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ABSTRACT

Till' fla.ssificatinii ol plciiroiinil snails ami otlirr Ircsliwatcr
iiiolhisks has liistoricalK liccii hascd on inoipholo<;ic'al char-
acters. Dcspiti- \cars ol ta\oiioiiiic work on plenroccrids. no
sinijlc work inchides all rccm^ni/ed ta\a Ironi a u;i\cn tjronp
anil onl\ a tew systematic treatments ol the lamiK' or indixidnal
genera exist. Modi-rn methods ol ph\ loijenetic s\stematics ha\c
shown that some moipholoi;ical traits do not support liistori-
calK accepted mollusk classihcations. II anaKses ol nioqiho-
logical characters do snppoil ciuix-nt taxononiic li\potheses,
then the classification ol tliesi- e;roups can lie tonsidered as
stable. It not. our approach retjarding diagnostic cli.u'acters tor
these groups must change. This paper uses 25 shell and radular
characters in a cladistic anaKsis ol the pleurocerid genus Ijth-
asiu, and compares flie findings to prexionsK snggestt'd clas-
sifications ol the group. Cladistic anai\ses do not support an\
current or historical classification ol Litliiisiii. However, these
moiphological characters are found to rongliK delineate IJth-
iisid and other extant pleurocerid genera, challenging pre\ious
works that suggest such characters ha\e limited ntilitx.

IXTKODUCTIOX

HistoricalK. the i-lassific-atinii ot tresliwater iiKilhisks has
relied lieaxiK on iiidiphdldgical  features such as shell,
soft anatoiiu', and reproiluetive .structures (e.g.. Tnou.
LS73: Heard and Cuekert. 1970: Davis and Fuiler. 19S1;
Burcli and Tottenham. 19S()). Thks is partieiilarK cxident
for pleurocerid snaiks, win-re sliell features aec-ount tor
the inajorit\' of diagnostii- characters used in the taxon-
omy and clas.sifieation ot the group. One grouji ol ph-ii-
roeerids that lias !)eeii clas.sified on the liasis of shell
eharacti-rs is Lilliusid llaldeiiian. IS40. a genus ol large
ri\'er  snails  loiind  tlirongliout  tlic  (  'nnilierland,  Ohio.
Mi.ssissippi, and Tennessee River drainages.

Species of Lilliasia pos.sess eonie to o\ate-conic shells
with tusiforin apertures, a posterior eallns on the parietal
wall, and fre(|neiitl\ some degree ot sculpture on the
hoiK whorl (linrcli. 19'S2). .Most species were tlescrihed
initialK as Mcltinia. and classified according to shell eliar-
acteristics  such  as  sliape  and  sculpture,  llaldeiiian
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(1S40I  eri'cteil  Lilliiisin  .ind  dcsignalcd  /,.  ociiii-ulald
llaldeiiian.  1.S40.  .is  llie  t\p<'  tor  tlie  genus  and  lati'r
erected AniHlniiid (1S41 ). I'resi'Uce of posterior and an-
terior  calluses  united  Aiiiiitniud  and  IJlhasia.  The  pri-
inan characters separating the genera were that .\/(g(-
hviiui  shells  were spinous and had apertures with an
anterior sinus, while l.itliasiti shells lacked senljiture and
the aperture was not as distinctly channeled in front a.s
the  t\pical  Aniiilri'iiKir  iTnon.  1873).  Goodrich  (1921)
supported Filshn and Rhoad's ( 1S96) reduction ol A/i-
'^itrcuui under LilluisUi. and IJlliiisia snhseciuentK has
stood as a single genus. Cloodricli ( 19401 recognized lour
si'parate groups wilhin lAtluisin. Iiased priinarlK on |)e-
culiarities ot shell siulpture. In tlu" 1970s, authors sug-
gested  taxouoniie  revisions  ol  the  genus,  placing  all
nieiiiliers  in /<)  (Da\is.  1974)  or  Flfiiroccni  (Stansl)en',
1971;  Stein.  197S).  Bnreli  and  Tottenham  (19S0)  rec-
ognized Lithasia scnsii stiirtc and Aiiiiitrciita as subgen-
era  of  Lithasia  based on  position  ol  sculpture  on  the
body whorl (Burcli, 19S2), and not according to the orig-
inal  diagnosis,  while  Tnrgeon  et  al.  (1998)  followed
Hurcli in recognizing iJlhasia as one gemis.

