THE NAUTILUS 116(2):39—49, 2002

Page 39

A cladistic analvsis of Lithasia
111()11)11()]()gicu| characters
Russell L. Minton!

Departiment ol Biological Sciences

University ol Alabama
Tuscaloosa, AL 35457 USA

(Gastropoda: Pleuroceridae) using

ABSTRACT

The classification of i1|:'l|l':n'{‘1'ltl snails and other freshwater
mollusks has historicallv: been based on morphological char-
acters. |)L‘\|11[1' vears of taxonomic work on 13]1 urocerids, no
‘\'III‘_';EI work HI.LIIIlIl\u all It(ll'_{l]l/.ll! taxa lrom 2 _‘__'I\.l n t_{l:m'l
and ml]\ a few svstematic treatments of the familv or individual
genera exist. Modern methods of phyvlogenetic systematies have
shown that some 1II{!II')FIII|I]("JL U traits do not \i]laluut histori-
callv acce pte « mollusk classifications. 1 an: |f\\| s of |||n|13]!n-
hwn d characters do tLlli'nlmtl current  taxonomic }I\['ﬂllllt'\i ',
then the classification of these groups can be considered as
stable. If not. our ;l|:|n‘u;u'!| regarding dingnostic characters for
these groups must change. This paper uses 25 shell and radular
characters in a cladistic analvsis of the pleurocend genus Lith-
asia, and umlp.lr{ s the FHIE[HI'“\ to pre wionsly snooeste « elas-
sifications of the aroup. Cladistic analvses tlH not hlli\illlll Al
current or historical classification of Lithasia. However, these
|||m|1|mln'm.t1 characters are found to ronghly delineate Lith-
asia and other extant 13]1 urocend genera, chs dle nging previous
works that snggest such characters have limited utility,

INTRODUCTION

Historically. the classification of freshwater mollusks has
relied he *1\1|\ on morphological features such as shell.
soft :tll.lll)lll\ and Il}‘.il-:}l]ll(il\l' structures (e, |I'_\I:-I\
1873: Heard and Guckert, 1970: Davis and Fuller, 1981:
Burch and Tottenham, 19500, This is |m|l|u|I ulv evident
for pleurocerid snails, where shell features account for
the majority of diagnostic characters used in the taxon-
omy and classification of the group. One group ol i}h -
rocerids that has been classified on the basis of shell
characters is Lithasia Haldeman. 1840, a genus of large
river snails found throughout the Cumberland. Ohio.
Mississippi, and Tennessee River drainages.

Species ol Lithasia possess conic to ovate-conic shells
with fusiform apertures. a posterior callus on the |hs.!"lt‘t'l|
wall, and frequently some degree of sculpture on the
body whorl (Burch. 1952). Most species were deseribed
|mtm]|\ as Melania. and classified according to shell char-
acteristics such as shape and Htll]pfllll . Haldeman

Cuarrent address: De |LlT|1||t'1|l of /1|tr|:n"\ Lvertehrate Divi-
sion, Field Museum of Natural Historyv, 1400 S. Lake Shore
Drive. Chicago, 11, 60605 USA: rminton@feldmusenm.org

(1840) erected Lithasia and designated aenicnlata
Haldeman, 1540, as the tvpe for the genus and later
crected Angitrema (1541). Presence of posterior and an-
terior calluses united Angitrema and Lithasia. The pri-
Ay characters \'t'|>-‘i.r';l|ill'_1 the genera were that Angi-
trema shells were spinous and had apertures with an
anterior sinus, while Lithasia shells lacked sculpture and
the : aperture was not as distincetlv channeled in front as
the typic al Angitremae (Trvon, 1S73). Goodrich (1921

supported Pilsbry and Rhoad’s (1896) reduction of An-
vitrema wnder Lithasia. and Lithasia subse quently has
stood as a single venus. Goodrich (1940) recognize d four
separate gronps within Lithasia. based Ill!lllill![_\ on pe-
culiarities of shell senlpture. In the 1970s. authors sug-
gested taxonomic revisions of the genus, placing all
members in fo (Davis. 1974) or Pleurocera Ht;mhlu'n.
1971: Stein, 197S). Burch and Tottenham (1980) rece-
oonized Lithasia sensu stricto and Angitrema as subgen-
era ol Lithasia based on |1m|tidm of ".('H[I}I]II'(' on the
bodv whorl ( Burch, 1982), and not according to the orig-
inal diagnosis. while Turgeon et al. (1998) followed
Burch in recognizing Lithasia as one genus.

