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 The subgenus Rexmela, located primarily in Florida, is newly evolved, dating 

back 1.6 million years, first occurring in the Ayer’s Landing Member of the 

Caloosahatchee Formation. This subgenus has highly variably shell morphology and has 

led to the erection of several species and subspecies. In order to provide a quantitative 

methodology with which to differentiate between populations, samples of Recent and 

fossil populations were collected and measured for a variety of parameters. The 

parameters measured included length, width, spire height, and several angles, and 

allowed for a discriminate analysis to be completed. The analysis supported the 

distinction of several of the populations as ecophenotypes. Paleoenvironments of the 

fossil populations were then recreated using analogues of Recent populations.  
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Chapter 1 

1.0 Introduction 

The class Gastropoda is extremely diverse, with over 60,000 living species and an 

equally large number of fossil species. The family Melongenidae, which contains the 

genera Melongena and Pugilina, is found within American waters. Even though 

Melongena is not particularly diverse in numbers of species, it is quite prevalent and is 

present in the tropical waters of the Americas. Living in subtidal or intertidal areas, 

members of the Melongenidae are predatory in nature (Clench and Tuner, 1956). Species 

within the genus Melongena possess heavy, large, spined shells and feed mainly on 

mollusks (Abbott, 1972). A comprehensive literature review provides an array of species 

and subspecies, which are listed in Chapter 2, for consideration. The highly variable shell 

morphology of the subgenus Rexmela, named by Olsson and Harbisson in 1953, has 

provided multiple species and subspecies for use in providing a quantifiable method in 

distinguishing populations. A detailed examination of this subgenus is located in Chapter 

2. Rexmela, the basis for this study, is currently found from far eastern Alabama, 

throughout Florida, and the Yucatan Peninsula, Mexico. The fossil record of Rexmela 

can be found from the late Ayer’s Landing Member of the Caloosahatchee Formation 

(~1.8 mya) to the Recent. 
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1.1 Objectives of Study 

The major objective of this study is to determine if various populations, Recent 

and fossil, of the subgenus Rexmela can be distinguished from one another on the basis of 

shell morphology. A secondary objective is to reconstruct the paleoenvironments of the 

fossil specimens. This can be done by comparing various shell distance and angle 

measurements of fossil species to Recent species.  Examining other fossil mollusks that 

were found along with the fossil Rexmela will aid in paleoenvironmental reconstructions. 

1.2 Hypothesis 

 The hypothesis for this study is that Pleistocene and Holocene sea-level changes 

caused genetic isolation of individual populations of specimens, which, in turn, led to 

morphological variation, speciation, and subspeciation. 

1.3 Relevance 

 This study is relevant because there is a lack of a comprehensive examination and 

comparison of fossil and Recent populations of Rexmela. Although Recent specimens 

have been examined in depth (Clench and Turner, 1956; Caldway, 1959; Hathaway and 

Woodburn, 1961; Levy, 1979; Tucker, 1994; Petuch, 2004), they have never been used as 

modern analogues for fossil species. Presently, only some named species and subspecies 

have been studied with respect to quantifiable parameters (Levy, 1979; Tucker, 1994, 

Hayes, 2004; Hayes, 2008). Acquiring a variety of measurements for both fossil and 

Recent species allows for populations to be examined quantifiably and subsequently 

distinguished into individual groupings (possible species). 
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1.4 Study Area 

 The study area is located primarily within Florida, with all Recent samples 

collected by the author being found within the State. Recent specimens were collected at 

Panacea, Wakulla County, FL, Cedar Key, Levy County, FL, Marco Island, Collier 

County, FL, Anne’s Beach in Lower Matecumbe Key, Monroe County, FL, Lake Worth, 

Palm Beach County, FL, Cocoa Beach, Brevard County, FL and Port Orange, Volusia 

County, FL.  Fossil specimens were collected by Dr. Edward Petuch in Parkland, 

Broward County, FL, Loxahatchee and South Bay, Palm Beach County, FL, Ft. Basinger, 

Highland County, FL, and Venice Quarry, Sarasota County, FL. These locations are 

shown in Figure 1. 

 The species and subspecies that were selected for this study are all considered to 

be within the subgenus Rexmela. Additionally, with the exception of the Recent 

population of Melongena bispinosa, all were found within Florida. The Recent 

population of Melongena bispinosa examined was collected by Dr. Jerry Harasewych at 

Ascension Bay, Quintana Roo, Yucatan, Mexico.  
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Figure 1. Map showing locations of samples within Florida. 

1.5 Thesis Organization 

 After the introduction, this thesis is organized into the following chapters: Chapter 

2-Literature Review, Chapter 3-Geologic Setting, Chapter 4-Materials and Methods, 

Chapter 5-Results and Analyses, and Chapter 6-Discussion and Conclusions. Chapter 2 

includes a review of the genus and subgenus that the study populations fall into, as well 
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as the history and study of Rexmela in Florida. This chapter also gives brief descriptions 

and type localities. Chapter 3 covers the geologic history of the study area. Chapter 4 

describes collection, measurement and analysis methodology. Chapter 5 provides the 

results in descriptive and graphical form, as well as classification of populations into 

species. Chapter 6 includes reasoning for isolation and morphologic differentiation, as 

well as conclusions, problems with the study, and ideas for future research. Following 

these main chapters of text are Chapter 7, which includes a thorough systematic review, 

Chapter 8, Literature Cited and Appendices 1-3 containing plates, raw data, and statistical 

score results. 
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Chapter 2 

2.0 Literature Review 

2.1 Subgenus overview 

Abbot’s 1974 publication lists three species that belong within the genus 

Melongena; Melongena patula, Melongena melongena, and Melongena corona. The 

latter species was further subdivided into Melongena corona bicolor, Melongena corona 

johnstonei, Melongena corona bispinosa and Melongena corona altispira.  While this 

work proved to be helpful in early literature review, several designations have since been 

found to be inaccurate and outdated. For future reference, this study recognizes 

Melongena bispinosa and Melongena bicolor as full species. Olsson and Harbison (1953) 

proposed Rexmela as a new subgenus, with the fossil Melongena subcoronata being 

designated as the type species. Rexmela is described as maintaining the general 

characteristics of Melongena melongena but differing in spire and whorl coiling. In those 

specimens that are placed into the subgenus Rexmela, the spire is more pronounced and 

more scalar, with the growing whorls not advancing up on the spire. For comparison, a 

typical Melongena (sensu stricto) and Rexmela are shown in Figure 2.  

Clench and Turner (1956) provide one of the most comprehensive studies of the 

genus Melongena.  According to Clench and Turner, the original designation of the 
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subgenus was to serve as a boundary between the Recent specimens of Melongena 

corona and the Pliocene Melongena subcoronata. Their study classifies Melongena 

subcoronata as a synonym of Melongena corona, thereby changing the current concept 

of the type species. Although they assign synonymic status to the type species, they do 

acknowledge the usefulness of using Rexmela to separate the Melongena corona 

complex, including Melongena bispinosa, Melongena bicolor and Melongena 

sprucecreekensis from other species of the genus Melongena, such as Melongena 

melongena and Melongena patula (Clench and Turner, 1956). 

                      

Figure 2. Comparison of (a) Melongena melongena and (b) Melongena (Rexmela) 

corona johnstonei (Photograph from (a) http://www.gastropods.com/Shell_Images/M/ 

Melongena_melongena_2.jpg and personal collection, 2008) 

2.2 History of study of subgenus Rexmela in Florida 

As previously stated, the most comprehensive study of the family Melongenidae 

was conducted by Clench and Turner (1956). Their study examined the family 

Melongenidae in the western Atlantic and thoroughly reviewed the subgenus Rexmela in 

addition to the naming of a new subspecies (Clench and Turner, 1956). They describe and 

a b 
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show in detail four different species and subspecies that fall within the subgenus Rexmela 

which are relevant to this study.  These include Melongena bicolor, Melongena corona 

corona, Melongena corona johnstonei, and Melongena corona altispira.  Clench and 

Turner (1956) also provide a detailed description of Melongena bispinosa which, 

although fossil specimens occur within Florida, it is only currently found on the Yucatan 

Peninsula.  From here on, Melongena shall be abbreviated as M. and Melongena corona 

as M. c. 

Tucker (1994) provided another overview of the M. c. complex along with the 

naming of a new species. His work allowed for five species or subspecies as well, but he 

did not include M. c. altispira and instead listed M. sprucecreekensis. In this work, 

Tucker (1994) listed M. bispinosa, M. bicolor, M. sprucecreekensis, M. c. corona and M. 

c. johnstonei as valid members of the genus although he later refutes M. c. johnstonei as a 

valid subspecies. Another new subspecies, M. c. winnerae, was introduced by Petuch 

(2004). 

 Several other studies have been conducted on Rexmela regarding multiple 

influences, usually biological, as well as debating the classification of certain subspecies. 