.Vutliors lia\"e liistoricalK assembled pleurocerid geii-
ir.i based on grouping taxa with shared shell characters.
Such is the pri'Nalent ajijiroach found in the literature
published oxer a |)eriod ol 150 \ears, and no aualxses ot
these  characters  exists  lor  IJlhasia  or  an\  other  pleu-
rocerid genus. This max be a result ol the lack ot nni-
lorni  iiilormation  louiid  in  llie  literature.  Diflereiit  aii-
lliiiis rarcK proxided eomjiarable levels ol (|nalitati\(' or
(|iuuititatixe data in their original descriptions, and sel-
dom used terms and expressions that max or max not
liaxe the same ilescriptixe counotations (e.g.. tapering
xersus broadly conic shells), making it dilficiilt lor read-
ers to draxx comparisons betxxei'U xxorks. Manx descrip-
tions were based on one or a lex\' shells, jiixeniles, or
partial shells gixeii to the author, and radulae xxere not
included in these descriptions. FinalK', descri|)tions were
subjectixe based ou the experience ol the author the
amoiiut ol xariation tliex accepted, ami their imderstand-
lug ol the other taxa in the literature. (Jixeii the current
state ot Ireshxxati'r mollusk tayoiiomx in general and
pleurocerids specihcalK, and the fact that moiphological
characters are still usi'd to coufinn taxon identity, anal-
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Figures 1-8. Illiistration.s ol '.selected iharaeters anil charaetei slates iisid m the eladistic aiuiKsis niljflmsin. 1. Lithasia annigcra
sluming lusilonn aperture (2:2), and presence oT aiiteriiir (7:1 ' and posteiKii i(i:l ' calluses (in the cehnnelhi. 2. Litliasiii vcrniri'sii
.showing nodulose brxK' whorl (5:1 ) and poslenor lenij;llienni<; el ;ipeitiiic larmw: III: I ' .'?. Alisenee el cusp ne\t In lalenil tooth
(13:0). 4. I'lcseiiee ol cusp next to lateral tooth iarrow: l.'5:li. 5. Lamellar main lateral cusp i 19:11'. 6. Kectan^iilar iii:ini Literal
cusp (19:1 I. 7. Trapezoidal main lateral cusp (19:2). 8. Trian<;nlar main lateral cusp (19:3).

y.ses ol tliese cliaraet<'rs cuiploNiny; modern tccliniqiies
is pnulciil. Moileni methods orpiivlogeuetic ssstematies
ha\e shown that some moqiliological trails do not sup-
port  historicalK  aeeepled  iiiolhisk  ciassifiealioiis  KJral,
2()()(); Lydeardet al.. 2000). 11 analv.ses of moipho!o<j;ieal
characters do sup])ort emreiif tuNonomie h\|K>llieses.
tluMi the classification oi these groups can he sta!)i!i/ed.
If  not.  our  approacli  to  iisinsi  diaiinostic  cliaractcis  lor
those groups unist change, j'lnlogenetic taxonomies of

this kind Iiunc iieen advocated in several studies (e.g..
de  (,)uein)/  and  Caulhier.  1090.  1092,  1994;  Biyant,
1996; .Sereno, 1999; l,\de;n-d et ;il.. 20001.

l''urther complic;iting this |irol)leni is th;it pleiirocerids.
Ill a simihu' hishioii to wIkiI h.ippens to nuun other Iresh-
watei inxertehratc groups, ;ue experiencing (k'clines in
llieii  iiumher  ol  species  iuid  iiidividuiils  eiuised In  river
impiiimilmenl.  haliit;il  di'gi";id,iti(iii,  and poor  laiid-nse
practices I Stein. i9T(i; Hogiiii et al, 1995; l,V(k';u-d et ;l]..
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1997). For example, in tlie Moliile Basin, one ticiiiis (Cw/-
roto})ia) iuul approximately 31 other species an' prcsnniei!
extinct (Stein, 1976; Bogan et al., 1995; L\(leanl and Max-
den, 1995; Lydeard et al.,  1997).  Even with the loss ol'
di\'ersit\' in the tamiK', onK' five of 156 ri'cogni/.ed pk-n-
rocerid species (Turgeon et al., 199.S) are listed as either
end;mgered or threatened as of Ma\. 2001 (U.S Msh and
Wildlife Senice). It nioiphologN- ;ilone is to he used in
iilentifieation ol these imperiled taxa, then anaKses ol these
characteis gain e\en more importance. .\ lack of sncli anal-
yses can hinder efforts to recognize, manage, and consciAe
distinct  taxa  (\\aples,  1991;  Mawlen and Wood.  1995)
within these affected groups.

