautiloid coiling pattern is the most common and is 

present in Amfractaropa bretti, Charopid MQ13, Charopid MQ20, Charopid MQ30, Charopid MQ31, 

Charopid MQ36, Charopid MQ57, Comularopa georginae, Discocharopa aperta, Isolderopa species, 

Nodularopa samanthae, Pereduropa species, Radiolaropa species, Setomedea janae, Sinployea 

intensa, Stanisicaropa chambersae, Whitcochlea iuloidea and Xenoropa wigtonensis. Charopid species 

from MEQ are also known to have multi-whorled (Biomphalopa, Tristanoropa, Charopids MQ10 and 

MQ58), and trochoidal (Charopids MQ17, MQ18 and Charopid MQ48) shell forms, with the first being 

the more prevalent of the two. All MEQ charopid species are dextral and asymmetrically coiled to the 

right.  

 

Teleoconch microsculpture, comprising spiral cords and radial ribs, is a shell character that varies 

between species. All charopids in this study have radial ribbing ranging from widely spaced as in 

Charopids MQ18 and 57 to very finely spaced as in Charopid MQ58. Under SEM, the ribbing appeared 

either rounded with the microsculpture riding over the ribs, or bladed where the ribs themselves have no 

microsculpture. All but two species, Charopids MQ17 and MQ48, exhibited a complex microsculpture 

combining microradial radial ribbing and microspiral cords.  

 

Two MEQ charopid species have setae on their shells, a hair-like extension of the periostracum on the 

shell, and are present in Setomedea janae and Charopid MQ20. 

 

A shell character of interest is that of protoconch diameter. Considering that the protoconch is the 

embryonic shell and present within the egg, it is not unexpected that given the snail eggs are of similar 

dimensions within each species, that the protoconch size could possibly be distinctive for each species. 

This has been shown to be the case in 30 of the 39 species which display almost no variation in the 

diameter of the protoconch. Isolderopa whitsunday (15 specimens), I. iangallowayi (14 specimens) and 

Tristanoropa hughesae (13 specimens) are examples of large sets of measured specimens that 

exhibited this consistency (Appendix 3B). 

 

8.1.3 Anatomical characters 

Male genitalia 
While only two MEQ charopids, Stanisicaropa chambersae and Whitcochlea iuloidea, were dissected, 

their male reproductive systems were shown to be appreciably different from one other those known and 

therefore seem useful for generic differentiation. S. chambersae has a pear-shaped penis lacking a 

penial sheath and lateral or sub-apical entrance of the epiphallus into the penial chamber with longitudinal 

pilasters, while W. iuloidea has a tubular-shaped penis with longitudinal pilasters and an apical entrance 
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of the epiphallus into the penis.  The sub-apical entrance of S. chambersae mirrors that of Biomphalopa 

recava (Stanisic 1990) but other morphological features indicate generic differentiation.  

 

Solem (1983) and Stanisic (1990) maintain that the internal characteristics of the terminal male genitalia 

are considered important characters for inferring phylogeny and relate to species recognition. The 

variation in the genitalia of above species (S. chambersae and W. iuloidea) supports their status as 

distinct genera as demonstrated by the variation in shell character of both species. 

 

8. 2 Molecular analyses 

Only nine MEQ species had representatives with animal tissue suitable for DNA analysis. Phylogenetic 

patterns were compared with GenBank sequences JX853515 to JX853560, those for the Gyrocochlea-

grade species from NSW included in the study of Shea et al. (2012). The data obtained showed 

rudimentary relationships within the MEQ charopids and their southern relatives but, probably due to 

insufficient taxon sampling, were insufficient in the absence of shell morphology, in delimiting one genus 

from another. The status of Whitcochlea and Stanisicaropa as genera distinct from Gyrocochlea was 

supported by the molecular analysis and Isolderopa iangallowayi and Isolderopa deliqua were shown to 

be within a single clade. The two Tristanoropa species, T. hughesae and T. conwayensis, were situated 

in the same region of the phylogram but did not form a single clade. Further DNA analyses incorporating 

the extraction of one or two more genes is required to develop a comprehensive understanding of the 

MEQ charopid taxa. 

 

8.3 Species diversity 

From 13 species described prior to this study, 39 species now comprise the known charopid fauna of 

mid-eastern Queensland.  

 

As with other fauna, the distribution of charopids on the Clarke-Connors Range subregion largely reflects 

historical rainforest biogeography (Webb and Tracey 1981). This area along with the ranges in the 

Whitsunday subregion is a transition zone between the northern Wet Tropics and south-eastern 

Queensland rainforests, and a high level of endemism has developed (Stanisic, 1994). Of the 39 species 

included in this study, all but two have not been found outside MEQ. This is discussed in more detail in 

the following chapter. 

 

8.4 Key to the species 

One of the major aims of this study was to produce a key to the species. All species, described and 

undescribed are included with the exception of the undescribed Charopid MQ20, a charopid with setae 

on the shell, a trochoidal shell form with a protoconch diameter of with a protoconch diameter 570 m 

has not been included as no protoconch pattern can be discerned on the single worn specimen.  
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1. Protoconch sculpture with radial ribs, spiral cords or a combination of both ……………..……….2 

Protoconch without spiral cords or radial ribs (malleate)….. Charopid MQ17 (Lenwebbia sp. nov.) 

2. Protoconch with a combination of spiral cords and radial ribs ………………………………………3 

Protoconch with a sculpture of either spiral cords or radial ribs  ..………………...…..……...….…4 

3. Protoconch with equally dominant spiral cords and radial ribs (cancellate) ……………......…..….5 

Protoconch with dominance of spiral cords or radial ribs ……………………..……………….……..6 

4. Protoconch spiral cords only (spiral) …………………………………………………………..…..……7 

Protoconch with radial ribs only (radial) ..………………………………………………………….……8 

5. Protoconch sculpture with narrow spiral cords over narrow radial ribs (finely cancellate) .….…....9 

Protoconch with broad spiral cords over broad radial ribs giving a pitted appearance (pitted 

cancellate) ………………………………………………………………………………………………...10 

6. Protoconch sculpture with dominant spiral cords and weaker radial ribs (superior spiral/early 

spiral) ……………………………………………………………………………………………………. 11 

Protoconch sculpture with weak spiral cords and dominant radial ribs (superior radial) ……..…12 

7. Protoconch spiral cords only and a protoconch length of 1.5 whorls (spiral) ..….……….…..….. 13 

Protoconch with spiral cords only and a length of 1.75 whorls, approximately 100 ribs on the first 

whorl of the teleoconch ………………………..…………………………..………. Amfractaropa bretti  

8. Trochoidal shell shape [teleoconch sculpture of bladed, crowded radial ribs 54 on the first whorl] 

……………………………………………………..…………….…. Charopid MQ48 (Ngairea sp. nov.) 

Nautiloid shell shape ……………………………….…………………………………………..….…….14 

9. Nautiloid shell shape ……………………………………………………………………………..……...15 

Multi-whorled shell shape ……………………………………………………………………….....…...16 

10. Pitted cancellate protoconch with wider spiral cords and narrow radial ribbing, rounded teleoconch 

sculpture, orange brown with darker radial bands, nautiloid ……………..Stanisicaropa chambersae 

Pitted cancellate protoconch with narrow spiral cords and wider radial ribbing, bladed teleoconch 

sculpture, reddish-brown flammulated colour, multi-whorled …………………. Biomphalopa recava 

11. Dominant spiral cords and weaker radial ribs for whole protoconch length (superior spiral) …….17 

Dominant spiral cords and weaker radial ribs only at the end of the protoconch after the first whorl 

(early spiral) …..…………………………………………..…………………….………………………..18 

12. Nautiloid shell shape ……………….…………………..……………………………….……..…...…. 19 

Trochoidal shell shape ……………………………………………………..……..……….………..…. 20 

13. Protoconch length of 1.5 whorls and low, flat spiral cords  .………………………………………....21 

Strongly defined ‘bladed’ spiral cords and a protoconch diameter of 410 m …………….……….22 

14. Protoconch with crowded radial ribs and periostracal wrinkles, protoconch diameter 330 m 

…………………...………………………………………………………………………… Charopid MQ31 

Protoconch with crowded radial ribs and no periostracal wrinkles, protoconch diameter 410 m 

…………………………… .……………………………………..……………..…… Discocharopa aperta 

15. Depressed spire, nautiloid (Isolderopa) ..…………………………………………………………..... 23 

 Flat to raised spire shell, nautiloid ...….………………………………………………………….…... 24 

16. Multi-whorled, protoconch diameter 330 m ……………………………………………………..…. 25 

 Multi-whorled, protoconch diameter either large or smaller than 330 m .………….…………… 26 
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17. Crowded teleoconch ribbing 43-66 (mean 48) on the first whorl, diameter 3.61- 5.66 mm (mean 

4.66 mm) …………………………………………………………………………… Whitcochlea iuloidea 

Very crowded teleoconch ribbing 57-68 (mean 68) on the first whorl, diameter 5.9-6.15 mm (mean 

6.02 mm)………………………………………………………………….……...… Xenoropa wigtonensis 

18. Nautiloid shell with setae [white with pale brown zigzag flammulations, protoconch diameter 570 

m] ….…………………………………………………………………………….…..…. Setomedea janae 

 Nautiloid shell with no setae …………………………………………………………….…….……… 27 

19. Nautiloid shell, shell white, teleoconch with widely spaced radial ribs (mean 47), pinhole umbilicus 

[Protoconch sculpture with numerous spiral cords rising over very dominant widely spaced broad 

radial ribs which increase in frequency the closer to the protoconch-teleoconch boundary] 

………………….… …………………………………..………………….…………….... Charopid MQ36 

Nautiloid shell, shell brown, teleoconch with crowded radial ribs (mean 64), U-shaped umbilicus 

………………………………………………………….………………………………..... Charopid MQ30 

20. Often dirt covered shell, trochoidal shell shape with a low spire, protoconch diameter 490 m, 

teleoconch with widely spaced radial ribs (mean 34) ………… Charopid MQ18 (Luturopa sp. nov.) 

 Dirt covered shell, trochoidal shell shape with low conical spire, protoconch diameter 570 m, 

teleoconch with widely spaced curved, radial ribs (mean 24),  ......………………….. Charopid MQ3 

21. Low, widely spaced spiral cords and a protoconch diameter of 570 m, low, flat spire,  60-70 ribs 

on the first whorl of the teleoconch  ……………………………………………...….. Sinployea intensa 

Low, broad spiral cords and a protoconch diameter of 570 m, raised spire. 17-25  ribs on the first 

whorl of the teleoconch  ……………………………………………………………...…..Charopid MQ57 

22. Strongly defined ‘bladed’ spiral cords and more than 120 ribs on the first whorl of the teleoconch 

…………………..…..…………………………………………………………..… Comularopa georginae  

Strongly defined ‘bladed’ spiral cords and 50-60 ribs on the first whorl of the teleoconch 

……………………………………………………….…..….…… Charopid MQ13 (Comularopa sp. nov.) 