Hamilton (1980) disputes Clench and Turner’s classification of M. c. johnstonei based on 

shell spination.  The original classification of M. c. johnstonei was based on an absence 

of siphonal spines. Since later study revealed siphonal spines in samples, Hamilton stated 

that the classification was invalid (Hamilton, 1996). Hamilton (1996) also studied the 

movement of M. corona with regards to tidal flow. An intensive study of the biology and 

ecology of M. corona by Hathaway and Woodburn (1961) demonstrated the ability of 
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this species to tolerate euryhaline conditions, as well as describing mating and larval 

stages. When rate of growth was examined by Caldwell (1959) and Hathaway and 

Woodburn (1961) it was determined that growth was irregular in adult form so a true 

growth rate is indeterminate, meaning that they do not stop growing at a specific point in 

their life. The range of the M. c. complex was also re-evaluated for the population in the 

northwestern region of Florida(Levy, 1979). This study acknowledged three subspecies, 

M. c. corona, M. c. johnstonei, and M. c. altispira but, like Hamilton (1980), invalidated 

distinction of M. c. johnstonei based on the presence of siphonal spines. 

 Due to the varying opinions on what constituted a Rexmela species or subspecies, 

a decision had to be made on what populations were to be included in this study.  Since a 

major purpose of this thesis is to determine if there any quantifiable differentiation 

among the varying populations, a broad view was taken. The specimens listed by Clench 

and Turner (1956) were accepted, as well as the two later additions by Petuch (2004) and 

Tucker (1994) leaving the final study list of recent specimens to be: M. bicolor, M. 

sprucecreekensis, M. c. corona, M. c. altispira, M. c. johnstonei, and M. c. winnerae.  In 

the literature, M. sprucecreekensis and M. bicolor are listed with both species and 

subspecies designations. Due to this variation, and the difference in opinions on what 

constitutes a species and subspecies, the original taxa were used, with both being 

considered to be full species.  

The majority of literature published concerning the fossil species consists of 

systematic descriptions.  Heilprin (1887), Clench and Turner (1956), Petuch (1994) and 

Petuch and Roberts (2007) provide detailed descriptions and figures of each of the fossil 
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species.  The specimens used in this study were from the collections of Dr. Edward 

Petuch and therefore were pre-determined in what species were examined. For fossil 

specimens, the species used are: M. griffini, M. acutangulata, M. bispinosa, M. diegelae, 

M. corona, and M. subcoronata. 

2.3 Determination and description of species and subspecies 

For ease of discussion purposes, a brief review of key morphological features is 

given here. A thorough systematic review is given in Chapter 7. A generalized diagram of 

a typical Rexmela shell is shown in Figure 3.  
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Figure 3. Diagram showing generalized morphology and terminology for a typical 

Rexmela. 

 

2.3.1 Recent species 

2.3.1a M. bicolor (Say 1827) 

M. bicolor was described by Say in 1827. This species is described as having an 

elevated spire, a maximum length of 50 mm, and a thin but strong shell. Varying from the 

M. c. complex, M. bicolor is very small and lives in a marine environment. The type 

locality is Key West, FL and, from there, range to Biscayne Bay, FL in the north to the 

Dry Tortugas in the south (Clench and Turner, 1956). 

2.3.1b M. sprucecreekensis Tucker 1994 

 Described by Tucker in 1994, M. sprucecreekensis may reach 185 mm in length 

and is strongly sculptured. This species differs from surrounding populations in 

morphology, shell thickness, and type of prey. The type locality is given as 7.26 km north 

of New Smyrna Beach, FL and is only known from the Spruce Creek Estuary (Tucker, 

1994). 

2.3.1c M. corona (Gmelin 1791) 

 M. corona, the type species of this subgenus, was described by Gmelin in 1791 

and possesses a variable structure and shell. This species ranges from thin to thick shell 

and from a horizontal, narrow shoulder to a broad, sloping shoulder. The range is from 
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Keaton’s Beach, FL to Cape Sable, FL and the type locality is Tampa Bay, FL (Clench 

and Turner, 1956). 

2.3.1d M. c. altispira Pilsbry and Vanatta 1934 

 M. c. altispira was described in 1934 by Pilsbry and Vanatta, and has a long, 

narrow form and a thin but strong shell with an elevated spire. The subspecies is different 

from M. corona in that is on average a little smaller. The range is given as the east coast 

of Floirida and the type locality is Oceanus, Brevard County, FL (Pilsbry and Vanatta, 

1934; Clench and Turner, 1956). 

2.3.1e M. c. johnstonei Clench and Turner 1956 

 Turner and Clench described M. c. johnstonei in 1956 as having a strongly 

sculptured and solid shell. This subspecies differs from the typical M. corona by 

possessing a broader shoulder and a more elongated shell.  The range is from Panacea, 

FL to Gulf Shores, AL and the type locality is Gulf Shores, AL (Clench and Turner, 

1956) 

2.3.1f M. c. winnerae Petuch 2004 

 M. c. winnerae was described by Petuch in 2004 and has a large shell with length 

being slightly greater than width. Similar to M. c. corona, this subspecies differs in being 

broader and larger as a whole. The range is from southern St. Lucie County, FL to Lake 

Worth, FL. The type locality is given as Little Lake Worth Lagoon, Riviera Beach, FL 

(Petuch, 2004).   
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2.3.1g M. bispinosa (Philippi 1844) 

 M. bispinosa was described by Philippi in 1844 as being structurally light and 

sculptured and having scale-like spines near the siphonal canal. A precise type locality is 

not known but assumed to be the Yucatan Peninsula (Turner and Clench, 1956). This is 

also the only location where this species is found in the Recent. 

2.3.2 Fossil species 

2.3.2a M. griffini Petuch 1994 

 Described by Petuch in 1994, M. griffini is a small, vase-shaped shell that is 

similar to M. acutangulata but posseses a lower spire and is less broad. The type locality 

is from the Holey Land Member of the Bermont Formation from Griffin Brothers pit in 

Palm Beach County, FL (Petuch, 1994; Petuch and Roberts, 2007). 

2.3.2b M. acutangulata Petuch 1994 

 M. acutangulata is described as having a small, thin shell with a shoulder width 

slightly less than length and is similar to M. bispinosa, but has a steeper shoulder angle 

and a broader shell. The type locality of this species is the Ayer’s Landing Member of the 

Caloosahatchee Formation, Griffin Brothers pit, Palm Beach County, FL. This species is 

the oldest known Rexmela species (Petuch, 1994; Petuch and Roberts, 2007). 

2.3.2c M. diegelae Petuch 1994 

 Described by Petuch in 1994, this species is very small, broad across the shoulder, 

vase shaped, and low spired. Described as the smallest member of its genus, it is similar 
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to M. bispinosa but is broader and smaller. The type locality is the Belle Glade member 

of the Bermont Formation, 12 miles south of South Bay, Palm Beach County, FL 

(Petuch, 1994; Petuch and Roberts, 2007). 

2.3.2d M. subcoronata Heilprin 1887 

 Described by Heilprin in 1887, this species possesses a moderately elevated spire 

and an obtusely angled shoulder. Originally, M. subcoronata was said to be in the 

Caloosahatchie Formation, below Fort Thompson (Heilprin, 1887) but was later confined 

to the Okaloacoochee Member of the Fort Thompson Formation (Petuch, 2004; Petuch 

and Roberts, 2007). This species was also considered to be a synonym of M. corona by 

Turner and Clench (1956). 

2.3.2d M. corona (Gmelin 1791) 

 The previous description of M. corona given in the Recent species section is 

applicable to fossil specimens, which is confined to the Coffee Mill Hammock Member 

of the Fort Thompson Formation, as well. 

2.3.2 e M. bispinosa (Philippi 1844) 

 The previous description of M. bispinosa given in the Recent species section is 

applicable to fossil specimens as well. The fossil M. bispinosa is confined, in Florida, to 

the Belle Glade Member of the Bermont Formation. 
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Chapter 3 

3.0 Geologic Setting 

The state of Florida is geologically unique in comparison to other continental 

states. It lies on the Floridian plateau which, at anywhere from 240 to 400 miles wide and 

500 miles long, separates the deep water of the Gulf of Mexico from the deep water of 

the Atlantic Ocean (Cooke, 1939). Due to its location on the trailing edge of the North 

American Plate, the area is fairly stable and the major deformation that acts upon the 

region is a “gentle doming” that occurs in the north central area of the state (Cooke, 

1939;  Petuch, 2004; Petuch and Roberts, 2007). The general topography is highly 

dependant on the hardness, solubility, and porosity of the underlying rocks (Cooke, 

1939). 