Tile goal ol this stndx is to compile shell and radula
characters  from  Lilluishi.  anaKze  them  using  cladistic
techniques in ordei' to test historical and modern clas-
sifications of the genus antl its species composition, aiul
to determine possible relationships of the genus ;uul its
taxa to other pleurocerids based on those anaKses. Po-
tential changes to the taxonom\- of Lifh/isin based on
these analyses and the utilit\' of using these characters
in pleurocerid classification are discussed.

MATERIALS  AND  METHODS

Specimens for die study were either collected li\e oi' bor-
rowed from mu.seum collections (Appendix 1 ). Slu'll ch;u-
acters were taken direcd\ from specimens. Radnlae wt-re
extracted, cleaned, and prepared according to the method
described bv Holznagel (1998), viewed using a ilitaclii S-
2500 .scanning electron microscope, pliotographed, and an-
iilvzed. For Liflw.siii. at li-ast one represeiitatix e from each
recognized species and subspecies (Bnrcli and 'lollcnliani.
19S0) was includeil. Spetiuiens of selected taxa iipii'scnt-
ing five odier extant pleuidcerid genera (EUuiul /c /"g".
Leptnxi.s, Plcuroccm) were al.so inclntled (.'\ppendix 1 ).
Data consisted of a matrix of 25 cliaracters (.\ppendix 2,
Figures 1-S) coded as either binan or multi-state (Appen-
dix 3), and an;il\y,ed plnlogeneticalK under maximum par-
.sinionvwitli NONA 2.0 (C;olob()ff', 1998) n.sing the follow-
ing .settings: nnonk'red data, 100 replic;ites, with /;/gf; s'd-
iciila  and  Mrlaiuiidcs  luhcrculald  Miillen  1774.  as  out-
groups. //(g(; is basal to the rest ol the Xortli ,\nieriean
Plenroceridae (Holznagel and L\'deard, 2000) and M. Iiih-
crcnlata was chosen as a more distant outgrou|). jackknile
analysis (37% deletion, 1000 iterations of 10 i-eplicates
each) was performed in XAC (Fanis, unpublished: F;uris
et al., 1996) to test the stabilitx- of the data A strict con-
sensus tree mapped with characters was prodnc-ed with
Winclada 0.9.99m24 (Xixou. 1999). The anaKsis was run
twice, once using shell cliaracters alone and once with iill
ch;u-acters combineil. Because most pre\ious classifiealions
(e.g., Tnon, 1873; Cioodiicli, 1940) were based on sliell
characters onK; tlie\' were anaK'zed sepaniteK and com-
bined witli radnki data.

Once the classification li\potliesis was establislied. it
was  compared  to  fixe  diflereut  classification  selicnies
proposed b\- prexious authors (Appendix 4':

:\. bitliasia lepresenls a single genus. This assumption
lolioxxs the cuiR'ut iTurgeon et ;il.. 1998) xiexxofthe
genus.

B. Ijtiuisia represents a single genus comprised of txxo
subgenera,  Lilliiisia  scif-.ii  strirlo  anil  Aw^itrruui.
sciisii  Hiurh  d\n\  Tottenham il980).  This  classifica-
tion is conimoiilx used as ;i  st:uting point in pleu-
rocerid studies leg., i.xdcard et al,. 1997: Holznagel
and Lxxk'iu-d, 2000). Bnrch and Tottenham's (I980»
genera and subgenera differ in species composition
Ironi those ol TiAon ( 1873).