23. Aperture with barriers ……………………………………………………………………………….….…28 

Aperture  without barriers ………………………………….……………………………….………..… 29 

24. Protoconch diameter 410 m ……………..……………………………….……………………………30 

Protoconch diameter either larger or smaller than 410 m ……………..………………..…………31 

25. Teleoconch sculpture of bladed, crowded radial ribs 70 to 96 (mean 79) on first whorl 

……………………………………………………………………..….………... Tristanoropa conwayensis 

Teleoconch sculpture of very crowded radial ribs mean 136 on first whorl ……….. Charopid MQ10 

26. Protoconch diameter 410 m ………………………………………………………………….…..……32 

Protoconch diameter 490 m …………………………………..………………… Tristanoropa burwelli 

27. Nodulose, shell colour white to brown, [protoconch diameter 490 m; teleoconch with crowded, 

nodulose radial ribs 60-95 (mean 78)), mean H/D ratio of 0.58]  …………..Nodularopa samanthae 

 Not nodulose, ………………………………………………………………………………………….…..33 

28. One parietal barrier and 2 palatal barriers, protoconch diameter 250 m .………Isolderopa minuta 

 Palatal barriers only ………………………………………………………………………..……….……34 

29. Protoconch diameter of 330 m …………………..…………………………………………………….35 
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Protoconch diameter of 410 m [very crowded teleoconch ribbing, mean 147] ...Isolderopa pelion 

30. Bladed teleoconch ribbing ……………………………….…………….………………………………. 36 

Rounded teleoconch ribbing mean 43 on first whorl of the teleoconch  .. Pereduropa hamiltoniana 

31. Protoconch diameter 490 m, very crowed teleoconch ribbing, mean 101 on first whorl, Eungella 

NP …………………………………………………………………………..……. Pereduropa dalrymple 

Protoconch diameter 330 m, very crowed teleoconch ribbing, mean 108 on first whorl, Homevale 

NP ……………………………………………………………………………....…. Pereduropa diamante 

32. Teleoconch sculpture of bladed, crowded radial ribs mean 110 on first whorl 

……………………………………………………………..…………………...….. Tristanoropa hughesae 

Teleoconch sculpture of widely spaced radial ribs mean 49 on first whorl ……….. Charopid MQ58 

33. Shell colour orange-brown with darker radial bands, teleoconch with crowded radial ribs, 67-94 

(mean 79) on the first whorl . mean H/D ratio of 0.61, found in the Crediton SF 

…………………………………………………………..……………………….…. Radiolaropa danieli 

Shell colour light brown, teleoconch with very crowded, radial ribs 86-95 (mean 91 on the first 

whorl), mean H/D ratio of 0.53, found in vine thickets at Eungella Dam…  .. Radiolaropa eungella 

34. Two palatal barriers  ……………………………………………………………Isolderopa iangallowayi 

More than 2 palatal barriers …….…………………………………………………………….……….. 37 

35. Very crowed teleoconch ribbing, mean 100 on first whorl, D/U ratio 2.43 (mean) 

……………………………………………………………………………………..…….Isolderopa deliqua 

Very crowed teleoconch ribbing, mean 119 on first whorl, D/U ratio 2.12 (mean) 

……………………………………………………………………………………….Isolderopa teemburra 

36. Teleoconch with moderately crowded radial ribs mean 55 on first whorl, adult shell diameter mean 

2.35mm …..……………….………………………………….………………….Pereduropa cursacosta 

Teleoconch with crowded radial ribs mean 75 on first whorl, adult shell diameter mean 2.01mm   

…………………..……………….………………………………………..………….Pereduropa delicata 

37. Five palatal barriers, teleoconch with very crowded radial ribs mean 116 (mean) on first whorl, D/U 

ratio 2.63 (mean) 

……………………………………………………………………………….…….Isolderopa whitsunday 

Several palatal barriers, teleoconch with very crowded radial ribs mean 126 (mean) on first whorl, 

D/U ratio 2.35 (mean) ……………………………………………………….…. Isolderopa westmolle 
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CHAPTER 9. Discussion and Conclusions 

9.1 Biogeography  

9.1.1. Patterns of distribution 

The land snail family Charopidae is a Gondwanan family that is speciose in the rainforests of eastern 

Australia (van Bruggen 1980, Stanisic 1994). MEQ charopids have exploited the rainforest habitats of 

the Clarke-Connors Range and Whitsunday subregions and their distribution is strongly linked to these 

rainforests. The ecological factors favouring the success of charopids are similar to the factors facilitating 

rainforest development and durability. In the late Cretaceous when the mesic rainforests were more 

widely spread, the wider distribution of species would have been the basis for present day radiations of 

MEQ charopids. Continental aridification occurred from the early Tertiary when the southern ocean 

opened and the continent began to drift northwards (Kemp 1981). This dramatic climate change led to 

the shrinkage of the rainforests into refugial pockets. Charopid populations reliant on moisture, shelter 

and food, would have been restricted to these reduced rainforest communities (Byrne et al. 2011, Webb 

& Tracey 1981). Rainforests are indicative of long term moisture stability. Where moisture persisted, so 

did the charopids (Stanisic 1994).  

 

The rainforests of MEQ provide the specific microhabitat preferences favouring charopids but are 

relatively isolated forests due to the Burdekin-Lynd Gap in the north and the St Lawrence Gap in the 

south (Bryant et al. 2016). As land snails have shown relatively little radiation into drier forests (Smith 

1984, Stanisic 1994), these dry corridors have restricted the distribution of MEQ charopid populations 

and only two of the region’s species Discocharopa aperta and Sinployea intensa are known to occur 

outside MEQ. In both cases, these tiny snails are widely distributed in rainforests to the north and south 

of MEQ unlike the other 37 species which appear from the evidence of current collections in the AM and 

QM, to be endemic to MEQ. Sister species of five MEQ species can be found in adjacent regions 

demonstrating the historical connections of the rainforests of MEQ with those to the north and the south 

viz. Biomphalopa recava has two relatives B. concinna (Hedley, 1924) and B. lewisrobertsi (Stanisic, 

2010) in NEQ; Setomedea janae has four relatives, S. monteithi (Stanisic, 2010) and S. ianlochi (Stanisic, 

2010) in NEQ,  S. seticostata (Hedley, 1924) in NE NSW and S. nudicostata in SEQ; Luturopa species 

have previously only been found south of MEQ with L. rockhamptonensis (Stanisic, 2010) being the 

closest relative in nearby SEQ. Lenwebbia species have been found in NEQ (L. paluma Stanisic, 1993) 

and SEQ (L. prososcrobiculata Stanisic, 1990). 

 

Two geological events contributed to the maintenance of rainforest communities of MEQ. The first was 

the lifting of the New England Fold Belt in the middle Jurassic and early Cretaceous (100 to 190 million 

years ago). This formed an upland belt which eroded to form the present day Great Dividing Range 

(Willmott 2006) and the eastern escarpment influences orographic rainfall patterns which ensure the 

Clarke-Connors Ranges have the moisture needed to sustain significant montane rainforest. The second 

event in the early Cretaceous period (95 to 140 million years ago) was the violent volcanic activity that 
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formed the Conway Range and the peaks of the Whitsunday Islands. A rise in sea levels in the Holocene 

around 15 000 years ago isolated these volcanic peaks and created the islands which share species with 

the MEQ mainland. The existence of these shared species is consistent with a long term habitat 

connection. The lithorefugia (rocky outcrops) formed from the erosion of the bedrock resulting from these 

two major events provides the shelter and microhabitat that sustain charopid species in their preferred 

rainforest environments. Lithorefugia are stable, long-term habitats that are relatively buffered from short 

and long-term variation in temperature and moisture and provide similar microclimatic conditions to 

humid, moist rainforest (Couper & Hoskin 2008). 

 

The importance of the Clarke-Connors Range and Whitsunday subregions as hotspots of endemism of 

charopids is therefore, no surprise. The rainforests of the Eungella plateau and nearby forests of Pelion 

SF and Crediton SF (Table 9.1) harbour many charopids species and charopids are more speciose in 

these montane areas of the Clarke-Connors Range than in other areas of MEQ. The majority (68%) of 

the known MEQ charopids are found in these montane forests. 

 

The drier araucarian forests of the Conway range, Mt Dryander, Cape Hillsborough and similar forest 

habitats on the islands of MEQ harbour about a half of the MEQ species. Four of these species are 

known from off-lying islands as well as the mainland viz: Whitcochlea iuloidea, Isolderopa whitsunday, 

Pereduropa cursacosta and Discocharopa aperta linking these forest communities at a time when lower 

sea levels meant the mainland and island forests were connected. DNA evidence showed Whitcochlea 

iuloidea from Long Island to have an almost perfect match to Whitcochlea iuloidea from Mt Dryander (Fig 

7.2, 7.3, Table 7.4) implying this historic connection. 

 

In an unusual distribution whereby species are present in the montane regions of the Clarke Range and 

also the drier forests of the Whitsunday region, Isolderopa deliqua, Isolderopa minuta, Pereduropa 

cursacosta and Tristanoropa hughesae, tiny snails with very similar finely cancellate protoconch 

sculpture, show possible connections. The DNA trees (Figs 7.2, 7.3 and 7.4) showing the Stanisicaropa 

clade from the Clarke Range and the Whitcochlea clade from the Whitsunday subregion nested together 

may well represent common ancestry and gives some support to these possible historical links. With 

these disjunct distributions and the human development for pasture and cane growing in the Proserpine-

Sarina lowlands area that divides these two areas, it could be hypothesised that the vegetation of these 

lowlands once connected the Clarke-Connors Range and the Whitsunday subregions and populations 

of some species in the lowlands have since been lost.  

 

Charopids have adapted to dry vine thicket by sheltering under rocks and burying themselves in the leaf 

litter to conserve moisture. Rocky outcrops are a feature of vine thickets and allow charopids to survive 

in these drier habitats where they live under the rocks that not only protect them but help conserve 

moisture deep down in the rocky crevices. A surprising 10 species have adapted to these drier areas on 

the eastern escarpments of the Connors Range and the drier Hazelwood Gorge, Eungella Dam area 

bordering the Brigalow Belt bioregion.  
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TABLE 9.1. Distributions of the MEQ charopid taxa. Species that occur in all habitats are highlighted in 

red. 

Taxon 

Montane habitat: moist 

subtropical rainforest 

(CNVF) 

Montane habitat: 

coastal araucarian 

rainforest 

Island habitat: 

araucarian rainforest 

Vine thicket 

(SEVT) 
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Amfractaropa bretti              

Biomphalopa recava             

Charopid MQ3             

Charopid MQ10             

Charopid MQ13             

Charopid MQ20             

Charopid MQ30             

Charopid MQ31             

Charopid MQ36             

Charopid MQ57             

Charopid MQ58             

Comularopa georginae             

Discocharopa aperta             

Isolderopa  whitsunday             

Isolderopa deliqua             

Isolderopa iangallowayi             

Isolderopa minuta             

Isolderopa pelion              

Isolderopa teemburra              

Isolderopa westmolle              

Lenwebbia sp. nov. Charopid MQ17             

Luturopa sp. nov. Charopid MQ18             

Ngairea sp. nov. Charopid MQ48             

Nodularopa samanthae             

Pereduropa cursacosta             

Pereduropa dalrymple             

Pereduropa delicata             

Pereduropa diamante             

Pereduropa hamiltoniana             

Radiolaropa danieli             

Radiolaropa eungella             

Setomedea janae             

Sinployea intensa             

Stanisicaropa chambersae             

Tristanoropa burwelli             

Tristanoropa conwayensis             

Tristanoropa hughesae             

Whitcochlea iuloidea             

Xenoropa wigtonensis             

Count 21 5 2 5 5 4 3 7 1 1 1 10 
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Only two of the 39 species documented have broader environmental tolerances enabling them to persist 

in a wider range of rainforest habitat types. These two species occur in all three habitats (shown in red 

in Table 9.1), the montane rainforests of the Clarke-Connors Range, the drier araucarian rainforests of 

the Whitsunday subregion and the dry vine thickets on the eastern escarpment of the Connors Range. 

Pereduropa cursacosta and Tristanoropa hughesae, both tiny charopids with a finely cancellate 

protoconch sculpture but significantly different coiling patterns, have adapted to successfully colonise 

these very different forest habitats.  

9.1.2. Relationship to other charopids in eastern Australia 

Moritz and Hugall (1993) studied the biogeography of the ‘isolated’ MEQ rainforests and demonstrated 

a historical connection between the MEQ rainforests and those of NEQ and SEQ. They hypothesised 

that these areas were once connected not by large tracts of unbroken rainforest but by scattered patches 

of habitat such as vine thicket and that this helped to explain the endemicity of many MEQ species. 

Distribution patterns of charopid fauna in MEQ also offer insights into historical connectivity between 

northern and south eastern Queensland rainforests and north-south geographical patterns of charopid 

lineages are becoming noticed in current research (Shea et al. 2012, Holcroft 2018a).  

 

Relatives of several of the MEQ species, Biomphalopa recava, Sinployea intensa and Setomedea janae 

do occur in adjacent bioregions both to the north and the south. The putative new species of Lenwebbia, 

Luturopa and Ngairea extend the distribution of these genera further northward than is currently 

documented. Further investigation of the other new species, particularly in the Rockhampton, Byfield 

area as well as the off-lying islands of the Cumberland, South Cumberland and Northumberland groups 

may find additional sister species.   

9.2 Conservation  

Snails, including the Charopidae, are often overlooked in conservation assessments. With their ability to 

be responsive to environmental change, these tiny charopids make excellent indicators of terrestrial 

biodiversity and ecosystem health (Stanisic 1990; Stanisic & Ponder 2004; Shea et al. 2012). Their 

endemism in particular has significance for the maintenance of the environments in which they are found. 

The Clarke-Connors Range has outstanding biodiversity values with respect to charopid fauna, being an 

area of overlap between tropical and subtropical influences, in addition to being a centre of endemism 

Concerns are being raised about clearing of rainforests (McAlpine et al. 2002, Australian Government 

State of Origin Report 2013, Natural Resource Management Plan 2014). Fire is also a key pressure on 

rainforests and can result in forest fragmentation. Questions have been raised about the impact of 

controlled burn-offs particularly in Eungella NP at the point where this national park is no wider than one 

kilometre (Winter & McDonald 1986). The gradual encroachment of fires into pristine rainforest could well 

have the potential to eradicate entire species of charopid. 