Authors have historie 1”\ assembled [:|-. urocerid gen-
era based on t'nmpm" taxa with shared shell characters.
Such is the previ alent '1|1-|mm(}| found in the literature
publishe «d over a period of 150 vears. and no an; vses of
these characters exists for Lithasia or any other pleu-
rocerid genus. This mav be a result of the lack of uni-
form information found in the literature. Different au-
Ilnll'\ l';lru'l_\ I}]'!}\il]L'E] t‘d:lll]);il';dl]:- ]l‘\l‘]‘\ IPi-llll;l]i[iiII\L' or
:{I]‘lll!i!:ttl\:' data in their original lll'\('l'iptlml\-_ and sel-
dom used terms and expressions that Ay or mayv not
have the same {ll'\('l'llltl\l' connotations (e.g.. tapering
versus broadly conice shells), making it difficult for read-
ers to draw COMPArisons between works. Many dese rip-
tions were based on one or a few shells. |||~.:m|d 5. or
[l;!iil;l| shells given to the anthor, and radulae were not
included in these {h-a:'l'iplinn\. l"in;t“_\'_ r]:-m'riplimlh were
subjective based on the experience of the author the
amount of variation they accepted, and their understand-
ing of the other taxa in the literature. Given the current
state of freshwater mollusk taxonomy in general and
[!Il'll]'tn'i'l'lilk H[]I‘l'ifi{‘ii”_\. and the fact that morphological
characters are still used to confirm taxon iqh'u[it_\. anal-
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lected characters and character states used in the cladistic analvsis of Lithasia. 1. Lithasia arimigera

- ol
md pi nee of anterior (7:1) and posterior (6:1 calluses on the columella. 2. Lithasia verrucosa
) il nosterion Ji ||"_||||'|r||p': ol |‘|1|-r|||r|- arronw: 10:1 3. Absence of CUSP 1 vt to lateral tooth
ext to lateral tooth Carrow: 13:1). 3. Lamellar main lateral cusp (19:0). 6. Rectangular main lateral
lateral cusp (19:2). 8. Triangular maim lateral cusp (19:3

this kind have been advocated in several studies e.o

de OQueiroz and Gauthier, 1990, 1992, 1994 Brvant
traits do nol sup 1996: Sereno, 1999: Lvdeard et al.. 2000).

IFurther complicating this problem is that plearocerids,
in a similar fashion to what happens to many other fresh
water invertebrate aroups, are  expenencing declines in

||'|l'|| I|1IIJI|IL'I ol \'|1|'l | [ .LIH] ||Il11\]i!|:|.l|\ l'dll‘\l'l' I'l\ mer

ne modern |i'1'||||}||II<'\

1.1
phviogenctie systematies

i

issihcabions l.|,l|
C Ol T ||!|1}|r'\|r)'_'_‘|( ,||

OTI¢ !l'-.'|n||||-'«.-~.
[ '--T.|l|||'--’|||
' 1 (8] |1||]511HH:[1|||'1|| habitat 1!1"__'_|.lL|.I[IHII and [pO01 Jand-use

Hell'aacters 1o
axonomies ol practices (Stein, 1976: Booan et al.. 1993: Lydeard et al.,
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1997). For t'mmp]l’ in the Mobile Basin, one genns | (G-
rofoma) and approximate v 31 other species are ]lh'\lllllt‘ll
extinct (Stein, 1976; Hu'mrl et al.. 1995 Lyvdeard and May-
den, 1995; Lvdeard et al.. 1997)

diversity in the tamily, only five of 156 recognized plen-

rocerid species | [Illiftllll et al., 1998) are listed as either

endangered or threatened as of Mav, 2001 (U.S. Fish ‘m:l
Wildlife Senvice). If morphology alone is to be used i
identification of these lII]I)(‘I'IIL o taxa, then analvses of these
characters cain even more importance. A lack of such anal-
vses can hinder efforts to recognize. manage, and consenve
distinet taxa (Waples, 1991 Mavden and Wood, 1995)
within these aftected groups.

The goal of this study is to Un]lll]ll' shell and radula
characters from Lithasia. analyvze them using cladistic
trc]llllqlu's in order to test historical and modern clas-
sifications of the genns and its species composition, anl
to determine l)n‘;\'ihh' re |eiiiul|a‘||i|w ol the oenus and its
taxa to other ph urocerids based on those analvses. Po-
tential changes to the t taxonomy o { Lithasia Dased on
these unul_\'s'(-s and the nhht'}' of using these characters
in pleurocerid classification are discussed.