O. Lithasia repicsents a single genus comprised of four
species groups based on peculiarities of the nodulous
sculpture  ((ioodrich.  1940).  Lithasia  luihriclili
()lench. 1965. had xet to be described and is includ-
ed in (irou|i 3 based on (dench i 1965' allxing it to
Lithasia ti'micasa i jiafiuesque, 1820'.

D. Taxa presentlx included in Lithasia bi'long to one of
tluei' genera: Lithasia, Ani^itrciiia. or Annihisa. scii-
sii  Trxon  (1873).  In  this  case,  the  original  descriji-
tions <il Lithasia ;ind .\ii<iitrciiia ;n'e used to group
taxa  based  on  shell  characters.  Tnon  failed  to  in-
clude  Lifliasia  ciiiia  (Lea,  1868),  and  Lithasia  hii-
hiichti luid xet to bi- described. Both species are in-
cluded in Ti-xons Aiiiiilrciiui based on their nodulous
shell  sculplure.  Lithasia  i^ciiiciilata  jiiirj,iiis  i  Lea.
1852) = Aiiciilosa piu^uis.

E. Taxa presentlx- included in Lithasia should be con-
sidei'ed speiies ol lo based on dexelopmeutal char-
acters, SCIISII Daxis (1974'. lo Lea, 18.31, has prece-
dence oxer Lithasia Haldeman, 1840, uml Aufiilrcma
Haldeman, 1841.

.\ sixth scheme. Steins (1978b' recommendation that all
Lithasia be considered Piciiroccra. is not treated here as
it IS nomiiicl.iliiial. not taxoiioinic. and has since been re-
solxed b\ the liilernational (>)iiiiiiission on Zoological No-
menclature's decision to make Flciiroccra anitiis tlie tx]^'
species ol the genus i Melxille. 1981: see discussion in Bo-
gan ;ind I'armalee. 1983i. (Characters supporting relation-
ships in the paisiinoux analxsis xxcre com|)ared to charac-
ters that groiijied spei ies in the other ckLssific'atioiis.

RESULTS

Maximuni p;irsiiiioiix analxsis of shell cliaracters alone
xielded  372  trees  of  27  steps  (Figure  9).  Lithasia  was
rendered non-inonophxktic b\ the placcMiient of Lith-
asia 'Uiiiiiilata jiiii'^iiis in the clacie ol Lcploxis species
;iiid the piac-emeiit ol Lithasia ohoiata (Sa\\ 1829) in a
polxtomx of I /(I ) some Lhiiiia + {pin<iiiis -^ l^cptoxis)
+ remaining Lithasia'. .\nalxsis ol all characters xielded
20 trees ol 107 steps that rendered Lithasia non-mono-
plixlclic  i  Figure 10'.  Lithasia  <iciiiciihita  ])iiiiiiiis  speci-
iiieiis were basal to a clade ol Lcptoxis s|)ecies supported
bx a te:n'drop-slKiped aperture, and Lithasia oboiata xxas
iiesled belwecn ckules cA Ph'iiroccra and LUiiiia species
near llie base ol the tree. The remaining Lithasia taxa
loiined a clade xxitli In supported bx three cliaracters:
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Melanoides  tuberculata
—  —  E.  caelatura
—  ^  E.  hydei
^^  Juga  silicula

81

1

P.  canaliculatum
P.  prasinatum
P. walkeri

Lithasia  obovata
^^  lo  fluvialis

E.  olivula
E.  alabamensis

65

Lithasia  geniculata  pinguis  Duck
Lithasia  geniculata  pinguis  Collins

Leptoxis  ampla
-  Leptoxis  crassa  anthonyi
-  Leptoxis  plicata
Leptoxis  praerosa
Leptoxis  taeniata
Leptoxis  virgata

—  —  -  Lithasia  armigera  Ohio
—  i^^—  Lithasia  armigera  Stones
^^^—  Lithasia  armigera  Harpeth
-^^^  Lithasia  armigera  Wabash
^^^—  Lithasia  duttoniana  Duck
^^  Lithasia  duttoniana  Harpeth

69

Lithasia  geniculata  fuliginosa  Buffalo  1
Lithasia  geniculata  fuliginosa  Buffalo  2
Lithasia  geniculata  fuliginosa  Harpeth
Lithasia  geniculata  fuliginosa  Duck
Lithasia  geniculata  fuliginosa  Red