 

While none of the MEQ charopids have received conservation protection under legislation, their 

preference for humid rainforests and vine thickets indicates that conservation of these areas is crucial 

for their continued survival. The low vagility of charopid species suggests that with the land clearing of 
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the Sarina-Proserpine lowlands, some populations of these species may have become extinct in recent 

times. While there is no evidence of such extinction, it must be surmised that some species have been 

lost. Much of the remaining rainforest is now situated in National Parks and State Forests which will 

protect the diversity of these charopids. 

9.3 Conclusions 

This thesis aimed to elucidate the diversity of MEQ (Sarina to Proserpine including the outlying islands) 

charopids using aspects of shell morphology. Prior to this study, only 13 charopids were described from 

this region. This study has extended the MEQ charopid fauna to 39 species of which 27 species are now 

described with 14 new species in the two peer reviewed papers comprising Chapters 4 (five new species 

and a reassignment of three existing species) and 5 (nine new species). The remaining 12 species have 

not yet been formally described due to limited material and the time constraints of this study. However, 

it is the intention to describe some of these species in a paper subsequent to the completion of this study. 

This revised species list for MEQ comprising 26 newly discovered species, demonstrates the high 

diversity of the charopid fauna in this region (Table 9.2). Considering the number of singletons noted in 

this study, it is highly likely that more charopid species will be discovered in this region. 
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TABLE 9.2. Species list for MEQ charopids grouped in species with a similar protoconch sculpture.  

 

= new species; = re-described species in new genera. Protoconch sculpture has been coded: 

ES=early spiral, S=spiral, R=radial, FC=finely cancellate, PC=pitted cancellate, M=malleate, 

SR=superior radial, SS=superior spiral.  

 

 Nodularopa samanthae ES 
 Radiolaropa danieli ES 
 Radiolaropa eungella ES 

 Setomedea janae ES 
 Charopid MQ10 FC 
 Charopid MQ58 FC 
 Isolderopa  whitsunday FC 

 Isolderopa deliqua FC 
 Isolderopa iangallowayi FC 
 Isolderopa minuta FC 

 Isolderopa pelion  FC 
 Isolderopa teemburra  FC 
 Isolderopa westmolle  FC 

 Pereduropa cursacosta FC 
 Pereduropa dalrymple FC 
 Pereduropa delicata FC 
 Pereduropa diamante FC 

 Pereduropa hamiltoniana FC 
 Tristanoropa burwelli FC 
 Tristanoropa conwayensis FC 
 Tristanoropa hughesae FC 
 Charopid MQ17 Lenwebbia sp. nov.  M 

 Biomphalopa recava PC 
 Stanisicaropa chambersae PC 
 Charopid MQ31 R 

 Discocharopa aperta R 
 Charopid MQ48 Ngairea sp. nov R 
 Amfractaropa bretti S 
 Charopid MQ13 S 
 Charopid MQ57 S 
 Comularopa georginae S 

 Sinployea intensa S 
 Charopid MQ3 SR 
 Charopid MQ30 SR 
 Charopid MQ36 SR 
 Charopid MQ18 Luturopa sp. nov.  SR 
 Whitcochlea iuloidea SS 
 Xenoropa wigtonensis SS 
 Charopid MQ20 unknown 
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APPENDIX 1. Diagrammatic key to major protoconch sculptural configurations 

with descriptions and representative genera.  
    Thin interrupted spiral cords visible as round or elongate beads 

where they cross low radial ribs or ridges resulting in a beaded 

appearance. 

 

BEADED CANCELLATE 

 Gyrocochlea: finely beaded cancellate  

 

       

          Planorbacochlea: coarsely beaded cancellate  

           
    A lattice of spiral cords and radial ribs spaced at intervals greater 

than the width of the cord or rib resulting in a widely reticulate 

appearance 

 
BROADLY CANCELLATE 

 Dictyoropa: widely spaced spiral bands (15) 

    

   

     
 

 Reticularopa: strong, widely-spaced spiral bands (15-19); 

strong radial ribs beaded at the intersection  
           

  The spiral cords and 

radial ribs have 

similar dimensions 

and dominance 

     
 

 Macphersonea: closely spaced narrow spiral cords (19) and 

radial ribs 

          
   A combination lattice starting as pitted cancellate and opening to 

broadly cancellate 

 PITTED TO BROADLY 

CANCELLATE 

 Cancellocochlea: pitted cancellate for first whorl 

graduating to broadly cancellate    

             A lattice of broad spiral cords and radial ribs or ridges closely 

woven so that the distance between each is smaller than the width 

of the cord or rib resulting in a pitted appearance. 

 

PITTED CANCELLATE 

  

      Barringtonica: low, flattened, broad spiral cords (26) and 

radial ribs 

 

        
 

 Biomphalopa: low, flattened, radial ribs and narrower 

spiral cords (26) 
           

        
 

 Chordaropa: low, broad spiral cords (26) and weaker radial 

ribs  
           

        
 

 Koreelahropa: low, broad spiral cords and weak, curved 

radial ribs 

P
ro

to
co

nc
h 

sc
ul

pt
ur

e 

          

       
 

 Nautiliropa: low, flattened, broad spiral cords (16) and radial 

ribs 

          
   A lattice of thin spiral cords and radial ribs widely spaced resulting 

in a net or web-like appearance. 

 

FINELY CANCELLATE 

 No Gyrocochlea s.l. genus but species of Gyrocochlea 

raveni  

      

       

 

 Non- Gyrocochlea s.l. genera: Isolderopa, Coricudgia , 

Excaliburopa, Pereduropa, Rotacharopa, Setomedea, 

Shearopa and Ygernaropa 

               Spiral cords only for the whole 

protoconch or for all of 1.5 

whorls 

 

SPIRAL 

 Diphyoropa: strong spiral cords with strong radial ribs only 

after 1.5 whorls    

          

       
 

 Non- Gyrocochlea s.l. genera: Macrophallikoropa and 

Sinployea 

           
    Spiral cords are 

dominant or radial ribs 

absent 

 Spiral cords only for the first 

whorl and then radial ribs in the 

transition to the teleoconch 

 

EARLY SPIRAL 

 Cumberlandica: widely spaced spiral cords for the first 

whorl with radial ribs for the latter part of the protoconch     

           

        
 

 Leurocochlea: widely spaced spiral cords for the first whorl 

with crowded radial ribs for the latter part of the protoconch 

           
      Spiral cords for only the first 

quarter of a whorl followed by 

dominant spiral cords over 

raised radial ribs. 

 

SUPERIOR SPIRAL 

 Comboynea: crowded, low spiral cords (28) and very weak, 

irregularly spaced radial ribs  

    

  The spiral cords and 

radial ribs have 

different dimensions 

and/or dominance 

        
       

 
 Richmondaropa: low spiral cords (17-21) and very weak, 

irregularly spaced radial ribs 

          
     Strong radial ribs with no spiral 

cords; periostracal shrinkage 

wrinkles may be present 

 
RADIAL 

 Macleayropa: irregularly-spaced radial ribs  

        

         Scleridoropa: crowded, evenly-spaced radial ribs 
           

    Radial ribs are 

dominant OR spiral 

cords absent 

   

 

 Non- Gyrocochlea s.l. genera: Decoriropa, Discocharopa, 

Egilodonta, Elsothera, Ngairea and Rhophodon   

           
      Dominant radial ribs and lower, 

thin spiral cords 

 
SUPERIOR RADIAL 

 Acheronopa: crowded curved radial ribs (60) and weaker, 

lower spiral cords    

           



Elucidating the diversity of mid-eastern Queensland Pinwheel Snails (Eupulmonata: Charopidae) using aspects of shell morphology.  

Lorelle Holcroft s5063935    155 | P a g e  

 

  There  are no spiral 

cords or radials ribs 

and the protoconch 

has a beaten copper 

appearance 

     
 

 Non- Gyrocochlea s.l. genera: Cralopa, Gouldiropa, 

Hedleyropa, Marilyniropa and Sharniropa 

          
            

MALLEATE 

 Non- Gyrocochlea s.l. genera: Lenwebbia and Letomola 

           

APPENDIX 2. Supplementary file for Chapter 2  

Summary of specimens investigated for protoconch sculpture using SEM. Protoconch sculptural patterns are 
coded. SC=beaded cancellate; PC=pitted cancellate; BC=broadly cancellate; PC/BC= pitted to broadly cancellate; 
FC=finely cancellate; S=spiral; ES=early spiral, SS=superior spiral; R=radial; SR=superior radial; M=malleate.  

Taxon Locality 
Collection 
registration 
number 

Protoconch 
Code 

Acheronopa attunga  Manilla-Yarramanbully Rd, N NSW QMMO70400 SR 
Amfractaropa bretti Broken R., MEQ QMMO11716 S 
Barringtonica polblue Moonan Brook, NE of Scone, ME NSW AMSC309167 PC 
Barringtonica polblue Polblue Crown Reserve, ME NSW AMSC309166 PC 
Barringtonica polblue Polblue Crown Reserve, ME NSW AMSC309166 PC 
Biomphalopa concinna Mt Hosie, Kirrama Range, NEQ QMMO34678 PC 
Biomphalopa recava Eungella NP, MEQ QMMO11757 PC 
Biomphalopa recava Eungella NP, MEQ QMMO39878 PC 
Cancellocochlea coolongolook Batchelor SF, Coolongolook, ME NSW AMSC463435 PC/BC 
Cancellocochlea heatherae S of John's River, Pacific Hwy rest area, ME NSW AMSC464074 SC 
Charopid BL11 Mt Cristoe, MEQ QMMO74778 FC 
Charopid BL11 Mt Cristoe, MEQ QMMO74798 FC 
Charopid BR27 Mt Mee, SEQ QMMO60936 S 
Charopid BR32 Gold Ck Reserve, Brookfield, SEQ QMMO65684 BC 
Charopid BR32 Kenilworth SF, Bellbird parking area, SEQ QMMO65697 BC 
Charopid BR32 Bulimba Ck, SEQ QMMO76848 ES 
Charopid BR35 Blackbutt, SEQ QMMO12240 ES 
Charopid BR35 Bunya Mountains, SEQ QMMO12306 ES 
Charopid BR35 Gatton, SEQ QMMO 45090 ES 
Charopid BR35 Paradise Mt Rd SSW of Gatton, SEQ QMMO45112 ES 
Charopid BR35 Ravensbourne, SEQ QMMO52053 ES 
Charopid BR4 Tooloom Scrub, NE NSW QMMO16889 SC 
Charopid BR47 Fred’s Rd, Mt Mee, SEQ QMMO8361 R 
Charopid BR48 Burleigh Heads, SEQ QMMO14115 SC 
Charopid BR50 Murphy’s Ck, SEQ QMMO52067 SS 
Charopid BR55 Crow’s Nest, SEQ QMMO73531 SC 
Charopid BR56 Peachester, SEQ QMMO62725 SS 
Charopid BR58 Goomeri, SEQ QMMO52008 PC 
Charopid BR58 Murgon, SEQ QMMO11544 PC 
Charopid BR58 Yarraman, SEQ QMMO12263 SR 
Charopid BR61 Mt Mee, SEQ QMM060931 PC 
Charopid BR62 Fraser I. QMMO56785 PC 
Charopid BR64 Yabba Ck, SEQ QMMO13368 SR 
Charopid BR68 Tamaree, SEQ QMMO62431 SS 
Charopid BR70 Brisbane City, SEQ QMMO76839 BC 
Charopid BR71 Brisbane City, SEQ QMMO76900 SC 
Charopid EU8 Charters Towers, NEQ QMMO79865 FC 
Charopid MQ10 South Molle I., MEQ QMMO6347 FC 
Charopid MQ13 Crediton Ck, MEQ QMMO9724 S 
Charopid MQ17 Cape Upstart, MEQ QMMO85178 M 
Charopid MQ31 Homevale NP, MEQ QMMO85314 R 
Charopid MQ44 Parnassus Range, MEQ QMMO19690 R 
Charopid MQ48   Sarina, MEQ QMMO75828 R 
Charopid MQ51 Dalrymple Heights, MEQ QMMO6369 FC 
Charopid MQ52 Crediton Ck, MEQ QMMO85177 FC 
Charopid MQ53 Byfield NP, MEQ QMMO85143 FC 
Charopid MQ8 Cape Hillsborough, MEQ QMMO11902 FC 
Charopid MV35  Mt Seaview Resort, ME NSW AMSC32108a SC 
Charopid MV35 Mt Seaview Resort, ME NSW AMSC32108c SC 
Charopid MV35 Mt Seaview Resort, ME NSW AMSC32108d SC 
Charopid MV47 Yarrahappinni Ecology Reserve, NE NSW QMMO19819 SC 
Charopid MV48 Big Hill Point, N of Port Macquarie, ME NSW AMSC163271 PC/BC 
Charopid MV48 Queens Head, N of Port Macquarie, ME NSW QMMO59761 PC/BC 
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Taxon Locality 
Collection 
registration 
number 