MATERIALS AND METHODS

Specimens for the study were either collected live or bor-
rowed from museum collections ( Appendix 1), Shell char-
acters were taken directly from specimens. Radulae were
extracted. cleaned. and l)l(*p‘tlt'(l according to the method
described bv Holznagel (1995), viewed using a Hitachi S-
2500 scanning electron microscope, photographed, and an-
d]\f(”d For Lithasia, at least one re presentative from cach
recognized species and subspecies (Burch and Tottenhan,
1950) was included. Specimens of selected taxa represent-
ing five other extant pleurocerid genera (Elimia. lo. Juga.
Leptoxis. Plenrocera) were also included (Appe ndiv 1),
Data consisted of a matrix of 25 characters | Appendix 2,
Figures 1-5) coded as either binarn or multi-state | Appen-
dix 3), and analvzed phyvlogenetic: LII\ under maxinum par-
simony with NONA 2.0 {(.nlnhnl] 1995) using the follow-
ing settings: iordered data, 100 e plicates, with fuga sil-
icula and Melanoides tubereulata Niiller, 1774, as ont-
groups. Juga is basal to the rest of the North American
Pleuroceridae (Holznagel and Lyvdeard. 2000) and M. tub-
erculata was chosen as a more distant outgroup. Jackknife
analysis (37% deletion, 1000 iterations of 10 re 11||( ites
each) was pe rlormed in NAC (Farris, ||||p|||1|l\||:-(| ‘arns
et al.. 1996) to test the HLII]IIII_\ ol the data. A
sensus tree mapped with characters was produced with
Winclada 0.9.99m24 (Nixon, 1999). The analvsis was run
h"i(.'('. onee llﬁi]]_ﬁ_‘; ."1']"'” ('llill'il('t[’l's iil(llll’ :'I.”(I once \\'illl ii”
characters combined. Because most previous classifications
(e.g., Trvon, 1873; Goodrich, 1940) were based on shell
(.]h“ A t[ s “'Tll\ tll(\ were Alls I_I\f( l'] S0 I‘ll lfl ]\ ill'[] Cin-
bined with radula data.
Once the classification hypothesis was established. it
was ('t!lllI!ilI'l'lI to five different classification schemes
proposed by previons authors (Appendix 4:

A stricet con-

Even with the loss of

\. Lithasia re presents a single genus. This N\mnl\tlun
follows the current (Turgeon et al.. 1998) view of the
OIS,

B. Lithasia represents a single genus comprised of two
subgenera, Lithasia sensu stricto and Angitrema.
senst Burch and Tottenham (1950). This classifica-
tion is commonly used as a starting point in I‘I"”'
rocerid studies (e.¢., Lvdeard et al.. 1997: Holznagel
and |._\'{i+':u'<|. 2000). Burch and Tottenham’s (1950
genera and subeenera differ in species composition
from those of Tryon (1873).

C. Lithasia represents a single genus comprised of four
species groups hased on |‘u-r||li;|1'ilira ol the nodulons
sculpture (Goodrich, 1940). Lithasia hubrichti
Clench, 1965, had vet to be described and is includ-
ed in Group 3 based on Clench (1965

Lithasia verrucosa Rafinesque, 1520).

:1”_\1'”;’ it to

D. Taxa presently included in Lithasia belong to one of
three genera: Lithasia, Angitrema. o
sit. Trvon (1873). In this case, the :n‘it_(i]l;tf :]:-.\'rrip-
tions of Lithasia and Angitrema are nsed to aroup
taxa based on shell characters, Trvon failed to in-
clude Hr‘hrnr’r.’ curta (Lea, 1868). and Lithasia hu-
Drichti had vet to be deseribed. Both spec 1es are in-

r Anculosa. sen-

(.l”l[l |I ]” Il-\ﬁ}ll\ l‘“”fl’:l’ el !hl\l |I o1 |F]| ]] “il{!”]:\l!\
shell sculpture. Lithasia geniculata pinguis (Lea.
1552) = Anculosa pinguis.