^^  Lithasia  jayana
Lithasia  salebrosa  florentiana
Lithasia  salebrosa  subglobosa

Lithasia  geniculata  geniculata
-  Lithasia  hubrichti
-  Lithasia  salebrosa  salebrosa
-  Lithasia  curta
^—  Lithasia  lima  Bear  Creek
^—  Lithasia  lima  Elk

T^

Lithasia  verrucosa  Ohio
Lithasia  verrucosa  TN
Lithasia  verrucosa  Wabash
Lithasia  verrucosa  White

Figure 9. Chuiistic- iiiuilysis ol' Lithasia. Strict consensus of tiie 372 most parsimonious troi's (27 steps: CI = 0.74) ijencratecl
usiTii; siiell clianic-ters aloia-. Jackkiiile \alnes > 63% aliove nodes, number of imamhisiuous synapomoipiiios below nodes.
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^-  Melanoides  tuberculata
—  Juga  silicula
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2  I  I  P-  prasinatum
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t—  Lithasia  obovata

^^  E.  olivula
77

E.  alabamensis
E. caelatura
E. hydei

—  Lithasia  geniculata  pinguis  Duck
Lithasia  geniculata  pinguis  Collins

Leptoxis  plicata
Leptoxis  virgata

Leptoxis  crassa  anthonyi
Leptoxis  praerosa
Leptoxis  ampla
Leptoxis  taeniata

—  Lithasia  armigera  Ohio
Lithasia  armigera  Stones
Lithasia  armigera  Wabash

Lithasia  hubrichti
Lithasia  armigera  Harpeth
Lithasia  duttoniana  Harpeth

-  Lithasia  curta
-  Lithasia  lima  Elk
-  Lithasia  lima  Bear  Creek
Lithasia  verrucosa  Ohio

-  Lithasia  verrucosa  TN
-  Lithasia  verrucosa  Wabash
-  Lithasia  verrucosa  White

—  Lithasia  geniculata  fuliginosa  Buffalo  1
Lithasia  geniculata  fuliginosa  Harpeth

—  Lithasia  salebrosa  florentiana
—  Lithasia  geniculata  fuliginosa  Duck
—  Lithasia  salebrosa  subglobosa

—  Lithasia  duttoniana  Duck
—  Lithasia  geniculata  fuliginosa  Buffalo  2

Lithasia  salebrosa  salebrosa

I  —  Lithasia  geniculata  fuliginosa  Red
^H  r^  Lithasia  geniculata  geniculata

I  I  Lithasia  jayana
'  lo  fluvialis

Figure 10. (,'lailistic an.il\sis of Lilhasia Strict consciiMis of llu- 20 most p.irsiiiionioiis trees i lOT steps. CI = ()..374) <;eneratecl using
shell aiul radula cliaraeters conililiied. j.iekknite \alues =r (i:5'< alune iKides. miiiil)er "I uiiaiMhi'.ni()iis .sviiajToiiioiphies below node.s.



Page 44 THE  NAUTILUS.  \\>\.  Ilfi.  No.  2

tusifbnii aperture (c-liaract(>r 2: state 2), posterior i-allus
on aperture l6:l). and slij^ht anterior eanali/.ation ol the
aperture (S:l). Despite being well resolved, little snppoit
for an\' elade existed as evideneed 1)\ low jaekknili' val-
ues. Three other plein"oeei"id genera. Eliiiiiti. Ij'jitoxis.
and Vliiiroccru. \w\v all I'eeovfri'd as ni(iiiiipli\ letic.

DISCU.SSlOX

The c'ln'rent taxonomv ol pleuroeerids is based on shell
cliaracteristies. and most work on the faniilv has foeuseil
on these characters. An extensive literatnn' exists lor the
laniilv, with most works being either wholK tlescriptive
or taxonomic shullling taxa among groups. This studv
stantls as the first cladistic treatment ot all cnrrentiv rec-
ogni/eil l.itliiisiti species and their relationships to other
pleuroeerids based on shell and radula characters.