Due to its very flat topography and markedly low elevation, Florida is highly 

susceptible to any changes in sea-level. As a result of this, Florida shows a series of 

depositional environments that are indicative of previous sea-level stands.  Throughout 

the Pleistocene and Recent, there has been great variation in glacial activity which affects 

sea level. Sea level low stands occurred during times of glaciation, when water mass was 

maintained in ice sheets. The sea level high stands occurred during interglacial periods, 

when the ice sheets melted and transmitted the water mass to the oceans (Lambeck and 
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Chappell, 2001). The last glacial maximum (LGM), which caused a significant lowering 

of sea level, occurred during the late Wisconsinan Stage, at 18,000 ybp. Figure 4 shows 

sea-level fluctuations during the Pleistocene with depositional periods that are important 

to the fossil history of Rexmela denoted. 

 

Figure 4. Pleistocene sea level curve with denotations of important formation 

depositions. 1-Ayers Landing Member where Rexmela is first found, 2-Holey Land 

Member, 3-Okeelanta Member which is devoid of fossil Rexmela, 4-Belle Glade 

member, 5-Okaloacoochee Member, and 6-Coffee Mill Hammock Member (Modified 

from Petuch and Roberts, 2007). 
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 During these dynamic periods in Florida’s geologic history, when sea level was 

fluctuating, a variety of bodies of water came into and out of existence.  According to 

Ward (1985), two basins existed, the Gulf and Atlantic.  The basins differed in 

sedimentary composition and tectonic history. The Gulf Coastal Plain had a thick 

accumulation of deltaic and alluvial sediments, while the Atlantic Coastal Plain differed 

in having a markedly thin layer of sediments that were marine in nature (Ward, 1985).  

These basins then hosted several paleoseas which were affected by transgressive and 

regressive episodes.  By the Oligocene, the Gulf Basin was home to only two paleoseas, 

the Choctaw and Okeechobean, and the Atlantic, four, Charleston, Albemarle, Salisbury 

and Raritan (Petuch, 2004). Four subseas of the Okeechobean Sea, which are important to 

this study due to the formations and members that were deposited, existed in the 

Pleistocene epoch. The Caloosahatchee, Loxahatchee, Belle Glade and Lake Worth 

subseas produced the Caloosahatchee, Bermont, and Ft. Thompson Formations (Petuch, 

2004). All of the fossil species of Rexmela used within this study were found to have 

originated in the formations listed above. A generalized stratigraphic column is shown in 

Figure 5. 

 According to Petuch and Roberts (2007), the Everglades region of Florida 

experienced three major depositional episodes and many minor ones. The first major 

episode, that of the carbonate platform, was the deposition of fine carbonate materials. 

These fine materials were ultimately removed by the catastrophic effects of tsunamis 

caused by the late Eocene meteorite impact in the Chesapeake Bay region. In addition to 

the scouring off of the carbonate materials, there was also a marked lowering of sea-

levels, leading to subaerial conditions, due to extreme global cooling as a result of the 
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meteorite impact. A later rise of sea-level during the mid-Oligocene saw a return to the 

deposition of carbonate material. The second major depositional environment occurred 

during the latest Oligocene to early Pliocene and was the result of upwelling and deltaic 

environments.  Due to the change in the structure in the Gulf of Mexico, the presence of 

upwelling on the west coast allowed for deposition of phosphates (Petuch and Roberts, 

2007). Siliclastic deposition also occurred due to input from the DeSoto and Immokolee 

Deltas. The final major episode, the Pseudatoll depositional episode, was the result of a 

lessening of the upwelling system, which ultimately led to warmer, tropical water 

conditions. This allowed “large scale” carbonate deposition, extensive coral reef 

formation, and an increase in the number of environments, including mangrove mud flats 

and estuaries (Petuch and Roberts, 2007).  
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Figure 5. Stratigraphic column showing geologic units since the Oligocene in Florida 

(Taken from Petuch and Roberts, 2007).  

 Fossil Rexmela have been found from the late Ayer’s Landing Member of the 

Caloosahatchee Formation and Rucks Pit Member of the Nashua Formation to the Coffee 

Mill Hammock Member of the Fort Thompson Formation.  There is a noteworthy gap in 

the stratigraphic column which is devoid of fossil Rexmela.  No specimens are present 
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from the Okeelanta Member of the Bermont Formation. The reasoning behind this is the 

presence of a large freshwater lake that allowed for the deposition of this member, which 

did not provide a suitable environment for the brackish to saltwater preferring Rexmela 

(Petuch, 2004; Petuch and Roberts, 2007). Shown in Figure 5 is a composite of the extent 

of each member in which Rexmela have been collected, from stratigraphically oldest to 

the most recent. 
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Figure 6. Extent of member depositions where Rexmela are found (a) Ayers Landing 

Member, (b) Holey Land Member, (c) Belle Glade Member, (d) Okaloacoochee Member 

(Taken from Petuch and Roberts, 2007). 
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Chapter 4 

4.0 Materials and Methodology 

 To determine morphological variation between varying populations, both Recent 

and fossil specimens were collected and measured for a variety of parameters. 

4.1 Field Sampling of Recent Specimens 

 The sampling of the six selected Recent populations took place in August and 

September of 2007. Scouting occurred the day of the sampling due to uncertainty of the 

location of each population. Possible locations were taken from the literature and 

personal communication (Clench and Turner, 1956; Abbott, 1972; Petuch, 2007). Given 

that Rexmela species tend to live in low energy zones, inlets, creeks, lagoons, and the 

Intracoastal Waterway were examined in order to find each population. Once found, 

pictures of the environment and the organisms, both in-situ and after collection, were 

taken, along with two to seven individuals of each population. After collection, the 

specimens were bagged, labeled and frozen en masse to preserve the animals for further 

study. On August 11, 2007, M. c. corona was collected at Marco Island, FL (n=3).   On 

August 12, 2007, M. sprucecreekensis was collected at Port Orange, FL (n=3). M. c. 

johnstonei, in Panacea, FL, was collected on August 19, 2007 (n=2). M. c. winnerae, in 

Lake Worth, FL, was collected on August 22, 2007 (n=3). M. bicolor was collected at 
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Anne’s Beach, Lower Matecumbe Key, FL on August 25, 2007 (n=7). M. c. altispira was 

collected in Cocoa Beach, FL on September 8, 2007 (n=4).  

 Due to a later decision to test each population for genetic variation, a second 

round of sampling took place, allowing for a greater number of test individuals. With one 

exception, sampling took place at the same location, or within a few miles of the original 

sample site in the case of M. c. corona.  The noticeably different sampling locality 

occured with the Panacea, FL site.  The second sampling occurred at Cedar Key, FL 

which was believed at that point to be the southern point of the range of M. c. johnstonei.  

Later research showed this location as being part of the cline between M. c. corona and 

M. c. johnstonei, which led to an opportunity to allocate the unknown population into the 

subspecies to which it belongs. At each of the second samplings, a greater number of 

specimens were collected, along with GPS coordinates, in the same manner, with 

preservation, labeling, and documentation, as the first sampling. Sampling occurred from 

October 2007 to January 2008 and five to 23 specimens were taken from each site.  

 At each locality, a description of the setting was recorded in order to allow for a 

description of the ecological setting of each subspecies.   

4.2 DNA Extraction and sequencing 

 All current specimens were taken to the Smithsonian Marine Station at Fort 

Pierce, in Fort Pierce, FL, for DNA extraction. Specimens were prepared by removing a 

small piece of tissue from the body and placing within an S-Block. As each piece was 

removed, it was placed into an individually labeled portion of the S-Block.  The 

remaining organism, shell, and operculum were then individually wrapped and labeled.  
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Recent specimens were assigned the following designations: M. sprucecreekensis-A01-

A11; M. c. winnerae-B02-B04, B06-B10; M. c. johnstonei-B11-B12; M. c. unknown 

(from the area between M. johnstonei and M. corona)-C01-C08, C10; M. c. corona-D2-

D11; M. c. altispira-E01-E05, E08-E09 and E11-E12; and M. bicolor-F01-F11. 

Specimens were then refrozen and stored.   

The tissue samples were then purified by placing the S-Block in the BioSprint96 

at the Smithsonian Marine Station at Fort Pierce, FL. The purified samples were then 

taken to the Smithsonian Institute in Washington, D.C., and processed for cytochrome 

oxidase I (DNA bar coding) sequences, which were then examined for ability to resolving 

phenotypes. Further DNA analysis did not occur due to the inability to resolve the 

phenotypes. 

4.3 Cleaning and Vouchering 

 After the tissue for the DNA extraction was removed, the remaining body 

was removed from each shell and placed in a mixture of ethanol (~80%) and water 

(~20%), with a label tag, for vouchering purposes. The shell was then placed in bleach 

for approximately 24 hours to remove organic material. After the shell was cleaned, 

cotton was placed within the shell and the operculum was replaced. 