E. Taxa prese ||I]\ included in Lithasia should be con-
sidered species of To based on developmental char-
acters, sensie Davis (19740 o Lea, 1531, has prece-
dence over Lithasia Haldeman. 1S40, and Angitrema
Haldeman, 1541,

A sixth scheme, Stein’s (1975h) recommendation that all
Lithasia be considered Plenrocera. is not treated here as
it is nomenclatural, not taxonomic. and has since been re-
solved by the International Commission on Zoological No-
menclature’s decision to make Plewrocera acutus the tvpe
speeies of the genus (Melville, 1951: see discussion in Bo-
oan and Parmalee, 1953). Characters supporting relation-
‘*l“l"\ in the PArSImOny i!\‘sl‘\ were compare (] to charac-
ters that groupe o« S| «cies in the other classifications.

RESULTS

NMaximum p'n'.\ilnnm ;l]l;l])_kix of shell characters alone
yie lded 372 trees of 27 steps (Figure 9). Lithasia was
rendered non-monophvletic by the |)|ltu ment of Lith-
asia genic nlata Jruurfr.'f\ in the t] wle of f.pphr\h spec ies
and the pflu ment of Lithasia obovata (Say, 1529) in a
some Elimia + (pingnis + Leptoxis
+ remaining Lithasia). Analvsis of all characters _\il'lt]t‘{]
20 trees of 107 steps that rendered Lithasia non-mono-
]l]’i\ll'!i{‘ (Figure 10). Lithasia geniculata pinguis speci-

polvtomy of (1o

rm.-m were basal to a clade ni'f,rpfmix spvt‘i:-w ~r1ppur'h-(|
by a teardrop-shaped aperture, and Lithasia obovata was
les of Plevrocera and Elimia species
The remaining Lithasia taxa

near the base of the tree.
formed a clade with lo supported by three characters:




Figure 9
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P. canaliculatum

> r— P. prasinatum
P. walkeri
— [ ithasia obovata

lo fluvialis

b E. Olivula

e E.alabamensis

Lithasia geniculata pinguis Duck
Lithasia geniculata pinguis Collins

— [ eptoxis ampla

Leptoxis crassa anthonyi
Leptoxis plicata

Leptoxis praerosa
Leptoxis taeniata
— | eptoxis virgata
Lithasia armigera Ohio
Lithasia armigera Stones
Lithasia armigera Harpeth
Lithasia armigera Wabash
Lithasia duttoniana Duck
Lithasia duttoniana Harpeth
Lithasia geniculata fuliginosa Buffalo 1

Lithasia geniculata fuliginosa Buffalo 2
Lithasia geniculata fuliginosa Harpeth

Lithasia geniculata fuliginosa Duck

Lithasia geniculata fuliginosa Red

69

N

Lithasia jayana
— | jthasia salebrosa florentiana
— Lithasia salebrosa subglobosa

Lithasia geniculata geniculata

Lithasia hubrichti

Lithasia salebrosa salebrosa
— | jthasia curta
Lithasia lima Bear Creek

Lithasia lima Elk
Lithasia verrucosa Ohio
Lithasia verrucosa TN

Lithasia verrucosa Wabash

Lithasia verrucosa White
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Melanoides tuberculata
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fusiform aperture (character 2: state 2), posterior callus
on aperture (6:1), and slight anterior canalization of the
ape rture (8:1). Despite being well resolved, little wp]ml‘l
for any clade existed as evidenced by low jackknife val-
ues. Three other pleurocerid genera, Elimia, L ploxis,
and Plewrocera, were all recovered as nunlnphyh'ti{z

DISCUSSION

I,EII,‘ Curre lll t‘l\f.'lll(”l]\ {}i I)]l 1nroce |]l|‘ﬂ |‘|- I}tl\('(l (B 5]" ”
characteristics, and most work on the family has focused
on these characters. An extensive literature exists for the
tl“!ll\ \\llli ||]|)Nt \\IJTI\'\ I" Ill‘l = ”Ill 1 \\}ll)”\ (Il \llll‘]fl\(
or taxonomic shuffling taxa among groups. This study
stands as the first cladistic treatment of all currently rec-
ognized Lithasia species and their relationships to other
pleurocerids based on shell and radula characters.
Neither analysis completely recovered the five classi-
fications bei g compare (. [|| hoth l)ll\](l"'llll tic treat-
ments Lithasia taxa did not form a "]II”]II’ aroup, which
refutes the taxonomies ol Burch and Tottenham (1980),
Goodrich (1940). and Turgeon et al. (1995). Trvon’s

(1873) groupings of the currently |‘i-cn§_f_||ix('d species of

Lithasia was also not supported, as a‘vn]pturm] and
smooth taxa did not group separately. Davis’s contention
that Lithasia species should be considered as members
of lo was partially supported in the parsimony analysis

|l” (.}illl s ll s, \\Il{ e hl wdas ne Ht('(i (I('{ p ]“ R {Idlll'
u)lllal]l]llj_{ most Lithasia taxa.