Neither anaKsis completely recovered the five classi-
fications  being  comparetl.  In  both  [ilivlogenetic  treat-
ments Lilha.sia taxa did not tnrm a single group, which
refutes the taxonomies of Bnrcli and Tottenham (f9S()),
Goodrich  (1940).  and  Tnrgeon  et  al.  (199S).  Tiyou's
(ISTo) groupings ol the cnrrentiv recognized species of
Litluisia  was  also  not  supported,  as  sculptured  and
smooth taxa did not group separatelv. Davis's contention
that LUhasia species should be considered as members
of /() was partiallv supported in the parsimonv aualvsis
of  all  characters,  where lo was nested deep in a clatle
containing most Lithtisiii taxa.

The const'nsns ti'ees suggest tliat sliell characters alone
do not recover cnrrentiv or historicallv recognized groups.
However, shell and radula characters combined can be
u.sed to recover jilenrocerid genera, but do not resolve spe-
cies level identilv well. In ihc lota! chaiattei an;Jv,ses, EJi-
m'ui. lA'j)l(>xis. and licuioccra taxa all grouped in their re-
spective genus. Onlv hvo IJthasid taxa grouped awav Ironi
the others, suggesting that these two species mav be mis-
placed. lAtliaski >!fnicnlalii piii'^iiis was placed iu h-jiloxis
( = Anailosd) by Tnon (1S64I, and subse(|uentl\ [ilaced
in LilJias'm, vvliere it has icpreseuted the headwaters lorni
of the ^ciiinildld '^ctnaddld-fnliiiiiHKd-p'uiiiiiis complex.
Based on the moiphological cliaracters examined here. /,
i^eniculutd piiiiiiiLs should be classified as a species (i\' Ia'j)-
toxis. lAtlui.sid ohovdid is the onlv species in the genus thai
(X'cnrs in the Creen River drainage of Kenlnekv and has
included njanv nominal forms that are (jneslionablv l.illi-
asia. L. ohoiaUi shells lack the calluses on liic apci-tmc.
fiisifonri a])ertures. and have radulae most similar to Elimiii
species. Though the plivlogenetie aualvsis suggests alloca-
tion o( /.. iilnnald to a separate genus, I belii've the ad-
dition ol more EliinUt and Fleiirorcrd species or more mor-
plioiogicid chaiaclers In ihe aualvsis would icsolve its ge-
neric designation. The remaining Litluisia species would
lie cousiilered h>. as hi is the oldest name for that clade.
As such, lo would be dia'gnosed bv having a fusiform ap-
erture (2:2), posterior i alius on columella (6:1), and for-
mation of canal of the aperture (S:l-2). This change would
reflect the opinions ol fJavis ' 1974) regarding the two gen-
era. Within Litha-sia, liowevei', individual species weic not

recovered, and continued aualvsis is re(]uired to elucidate
diagnostic characters al the species level. None ol the five
current and historical tlassifications ol Eitluisid evaluated
iu this studv are completi'lv cousisti'iit with the aualvsis.
OuK the diagnosis ol Bnrc-li (19S2) is partiallv supported.
A posterior cdlus on the columella (6:1 ) and the fonnation
of anterior canal of die aperture (S:l-2) unite all Litlwsia
(minus ff'nicuUitd pin^iiis and ahot nla plus la i in the corn-
binetl character aualvsis.

This studv offers evidence refuting pri'vious notions
that  shell  and  radula  characters  have  limited  utilitv  in
recognizing pleinocerid groups and supports the use of
these characters in defining pleurocerid genera, in the
most inclusive treatment of pleuroeerids to date, Tnon
(IS73)  offered  an  extensive  discussion  on  tlie  use  and
validitv of shell characters iu separating t\\v various gen-
eia and species in the group. Tnon recognized that shell
characters can van' greatlv and looked towards the use
ol other anatomical characters to separate "natural gen-
era" and discover corroborativ e sliell characters for these
groupings,  (a)oilrich  (1940:  1)  noted  that  shell  charac-
ters "once. . .considered inunutable have proved to be
secondan'  and  more  or  less  evanescent'.  Tnon  (1873:
liii-lv ) figured some ol Troschel's illustrations ol radulae
and  conunentetl  on  Stimpson's  obsenatious  that  sliell
and ladnla characters seem to unite pleuroeerids but do
little  lo  sejiarate  constituent  genera  and  species.  It  is
triH-  that  gastropod  radulae  (Padilla.  199Si  and  tresh-
vvatei' mollusk shell characters can be plastic, olten ex-
hibiting clinal variations (e.g.,  .Adams, 1900, 1915; Ort-
maun, 1920), ami therefore potentiallv contrilinting ho-
moplasv to phvlogenetic aualvses. Adtting solt anatomv
characters to a studv such as this might tlieoreticallv im-
piovc the resolution ol the analvses, lint manv eharactei's
lre(|ueutlv used to delineati' taxa van little among pleu-
locerids  (Dazo,  1965)  and  in  phvlogi'iietic  reeonstna-
tious shell chaiacters often are less homoplastic than an-
aloniic;il cluirai'ters i Schander and Sundberg, 2001).