Protoconch 
Code 

Charopid MV49 Nambucca Heads, NE NSW QMMO53651 SR 
Charopid MV49. Cowarra SF, E of Wauchope, ME NSW AMSC163272 SC 
Charopid NE14 Mt Mackenzie, Tenterfield, N NSW QMMO49134 R 
Charopid NN13 Booyong, Richmond River, NE NSW AMSC 340392 PC/BC 
Charopid NN14 Nymboi-Binderay NP, Mills Rd, NE NSW AMSC377582 R 

Charopid NN14 Bruxner Park FR, Coffs Harbour, NE NSW 
AMSC 
undatabased  

SR 

Charopid NN14 Bruxner Park FR, Coffs Harbour, NE NSW 
AMSC 
undatabased  

SR 

Charopid NN14 Nymboi-Binderay NP, Mills Rd, NE NSW AMSC377503  SR 
Charopid NN23 Iluka NR, NE NSW QMMO75458 ES 
Charopid NN23 Iluka NR, NE NSW AMSC463582  S 
Charopid NN25 Bruxner Park FR, Coffs Harbour, NE NSW AMSC171405 SR 
Charopid NN26  Gladstone SF, NE NSW AMSC377462 R 
Charopid NN33 Boorganna NR, Comboyne Plateau, ME NSW QMMO80164 PC/BC 
Charopid NN35 O'Sullivan's Gap FR, N of Buladelah, ME NSW AMSC168634 PC/BC 
Charopid NN36 Bridal Veil Falls, NE of Comboyne, ME NSW AMSC163283 SC 
Charopid NN6 Iluka NR, NE NSW AMSC154980 PC/BC 
Charopid SN24 Brown Mt FR, SE NSW QMMO39995 PC 
Charopid SN28 Upper Allyn R., ME NSW QMMO20298 PC 
Charopid SN36 Brown Mt, SE NSW QMMO76953 SC 
Charopid SN37 1.5kms NW of Taree, ME NSW AMSC163253 SC 
Charopid SN82 Monga SF, SE NSW  AMSC358279 SC 
Charopid SN83  Tallanganda SF, S NSW  AMSC357266 SC 
Charopid SN83  Tallanganda SF, S NSW AMSC357277  SC 
Charopid SQ1 Yeppoon, MEQ QMMO78718 FC 
Charopid SQ10 Mt Archer , SEQ QMMO18717 FC 
Charopid SQ24 Mt Archer, NE of Rockhampton, SEQ QMMO54445 SR 
Charopid SQ26 Gavial Ck, SEQ QMMO16806 R 
Charopid SQ26 St Marys Falls, SEQ QMMO13119 R 
Charopid SQ26 Dan Dan Scrub, SEQ QMMO16797 SR 
Charopid SQ30 Eurimbula NP, SEQ QMMO54576 PC 
Charopid SQ34 Mulgildie Plateau, SEQ QMMO65139 PC 
Charopid SQ35 Granite Ck, SEQ QMMO16845 PC 
Charopid SQ35 Bulburin SF, SEQ QMMO34655 SC 
Charopid SQ36 Kroombit Tops, SEQ QMMO16453 PC 
Charopid SQ37 Walla Range, SEQ QMMO12417 PC 
Charopid SQ43 Dan Dan Scrub, SEQ QMMO54902 S 
Charopid SQ44 Gayndah - Ban Ban Rd, SEQ QMMO62682 ES 
Charopid SQ44 Kalpowar, SEQ QMMO12573 PC 
Charopid SQ45 Dululu, SEQ QMMO23421 PC 
Charopid SQ46 Mt Mudlo, SEQ QMMO65706 S 
Charopid SQ64 Norval Park, SEQ QMMO54583 PC 
Charopid SQ65 NE of Dululu, SEQ QMMO23240 R 
Charopid SQ66 Mt Jim Crow, SEQ QMMO13470 R 
Charopid SQ69 Feather Palm Swamp, SEQ QMMO11674 R 
Charopid SQ70 Biloela (East), SEQ QMMO65488 PC 
Charopid SQ70 Biloela (South), SEQ QMMO62687 PC 
Charopid SQ74 Goomeri, SEQ QMMO51982 ES 
Charopid SQ75 Mt Biggenden, SEQ QMMO62726 ES 
Charopid SQ77 Mt Jim Crow, SEQ QMMO85318 PC 
Charopid ST31  Yarrangobilly, Tumut - Kiandra Rd, SE NSW QMMO52774 Damaged   
Charopid WT1 Tully, NEQ  QMMO34683 PC 
Charopid WT2 Fitzroy I., Cairns, NEQ QMMO24794 BC 
Charopid WT24 Bell Peak, NEQ QMMO48945 PC 
Charopid WT29 Bakers Blue Mt, NEQ QMMO73853 FC 
Charopid WT32 Rex Lookout via Mossman, NEQ QMMO48887 BC 
Charopid WT41 Bakers Blue Mt, NEQ QMMO73854 FC 
Charopid WT65 Mt Pieter Botte, NEQ QMMO48873 PC 
Chordaropa myora Myora, North Stradbroke Island, SEQ QMMO16819 PC 
Comboynea boorganna Boorganna NR, Comboyne Plateau, ME NSW QMMO31451 ES 
Comboynea conferta Port Stephens, ME NSW AMSC063493  PC 
Comboynea mountaineer Mountaineer Trail, Barrington Tops NP, ME NSW AMSC309160 PC 
Comboynea winghamensis Wingham Brush, Wingham, ME NSW AMSC171399 PC 
Coricudgia wollemiana E of Rylstone, Mt Coricudgy, ME NSW AMSC 205164 FC 
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Taxon Locality 
Collection 
registration 
number 

Protoconch 
Code 

Cralopa stroudensis E Dungog, Stroud, NSW, ME NSW QMMO16857 SR 
Cumberlandica impressa Bilpin Park, Blue Mts, S NSW AMSC462733  ES 
Cumberlandica impressa Freeman's Reach, ME NSW AMSC457178 ES 
Cumberlandica impressa Littlefield Ck, Mulgoa, S NSW AMSC152188 ES 
Cumberlandica impressa West Head, Kuringai Chase NP, S NSW AMSC152185 ES 
Cumberlandica ponderi West Head, Kuringai Chase NP, S NSW AMSC152185 ES 
Cumberlandica wombeyanensis Wombeyan Caves, S NSW AMSC319717 ES 
Decoriropa lirata Inner Sydney near Rushcutters Bay, S NSW AMSC136842 R 
Dictyoropa eurythma Northern Rivers, NE NSW AMSC103618  BC 
Diphyoropa macleayana W of Kempsey, ME NSW AMSC168685 S 
Diphyoropa saturni Concord West, Sydney Basin, S NSW AMSC318946 S 
Diphyoropa saturni Gore Hill Cemetery, Sydney Basin, S NSW AMSC318947 S 
Discocharopa aperta Kenilworth, SEQ  QMMO8360 R 
Egilodonta bairnsdalensis Bairnsdale, Vic AMSC154808 R 
Egilodonta paucidentata  Marble Arch, S of Braidwood, SE NSW QMMO70396 R 
Elsothera brazieri Cooks River, Sydney, S NSW QMMO28775 R 
Elsothera sericatula Concord West, S NSW AMSC319389 R 
Elsothera sericatula West Head, Kuringai Chase NP, S NSW AMSC463085 R 
Excaliburopa chillagoe Archway’s Cave, Chillagoe, FNQ QMMO73959 FC 
Excaliburopa leroii Undara Crater, FNQ QMMO79893 S 
Gouldiropa carlessi Inverell, N NSW AMSC3640 SR 
Gyrocochlea appletoni Mt Mia - Kilkivan Rd, SEQ QMMO12318 SS 
Gyrocochlea austera Darlington Range, Canungra, SEQ AMSC032995  ES 
Gyrocochlea austera Logan Village, SEQ AMSC114521  ES 
Gyrocochlea burleigh Burleigh NP, SEQ QMMO6312 PC 
Gyrocochlea calliope Dan Dan Scrub, SEQ QMMO16798 PC 
Gyrocochlea calliope Dan Dan Scrub, SEQ QMMO23347 PC 
Gyrocochlea cinnamea Coolabunia, SEQ AMSC103619 ES 
Gyrocochlea cinnamea Kilkivan, SEQ  AMSC154937 ES 
Gyrocochlea convoluta Mt Lindsay, upper Richmond R., NE NSW AMSC139750 SC 
Gyrocochlea etna Johannsen’s Caves, SEQ QMMO34252 ES 
Gyrocochlea etna Mt Etna, N of Rockhampton, SEQ QMMO62722 ES 
Gyrocochlea fitzgeraldae Dee River Crossing, SEQ QMMO13461 R 
Gyrocochlea flammulata Rocky Ck, Red Scrub FR, NE NSW QMMO10401 BC 
Gyrocochlea goodnight 1.5kms N of turnoff to Limestone Ck SF, SEQ QMMO12470 SS 
Gyrocochlea greenae Mt Woowoonga, SEQ QMMO12432 BC 
Gyrocochlea greenae Mt Woowoonga, SEQ QMMO19561 BC 
Gyrocochlea janetwaterhouseae River Cave, Carrai SF, ME NSW QMMO19849 R 
Gyrocochlea janetwaterhouseae River Cave, Carrai SF, ME NSW AMSC121708 R 
Gyrocochlea kessneri Burleigh Heads, SEQ QMMO16920 BC 
Gyrocochlea kessneri The Knoll NP, Mt Tamborine, SEQ QMMO20873 BC 
Gyrocochlea multicosta Murwillumbah-Numinbah Rd, SEQ QMMO73697 PC/SR 
Gyrocochlea notiala Misty Mt., SE NSW QMMO78947 SC 
Gyrocochlea notiala Misty Mt., SE NSW QMMO29276  SC 
Gyrocochlea paucilamellata Upper Pine Ck, Canungra, SEQ QMMO16546  SC 
Gyrocochlea raveni Slaughter Falls, MT Coot-tha, SEQ QMMO65658 FC 
Gyrocochlea raveni Mt Coot-tha, SEQ QMMO78955 FC 
Gyrocochlea sonyacleggae Mt MaMa, SEQ QMMO46651 PC 
Gyrocochlea sonyacleggae Tenthill Scrub SW of Gatton, SEQ QMMO44896 SS 
Gyrocochlea vinitincta Lismore, NE NSW AMSC139752 SC 
Gyrocochlea wauchope Mt Seaview NR, ME NSW QMMO55917 PC/BC 
Gyrocochlea wauchope Mt Seaview Resort turnoff, Oxley Hwy, ME NSW QMMO32108b PC/BC 
Hedleyropa yarrongobillyensis  Yarrangobilly, Yarrangobilly Ra., SE NSW QMMO70401 SR 
Isolderopa deliqua Broken R., Eungella, MEQ QMMO9725 FC 
Isolderopa deliqua Calen-Mt Charlton Rd, MEQ QMMO78963 FC 
Isolderopa iangallowayi Mt Charlton, MEQ QMMO85131 FC 
Isolderopa iangallowayi Pelion SF, MEQ QMMO85082 FC 
Isolderopa minuta Broken R., Eungella, MEQ QMMO9737 FC 
Isolderopa minuta Dalrymple Heights, MEQ QMMO6370 FC 
Isolderopa minuta Eungella NP, MEQ QMMO78980 FC 
Isolderopa pelion Pelion SF, MEQ QMMO85080 FC 
Koreelahropa paucicostata Koreelah SF, NE NSW QMMO10953 PC 
Letomola contortus Lower MacLeay Valley, ME NSW AMSC119349 M 
Letomola lanalittleae Kempsey c 1.5km E Mt Sebastopol, ME NSW QMMO70397 M 
Leurocochlea paulaboosamrae Burraga Swamp, ME NSW AMSC171397 PC 
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Taxon Locality 
Collection 
registration 
number 