4.4 Fossil Specimens 

 Sixty fossil specimens from a variety of localities in Florida and previously 

classified as belonging to the subgenus Rexmela, were procured from the collection of 

Dr. Edward Petuch. Specimens were divided into species or subspecies using works by 
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Petuch (1994; 2004) and Clench and Turner (1956) and recorded with information about 

the collection site. A specimen label was then given to each shell. Specimen designations 

are as follows: M. griffini-G01-G09; M. acutangulata-H01-H19; M. bispinosa-I01-I10; 

M. c. subcoronata-J01-J05; M. c. winnerae-K01; M. corona-L01-L11; M. diegelae-M01-

M06. 

4.5 Museum Collection 

In November 2007, a trip was made to the Academy of Natural Sciences in 

Philadelphia, PA to examine the holotypes and paratypes that are held in its collections. 

Paratypes that were relavent to this study were photographed and measured with a caliper 

for length and width. Digital photographs were also taken using the previously existing 

digital camera set-up at the Academy of Natural Sciences. 

4.6 Distance Measurements 

 Recent and fossil specimens alike were measured for multiple distances. Using a 

Digimatic Caliper, total length and width at the widest portion directly below the 

shoulder measurements were taken in millimeters to the hundredth place.  The aperture 

was also measured in the same manner for both width at greatest point and length. For the 

recent specimens, the same measurements were taken with regards to the operculum. 

 Data analysis later revealed the need for further measurements. Additional 

measurements, of the width at the base and the distance from the base to the suture line, 

were taken using the same previously described method. The spire length was then 
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determined by subtracting the base to suture distance from the total length.  A diagram 

showing the distance measurements is shown in Figure 7. 

 

Figure 7. Diagram of distance meaurements taken. 1-Total length, 2-Width, 3, Suture to 

Base, 4-Width at Base 

4.7 Angle Measurement 

 Two digital photographs were taken of each individual specimen, one showing the 

back of the shell and one the aperture side.  These photographs, in addition to being used 

for plate creation, were also used to determine angle measurements.  ImageJ, an image 

processing program, was utilized for these measurements.  Each photograph showing the 

aperture view was opened in ImageJ and the spire, shoulder, posterior aperture, body 



 

 

27

curvature and anterior aperture angles were measured to the thousandth place. The 

location of the angles and the base lines are shown in Figure 8 

 

Figure 8. Diagram of angle measurements taken. 1-Spire angle, 2-Shoulder angle, 3-

Posterier aperture angle, 4-Body curvature angle, 5-Anterior aperture angle. 

4.8 Data Analysis 

4.8.1 Excel 

 Once all measurements of fossil and Recent specimens were loaded into an Excel 

spreadsheet, length/width ratios were determined by dividing the length by the width for 
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each specimen, as well as the length to width ratio for the aperture. For the Recent 

specimens, a length/width ratio was also determined for the operculum.  The values were 

then averaged for each population. The standard deviation was then determined for each 

species or subspecies using the formula, 

 

 Results were then compared and graphed.  

 For the fossil specimens, the same methodology was used with the exception of 

operculum measurements opercula are not preserved in the fossil record. Length/width 

ratios and length/width of aperture ratios were determined for each specimen, and the 

standard deviation was again applied. After each specimen was identified, length/width 

ratios were then calculated for each population of the collection.   

4.8.2 Bivariate Analysis 

Bivariate analysis was used to determine the correlation between two 

measurements of distance amongst the populations. By plotting length versus width on a 

scatter plot in excel, a linear trend line was able to be inserted to determine the 

correlation coefficient. When the correlation coefficient is close to negative one, it shows 

a negative correlation, such as when one parameter increases, the other decreases. While 

a number close to zero shows little to no correlation, a number close to one shows a 

positive correlation showing that the two parameters or values increase together (Foote 

and Miller, 2007). The length and width plots were created for each population, then for 

all fossil populations, all recent populations, and then finally, all populations together. 



 

 

29

4.8.3 Multivariate Analysis 

 Multivariate analysis is a statistical method that allows multiple parameters to be 

examined at the same time. Discriminate analysis, a form of multivariate analysis, is 

common in the Earth sciences. This method factors all of the original parameters, in this 

case, distance and angle measurements, of each specimen and creates a single score. The 

goal of discrimination is to find the linear combination of parameters to achieve the 

greatest difference between original groups (Davis, 2002). Knowing the groups a priori 

allowed the use of a discriminate analysis and canonical correlation using SYSTAT 11.  

A normal discriminate analysis was run using all 13 populations (including the unknown 

species that was acquired at Cedar Key) and twelve parameters (five angles and seven 

distances). Permutations were then run with fossil populations only, recent populations 

only, and all specimens together. SYSTAT produced canonical variable scores for each 

sample in all permutations.  The first canonical variable is the most discriminating 

between the groups, with the second being orthogonal to the first and being the next best 

combination of variables (SYSTAT, 2004). These scores were then plotted on a scatter 

plot to distinguish populations. 
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Chapter 5 

5.0 Results and Analysis 

5.1 Environmental Preferences  

The environmental preference of each population varies across the sample area of 

the State of Florida.  By examining and describing the various environments that each 

population prefers, paleoenvironments can be inferred for fossil populations by 

comparing them to similar recent populations. This is done by examining the populations 

that are similar in morphologic parameters. 

5.1.1 M. c.  corona  

 The typical subspecies of the variable subgenus Rexmela was found on Marco 

Island, FL (N26º1’26”, W81º44’1”; N26º1’35”, W81º44’4”; N26º1’32”, W81º44’7”). 

This sample group was collected at Rookery Bay, in areas where mangrove forests were 

present.  Specimens were discovered among oysters, which are believed by the author to 

be the main food source for this species, as several specimens were found in the act of 

feeding. The substrate in the Rookery Bay area is mud and sand and the collection site 

was located in an area of low tidal influence and low wave action.  An example of the 

mangrove roots that several of the specimens were found in is shown in Figure 9.  
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Figure 9. Mangrove roots where multiple M. c. corona were collected 

5.1.2  M. c.  johnstonei  

 This population was collected in Panacea, FL at Mashes Sands on Mashes Island 

(N 29.9808, W84.3643).  The site was located off Ochlockonee Bay and appeared to have 

a much sandier substrate than that of M. c. corona. The area also was much more affected 

by tidal and wave influence. Although this site had a significant number of oysters, there 

were no mangroves present, unlike the environment of M. c. corona. The larger of the 

two specimens sampled (FAU-B11), was found mostly buried in the sand approximately 

15 feet from an oyster bank.  The other specimen was also found in the sand, exposed on 

the surface, within site of an oyster bank. This site is shown on August 19, 2007 in Figure 

10. 
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Figure 10. Collection site of M. c. johnstonei, Panacea, FL 

5.1.3 M. c.  altispira  

 This subspecies was found in Cocoa Beach, FL (N28º18’661”, W80º37’215”), in 

an area that contained mangroves. These mangroves were not as large or abundant as at 

other collection localities. Also noticeable at this site was the lack of a food source.  

Oysters were not present where the specimens were collected, nor were any other obvious 

food sources. This site was within a canal that had no wave action, but that was affected 

by tidal fluctuations and had a sandy substrate.   
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5.1.4 M. bicolor  

 The greatest variation in environment occurred at the collection locality of M. 

bicolor. Samples were collected at Anne’s Beach on Lower Matecumbe Key, FL 

(N24º50’46”, W80º44’41”) and existed in a beach environment on the Atlantic Ocean. 

Because of this, they were strongly affected by tidal fluctuations. Although wave effect 

was present, the impact on the collection locality was minimal due to a generalized low 

wave impact in the Florida Key’s region.  Some mangroves were present, but the 

specimens were not found within the roots of the mangroves. Instead, they were found 

just below the high tide line.  At low tide, this population buries itself under the sand This 

characteristic Florida Keys species also fed on gastropods, (Cerithium and Batillaria), 

instead of oysters and existed on a fine carbonate sand substrate.  

5.1.5 M. sprucecreekensis  

 M. sprucecreekensis was collected in Port Orange, FL (N29º08’807”, 

W80º58’661”) at the Port Orange Causeway Park in the Intracoastal Waterway. This site 

did not have many mangroves present but possessed a great quantity of oysters, which 

were found to be the main food source for M. sprucecreekensis. The substrate here was 

muddy and sandy and the environment, as a whole, is shown in Figure 11 on August 12, 

2007 and October 6, 2007. 
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Figure 11. Oyster bank at collection site of M. sprucecreekensis, Port Orange, FL. 