The results given here are consistent with studies em-
plovnig  molecukn'  methods  (Lvtleard  et  al..  1997:  Lv-
di';n-d  el  :il.,  I99S;  llolznagel'  and  Uvdeard.  2000)  to
idenlilv [)Ieuiocerid genera. In tlii'se works.  Eliiiiid and
I'lcuroccni  represent  natural  groups,  and the uioqiho-
iogic:il  characters  siippoi't  both  genera.  However.  Lv-
(leard  (I  al.  (1997)  and  llolznagel  and  Lydeard  (200())
showed lli:il Lilhdsid :md Eiploxis are uon-mono]iliv let-
ic,  ihoiigh  the  eombmed  iiiorjiliological  analvsis  given
here supports the reeoguitioii ol Ecj)l(>xis as a natural
giou|). \ (horough moleenlai' sindv ol IJllidsid. including
all ol its nomin:il species and lornis. \\\\\ pro\ ide \ ;ilu,il)ie
inloiiualiou on the species composition ol Lillidsia. anil
subse(|n('iil ehaiacler :iiialvsis will lielp driiui' ihe diag-
nostic le:ilin'es ol tlii' genus.
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Appendix 1. Ssstciiiatic list dl la\a used iii iIk i I.kIisIic analxsis nl tin- minis LUliasia i ii = I lor rarli t.iMiii '. ( lissification follows
Turgeoii v\. al. (UWS): la\a aic iiaiiicd as m Hiinli (liJSOi, C pldc ImalitN iiitoniiatioii is axailalilc Ikhii iIic aiillior, I'MNII —
Field Miisi-iiiii  nl  Xatmal  llislon I\1IS -llliiiiiis  Natural  ilistorx Siirvi'V:  NCSM — Nmlli  Carnliiia  Stair  Miisiiiin  iil  Xaliiral
Sciences; UAti — Lluivcrsitx ol Alaliaiiia Castropinl ( .'ollectioii; I'MM/ — l)iii\cisil\ of \licliii;aii Miisciiiii nl /iiolii'j;\

Taviii Localit\
( A)llrctiiiii
niinilxM"

FaiiiiK Plriirocrridae
(aMiiis Eliinid

F. (llilhdliuil.sis (Lea, ISdll))
E. ciicliitnrd iinliiliini iKnAe. ISIidi
K hi/ilci (Cloiirad. IS:54lii
K. (tliiiilii (Cimrad, IS34a)

Cleniis Id
I,> fliiiialis (Sa\. 1S25)

Ca-iiiis jiii^ii
I silinilii iC.nild. 1S47)

Cieniis Lfj)loxi\
L. init])l(i (AntlmiiN. 1.S55)
L. cnissii (iiitlioin/i ( l^edfield, IS54)
/., /)//(■(//(/ (Conrad. l.S34li)
/. pnicrosii (Sa\, IS2I i
/,. Iiiiiiiiitd ((Jinratl. 1S341))
/„ tinj^atd (Lea. lS41al

(ieniis Lilluisiii
L. iirini''! Ill I Sa\. 1S21 )

/.. aiiia (Leu. 1868)
L. iliittimiiniii (Lea. 1841a)

I, •j^i'iiiniliilii ■j^iniiiiliilii {\\Mv\iidt\. 1S4I)
E >^ciiiciiliitii fiili^iiKKii (Lea. 18421

/., IciiifuJiitii jiiiipii'i (Lea, 1852)