Protoconch 
Code 

Leurocochlea peterdaviei Koreelah SF, NE NSW QMMO10955 S 
Macleayropa carraiensis Yessabah Caves, Kempsey, ME NSW QMMO19855 R 
Macleayropa carraiensis Yessabah Caves, Kempsey, ME NSW AMSC368674 R 
Macphersonea canalis Brunswick Heads NR, NE NSW AMSC140473 BC 
Macrophallikoropa belli Darling Point, Sydney, S NSW QMMO10512 S 
Macrophallikoropa depressispira  Jenolan Caves, S NSW AMSC205163 S 
Marilyniropa jenolanensis  Jenolan Caves, S NSW AMSC 204165 SR 
Nautiliropa omicron Tweed R., NE NSW AMSC139768 PC 
Nodularopa samanthae Bell's Gap, S of Sarina, MEQ QMMO11745 ES 
Nodularopa samanthae Bell's Gap, S of Sarina, MEQ QMMO13081 ES 
Pereduropa cursacosta Calen-Mt Charlton Rd, MEQ QMMO78972 FC 
Pereduropa delicata Broken River, Eungella, MEQ QMMO6374 FC 
Pereduropa delicata Gregory River, MEQ QMMO78971 FC 
Pereduropa diamante Endeavour River, MEQ QMMO35809 FC 
Pereduropa hamiltoniana Hamilton I., MEQ QMMO78970 FC 
Pereduropa hamiltoniana Hamilton I., MEQ QMMO86089 FC 
Planorbacochlea gibraltar Gibraltar Range NP, NE NSW QMMO10844 PC/BC 
Planorbacochlea graemei Speer's Point, Lake Macquarie, ME NSW AMSC462745 SC 
Planorbacochlea hawkesburyana Brooklyn, Hawkesbury R., S NSW AMSC462512 SC 
Planorbacochlea hawkesburyana Calna Ck, Berowra Valley Regional Park, S NSW AMSC462434 SC 
Planorbacochlea hawkesburyana Mt Wilson, S, NSW AMSC140458 SC 
Planorbacochlea hawkesburyana Parriwi Park, The Spit, S NSW AMSC462551 SC 
Planorbacochlea hawkesburyana Sheldon Forest, Turramurra, S NSW AMSC318933 SC 
Planorbacochlea manningensis Possum Brush Road, SW of Taree, ME NSW AMSC369784 SC 
Planorbacochlea manningensis Possum Brush Road, SW of Taree, ME NSW AMSC163134 SC 
Planorbacochlea manningensis Karaak Flat Rd. S of Wingham, ME NSW AMSC163268 SC 
Planorbacochlea nambucca Nambucca Heads, NE NSW QMMO44862 PC/BC 
Planorbacochlea parriwiensis Parriwi Park, The Spit, Sydney, S NSW AMSC462433 PC/BC 
Planorbacochlea planorbis Uffington SF, Clarencetown Cemetery, ME NSW AMSC309904 SC 
Planorbacochlea planorbis Cambra, ME NSW AMSC309923 SC 
Planorbacochlea planorbis Davis Ck, NE of Muswellbrook, ME NSW AMSC309164 SC 
Planorbacochlea planorbis Nelson Bay, Port Stephens, ME NSW AMSC368601 SC 
Planorbacochlea planorbis Port Stephens, ME NSW AMSC103620  SC 
Planorbacochlea planorbis Shoal Bay, Port Stephens, ME NSW AMSC462535 SC 
Planorbacochlea reticulata Zeehan Rd, Gladstone SF, NE NSW AMSC377983 SC 
Planorbacochlea reticulata Zeehan Rd, Gladstone SF, NE NSW AMSC377860 SC 
Planorbacochlea watagan The Basin, Olney SF, S NSW AMSC309158 SC 
Planorbacochlea yessabahensis Yessabah Caves, Kempsey, ME NSW AMSC119329 PC/BC 
Radiolaropa daneli Endeavour Ck, MEQ QMMO35807 ES 
Reticularopa minjerribah 18 Mile Swamp, North Stradbroke Island, SEQ QMMO70517 BC 
Rhophodon duplicostata  Glenugie SF, NE NSW QMMO70393 R 
Rhophodon kempseyensis Natural Arch, Carrai SF, ME NSW AMSC153720 R 
Rhophodon mcgradyorum  Bellbird gully, Gibraltar Range, NE NSW QMMO70392 R 
Rhophodon palethorpei  Werrikimbe N P, ME NSW QMMO70390 R 
Richmondaropa conjuncta Byron Bay, NE NSW AMSC005311 SS 
Richmondaropa conjuncta Broken Head NR, NE NSW QMMO19827 SS 
Richmondaropa prava Booyong, Richmond R., NE NSW AMSC140225 SS 
Richmondaropa prava Mallanganee FR, E of Tabulam, NE NSW QMMO49123 SS 
Richmondaropa prava Upper Tweed R., NE NSW AMSC103621 SS 
Rotacharopa densilamellata Mt Mee, SEQ QMMO15081 FC 
Scelidoropa sarahjaneae Yarrangobilly, SE NSW QMMO70402 R 
Setomedea janae Cathu SF, MEQ QMMO35632 FC 
Setomedea janae Mt Dryander, MEQ QMMO35546 FC 
Sharniropa wollondillyana  Abercrombie Caves, SSW Oberon, S NSW QMMO70399 SR 
Shearopa magnetica Magnetic I., NEQ QMMO78975 FC 
Sinployea intensa Seaforth Rd, Mackay, MEQ QMMO13475 S 
Sinployea intensa Mudlo Gap, SEQ QMMO12352 S 
Sinployea intensa Hypipamee Crater via Ravenshoe, NEQ QMMO26130 S 
Stanisicaropa chambersae Broken R., Eungella NP, MEQ QMMO59648  PC 
Stanisicaropa chambersae  Diggings Rd, Eungella, MEQ QMMO78961 PC 
Tristanoropa burwelli Diggings Rd, Eungella, MEQ QMMO13075 FC 
Tristanoropa hughesae West Molle I, MEQ QMMO6348 FC 
Tristanoropa hughesae Eungella NP, MEQ QMMO50887 FC 
Tristanoropa hughesae Mt Charlton, MEQ QMMO85136 FC 
Tristanoropa hughesae St Helen’s Beach, MEQ QMMO85135 FC 
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Tristanoropa hughesae Cathu SF, MEQ QMMO85144 FC 
Whitcochlea iuliodea Long I. QMMO64807 SS 
Whitcochlea iuloidea Conway Range, MEQ QMMO6342 SS 
Whitcochlea iuloidea Gloucester I., MEQ QMMO74108 SS 
Whitcochlea iuloidea Peter Faust Dam, MEQ QMMO85183 SS 
Whitcochlea iuloidea Whitsunday I., MEQ QMMO65943 SS 
Whitcochlea iuloidea Proserpine R., MEQ QMMO39879 SS 
Whitcochlea iuloidea Mt Dryander, MEQ AMSC140445 SS 
Whitcochlea iuloidea Mt Dryander, MEQ QMMO59193 SS 
Whitcochlea iuloidea Mt Jukes, MEQ JW3444 SS 
Ygernaropa baehrae Natural Bridge, SEQ QMMO10454 FC 
Ygernaropa binnaburra Binna Burra, SEQ QMMO78977 PC 
Ygernaropa binnaburra Binna Burra, SEQ QMMO6240 FC 
Ygernaropa binnaburra Binna Burra, SEQ QMMO75600 FC 
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APPENDIX 3. Measurements of MEQ species included in this study.  

Diameter (D), Height (H), Umbilical width (U), Aperture Height (AH), Aperture width (AW), Protoconch diameter 
(PD) in mm. Protoconch length is measured in the number of whorls. H/D and D/U are ratios. The number of ribs 
on the first whorls of the teleoconch (T1) and the number of ribs in the third quadrant of the body whorl (WWB) are 
counts. 

A. Gyrocochlea-grade charopids (Chapter 3) 

Taxon Reg # D H U AH AW PD WWB T1 H/D D/U 
# 
Whorls 

Stanisicaropa chambersae QMMO13456 5.41 2.87 1.80 1.89 1.56 0.49 20.00 52.00 0.53 3.00 4.000 

 QMMO11758 4.92 2.79 1.64 2.13 1.72 0.66 23.00 51.00 0.57 3.00 4.500 

 QMMO85079 4.75 2.46 1.31 2.05 1.56 0.66 22.00 61.00 0.52 3.63 4.000 

 QMMO35619 5.49 2.95 1.48 2.38 1.89 0.49 19.00 50.00 0.54 3.72 4.125 

 QMMO13071 5.33 2.95 1.97 2.38 1.64 0.49 17.00 57.00 0.55 2.71 4.250 

 QMMO78961 4.92 2.62 1.56 2.05 1.72 0.49 17.00 51.00 0.53 3.16 4.125 

 QMMO78961 4.43 2.70 1.72 1.97 1.39 0.49 17.00 49.00 0.61 2.57 4.125 

 QMMO78961 5.57 2.87 1.80 2.05 1.80 0.41 21.00 57.00 0.51 3.09 4.125 

 QMMO78961 4.92 2.79 1.64 1.97 1.72 0.49 20.00 52.00 0.57 3.00 4.375 

 QMMO78961 5.49 3.03 1.80 2.05 1.56 0.66 21.00 55.00 0.55 3.05 4.500 

 QMMO78961 5.08 2.95 1.72 2.38 1.72 0.66 22.00 60.00 0.58 2.95 4.375 

 QMMO11758 4.92 2.62 1.56 2.05 1.56 0.57 22.00 42.00 0.53 3.16 4.250 

 QMMO11714 4.26 2.54 1.39 2.05 1.56 0.66 17.00 55.00 0.60 3.06 4.000 

 MEAN: Stanisicaropa chambersae 
13 adult 
specimens 

5.04 2.78 1.65 2.11 1.65 0.55 19.85 53.23 0.55 3.08 4.212 

Radiolaropa danieli QMMO35807 2.87 1.89 1.56 1.48 0.98 0.49 42.00 76.00 0.66 1.84 3.750 

 QMMO35807 2.87 1.80 1.15 1.56 1.31 0.49 42.00 85.00 0.63 2.50 4.000 

 QMMO85340 3.69 2.05 1.07 1.64 1.31 0.49 46.00 67.00 0.56 3.46 4.125 

MEAN: Radiolaropa danieli  
3 adult 
specimens 

3.14 1.91 1.26 1.56 1.20 0.49 43.33 76.00 0.61 2.60 3.96 

Radiolaropa eungella QMMO85343 3.11 1.64 1.07 1.48 1.07 0.49 38.00 86.00 0.53 2.92 3.875 

 QMMO36099 2.95 1.56 1.23 1.23 0.98 0.49 39.00 95.00 0.53 2.40 4.125 

MEAN: Radiolaropa eungella 2 adult 
specimens 

3.03 1.60 1.15 1.35 1.02 0.49 38.50 90.50 0.53 2.66 4.00 

Whitcochlea iuloidea QMMO64807 5.57 2.54 2.05 2.21 1.80 0.57 24.00 54.00 0.46 2.72 4.750 

(Long I) QMMO64807 5.16 2.30 2.05 2.13 1.39 0.66 21.00 53.00 0.44 2.52 4.500 

 QMMO64881 5.66 1.89 1.89 2.13 1.72 0.57 30.00 49.00 0.33 3.00 4.500 

 QMMO74082 5.66 2.46 2.13 2.05 1.56 0.66 24.00 55.00 0.43 2.65 4.250 

 QMMO74082 5.41 2.62 2.05 2.05 1.56 0.66 25.00 53.00 0.48 2.64 4.500 

 QMMO74082 5.41 2.62 2.13 2.05 1.31 0.74 26.00 53.00 0.48 2.54 4.250 

 QMMO85338 5.49 2.95 1.89 2.05 1.97 0.74 26.00 44.00 0.54 2.91 4.625 

 QMMO85338 4.84 2.38 1.72 1.72 0.90 0.66 22.00 51.00 0.49 2.81 4.625 

 QMMO85338 5.00 2.38 1.80 2.13 1.97 0.66 19.00 52.00 0.48 2.77 4.000 

 QMMO85338 5.25 1.80 1.97 1.72 1.48 0.66 23.00 48.00 0.34 2.67 4.500 

 QMMO85338 5.33 2.62 2.13 2.05 1.48 0.66 24.00 53.00 0.49 2.50 4.500 

 QMMO73834 5.57 3.11 2.05 2.21 1.64 0.57 26.00 51.00 0.56 2.72 4.750 

 QMMO85338 4.92 2.79 1.80 1.97 1.48 0.57 24.00 48.00 0.53 2.73 4.250 

Whitcochlea iuloidea 
(Conway Range) 