5.1.6 Melongena corona winnerae  

 The collection locality for this population is located in Lake Worth, FL 

(N26º48’03”, W80º02’04”). M. c. winnerae has the most similar environmental 

environmental preferences to the typical M. c. corona. Like one of the collection sites of 

M. c. corona, M. c. winnerae was collected in an area that had a somewhat muddy 

substrate, mangroves, and oyster beds. M. c. winnerae was also found feeding on oysters 

at this site. The area is highly affected by tides and is located within the Intracoastal and 

therefore is not affected by waves.  The area is shown in Figure 12 on August 22, 2007. 
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Figure 12. Mangrove forest in Lake Worth, FL-collection site of M. c. winnerae 

 

5.1.7 Melongena corona (unknown sample) 

 This population was collected in the region of the cline between M. c. corona and 

M. c. johnstonei at Cedar Key, FL (N29º09’86”, W83º01’61”).  This environment is very 

similar to that preferred by M. c. corona and M. c. winnerae due to its extremely muddy 

substrate and quantity of oysters in a salt marsh region. 

5.1.8 Habitat summary 

 The majority of the populations have similar habitats and food preferences.  M. c 

winnerae, M. c. corona, M. c. sprucecreekensis, M. c. johnstonei and the unknown 

population all exist in slightly varied, but mostly similar environments.  The substrate 
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ranges slightly in mud content, with all having a significant amount of sand.  The 

unknown population from Cedar Key existed in an extremely muddy environment but, 

like the aforementioned populations, shared a food source of oysters. The differing 

populations were that of M. bicolor and M. c. altispira.  M. bicolor was found in a marly 

sand feeding on gastropods.  While M. c. altispira shared substrate and the presence of 

mangroves with the former populations, there was no obvious source of food present. 

5.2 DNA Sequencing  

 The DNA sequencing that was performed provided usable cytochrome oxidase I 

(COI) sequences but failed to provide resolvable populations for the majority of the 

samples (with the exception being M. c. johnstonei). Work done by Hayes (2003) shows 

similar results, with COI not being useful in resolving phenotypes among the varying 

populations of Melongena. His work with microsatellites shows that there are subtle 

differences but ultimately, all of the Rexmela specimens have a “single evolutionary 

lineage” and as such, do not classify as species in the true biological sense (Hayes, 2003). 

Since genetically, true speciation is not evident, and speciation based on interbreeding 

has not, or with regards to the fossils, cannot be determined, this study considers species 

based on morphology alone. 

5.3 Distance Measurements 

 Appendix 2 contains all raw measurements taken from each specimen.  When 

average length and width were examined, there was no real distinction between averages 

for fossil and recent population. This is also not an accurate representation of each 
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population as the collection methodology was not done in a way that would ensure a 

broad representation of each population. When collection occurred, sampling was not 

done to ensure a variety of sizes or over a large geographic range, thereby limiting what 

variation could be encompassed in this study. When ratios were applied, as shown in 

Table 1, fossil specimens, as a whole, were distinctly wider than collections of Recent 

specimens. When length and width ratios were examined, there were not any distinct 

populations with the exception of M. bicolor. When examined with the standard 

deviations of each population average, M. bicolor did not overlap with any other group 

and therefore was distinct as a population and a potential species, due to its distinctly 

elongated shape. No other populations were distinguishable on the basis of width to 

length ratios alone. The aperture width to length ratios were similar as fossil and Recent 

populations were distinct from one another and the apertures of fossils were wider as a 

whole. 

  W/L 
M. bicolor 0.49 
M. c. johnstonei 0.57 
M. c. corona 0.57 
M. c. johnstonei 0.58 
M. sprucecreekensis 0.59 
M. c. altispira 0.59 
M. c. unknown 0.60 
M. c. winnerae 0.62 
M.  bispinosa 0.62 
M. corona (fossil) 0.63 
M. acutangulata (fossil) 0.64 
M. bispinosa (fossil) 0.66 
M. c. subcoronata (fossil) 0.69 
M. diegelae (fossil) 0.69 
M. griffini (fossil) 0.70 
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Table 1. Width to Length Ratios 

The additional measurements regarding spire length as a proportion of total length 

also failed to provide any distinction between populations. It was found that populations 

overlapped with regards to standard deviation and showed little variation. As a note of 

special interest, when the width at the base was compared with the width at the shoulder, 

Recent specimens tended to be less vase shaped. This means that the base width was 

closer to that of the shoulder width.  The base width to shoulder width ratios are shown in 

Table 2. M. griffini stands out as a distinct population and potential species with regards 

to this measurement. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Base width to shoulder width ratio 

5.4 Angle Measurements 

  
Base W/ 
Shoulder W 

M. griffini (fossil) 0.16 
M. c. subcoronata (fossil) 0.20 
M. bispinosa (fossil) 0.21 
M. acutangulata (fossil) 0.23 
M. sprucecreekensis 0.23 
M. diegelae (fossil) 0.23 
M. corona (fossil) 0.23 
M. c. johnstonei 0.23 
M. c. unknown 0.24 
M. c. winnerae 0.24 
M. c. corona 0.25 
M. c. altispira 0.25 
M.  bispinosa 0.27 
M. c. johnstonei 0.28 
M. bicolor 0.29 
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 The body curvature and anterior aperture angles were indistinguishable amongst 

populations, as both displayed very little variation.  The posterior aperture angle was the 

most distinguishable as it shows the greatest variation.  Fossil populations, with the 

exception of M. corona, have a much more acute angle while the Recent specimens 

tended to a wider angle, cumulating in M. bicolor having an average of almost ninety 

degrees.  Table 3 shows average posterior aperture angles in ascending order.  

  

Posterier 
Aperture 
Angle 

M. acutangulata (fossil) 55.26
M. bispinosa (fossil) 55.73
M. griffini (fossil) 56.04
M. diegelae (fossil) 58.04
M. c. subcoronata 
(fossil) 59.88
M. c. altispira 61.85
M.  bispinosa 63.00
M. corona (fossil) 66.50
M. c. winnerae 67.80
M. c. unknown 68.97
M. c. corona 69.81
M. c. johnstonei 73.48
M. c. johnstonei 74.69
M. sprucecreekensis 76.32
M. bicolor 85.85

 

Table 3. Posterior aperture angle averages 

Ultimately, distance and angle measurements as a whole were unable to distinguish 

populations, with the possible exception of M. bicolor and M. griffini. 

5.5 Bivariate analysis 
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 When plotted on a scatter plot with a linear trend line, length and width showed a 

high positive correlation to one another, with fossil specimens having a correlation 

coefficient of 0.9704 and recent specimens having one of 0.974 (shown in Figures 13 and 

14). Figure 15 shows all 141 specimens together, with a correlation coefficient of 0.955.   
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Figure 13. Fossil specimen scatter plot showing strong correlation between width and 

length. 
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Figure 14. Recent specimen scatter plot showing strong correlation between width and 

length. 



 41

Fossil and Recent Specimen 
Width to Length Correlation

y = 0.6076x + 0.9222

R2 = 0.9551

0.00
20.00
40.00

60.00
80.00

100.00

0.00 50.00 100.00 150.00

Length (mm)

W
id
th
 (m

m
)

All  Specimens

Linear (All
Specimens)

 

Figure 15. Fossil and Recent specimen scatter plot showing width and length correlation 

5.6 Multivariate Analysis 

5.6.1  Fossil Specimens 

 The multivariate analyis proved to be the best method of determining if individual 

populations could be distinguished from one another. The parameters, length, width, 

aperture length, aperture width, suture to base length, spire length, base width, spire 

angle, shoulder angle, posterier aperture angle, and body curvature angle, were included 

in a discriminate analysis of all fossil specimens. All  results and scores from the 

discriminate analysis are shown in Appendix 3. The discriminate analysis provided a set 

of canonical scores for each specimen. When the first two scores, which possess the 

greatest amount of variation, for each specimen are plotted on a scatter plot, it is possible 

to distinguish at least three distinct populations. The first two canonical scores for the 

fossil specimens, which provided the greatest ability to determine distinct populations, is 

shown in Figure 16. 
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Figure 16. Canonical score scatter plot for fossil populations showing 95 % confidence 

centroid  
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The centroid on each canonical score plot represents a 95% confidence interval of 

each population. For purposes of classification, if the centroids do not overlap with any 

other given population, then the population in question is a species. If a centroid is 

completely or mostly within another centroid, then that population is considered a 

synonym.  Subspecies are classified when a centroid partially overlaps the centroid of 

another population. As Figure 16 shows, M. corona and M. c.  subcoronata overlap with 

the centroid of M. corona lying wholy within the centroid of M. c. subcoronata. Since 

several of M. c. subcoronata specimens lie outside of the M. corona centroid, it appears 

as if M. c. subcoronata is a subspecies of the previously named M. corona. The centroids 

of  the populations of M. acutangulata and M. diegelae do not overlap any other 

population and are therefore considered distinct species. There is a certain amount of 

overlap with the populations of M. griffini and M. bispinosa.  When considered in 

conjunction with its distinction in regards to base width to shoulder width ratio, and the 

fact that approximately half of the centroid of the M. griffini population falls within the 

centroid of the populations of M. bispinosa, this population can be classified as 

subspecies of the previously named M. bispinosa. M. c.  winnerae  could not be 

distinguished due to the lack of specimens  

 5.6.2 Recent Specimens 

 The Recent specimens were examined in the same manner as the fossil 

specimens, with the same parameters. The canonical scores scatter plot for the recent 

specimens is shown in figure 17. The eight populations separated into four major groups 

with some variation amongst those.  M. bispinosa and M. bicolor are quite distinct and 
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can be distinguished as species.  The centroid of M. c. altispira lies half within the 

centroid of M. c. winnerae.  With minimal overlap with other populations, M. c. winnerae 

can actually be classified as a subspecies of M. altispira. M. c. altispira is actually 

distinct from other populations and, as such, is considered a full species and not a 

synonym of M. corona as previously assigned. 