The consensus trees suggest that shell characters alone
do not recover currently or historically recognized groups.
However, shell and radula characters combined can be
used to recover plenrocerid genera, but do not resolve spe-
cies level identity well. In the total character analyses, Eli-
mia, Leptoxis, and Pleurocera taxa all arouped in ‘their re-
spective genus. (Jn]\ two Lithasia taxa grouped away from
the others, sugge Ntlli" that these two spec es iy |u' mis-
placed. f:f:’rr;sm veniculata pinguis was placed in Leptoxis

.UH HIH‘\H l ]T_\.fﬂl | Jkﬁhl Hl(l H“}l\l'{l”l Ht]\ I)LI('(".I
in Lithasia, where it has re presented the headwaters form
of the geniculata TN ufr.ffr.'_[n.r'f;jmu.\n NS tnm|)|( X

Based on the morphological characters examined here, L.
veniculata pinguis should be classified as a species t:fh'p-
eyt

Lithasia obovata is the only species in the genus that
occurs e the Green River drainage of Kentucky, and has

included many nominal forms that are ¢|m-xt|nan>F\ Lith-
asia. L. ol fr shells |u k the calluses on the aperture,
fusiform I have radulae most similar to Elimia
species. Th blogenetic analvsis suggests alloca-
tion ol L. o parate genus, |1 helieve the ad-
dition of more | Pleurocera \[u-ril-n OF 1TNOre 1mon-

phological ¢ha nalysis would resolve its ge-

neric desionatic 14 Lithasia HI]!'l‘il'.\ would
be considered 1o Idest naume Tor that clade.
As such, lo would b having a fusitorm ap-
erture (2:2), posterio lumella (6:1), and for-

mation ol can ]F ol |||| 1] 2t I|\|||l‘ ('Ililll“l‘\\'lllllll
I =
reflect 1!||-||E1|r||n||\|:| Davis

era. \'\-H]!iﬂ .",?'Hrf{}\.lr; |||J'-.\.1-‘._|

aarding the hwo gen

vidual species were not

recovered, and continued analysis is required to elucidate
diagnostic characters at the species level. None of the five
current and historical classifications ol Lithasia evaluated
in this study are umll)lltll\ consistent with the analvsis.
Only the diagnosis of Burch (1982) is partially \Ill}]}l}l‘l( .
A lamh rior ¢ L||1|s on the columella (6:1) and the formation
of anterior canal of the aperture (S:1-2) unite all Lithasia
(minus geniculata pinguis and obovata plus Io) in the com-
bined character alll;ll_\'si.\.

This study offers evidence refuting previous notions
that shell and radula characters have limited 1|ti|it_\' in
recognizing pleurocerid groups and supports the use of
these characters in defining plenrocerid genera. In the
most inclusive treatment of pleurocerids to date. Trvon
(1873) offered an extensive discussion on the use and
validity of shell characters in '\l parating the various gen-
era and species in the group. Trvon recognized that shell
characters can vary greatly and looked tn\mnis the use
ol other ;lll;ltnlmud (} wracters to separate ‘natural gen-
cra’ and discover corroborative shell characters for these
groupings. Goodrich (1940: 1) noted that shell charac-
ters “once. . .considered immutable have proved to be
secondary and more or less evanescent”. Tryon (1873:
liii-lv) ficured some of Troschel’s illustrations of radulae
and commented on Stimpson’s observations that shell
and radula characters seem to unite pleurocerids but do
little to separate constituent genera and species. It is
true that 'f.hllnl)ml radulae (Padilla, 1998) and fresh-
water mollusk shell characters can be pLNIt. often ex-
hibiting clinal variations (e.g., Adams, 1900, 1915; Ort-
mann, 1920), and therefore potentially contributing ho-
moplasy to phyvlogenetic analyses. \dllmtr soft anatomy
characters to a studv such as this might theoretic: dlv im-
prove the Iﬂ"-u:)lllilllll ol the .III.lI\ ses. but any che u.utm\
frequently used to delineate taxa vary little amnong pleu-
rocerids (Dazo, 1965) and in pll\]m'e netic reconstruc-
tions shell characters often are less homoplastic than an-
atomical characters (Schander and Sundbere, 2001)