QMMO6342 4.84 2.70 1.72 2.05 1.64 0.57 25.00 51.00 0.56 2.81 4.250 

 QMMO6342 4.67 2.46 1.56 2.05 1.64 0.49 27.00 51.00 0.53 3.00 4.375 

 QMMO6342 4.51 2.21 1.64 2.13 1.56 0.49 27.00 52.00 0.49 2.75 4.250 

 QMMO6342 4.51 2.46 1.48 2.05 1.31 0.57 28.00 52.00 0.55 3.06 4.125 

 QMMO6342 4.10 2.13 1.56 1.97 1.39 0.49 27.00 59.00 0.52 2.63 4.000 

 QMMO6342 4.26 2.30 1.39 2.05 1.48 0.49 27.00 55.00 0.54 3.06 4.250 

 QMMO6342 4.34 2.46 1.39 1.97 1.56 0.49 22.00 60.00 0.57 3.12 4.250 

 QMMO6342 3.77 2.30 1.48 1.97 1.39 0.49 22.00 60.00 0.61 2.56 4.000 

 QMMO6342 3.85 2.13 1.48 1.89 1.31 0.49 22.00 46.00 0.55 2.61 4.000 

 JW1449 3.85 2.54 1.64 1.97 1.56 0.41 32.00 66.00 0.66 2.35 4.125 

 QMMO19928 3.77 2.70 1.56 1.97 1.72 0.57 30.00 57.00 0.72 2.42 4.375 

 QMMO20143 3.61 2.13 1.64 1.72 1.23 0.57 30.00 62.00 0.59 2.20 4.250 

 QMMO6341 4.10 2.38 1.64 1.72 1.31 0.49 24.00 61.00 0.58 2.50 4.250 

 QMMO6341 4.51 2.46 1.64 1.97 1.64 0.57 29.00 54.00 0.55 2.75 4.375 

 QMMO85124 4.43 2.21 1.39 1.80 1.56 0.57 25.00 59.00 0.50 3.18 4.375 

 QMMO35357 4.92 2.79 1.64 1.72 1.39 0.57 33.00 59.00 0.57 3.00 4.375 

 QMMO35357 4.84 2.46 1.56 2.05 1.56 0.57 26.00 59.00 0.51 3.11 4.250 

 JW1512 4.51 2.38 1.80 1.97 1.64 0.57 25.00 49.00 0.53 2.50 4.500 

 JW1512 4.84 2.46 2.13 1.97 1.56 0.66 23.00 48.00 0.51 2.27 4.000 

 JW1512 4.18 2.13 1.64 1.97 1.56 0.57 23.00 45.00 0.51 2.55 4.250 

 JW1512 4.26 2.30 1.56 1.64 1.48 0.57 24.00 50.00 0.54 2.74 4.250 

 QMMO35357 4.18 2.21 1.39 1.72 1.15 0.57 21.00 59.00 0.53 3.00 4.250 

Whitcochlea iuloidea QMMO85186 4.51 2.62 1.64 1.89 1.56 0.57 25.00 46.00 0.58 2.75 4.375 

(Gloucester Island) QMMO74108 4.43 2.05 1.56 2.05 1.80 0.57 26.00 45.00 0.46 2.84 4.000 

Whitcochlea iuloidea QMMO65833 3.93 2.46 1.56 1.97 1.23 0.66 33.00 51.00 0.63 2.53 4.125 

(Hamilton Island) QMMO85182 4.51 2.46 1.64 1.80 1.48 0.57 30.00 57.00 0.55 2.75 4.250 

Whitcochlea iuloidea QMMO85183 4.67 2.46 1.64 1.97 1.48 0.57 24.00 51.00 0.53 2.85 4.375 

(Peter Faust Dam) QMMO35569 5.00 2.87 1.64 1.89 1.23 0.82 22.00  0.57 3.05 4.125 

 QMMO35569 4.84 2.70 1.64 1.80 1.48 0.66 23.00  0.56 2.95 4.250 

Whitcochlea iuloidea QMMO65943 5.00 2.62 1.64 2.05 1.64 0.66 37.00 53.00 0.52 3.05 4.250 

(Whitsunday Is) QMMO85184 4.10 2.21 1.48 1.89 1.48 0.57 30.00 51.00 0.54 2.78 4.000 

 QMMO65943 4.26 2.70 1.48 2.05 1.64 0.49 31.00 56.00 0.63 2.89 4.125 

 QMMO65923 4.84 2.62 1.64 1.80 1.64 0.66 36.00 52.00 0.54 2.95 4.125 
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Taxon Reg # D H U AH AW PD WWB T1 H/D D/U 
# 
Whorls 

 QMMO65923 4.51 2.38 1.48 1.80 1.39 0.66 35.00 52.00 0.53 3.06 4.125 

Whitcochlea iuloidea JW3857 4.92 2.70 1.72 2.13 1.80 0.74 23.00 51.00 0.55 2.86 4.125 

(Proserpine R) JW3857 4.34 2.46 1.56 1.89 1.56 0.57 25.00 53.00 0.57 2.79 4.125 

 QMMO85185 4.75 2.46 1.56 1.64 1.31 0.57 21.00 52.00 0.52 3.05 4.250 

Whitcochlea iuloidea QMMO35560 5.41 3.03 1.80 2.21 2.05 0.57 27.00 45.00 0.56 3.00 4.500 

(Mt Dryander) QMMO35560 4.92 2.70 1.48 2.05 1.80 0.57 26.00 46.00 0.55 3.33 4.250 

 AMSC140445 4.75 2.62 1.97 2.13 1.48 0.57 22.00 50.00 0.55 2.42 4.250 

 AMSC140445 4.59 2.38 1.80 2.05 1.56 0.57 21.00 49.00 0.52 2.55 4.250 

 AMSC140445 4.92 2.54 2.05 2.05 1.72 0.74 19.00 53.00 0.52 2.40 4.000 

 AMSC140445 4.43 2.21 1.80 1.97 1.64 0.49 19.00 52.00 0.50 2.45 4.250 

 JW3857 5.33 2.87 1.64 2.13 1.80 0.74 26.00 45.00 0.54 3.25 4.500 

 JW3857 5.33 2.87 1.89 2.13 1.80 0.57 31.00 49.00 0.54 2.83 4.675 

 JW3857 5.33 3.03 1.80 2.21 1.89 0.66 23.00 49.00 0.57 2.95 4.675 

 JW3857 4.84 2.79 1.80 2.13 1.97 0.66 22.00 48.00 0.58 2.68 4.375 

 JW3857 4.67 2.62 1.64 1.97 1.56 0.57 24.00 46.00 0.56 2.85 4.375 

 JW3857 4.84 2.70 1.64 2.05 1.89 0.57 22.00 51.00 0.56 2.95 4.500 

 JW3857 4.92 2.46 1.48 2.05 1.39 0.57 26.00 50.00 0.50 3.33 4.500 

 JW3857 4.84 2.54 1.56 1.97 1.72 0.74 26.00 43.00 0.53 3.11 4.500 

 JW3857 4.92 2.70 1.64 2.05 1.80 0.57 27.00 52.00 0.55 3.00 4.500 

Whitcochlea iuloidea JW3444 5.41 2.87 2.05 2.05 1.72 0.74 27.00 45.00 0.53 2.64 4.250 

(Mt Jukes) JW3444 5.00 2.79 1.64 2.30 1.39 0.57 26.00 51.00 0.56 3.05 4.500 

 JW3444 4.92 2.62 1.80 2.30 1.72 0.66 0.00 0.00 0.53 2.73 4.375 

MEAN: Whitcochlea iuloidea 
68 adult 
specimens 

4.71 2.54 1.64 1.97 1.55 0.61 25.57 44.63 0.55 2.83 4.24 

Xenoropa wigtonensis QMMO70431 5.90 2.79 2.05 1.80 2.30 0.82 49.00 68.00 0.47 2.88 4.375 
 QMMO85180 6.15 2.95 1.97 2.38 1.72 0.74 54.00 67.00 0.48 3.13 4.375 

MEAN: Xenoropa wigtonensis 
2 adult 
specimens 

6.02 2.87 2.01 2.09 2.01 0.78 51.50 67.50 0.48 3.00 4.375 

Comularopa georginae QMMO59546 2.30 1.31 0.66 0.90 0.66 0.41 66.00 132.00 0.57 3.50 3.875 

MEAN: Comularopa georginae 
1 adult 
specimen 

2.30 1.31 0.66 0.90 0.66 0.41 66.00 132.00 0.57 3.50 3.875 

Nodularopa samanthae QMMO77397 2.79 1.64 1.07 1.39 1.15 0.49 42.00 95.00 0.59 2.62 4.000 

 QMMO11745             

 QMMO13081 3.61 2.05 1.31 2.05 1.64 0.49 44.00 60.00 0.57 2.75 4.240 

MEAN: Nodularopa samanthae 
3 adult 
specimens 

3.20 1.84 1.19 1.72 1.39 0.49 43.00 77.50 0.58 2.68 4.12 

Biomphalopa recava QMMO11749 3.28 1.80 1.48 1.48 0.74 0.49 26.00 44.00 0.55 2.22 4.250 

 QMMO39878 4.18 2.21 1.89 1.97 1.07 0.57 20.00 40.00 0.53 2.22 4.000 

 QMMO36093 4.02 2.05 1.80 1.72 1.15 0.57 30.00 50.00 0.51 2.23 4.250 

 QMMO13073 4.67 2.70 2.46 2.13 1.48 0.57 22.00 37.00 0.58 1.90 5.125 

 QMMO85117 3.11 1.80 1.56 1.64 0.74 0.57 16.00 38.00 0.58 2.00 4.250 

 AMSC140230 3.85 2.46 1.89 1.97 1.23 0.49 22.00 36.00 0.64 2.04 4.750 

 AMSC140230 4.10 2.46 2.05 2.05 1.23 0.57 21.00 37.00 0.60 2.00 4.000 

MEAN: Biomphalopa recava 
7 adult 
specimens 

3.89 2.21 1.87 1.85 1.09 0.55 22.43 40.29 0.57 2.09 4.375 

Amfractaropa bretti QMMO11716 3.52 1.80 1.07 1.15 1.23 0.49 44.00 121.00 0.51 3.31 4.125 

 QMMO11716 2.87 1.48 0.57 1.39 1.15 0.49 37.00 111.00 0.51 5.00 4.000 

 QMMO59545 3.28 1.72 1.07 1.48 1.15 0.49 39.00 105.00 0.53 3.08 4.125 

 QMMO11716 2.95 1.39 0.98 1.15 1.07 0.49 43.00 100.00 0.47 3.00 3.375 

 AMSC140230 3.03 1.64 0.82 1.23 0.90 0.49 41.00 83.00 0.54 3.70 4.000 

MEAN: Amfractaropa bretti 
5 adult 
specimens 

3.13 1.61 0.90 1.28 1.10 0.49 40.80 104.00 0.51 3.62 3.93 

 

B. Finely cancellate charopids (Chapter 4) 

Species Reg # D H U AH AW PD WWB T1 H/D D/U 
# 
Whorls 

PL 

Pereduropa cursacosta QMMO78972 2.30 1.23 0.82 0.98 0.82 0.41 38 56 0.54 2.80 4.125 1.5 

 QMMO78972 2.13 1.31 0.82 0.82 0.74 0.41 30 44 0.62 2.60 4.125 1.5 

 QMMO78972 2.46 1.31 0.74 1.07 0.90 0.41 37 48 0.53 3.33 4.500 1.5 

 QMMO19993 2.54 1.48 0.82 0.90 0.98 0.41 27 48 0.58 3.10 4.125 1.5 

 QMMO11901 2.30 1.39 0.74 0.98 0.82 0.41 23 47 0.61 3.11 4.125 1.5 

 QMMO11901 2.21 1.23 0.82 0.90 0.82 0.41 22 49 0.56 2.70 4.000 1.5 

 QMMO85127 2.46 1.31 0.90 0.98 0.90 0.41 28 60 0.53 2.73 4.125 1.5 

 QMMO85129 2.38 1.31 0.82 0.82 0.74 0.41 44 68 0.55 2.90 4.125 1.5 

 QMMO85129 2.30 1.15 0.82 0.90 0.74 0.41 36 68 0.50 2.80 4.625 1.5 

 AMSC154897 2.30 1.39 0.82 0.90 0.74 0.41 38 72 0.61 2.80 4.750 1.5 

 QMMO85133 2.46 1.48 0.90 0.90 0.90 0.41 26 45 0.60 2.73 4.250 1.5 

MEAN: Pereduropa 
cursacosta 

11 adult 
specimens 

2.35 1.33 0.82 0.92 0.83 0.41 32 55 0.57 2.87 4.26 1.5 

Pereduropa delicata QMMO35547 1.72 0.98 0.74 0.82 0.74 0.41 35 82 0.57 2.33 4.000   

 QMMO78971 2.05 0.98 0.90 0.82 0.66 0.41 31 78 0.48 2.27 4.250 1.5 

 QMMO78971 1.80 1.07 0.74 0.82 0.74 0.41 32 68 0.59 2.44 4.250 1.5 

 QMMO13453 1.97 0.98 0.66 0.90 0.74 0.41 41 91 0.50 3.00 3.875 1.5 

 AMSC154896 2.05 1.15 0.57 0.98 0.82 0.41 25 67 0.56 3.57 4.375 1.625 

 AMSC154896 2.21 1.23 0.74 0.90 0.82 0.41 29 79 0.56 3.00 4.875 1.5 

 AMSC154896 2.13 1.23 0.82 0.90 0.82 0.41 32 76 0.58 2.60 4.500 1.5 

 AMSC154896 2.13 1.15 0.74 0.74 0.66 0.41 25 62 0.54 2.89 4.500 1.5 
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Species Reg # D H U AH AW PD WWB T1 H/D D/U 
# 
Whorls 