The other area of significant overlap is with the remaining populations of M. c. 

corona, M. c. johnstonei, M. sprucecreekensis, and the unknown population from Cedar 

Key.  The unknown population does appear to represent an intergrade between M. c. 

corona and M. c. johnstonei as the majority of specimens fall directly into their ranges.  

M. c. johnstonei does appear to represent a true subspecies, as half of the specimens fall 

outside the range of M. c. corona. M. sprucecreekensis shares an area of overlay with M. 

corona, the Cedar Key intergrade population, and M. c.  johnstonei, so it is 

distinguishable as a subspecies of M. corona.   
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Figure 17. Canonical score scatter plot for recent populations showing 95% confidence 

centroid 

5.6.3 Modern Analogues 



 46

 When all of the fossil and recent specimens are plotted on the same scatter plot, 

using the same parameters, it is possible to determine which Recent specimens are the 

most similar to the fossil specimens.  The fossil species, M. bispinosa, M. c. subcoronata, 

M. corona and M. c. griffini are somewhat distant on the graph from the Recent 

specimens and is shown in figure 18.   

The fossil M. bispinosa, M. acutangulata and M. diegelae, along with its 

associated subspecies, M. b. griffini,  trend closer to the current populations of M. 

altispira and M. bispinosa.  Using the previously described environmental preferences of 

these, it can be inferred that the aforementioned fossil species and subspecies existed in a 

similar type mangrove forest environment, or as they are found in Laguna del Carmen 

currently, in turtle grass beds, with a somewhat sandy substrate. 

M. subcoronata and the fossil M. corona both trend closest to the Recent M. 

corona and its subspecies, M. c. spruccreekensis, and M. c. johnstonei and therefore 

likely shared similar environments.  According to Petuch (2004), M. subcoronata thrived 

in the Pyrazisnus gravesae Community which was present in the early Sangamonian 

Stage of the late Pleistocene and was associated with mangrove jungles and mud flats. 

This is supported by the presence of both mangroves and mud flats in the Recent 

collecton sites of M. corona, and the clinal intergrade population from Cedar Key. The 

fossil M. corona existed in the Chione elevata Community in sand shoal systems and 

turtle grass beds during the late Sangamonian (Petuch, 2004). This is quite similar to the 

environments in which M. c. johnstonei and M. c. sprucecreekensis were found. 
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Figure 18. Canonical score scatter plot for recent and fossil specimens showing 95% 

confidence centroid 
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Chapter 6 

6.0 Discussion and Conclusions 

 The subgenus Rexmela is highly variable in terms of shell morphology and, as 

such, has multiple populations which vary greatly in environmental preference, 

geographic range, prey, and general morphology.  There is not enough difference in DNA 

to justify species separation. However, when the morphology is examined using 

statistical analysis, several populations are determined to be synonyms or subspecies as 

opposed to full species, leading to the belief that the following populations are isolated 

ecophenotypes and have not yet fully evolved into true species, in the biologic sense.  

The results of Hayes and Karl (2008) supported the distinction of M. corona and M. 

bispinosa as full species biologically, which is also supported with the morphological 

data.  In terms of the biological species concept, based on DNA sequencing, M. c. 

corona, M. c. johnstonei, and M.  altispira are genetically the same species.  

According to the results of this study, the original eight Recent populations, 

previously referred to as M. bicolor, M. c. altispira, M. c. corona, M. c. johnstonei, M. c. 

winnerae, M. bispinosa, M. sprucecreekensis and the then unknown population from 

Cedar Key, FL, were ultimately categorized into four species, M. corona, M. bicolor, M. 

bispinosa and M. altispira and three subspecies, M. c. johnstonei, M. altispira winnerae, 
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and M. c. sprucecreekensis, with the Cedar Key population representing a cline between 

the type species M. corona and M. c. johnstonei. The fossil populations, M. acutangulata, 

M. bispinosa, M. subcoronata, M. c. winnerae, M. corona, M. diegelae, and M. griffini 

were ultimately classified into four full species, M. bispinosa, M. acutangulata, M. 

diegelae, and M. corona, with M. griffini achieving subspecies status of M. bispinosa. 

The classification of M. c. subcoronata into a subspecies of M. corona affirms its original 

naming and contradicts later assignation as a synonym (Clench and Turner, 1956, and 

Rosenberg, 2005).  

 The susceptibility of the State of Florida to sea-level change is the likely reason 

for the isolation and speciation of the Recent populations.  Florida has undergone 

multiple sea level fluctuations and shows significant variance in sea level throughout 

geologic history (Petuch and Roberts, 2007). The populations that are geographically 

distinct have achieved full speciation, based on morphology, with M. corona on the 

southwest coast of Florida, M. bicolor from Biscayne Bay, FL south throughout the 

Florida Keys, M. bispinosa on the Yucatan Peninsula in Mexico, and M. altispira in the 

central portion of Florida’s east coast. The area between the ranges of M. corona and M. 

c. johnstonei on the west coast is representative of a partial cline that does not allow for a 

great deal of gene flow between the northern range of M. c. johnstonei and the more 

southerly of M. corona. This separation could be due to dissemination of the typical 

subspecies M. corona in the northern panhandle during the high sea level stand of the 

Sangamonian. When sea level dropped, the majority of the population became isolated 

and evolved, morphologically, into a new sub-species. M. c. sprucecreekensis could have 
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evolved in a similar manner. Since only three of the specimens fall within the range of M. 

corona and the intergrade subspecies, it is possible that this subspecies could be classified 

as its own species in the near geologic future. There is not a known intergrade region 

between M. altispira and M. bicolor in southeastern Florida. This area, from Lake Worth, 

Florida to southern Biscayne Bay, Florida has consisted of carbonate environments since 

the Sangamonian (Petuch, 2004).  This carbonate environment, combined with a narrow 

continental shelf and open beaches, is not conducive to successful melongenid habitation, 

based on the type of environments that they are typically found within. This 

“melongenid-free area” (Petuch, 2004), has likely allowed for the speciation of M. 

altispira and M. bicolor.  

 Due to the overall relative “youngness” of this subgenus, true genetic speciation 

appears to have not yet been able to occur. Rexmela first appears in the geologic record 

approximately 1.8 million years ago. With this relatively short amount of time, the 

individual populations have not been isolated from each other long enough and can likely 

still interbreed and produce viable offspring.  These populations, for the most part, are 

ecophenotypes and have only undergone morphological change based on their ecology 

and have not undergone genetic change.  Isolation was able to occur during the late 

Pleistocene due to sea level fall, and now, with future sea level rise, populations are more 

likely to come back together again.  

 Future studies could benefit from the measurement of differing parameters than 

those used in this study. An examination of shell spination could further separate 

populations into a greater number of subspecies. This study would have benefited from a 
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greater number of specimens which would have allowed for a more accurate 

representative population, and statistically relevant results. 
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Chapter 7 

7.0 Systematics 

A thorough systematic review is located in this chapter. Although no new species 

or subspecies have been discovered, a thorough listing and description of each species or 

subspecies is helpful when examining the Rexmela complex as a whole.  All descriptions 

have been reproduced from various authors with additional information from the database 

of the Academy of Natural Sciences.  
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Phlyum Mollusca 

Class Gastropoda Cuvier, 1797 

Subclass Prosobranchia Milne-Edwards, 1848 

Superorder Caenogastrapoda 

Order Neogastropoda 

Superfamily Buccinoidea 

Family Melongenidae Gill, 1867 

Genus Melongena Schumacker, 1817 

Subgenus Rexmela, Olsson and Harbison, 1953 

Melongena (Rexmela) corona (Gmelin, 1791) 

Plate I, figs 1-2, Plate IV, figs 3-4, and Plate V, figs 3-4 

Murex corona Gmelin, 1791, p. 3552, [Chemnitz 1788, pl. 160, figs. 1526-1527; Davila 

1, pl. 9, fig. A]  

Cassidula corona (Gmelin, 1791)  

Fusus corona (Gmelin, 1791)  

Hemifusus corona (Gmelin, 1791)  

Melongena subcoronata var. aspinosa Dall, 1890c, p. 120, pl. 9, fig. 6  

Melongena belknapi Petit, 1852c, p. 65-66, pl. 2, fig. 5  
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Neptunea corona mexicana Röding, 1798, p. 116, [Chemnitz 1788, pl. 161, figs. 1526-

1527]  

Melongena incurvata Lermond, 1936,   

Melongena corona var. inspinata Richards, 1933, p. 57, pl. 6, fig. 1  

Melongena corona johnstonei Clench & Turner, 1956, p. 178-180, pl. 105, figs. 1-3; pl. 