The results given here are consistent with studies em-
ploving molecular methods (Lydeard et al., 1997; Ly-
deard et al., 199S; Holznagel and Lvdeard, 2000) to
ide ||l|{'\' !l|1 urocerid genera. In these works. Elimia and
Plewrocera re present natur al groups, and the Tllll]l)}ll)—
|<)<f|¢ il characters support both genera. However, Ly-
deard et al. (1997) and Holznagel and Lyvdeard (2000)
showed that f.:H'mw.f and .f:__uhn.‘\ are non- Irllllltlpll\]l t-
ic, though the combined morphological analysis given
here supports the recognition of f:;n‘uux as a natural
gronp. A t||n|:)||_r_[3| molecular .\Iml_\ of Lithasia, including
all of its nominal species and forms, will provide valuable
information on the species composition ol Lithasia, and
sllll\('{lul nt character an: l]\\l\ will he ||) define the di 1Z-
nostic features of the genus.
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Appendix 1. Svstematic list of taxa used in the cladistic analvsis of the genns Lithasia (n = 1 for each taxon). Classification follows
Turgeon et al. (1998); taxa are named as in Burch (19500, [.:rilllph'lt' locality information is available from the author. FMNTH
Field Musenm ol Nataral Historv: INHS—Ilinois Natural Histon Survev: NCSM—North Carolina State Musenm of Natural
Sciences: UAG- {'Ili\'l'l"\'lt_\ ol Alabiumna l';'.l\'[l'[l[‘n!{] {:ll”l't'“lﬂl_ UMMZ—Umversity of \||:-|||1_['.||| Musenm ol '/,uuln'_{\

Collection
Livom Locality number

Familv Pleurocenidae

Genus Elimin

£ alabamensis (Lea, 15610) Coosa River, Coosa Co., AL NCSM-P-4658

E caclatura caclatura (Reeve, 1560) Choccolocco Creek, Callionn Co., AL NCOSMA-P-465Y

E. l'g_q(f-'i (Conrad. 1534b) Black Warrior River, Jelterson Co., AL NOSM-P-4663

E ofivula (Conrad, 1834a) \labama River, Monroe Co.. AL NCSM-P-4664
Cenus fo

lo fluvialis (Sav. 1825) Holston River, Sullivan Co.. TN NCOSM-P-A66T
Genus fuga

g silicuda (Gould, 1547) Ouk Creek, Benton Co., OR NCSM-P-4670
Genus Leptoxis

L .-rm,m’r.r IZ,-\nt}l:ul_\_ 1555) Little Cahaba River, Bibh Co.. AL NCSM-P-4671

L. erassa anthonyi (Redfield, 1554) Sequatchie River, NMaron Co. AL NCOSM-P-4672

L. plicata (Conrad, 1534h) Black Warrior River, Jellerson Co. AL NCSM-P-4674

L. pracrosa (Say, 1821) ||.'|,|'|11'I|| River, Davidson Co., TN NCSM-P-4675

L. taeniata (Conrad, 1834h) Choccoloceo Creek. Talladega Co.. AL NCSM-P-I6T6

L. virgata (Lea, 15841a) Clinch River, Hancock Co., TN NCSM-P-A6T7

Genus Lithasia

Wiabash River, White Co.. 11 INHS 23628
Ohio River, Massac Co., 1L INHS 23632
Fast Fork Stones River, Rutherford Co., TN UAG 397

L. armigera (Say, 1521)

Hul'p:-t]r River, Cheatham Co., TN UAQG 572

L. curta (Lea, 1568) Tennessee River, Launderdale Co. AL UNDMZ 242200

L. duttoniana (Lea, 1541a) Duck River, Manry Co. TN UAG 402
Harpeth River, Dy idson Co., TN UAG 405

L. genicudata geniculata (Haldeman, 1540) Caney Fork, Dekalb Co. TN UMMZ 51363

L. geniculata fuliginosa (Lea, 1542) Buffalo River. Humphreys Co.. TN (1 UAG 406
Ked River, Robertson Co. TN UAG 395
Duck River, Maury Co., TN UAG 403
Buffalo River, Perrv Co.. TN (2) UAG 3495
IIJIT'!'!("I! River, Davidson Co., TN UMMZ 53233