PL 

 
8 adult 
specimens 

2.01 1.10 0.74 0.86 0.75 0.41 31 75 0.55 2.76 4.33 1.52 

Pereduropa hamiltoniana QMMO78970 1.80 1.07 0.57 0.90 0.66 0.41 15 44 0.59 3.14 4.250   

 QMMO78970 1.89 1.15 0.66 0.74 0.57 0.41 17 44 0.61 2.88 4.375 1.5 

 QMMO78970 1.89 1.07 0.66 0.82 0.57 0.41 16 42 0.57 2.88 4.375 1.625 

 QMMO78970 1.89 0.98 0.66 0.82 0.66 0.41 17 45 0.52 2.88 4.250   

 QMMO65585 1.89 1.15 0.57 0.90 0.66 0.41 19 45 0.61 3.29 4.250 1.625 

 QMMO86089 2.05 1.07 0.74 0.82 0.82 0.41 18 42 0.52 2.78 4.375 1.5 

MEAN: Pereduropa 

hamiltoniana 
6 adult 
specimens 

1.90 1.08 0.64 0.83 0.66 0.41 17 44 0.57 2.97 4.31 1.56 

Pereduropa diamante  QMMO77078 1.39 0.90 0.57 0.82 0.49 0.33 36 102 0.65 2.43 3.875 1.75 

 QMMO77078 1.56 0.90 0.66 0.82 0.66 0.33 37 107 0.58 2.38 4.000 1.75 

 QMMO77078 1.56 0.90 0.66 0.82 0.66 0.33 37 107 0.58 2.38 4.000 1.75 

 QMMO77078 1.56 0.90 0.66 0.82 0.66 0.33 37 107 0.58 2.38 4.000 1.75 

 QMMO86071 1.56 0.90 0.74 0.82 0.49 0.33 39 104 0.58 2.11 4.000 1.625 

 QMMO77078 1.72 1.15 0.74 0.90 0.57 0.33 41 114 0.67 2.33 4.250 1.625 

 QMMO77078 1.48 0.82 0.66 0.74 0.49 0.33 45 117 0.56 2.25 3.750 1.5 

 
7 adult 
specimens 

1.55 0.93 0.67 0.82 0.57 0.33 39 108 0.60 2.32 3.98 1.68 

Pereduropa dalrymple  QMMO6372 2.21 1.31 0.49 0.98 0.82 0.49 35 117 0.59 4.50 4.375 1.875 

 QMMO85105 2.38 1.48 0.66 1.07 0.82 0.49 40 107 0.62 3.63 4.500 1.75 

 QMMO85103 2.38 1.48 0.57 1.07 0.98 0.49 42 99 0.62 4.14 4.250 1.5 

 QMMO6369 2.05 1.23 0.57 0.90 0.82 0.49 26 78 0.60 3.57 4.125 1.625 

 QMMO6369 2.13 1.15 0.74 0.90 0.74 0.49 37 99 0.54 2.89 4.250 1.75 

 QMMO6369 2.13 1.15 0.66 0.90 0.74 0.49 34 82 0.54 3.25 4.250 1.75 

 AMSC154908 2.54 1.48 0.66 1.15 0.98 0.49 45 109 0.58 3.88 4.500 1.625 

 AMSC154899 2.30 1.15 0.57 0.98 0.90 0.49 38 116 0.50 4.00 4.250 1.75 

 QMMO13075 2.13 1.15 0.74 0.98 0.82 0.49 34 75 0.54 2.89 4.000 1.625 

 QMMO85177     0.66 0.90 0.66 0.49 34 118   0.00 3.75 1.625 

 QMMO63555 2.21 1.31 0.66 0.98 0.90 0.49 39 112 0.59 3.38 4.25 1.625 

 
11 adult 
specimens 

2.25 1.29 0.63 0.98 0.83 0.49 37 101 0.57 3.61 4.23 1.68 

Isolderopa iangallowayi AMSC140446 1.89 1.15 0.66 0.98 0.74 0.33 42 94 0.61 2.88 5.000 1.75 

 AMSC140446 1.80 1.15 0.74 1.07 0.74 0.33 40 88 0.64 2.44 5.000 1.5 

 AMSC140446 2.13 1.31 0.74 1.07 0.74 0.33 47 106 0.62 2.89 5.125 1.675 

 QMMO85131 1.97 1.15 0.66 0.98 0.82 0.33 56 107 0.58 3.00 5.250 1.5 

 QMMO50891 1.89 1.23 0.74 1.07 0.74 0.33 40 93 0.65 2.56 5.375 1.75 

 QMMO78962 1.80 1.07 0.74 0.90 0.66 0.33 50 90 0.59 2.44 5.250 1.75 

 QMMO78962 1.89 1.15 0.74 0.98 0.74 0.33 55 103 0.61 2.56 5.250 1.75 

 QMMO78962 1.80 1.07 0.74 0.98 0.66 0.33 72 120 0.59 2.44 5.000 1.675 

 QMMO50880 1.72 1.15 0.66 0.98 0.66 0.33 45 97 0.67 2.63 5.000 1.675 

 QMMO50880 1.56 1.15 0.66 1.07 0.66 0.33 42 104 0.74 2.38 4.875 1.75 

 QMMO50885 1.97 1.23 0.66 1.15 0.74 0.33 51 120 0.63 3.00 5.250 1.75 

 QMMO50885 1.89 1.15 0.74 1.07 0.66 0.33 52 109 0.61 2.56 5.250 1.675 

 QMMO86088 1.89 1.15 0.66 0.98 0.66 0.33 48 119 0.61 2.88 5.250 1.75 

 QMMO86088 1.89 1.15 0.66 0.98 0.66 0.33 44 102 0.61 2.88 5.250 1.75 

 
14 adult 
specimens 

1.86 1.16 0.70 1.02 0.70 0.33 49 104 0.62 2.68 5.15 1.69 

Isolderopa minuta QMMO78980 1.39 0.82 0.66 0.74 0.41 0.25 56 129 0.59 2.13 4.500 1.675 

 QMMO78980 1.31 0.82 0.66 0.74 0.66 0.25 56 116 0.63 2.00 4.500 1.675 

 QMMO50886 1.31 0.74 0.66 0.66 0.57 0.25 61 120 0.56 2.00 4.375 1.5 

 QMMO50886 1.48 0.82 0.66 0.74 0.66 0.25 63 132 0.56 2.25 4.250 1.675 

 QMMO85100 1.56 0.90 0.74 0.74 0.41 0.25 63 112 0.58 2.11 4.675 1.5 

 QMMO85077 1.31 0.82 0.57 0.74 0.49 0.25 43 122 0.63 2.29 4.250 1.675 

 QMMO85087 1.39 0.90 0.66 0.66 0.41 0.25 60 127 0.65 2.13 4.500 1.75 

 QMMO85106 1.23 0.66 0.57 0.57 0.41 0.25 65 124 0.53 2.14 4.000 1.75 

 QMMO85085 1.48 0.82 0.66 0.66 0.41 0.25 67 132 0.56 2.25 4.375 1.625 

 QMMO85137 1.64 0.90 0.66 0.74 0.57 0.25 58 124 0.55 2.50 4.750 1.75 

 
10 adult 
specimens  

1.41 0.82 0.65 0.70 0.50 0.25 59 124 0.58 2.18 4.42 1.66 

Isolderopa deliqua QMMO78960 1.97 1.07 0.82 0.82 0.74 0.33 40 110 0.54 2.40 4.750 1.625 

 QMMO78960 1.72 0.98 0.82 0.82 0.66 0.33 41 115 0.57 2.10 4.125 1.625 

 QMMO6354 2.05 1.23 0.74 0.90 0.66 0.33 37 90 0.60 2.78 4.250 1.625 

 QMMO6354 1.80 1.23 0.74 0.90 0.57 0.33 36 111 0.68 2.44 4.250 1.625 

 QMMO6354 1.64 0.90 0.82 0.90 0.57 0.33 29 99 0.55 2.00 4.000 1.625 

 QMMO9725 1.97 1.07 0.82 0.90 0.66 0.33 45 102 0.54 2.40 4.500 1.625 

 QMMO9725 2.13 1.15 0.82 1.07 0.66 0.33 43 97 0.54 2.60 4.500 1.625 

 QMMO9725 1.97 1.15 0.82 0.90 0.66 0.33 39 87 0.58 2.40 4.500 1.625 

 QMMO13452 1.97 1.15 0.82 0.90 0.57 0.33 36 87 0.58 2.40 4.375 1.625 

 QMMO13452 2.21 1.15 0.82 0.98 0.66 0.33 36 101 0.52 2.70 4.750 1.5 

 QMMO85132 2.05 1.07 0.82 0.90 0.74 0.33 37 102 0.52 2.50 4.500 1.75 

 
11 adult 
specimens 

1.95 1.10 0.80 0.91 0.65 0.33 38 100 0.57 2.43 4.41 1.625 

Isolderopa westmolle  QMMO6348 1.64 0.82 0.66 0.74 0.49 0.33 55 129 0.50 2.50 4.250 1.5 

 QMMO6348 1.80 0.90 0.66 0.74 0.49 0.33 57 121 0.50 2.75 4.500 1.5 

 QMMO6348 1.72 0.82 0.66 0.74 0.41 0.33 55 129 0.48 2.63 4.500 1.5 

 
3 adult 
specimens 

1.72 0.85 0.66 0.74 0.46 0.33 56 126 0.49 2.63 4.42 1.50 
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Species Reg # D H U AH AW PD WWB T1 H/D D/U 
# 
Whorls 

PL 

Isolderopa whitsunday  QMMO85138 1.64 0.82 0.66 0.74 0.49 0.33 51 117 0.50 2.50 4.625 1.625 

 QMMO85138 1.56 0.82 0.66 0.74 0.41 0.33 50 111 0.53 2.38 4.375 1.625 

 QMMO85138 1.72 0.82 0.66 0.74 0.49 0.33 51 112 0.48 2.63 4.500 1.5 

 QMMO68647 1.48 0.82 0.57 0.74 0.49 0.33 54 130 0.56 2.57 4.500 1.625 

 QMMO11902 1.48 0.82 0.66 0.74 0.41 0.33 51 120 0.56 2.57 4.125 1.5 

 QMMO74081 1.48 0.82 0.66 0.74 0.41 0.33 51 126 0.56 2.25 4.250 1.5 

 QMMO65835 1.56 0.82 0.66 0.74 0.41 0.33 51 122 0.53 2.38 4.375 1.625 

 QMMO60586 1.56 0.90 0.66 0.74 0.49 0.33 50 112 0.58 2.38 5.000 1.5 

 QMMO13089 1.56 0.90 0.66 0.74 0.49 0.33 51 117 0.58 2.38 4.625 1.5 

 QMMO13089 1.48 0.82 0.66 0.74 0.49 0.33 48 114 0.56 2.25 4.375 1.625 

 QMMO13089 1.56 0.82 0.66 0.74 0.41 0.33 50 117 0.53 2.38 4.625 1.625 

 QMMO85128 2.05 0.90 0.90 0.74 0.49 0.33 52 108 0.44 2.27 4.125 1.5 

 QMMO85128 1.89 0.90 0.90 0.74 0.49 0.33 63 108 0.48 2.09 4.875 1.5 

 QMMO85128 1.80 0.90 0.74 0.74 0.49 0.33 53 111 0.50 2.44 4.875 1.5 

 AMSC154890 1.64 0.90 0.74 0.74 0.41 0.33 59 116 0.55 2.22 4.625 1.5 

 
15 adult 
specimens 

1.63 0.85 0.69 0.74 0.46 0.33 52 116 0.53 2.38 4.53 1.55 

Isolderopa pelion QMMO80985 1.56 0.82 0.57 0.66 0.49 0.41 59 147 0.53 2.71 3.375 1.75 

 1 adult specimen 1.56 0.82 0.57 0.66 0.49 0.41 59 147 0.53 2.71 3.375 1.75 

Isolderopa temburra  QMMO35809 2.05 1.23 0.90 0.90 0.66 0.33 42 122 0.60 2.27 4.375 1.75 

 QMMO35809 1.97 1.07 0.98 0.90 0.66 0.33 46 110 0.54 2.00 4.500 1.625 

 QMMO35809 1.89 1.07 0.90 0.82 0.74 0.33 48 125 0.57 2.09 4.375 1.75 

 
3 adult 
specimens 

1.97 1.12 0.93 0.87 0.68 0.33 45 119 0.57 2.12 4.42 1.71 

Tristanoropa conwayensis AMSC154891 1.64 0.98 0.66 0.74 0.57 0.33 33 75 0.60 2.50 4.500 1.625 