96, fig. 4  

Melongena mulletensis VanHyning, 1940,   

Buccinum ornatum Say, 1822a  

Melongena perspinosa Pilsbry & Vanatta, 1934 

Melongena sargenti Emery & Lermond, 1936 

Melongena subcoronata Heilprin, 1887 

Melongena aspinosa Dall, 1890 

Melongena trinodulosa Emery & Lermond, 1936 

Melongena corona winnerae Petuch, 2004, p. 284-285, pl. 94, fig. A; pl. 97, figs. A-B  

 

Description- Shell reaching 205 mm in length, fairly thin to relatively thick and solid, 

and usually sculptured with spines; whorls 7, rather vonvex and shouldered; shoulder is 

usually horizontal and rather narrow; occasionally may be broad and with a downward 

slope; spire subdepressed to extended; aperture subovate; outer lip thin and usually 

credulated; inner lip usually consisting of a thin callus, but in old specimens becomes 

thick and white in color; columella rather broad and twisted; umbilicus glazed over by the 

parietal shield; suture relatively inconspicuous, generally little more pronounced on 
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earlier whorls; sculpture exceedingly variable; at suture, series of imbrications 

representing the previous growth stages of anal canal; early whorls usually with strong 

axial costae; operculum unguiculate; nucleus basal; outer surface with numberous and 

exceedingly fine concentric ridge; inner surface with palatal margin smooth and glazed, 

and inner area with series of rather widely separated concentric ridges which appear 

shingled; periostracum usually colored dark and dull greenish-brown to dull red-brown. 

Type locality-Gulf of Mexico, specifically Tampa Bay 

Range-Keaton’s Beach, Taylor County, Florida, south to the north end of Cape Sable, 

Florida; Pliocene on central Florida 

Melongena (Rexmela) bicolor (Say, 1826) 

Plate II, figs 3-4, and Plate V, figs 7-8. 

Fusus bicolor Say, 1826, p. 215  

Melongena altispira Pilsbry & Vanatta, 1934,   

Hemifusus corona ß estephomenos Melvill, 1881, p. 157, [Sowerby III 1879, pl. 48, fig. 

13]  

Hemifusus corona var. minor Sowerby III, 1879, p. 796, 798, pl. 48, fig. 13  

 

Description-Shell reaching 50mm in length, thin but strong and sculptured with spines; 

whorls 8, moderately convex and with narrow shoulder; spire elevated; aperture 

subovate; outer lip thin and very finely crenulated; inner lip consisting of very thin glaze; 

columella broad and twisted; umbilicus glazed over by parietal shield; sculpture 
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somewhat variable; axial costae strong and well developed on early whorls, sometimes 

persisting even on body whorl; sutural imbrications very small and only weakly 

developed; operculum as in M. corona; periostracum very thin and dull brownish in 

color. 

Type locality-Southern coast of Florida-Key West, Florida 

Range-Biscayne Bay, Florida southward to Dry Tortugas 

Discussion- Distinct species in that it is found in different, completely marine 

environment. This species is also much smaller and lighter in color and much less 

variable. 

Melogena (Rexmela) sprucecreekensis Tucker, 1994 

Plate I, figs 1-4 

 

Description-Shell reaches at least 185 mm in length and is solid and strongly sculptured; 

mean W/L is 0.55; scalariform spire; 7-10 convex whorls; aperture subovate in shape; 

widest portion of the body located well anterior of shoulder; outer lip may be thin or thick 

and crenulate at least in specimens that are longer than 90 mm; columella broad and 

twisted; sculpture consists of row of strong, erect to recurved spines along whorl 

shoulder; at suture, numerous imbrications or frills representing previous growth stages 

of anal canal; in specimens more than 120 mm long; imbrications may be raised into 
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spines; operculum horny, approximates shape of aperture, and has terminal nucleus; 

periostracum smooth, dull, and greenish in color. 

Type locality-7.26 km north of New Smyrna Beach, Volusia County, Florida where U.S. 

Route 1 crosses Strickland Bay of the Spruce Creek Estuary. 

Range-Known only from type locality. 

Discussion-Differs from surrounding populations of M. bicolor in shell morphology and 

food habits with M. sprucecreekensis feeding primarly on oysters and bivalves and M. 

bicolor on gastropods.  M. sprucecreekensis closely resembles M. corona. 

Melongena (Rexmela) corona johnstonei Clench and Turner, 1956 

Plate I, figs 7-10 

*Listed by Academy of Natural Sciences as synonym of M. corona 

 

Description-Shell reaching 171 mm. in length, rather solid and srongly sculptured; 

whorls 7 ½ to 8, rather strongly convex and shouldered; spire extended; aperture 

subovate; outer lip fairly thin and rather finely crenulate; inner lip usually consisting of 

thin to fairly thick callus; columella broad and twisted; umbilicus glazed over by parietal 

shield; suture relatively inconspicuous; at suture there are numerous imbrications 

representing previous growth stages of anal canal; operculum as in typical form; 

periostracum thin and dull greenish-gray in color. 

Type locality-Little Lagoon, Gulf Shores, Alabama 
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Range-Gulf Shores Alabama east to Panacea, Florida 

Discussion-Differs from M. corona in being more elongate, darker in color, and broader 

in shoulder. 

Melongena (Rexmela) corona winnerae Petuch, 1994 

Plate I, figs 5-6 

*Listed by Academy of Natural Sciences as synonym of M. corona 

 

Description-Shell large for species and genus, inflated, broad across shoulder, with shell 

width being almost equal to shell length; shoulder sharply angled, spire proportionally 

low, with spire height being somewhat variable between individuals; subsutural area 

flattened, almost planar; edge of suture ornamented with numerous large scales; aperture 

extremely wide and flaring, oval, siphonal canal very short and stumpy, open. 

Type locality-Little Lake Worth Lagoon-off Singer Island, near little Munyon Island, 

Riviera Beach, Palm Beach County, Florida 

Range-St. Lucie estuaries of St. Lucie and Martin Counties, Florida to the estuaries of 

Lake Worth, Palm Beach County, FL; Okaloacoochee Member of Fort Thompson 

Formation to Recent. 

Discussion-Represents a relict of the Pleistocene Lake Worth Lagoon System fauna; 

morphologically closest to M. sprucecreekensis but has a much wider, broader shell with 

a much more inflated body whorl and having a proportionally shorter and wider siphonal 
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canal. Differs from M. corona in being much larger, more noticeably inflated shell and 

having a wider and more sloping subsutural area. 

Melongena (Rexmela) subcoronata Heilprin, 1887 

Plate IV, figs 1-2 

*Listed by Academy of Natural Sciences as synonym of M. corona 

 

Description-Shell broadly-turbinate, of about five volutions; spire moderately elevated, 

scalariform, its rounded ribs profoundly ribbed, subangulated or carinated  medially, and 

crossed by numerous well-defined revolving lines, which alternate as coarser and finer 

striae;  ribs of the whorl next to the body-whorl, and sometimes also one above, distinctly 

tuberculated or spinose, or even coronated; columellar surface broad, slightly flattened, 

completely covered by thin labium; aperture about two-thirds length of shell, or less, 

quadrangular, broadly-open. 

Type Locality-Caloosahatchie-in the banks below Fort Thompson. 

Range-Known from Type Locality 

Discussion-Differs from M. corona in having a greater elevation of the spire and having a 

more obtuse shoulder angulation. 

Melongena (Rexmela) diegelae Petuch, 1994 

Plate IV, figs 5-6 
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Description-Shell very small for genus and subgenus, vase-shaped, very broad across 

shoulder, with low spire; shoulder sharply-angled; body whorl sculptured with numerous 

coarse, highly-raised spiral cords; body whorl with 12 large, rounded, axial ribs, with 

axial ribs corresponding to shoulder spines; suture covered by wide band of large 

fimbriations. 

Type locality-Belle Glade Member of the Bermont Formation from North New River 

Canal dredging; 12 miles south of South Bay, Palm Beach County 

Range-Known from Type Locality 

Discussion-Most similar to M. bispinosa which is stratigraphically higher but is smaller, 

stockier and has a broader shell, with finer spiral sculpture 

Melongena (Rexmela) griffini Petuch, 1994 

Plate III, figs 1-2 

 

Description-Shell small for subgenus, vase-shaped, broad across shoulder; shoulder 

sharply angled, subsutural area broad, slightly sloping; ornamented with very fine spiral 

threads, giving shell silky appearance; body whorl tapering abruptly into siphonal canal. 