L. geniculata pinguis (Lea, 1552) Collins River, Warren Co., TN UAG 407
Duck River, Coffee Co.. TN UAG 392

L. hubrichti Clench, 1965 Bio Black River, Hinds Co. MS FMNI 137751

L. juyana (Lea, 1541h) Duck River. Humphrevs Co. TN UAG 573

L. lima (Conrad, 1834a) Elk River, Limestone Co., AL UAG 571
Bear ( reck. Colbert Co. AL UAG 570

L. obovata (Sav, 1529) Green River, MeLean Co., KY FMNIT 46219

L. salebrosa salebrosa (Conrad, 15340 Tenmessee River, Landerdale Co., AL UAG 565

L. salebrosa florentiana (Lea, 1541a) Tennessee River, Hardin Co. TN UAG 425

1 .\'HJ’('-‘IH'{'.\H-.\'i.'f{'_{i":PhH\'-‘I (Lea, 15861a) Tennessee River, Hardin Co., TN UAG 416

L. verrucosa ll{ilfiil{'.t«pl{-, 152001 Wabash River. White Co., 1L INHIS 23624
Oho River, Massac Co., 1L INHS 23631
Tennessee River, Hardin Co., TN UAG 427
Tennessee River, Landerdale Co., AL UAG 568

Genus Plenrocera

P canaliculatum filiin (Lea, 1545
P prasination (Conrad, 1534a)
P walkeri Goodrich, 1928

Familv Thiaridae
Genus Melanoides
M. tuberendata (Miller, 1774)

Duck River, Maary Co., TN
Yellowleal Creek, Shelby Co.. AL
Shoal Creek. Landerdale Co.. Al

Drainage ditch, Gainesville. Alachua Co.. FL

NCSM-P-4652

NCSM-P-4656
NCSM-P-46859
NCSM-P-4692
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Appendix 2. Morphological characters nd character states used in the cladistic analysis of the genus Lithasia.

1. Shell shape. (0 alobose, (1) conic, (2) ovately conic.

2. Aperture shape. (0] teardrop. (1) ovate. (2) fusitorm.

3. Sculpture on posterior hody whorl. (0) none, (1) earinate, (2) tubercles.

1. Sculpture medially on body whorl. (0) none, (1) sharp angle on body whorl, (2) tubercles.

5. Sculpture on entire body whorl. (0) none, (1) even lateral rows of small nodules, (2) costate.
6. Posterior callus on columella. (0) absent, (1) present.

Anterior callus on columella. (0) absent, (1) present.

§. Length of anterior canal of aperture. (0) none. (1) slight, (2) elongate.

9. Twisting of aperture ;um-rim'l}'. (0) absent, (1} present.

10. Lengthening of aperture posteriorly along body whorl. (0) absent, (1) present.

11. Sculpture limited to body whorl. (0) ves, (1) no, (2} absent.

12. Length of aperture. (0) less than one-half shell length, (1) one-half shell length, (2) more than one-half shell length.

13. Cusp next to lateral tooth exteriorly. (0) absent, (1) present.

14. Shape of upper rachidian margin. (0) convex, (1) straight.

15. Lengthavidth ratio of rachidian. (0) tooth as long as wide, (1) tooth longer than wide.

16. LengthAvidth ratio of central rachidian denticle. (0) length and width equal. (1) longer than wide.

17. Shape of central rachidian denticle. (0) pointed, (1) blunt.

1S. Location of cutting edge on main lateral cusp. (0) edge restricted to medial quarter, (1) edge restricted to medial half, (2) edge
present on entire tooth.

19. Shape of main lateral cusp. (0) lamellar, (1) rectangular, (2) trapezoidal, (3) triangular.

~Width of main lateral cusp. (0) less than one-third of cutting edge. (1) less than one-half but more than one-third of cutting

[E9]
—

edee, (2) greater than one-half of cutting edge.

21, LengthAvidth ratio of main lateral cusp. (0) length and width equal, (1) length greater than width. (2) width greater than length.
22 Shape of leading edge of main lateral cusp. (0) pointed, (1) rounded, (2) straight.

23. Shape of marginal teeth. (0) pointed, (1) ronnd.

24. Number of inner marginal teeth. (0) 14, (1) 5-5. (2) more than 5.

95. Number of outer marginal teeth. (0) 14, (1) 5-5, (2) more than S.

.-\ppcudix 3. Cladistic analysis of the senns Lithasia. Data matrix of taxa and character states. River names follow appropriate
taxon names where needed.