 AMSC154891 1.89 1.07 0.74 0.74 0.66 0.33 37 73 0.57 2.56 4.875 1.5 

 AMSC154891 1.72 0.98 0.66 0.74 0.57 0.33 33 70 0.57 2.63 4.675 1.5 

 AMSC154891 1.64 1.07 0.66 0.74 0.66 0.33 34 86 0.65 2.50 4.500 1.5 

 AMSC154891 1.56 0.90 0.66 0.74 0.49 0.33 33 75 0.58 2.38 4.375 1.5 

 AMSC154891 1.89 0.98 0.57 0.82 0.74 0.33 30 69 0.52 3.29 4.250 1.5 

 QMMO85336 1.89 1.23 0.66 0.74 0.66 0.33 39 90 0.65 2.88 5.250 1.625 

 QMMO85336 1.64 0.98 0.74 0.57 0.66 0.33 40 96 0.60 2.22 4.500 1.5 

 
8 adult 
specimens 

1.73 1.02 0.67 0.73 0.63 0.33 35 79 0.59 2.62 4.62 1.53 

Tristanoropa hughesae  QMMO85347 1.72 0.98 0.66 0.98 0.74 0.41 52 112 0.57 2.63 5.250 1.5 

 QMMO71737 1.39 0.82 0.57 0.66 0.49 0.41 55 121 0.59 2.43 4.125 1.5 

 QMMO85126 1.72 0.98 0.57 0.82 0.66 0.41 43 108 0.57 3.00 4.500 1.625 

 QMMO13099 1.72 0.82 0.66 0.74 0.57 0.41 62 111 0.48 2.63 4.625 1.5 

 QMMO13099 1.72 1.07 0.57 0.90 0.66 0.41 55 112 0.62 3.00 4.500 1.625 

 QMMO85136 1.89 0.98 0.74 0.90 0.66 0.41 59 104 0.52 2.56 4.750 1.5 

 QMMO85144 1.80 0.98 0.66 0.74 0.66 0.41 46 109 0.55 2.75 4.875 1.5 

 QMMO85135 2.05 1.23 0.82 0.74 0.74 0.41 52 102 0.60 2.50 5.625 1.5 

 QMMO85134 1.89 1.07 0.66 0.82 0.74 0.41 56 112 0.57 2.88 5.125 1.5 

 QMMO50905 1.64 0.98 0.66 0.74 0.66 0.41 50 115 0.60 2.50 4.725 1.5 

 QMMO50887 1.72 0.98 0.66 0.74 0.66 0.41 60 112 0.57 2.63 5.000 1.5 

 QMMO50892 1.56 0.90 0.66 0.66 0.66 0.41 52 104 0.58 2.38 4.875 1.5 

 QMMO50881 1.39 0.82 0.57 0.66 0.57 0.41 49 105 0.59 2.43 4.675 1.5 

 
13 adult 
specimens 

1.71 0.97 0.65 0.78 0.65 0.41 53 110 0.57 2.64 4.82 1.52 

Tristanoropa burwelli  QMMO11759 2.46 1.48 0.74 1.15 0.82 0.49 46 75 0.60 3.33 4.375 1.625 

 QMMO6374 2.05 0.98 0.66 0.90 0.74 0.49 36 102 0.48 3.13 4.125 1.75 

 QMMO6374 2.05 1.15 0.66 0.90 0.74 0.49 39 97 0.56 3.13 4.125 1.75 

 QMMO49392 2.21 1.23 0.74 1.07 0.82 0.49 37 72 0.56 3.00 4.125 1.625 

 QMMO6365 2.13 1.15 0.66 0.90 0.74 0.49 32 98 0.54 3.25 4.250 1.625 

 
5 adult 
specimens 

2.18 1.20 0.69 0.98 0.77 0.49 38 89 0.55 3.17 4.20 1.68 

 

C. Other MEQ charopids (Chapter 5) 

Species Reg # D H U AH AW PD WWB T1 H/D D/U # Whorl 

Discocharopa aperta QMMO73832 1.31 0.74 0.49 0.57 0.49 0.41 35 76 0.56 2.67 3.500 

 QMMO6183 1.64 0.66 0.49 0.41 0.41 0.41 31 86 0.40 3.33 3.25 

 QMMO6183 1.56 0.74 0.49 0.49 0.49 0.41 30 84 0.47 3.17 3.38 

 QMMO6183 1.56 0.82 0.49 0.49 0.49 0.41 33 83 0.53 3.17 3.38 

 QMMO6183 1.48 0.66 0.49 0.41 0.49 0.41 31 88 0.44 3.00 3.38 

 QMMO6183 1.48 0.66 0.49 0.49 0.41 0.41 33 77 0.44 3.00 3.38 

 QMMO6183 1.48 0.66 0.57 0.49 0.49 0.41 33 72 0.44 2.57 3.375 

MEAN: Discocharopa 
aperta 

7 adult 
specimens 

1.50 0.70 0.50 0.48 0.47 0.41 32 81 0.47 2.99 3.38 

Charopid MQ3 QMMO50893 2.54 1.48 0.57 0.74 0.90 0.57 10 24 0.58 4.43 3.375 

Charopid MQ10  QMMO6347 1.15 0.66 0.41 0.57 0.41 0.33 45 142 0.57 2.80 4.000 

South Molle I 
2 adult 
specimens 

1.15 0.66 0.41 0.57 0.41 0.33 43 136 0.57 2.80 4 

Charopid MQ13 QMMO6347 1.31 0.74 0.49 0.57 0.49 0.41 16 63 0.56 2.67 3.375 
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Species Reg # D H U AH AW PD WWB T1 H/D D/U # Whorl 

Comularopa sp. nov. QMMO85086 1.56 0.82 0.49 0.66 0.66 0.41 25 54 0.53 3.17 3.000 

 QMMO77454 1.39 0.74 0.49 0.66 0.57 0.41 13 37 0.53 2.83 3.375 

 QMMO9724 1.48 0.82 0.57 0.66 0.49 0.41 22 64 0.56 2.57 3.375 

MEAN: Charopid MQ13 
5 adult 
specimens  

1.56 0.82 0.49 0.66 0.66 0.41 25 54 0.53 3.17 3.000 

Charopid MQ17 QMMO85335 3.28 1.89 0.57 1.31 1.48 0.82 15 54 0.58 5.71 3.500 

Lenwebbia sp. nov. AMSC154893 3.11 1.89 0.57 1.23 1.23 0.82 20 54 0.61 5.43 3.375 

 QMMO85178 3.44 2.13 0.25 1.56 1.31 0.82 25 62 0.62 14.00 3.500 

 QMMO85178 3.28 2.05 0.25 1.39 1.80 0.74 22 58 0.63 13.33 3.500 

 QMMO77441 4.43 2.79 0.25 1.64 2.30 0.66 27 59 0.63 18.00 4.500 

MEAN: Charopid MQ17 
5 adult 
specimens 

3.51 2.15 0.38 1.43 1.62 0.77 22 57 0.61 11.30 3.675 

Charopid MQ18 

Luturopa sp. nov. QMMO13074 
1.64 1.15 0.25 0.82 0.82 0.49 9 34 0.70 6.67 3.125 

Charopid MQ20 QMMO77399 3.69 2.30 0.82 1.15 1.48 0.57 7 22 0.62 4.50 4.375 

Charopid MQ30 QMMO77210  4.18 2.21 1.15 1.72 1.64 0.57 53 64 0.53 3.64 4.375 

Charopid MQ31 QMMO85313 1.23 0.66 0.49 0.49 0.49 0.33 41 69 0.53 2.50 3.750 

 QMMO85091 1.23 0.66 0.41 0.49 0.41 0.33 47 89 0.53 3.00 3.500 

 QMMO85314 1.31 0.74 0.41 0.57 0.41 0.33 40 95 0.56 3.20 3.625 

 QMMO85314 1.07 0.66 0.49 0.49 0.41 0.33 34 100 0.62 2.17 3.375 

 QMMO85314 1.15 0.57 0.41 0.49 0.41 0.33 43 87 0.50 2.80 3.250 

MEAN: Charopid MQ31 
5 adult 
specimens 

1.20 0.66 0.44 0.51 0.43 0.33 41 88 0.55 2.73 3.50 

Charopid MQ36  QMMO85089 1.48 0.82 0.25 0.66 0.66 0.49 13 47 0.56 6.00 4.000 

Charopid MQ48 QMMO75828 3.69 2.65 0.33 1.23 2.05 0.41 74 164 0.71 11.25 3.75 

Ngairea sp. nov. 
1 sub-adult 
specimen 

           

Charopid MQ57 QMMO85341 2.70 1.50 1.05 0.86 0.78 0.57 6 22 0.55 2.59 4.48 

 QMMO85346 2.87 1.48 1.07 1.07 0.82 0.57 6 17 0.51 2.69 4.375 

 QMMO85346 2.70 1.56 1.07 0.74 0.82 0.57 7 25 0.58 2.54 4.675 

 QMMO85346 2.54 1.39 0.98 0.82 0.74 0.57 6 24 0.55 2.58 4.375 

MEAN: Charopid MQ57 
4 adult 
specimens 

2.70 1.56 1.07 0.82 0.74 0.57 6 21 0.58 2.54 4.500 

Charopid MQ58  QMMO85342 2.21 1.23 0.82 0.98 0.66 0.41 25 49 0.56 2.70 5.000 

Setomedea janae QMMO36092 4.10 2.13 1.23 1.48 1.48 0.57 19 46 0.52 3.33 4.625 

 QMMO36092 3.44 1.80 1.15 1.48 1.39 0.57 21 36 0.52 3.00 4.250 

 QMMO36092 3.69 1.97 1.23 1.48 1.23 0.57 19 45 0.53 3.00 4.500 

 QMMO35546 3.28 1.80 1.15 1.23 1.23 0.57 21 50 0.55 2.86 4.500 

 AMSC142268 3.44 1.72 1.23 1.39 1.23 0.57 20 38 0.50 2.80 4.500 

 AMSC142268 3.69 1.48 1.23 1.39 1.31 0.57 20 45 0.40 3.00 4.500 

 AMSC142268 3.69 1.64 1.23 1.31 1.23 0.57 17 43 0.44 3.00 4.500 

 AMSC150092 3.77 1.80 1.31 1.31 1.15 0.57 18 46 0.48 2.88 4.250 

 QMMO35620 3.93 2.05 1.23 1.39 1.31 0.57 21 45 0.52 3.20 4.750 

 QMMO17156 2.30 1.48 0.82 1.23 0.98 0.66 21 45 0.64 2.80 4.375 

 AMSC142486 3.93 1.89 1.23 1.48 1.31 0.57 18 39 0.48 3.20 4.500 

 AMSC142470 3.93 2.05 1.23 1.48 1.31 0.57 24 41 0.52 3.20 4.500 

 QMMO35632 3.93 2.05 1.23 1.23 1.48 0.57 19 41 0.52 3.20 4.625 

 AMSC142488 3.77 1.89 0.98 1.39 1.31 0.57 16 36 0.50 3.83 4.375 

MEAN: Setomedea janae 
14 adult 
specimens 

3.64 1.84 1.18 1.38 1.28 0.58 20 43 0.51 3.09 4.482 

Sinployea intensa AMSC340763 2.87 1.48 0.98 1.15 0.98 0.57 31 76 0.51 2.92 4.000 

 QMMO35808 2.46 1.39 0.82 0.90 0.82 0.57 28 63 0.57 3.00 4.125 

MEAN: Sinployea 
intensa 

2 adult 
specimens 

2.66 1.43 0.90 1.02 0.90 0.57 30 70 0.54 2.96 4.06 
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APPENDIX 4: Specimens included in anatomical dissection 

Taxa Registration 
number 

SEM images taken Anatomical 
dissection 

Amfractaropa bretti          QMMO11716 
 

✓  

Biomphalopa recava           QMMO39878 
QMMO85117 
 

✓ 
✓ 

 

Comularopa georginae         QMMO59546 
 

✓  

Gyrocochlea paucilamellata   QMMO16546 
 

✓  

Gyrocochlea vinitincta       AMSC139752 
 

✓  

Radiolaropa eungella          QMMO36099 
QMMO95343 
 

✓ 
✓ 

 

Nodularopa samanthae         QMMO13081 
QMMO77397 
 

✓ 
✓ 

 

Radiolaropa danieli          QMMO11745 
 

✓  
 

Stanisicaropa chambersae     QMMO78961 
QMMO35619 
QMMO85097 
QMMO85093 
 

✓ 
✓ 
✓ 
✓ 

✓ 

Whitcochlea iuloidea        QMMO85338 
QMMO85334 
QMMO85183 
QMMO74108 
QMMO65943 
QMMO65833 
QMMO64807 
QMMO59193 
QMMO39879 
QMMO6342 
JW3444 
 

✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 
✓ 

✓ 

Xenoropa wigtonensis       QMMO85180 
QMMO70431 

✓ 
✓ 

 

 

 

 

 