Type Locality-Holey Land Member of the Bermont Formation from Griffin Brothers pit, 

Holey Land area, southwestern Palm Beach County 

Range-Known from Type Locality 
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Discussion-Most similar to older M. acutangulata but is less inflated, with a less broad 

shell, a lower spire and a more sloping subsutural area. 

Melongena (Rexmela) acutangulata Petuch, 1994 

Plate III, figs 3-4 

 

Description-Shell small for genus, thin, inflated, extremely broad across shoulder, with 

shoulder width almost equal to shell length; spire elevated, scalariform; shoulder sharply 

angled, subsutural area flattened, only slightly slopng; body whorl ornamented with very 

fine spiral cords and threads, producing silky texture, suture bordered with thin 

fimbriated band. 

Type Locality-Ayers Landing Member of the Caloosahatchee Formation from Griffin 

Brothers pit, Holey Land area, southwestern Palm Beach County. 

Discussion-Similar to younger M. bispinosa but has a broader shell with a sharper 

shoulder angle, and a finer spiral sculpture. 

Melongena (Rexmela) bispinosa Philippi, 1844 

Plate III, figs 5-6 

Pyrula bispinosa Philippi, 1844c, p. 94, pl. 1, fig. 7-8  

Pyrula martiniana Philippi, 1844c, p. 94-95, pl. 1, fig. 9  

Volema bispinosa (Philippi, 1844)  
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Description-Shell reaching 75 mm. in length, rather light in structure and sculptured; 

whorls 6-7 and shouldered; spire somewhat extended; aperture subovate; outer lip rather 

thin and crenulated; inner lip usually consisting of fairly thick callus on parietal wall; 

columella rather broad and flatly sigmoid in profile; umbilicus usually closed, 

occasionally with small perforation; suture well defined; at base there are series of scales 

which represent former margins of siphonal canal;  similar series of small scales exists at 

suture, which are previous margins of the anal canal; numerous thread-like spiral ridges; 

axial costae rather strongly developed on early whorls.  

Type Locality-Unknown 

Range-Coast of Yucatan, from Campeche to Dzilam de Bravo; Bermont Formation to 

Recent 

Discussion-Differs from other species by presence of scale-like spines behind the 

siphonal canal. 

Melongena (Rexmela) corona altispira  Pilsbry and Vanatta, 1934 

Plate II, figs 5-6, and Plate V, figs 1-2. 

*Listed by Academy of Natural Sciences as synonym of M. bicolor 

 

Description-Shell reaching 72 mm in length, thin but strong, and generally sculptured 

with spines; whorls 7, convex and shouldered; shoulder usually horizontal and narrow; 

spire somewhat elevated; aperture subovate; outer lip thin and finely crenulate; inner lip 
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consisting of rather thin callus; columella broad and twisted; umbilicus glazed over by 

parietal shield; suture relatively inconspicuous; sculpture variable; numerous and fine 

spiral ridges which are stronger near base; early whorls strongly and axially costate; 

sutural imbrications only weakly developed; operculum similar to that of typical form; 

periostracum very thin and dull brownish in appearance. 

Type Locality-Oceanus, Brevard County, Florida 

Range-Cape Sable, FL east and north to Matanzas Inlet near St. Augustine, FL 

Discussion-Differs from typical M. corona by being a little smaller and not as abundant. 
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Appendix 1 

This appendix contains a representative picture of each population, along with a plate of 
paratype specimens examined at the Academy of Natural Sciences in Philadelphia, PA. 
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Plate I 

Recent Specimens 

 

Figures  

 

 1, 2- Melongena (Rexmela) sprucereekensis, Tucker, 1994 

  FAU-A01-Height 73.42 mm, width 43.99 mm 

  Port Orange, FL 

 3, 4- Melongena (Rexmela) sprucereekensis, Tucker, 1994 

  FAU-A11-Height 53.15 mm, width 31.53 mm 

  Port Orange, FL 

5, 6- Melongena (Rexmela) corona winnerae Petuch, 1994 

  FAU-B04-Height 117.46 mm, width 70.84 mm 

  Lake Worth, FL 

 7, 8- Melongena (Rexmela) corona johnstonei, Clench & Turner, 1956 

  FAU-B11-Height 141.75 mm, width 85.93 mm 

  Panacea, FL 

 9, 10- Melongena (Rexmela) corona johnstonei, Clench & Turner, 1956 

  FAU-B12-Height 52.01 mm, width 27.34 mm 

  Panacea, FL 
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Plate II 

Recent Specimens 

 

Figures  

 

1, 2 – Melongena (Rexmela) corona corona, Gmelin, 1791 

 FAU-D02-Height 86.46 mm, width 50.19 mm 

 Marco Island, Rookery Bay, FL 

3, 4 – Melongena (Rexmela) bicolor, Say 1827 

 FAU-F03-Height 30.67 mm, width 15.26 

 Lower Matecumbe Key, FL 

5, 6 – Melongena (Rexmela) corona altispira, Pilsbry and Vanatta 1934 

 FAU-E05-Height 37.63 mm, width 21.17 mm 

7, 8- Melongena (Rexmela) corona (unknown) Gmelin, 1791 

  FAU-C07-Height 86.12 mm, width 48.22 mm 

  Cedar Key, FL 
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Plate III 

Fossil Specimens 

 

Figures  

   

 1, 2 – Melongena (Rexmela) griffini, Petuch 1994 

  FAU-G01-Height 46.61 mm, width 34.85 mm 

  Parkland, FL 

 3, 4 – Melongena (Rexmela) acutangulata, Petuch 1994 

  FAU-H18-Height 47.04 mm, width 31.30 mm 

  Palm Beach Aggregrates, Loxahatchee, FL 

 5, 6 – Melongena (Rexmela) bispinosa, Phillippi 1844 

  FAU-I02-Height 38.88 mm, width 25.73 mm 

  South Bay, FL 
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Plate IV 

Fossil Specimens 

 

Figures  

 

 1, 2 – Melongena (Rexmela) corona subcoronata, Heilprin 1886 

  FAU-J04-Height 103.58 mm, width 68.29 mm 

  Ft. Basinger, FL 

 3, 4 – Melongena (Rexmela) corona, Gmelin 1791 

  FAU-L07-Height 64.68 mm, width 46.74 mm 

  Venice Quarry, FL 

 5, 6 – Melongena (Rexmela) diegelae, Petuch 1994 

  FAU-M01-Height 29.58 mm, width 21.38 mm 

  South Bay, FL 
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Plate V 

Paratypes from Academy of Natural Sciences 

Philadelphia, PA 

 

Figures  

  

 1, 2 – Melongena (Rexmela) corona altispira, Pilsbry and Vanatta 1934 

  Height 70.5 mm, width 30.8 mm 

 3, 4 – Melongena (Rexmela) corona, Gmelin 1791 

  Height 53.6 mm, width 34.2 mm 

 5, 6 – Melongena (Rexmela) corona johnstonei, Turner and Clench 1956 

  Height 109.4 mm, width 61.8 mm 

 7, 8 – Melongena (Rexmela) bicolor, Say 1824 

  Height 35.2 mm, width 19.1 mm 
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ppendix 2 

 
This appendix contains all the raw

 m
easurem

ents and data for all specim
ens exam

ined 
in table form

at. 
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Recent Specimen Raw Data Page 1  
(Distances in mm, Angles in degrees) 

 
 
 
 

Recent Specimen Raw Data Page 2 
 (Distances in mm, Angles in degrees) 

 
 

Fossil Specimen Raw Data Page 1 
 (Distances in mm, Angles in degrees) 

 
 

Fossil Specimen Raw Data Page 2  
(Distances in mm, Angles in degrees) 

 
 

Ascending Averages 
(Distances in mm, Angles in degrees) 

 
 
 
 

Averages and Standard Deviations 
(Distances in mm, Angles in degrees) 
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Recent Specimen Raw Data Page  2 

(Distances in mm, Angles in degrees) 
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Fossil Specimen Raw Data Page 1  
(Distances in mm, Angles in degrees) 
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Fossil Specimen Raw Data Page 2  

(Distances in mm, Angles in degrees) 
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Angle Measurement Averages 
(measured in degrees) 
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Angle Measurement Averages 

(measured in degrees) 
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Ratio Averages 
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A
ppendix 3 

 
This appendix contains all the canonical scores produced by SY

STA
T in table form

at. 
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All Specimen Canonical Score Data Page 1  
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All Specimen Canonical Score Data Page 2 
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All Specimen Canonical Score Data Page 3  
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All Specimen Canonical Score Data Page 4  
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Recent Specimen Canonical Score Data Page 1 
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Recent Specimen Canonical Score Data Page 2 
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Fossil Specimen Canonical Score Data Page 1 
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Fossil Specimen Canonical Score Data Page 2 
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