Lithasia armigera Ohio

Lithasia armigera Stones

Lithasia armigera Harpeth

Lithasia armigera Wabash

Lithasia curta

Lithasia duttoniana Duck

Lithasia duttoniana |i.'n'|u~|l|

Lithasia ceniculata fuliginosa Buffalo |
Lithasia oeniculata fuliginosa Buffalo 2
Lithasia geniculata fuliginosa Duck

Lithasia ceniculata fuliginosa Harpeth

Lithasia seniculata fuliginosa ted

Lithasia veniculata geniculata | 00110101 1 1
Litha eniculata pinguis Duck 000000000000101101110211
Lithasic niculatea pinguis Collins 00000000000110101

Lithasia | 550011000011011011112112
Lithasia jaya 290201010001111001111111 ]
Lithasiu 1 L e 220011 101011011 111121
Lithasia [ima 220011010101101 11011112112
Lithasia ob 91000000000110110010: ,
Lithasia salel 0220011100011010020. 0 s
Lithasia salebr 220001110001101102121.
Lithasia salebros 22000111000110101212121 12
Lithasia verriucosa O 220011110101101101

f,JHI.Ir.H.'r.:' verrmcosa TN 20011110101 10110112121 1
f.ff;rff\ﬁfr Cerrieosed Wiabash L 011110101101001 1 4 1
f.h’hrhfu’ LerrHeos White 200117110101 1011001 102112

Io fluvialis 220000021 011010110100111
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Appt‘lldi\: 3. Continnmed

Leptoxis ampla

Leptoxis crassa anthonyi

Leptoxis plicata
Leptoxis praerosa
Leptoxis tacniata
Leptoxis virgata
Elimia alabamensis
Elimia caeclatura
Elimia hiydei
Elimia olivula

Juga silicula
Pleurocera canaliculatiin filum
Pleurocera prasinatium .
Pleurocera walkeri

Melanoides tuberculata

.»\ppcndi.\ 4, Genus Lithasia. Classification schemes nsed in comparison to cladistic }P\I\llllll'\t"- Taxa marked with a (#) were not
treated ||_\ the original author but are included i the gronps hased on their works (see text for t-\pl.un.du:n

Turgeon et al..

19985

Burch and Tottenham, 1950

Goodrich, 1940

Trvon, 1573

Davis, 1974

Genus Lithasia

e e e e
L K "y g B

q

e

da

Carmigera
Courta
duttoniana
. geniculata
- Twdbrichti
. jayana

lima

Coborvata

N”l’l""”‘”\‘”
verricosa

Genus Lithasia
Subeenus Lithasia

L. geniculata geniculata
L. geniculata fuliginosa
L. geniculata pinguis

L. obovata

L. salebrosa salebrosa
L. salebrosa florentiana
L. salebrosa subglobosa

Subgenus Angitrema

L. armigera
L. curta
L. duttoniane
1. hubrichti
L. jayana
1. lima

)

o Uerricosd

Genus Lithasia
Group |
L. armicera
L. duttoniana
L. jayana
L. lima
Group 2
L. genienlata genienlata
L. seniculata fuliginosa
L. geniculata Pingis
i .\'l‘flfl'l;”'ll\ﬂ \r..’f'r'h:'rrw.f
L. salebrosa florentiana
i \m’r'hr'rrl.r.r.\Hh'_{fuﬂrhr\ff
(-'1'111111 3
{.. curta
L. huhrichtis
L. verrmcosa
Croup 4
1. ohovata

Genus Anculosa

L. geniculata pingiis

Genus Angitrema

/
]
I
I
/
/
/
{
/

"

anmigerd

et

duttoniana
seniculata cenienlata
fuiefiti

Jatferia

linna

\'Hfr'llr}f'rl.'\:f \-r..'J'r 'fﬂ:'rr\r.f
verrieosa

Genus Lithasia

—

ceniculata fulicinosa
abovala

salebrosa florentiana
salelirosa subglobosa

Genus o

Io fluvialis

.

.

P ey e ey ey e ey R e P ey ey

arnicerd

curta

duttoniana
oeniculata geniculata
veniculata fuliginosa
veniculata pinguis
hubrichti

Javena

lima

obovata

\r’h‘lf'l'rﬁhlw.'

salelrosa florentiana
\rHIa'ﬂIH'IJw.' \rIfJ'_'l'IHfIJrHr!
verrucosd
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