E- hnhiirhti CIcikIi, 1^65
E. jaijdHil (Lea, 184 llil
E liiiui I ( 'niirail, 18(34a)

E oh, It, ilii iSa\. 182V)t
E MilcliiiKii sidchi'iKii (Conrad. 1834a)
L. salrhnisii fh>nuli/iiui (Lea. 1841a)
L. salfhntsa siih^Lihosa (Lea. LSfila)
L. verrucosa (Hafiuesque, 1820)

Genus Plrurocrii
P rinudiiidaiuiii filuin (Lea. 1845)
/' pnisiiiiiliiiii i(!oiir.id, lS34a)
/' uidki'ii C.H.drieli. UJ28

FauiiK Tlilarldae
( a'lllls M, 1,11101, lis

SI liihintiliilii i.Mullcr. 17741

( !uosa l\i\er, ('oosa ( 'o.. M ,
(111 Kii linen 1 ( reck, ( 'all HI 11 II ( (i,, .\L
Black Warrior Hiver. Jericisi.ii Co,, AL
Alabama Ri\er. .Monroe (!o,. .\L

llolstoii  Rl\ir  Siilli\aii  Co  T\

Oak Creek. Hciitmi ( o OK

Liltic  Cahalu  Uimi,  Kilili  (  ii  \L
Sci|natcliie Ki\er. Marion ( !o, AL
Black Warrior Hi\cr, |ellcrsoii ( o , \L
llaipetli Hi\ri, OaMclsoii ( ji '!'\
( lioccnioceo (deck, I'alladi'^a ( (o., .\L
(diiicli l!i\ei, I laiirock ( 'o,. IN

Wal.asli l;i\ci Wliilr Co 11,
Oliio Hixcr. Massac Co,, IL
h'.asi I'oik SloiHs i;i\(i Uiitlicrlord Co TX
llarpitli  ItiMi ( :lii-,itliaiii  (  n lA
lennessee l\i\ci. Lauderdale (ai.. .\1,
Duck Hi\er. Maun Co.. T\
llarpctli Ki\er, Davidson ('o,, T\
Caiicx Fork. Dekalli Co,. TN
Biillalo Hi\er. Iluiiiplire\s Co., 4"N (1)
Red River. Rolicrtsou Co,. I'N
Duck River. Maun (;<)., TN
RulTaki River. Pern Co,. TN (2)
llaipeth River. Davidson ('o., T.N'
Oillins River, Warren Co., TN
Duck River. Coffee Co,. 1\
Ht'i Black River. Hinds Co., MS
Duck River, lliiinplircvs C.n.. TN
I'dk Hiver. Limestone ( 'o M.
Bear Creek. Collierl Co,, ,\l.
Careen River, Mel .r.in ( n K\
Tennessee River. Lauderdale Co.. .\L
Tennessee River. Hardin Co.. TN
Tennessee River, ILirdiii Co,, TN
Waliasli River. Wliile ( " il.
Olio River, Massac Co,, II.
Tennessee River, Hardin ('o,, IN
Tennessee River, L.iiiderd.ile ( (o , \l.

Duck Ruei  M.iiiiA  Co IN
Vellovvleal Creek. Slielliv Co,. AL
Slioal Creek, Lauderdale Co,. AL

Draina'^e ditcli. Cainesville. ,\l,icliua Co,, |-'L

N(:SM-R-4658
NCSM-l'-465y
NCS\LI'-46(i3
NCS.M-l'-4(i(i4

NCSM IfifiT

NCSM-l'-4(i7()

NCSM 1' 4671
NCSM-l'-4(i72
NCSM-l'-4fi74
NCS\LR-4(i75
NCSNM'-4fi7fi
NCSNM'-4(S77

INI IS 2.3628
INHS 236.32
UA(; 397
UAC 572
UMMZ 2122()()
vm: 402
UAC 405
U. MM 7.51363
VAC. 406
UAC; 398
UAC 403
UAC 395
UMMZ 53233
UAC 407
UAC; 392
FMNH 137751
l^AC 573
UAC 571
UAC 570
FMNH 46219
UAC; 565
UAC; 425
UA(; 416
INHS 23629
INHS 23631
UA(; 427
LAC 568

NCSM-I'-46S6
NCSM-I'-4689
NCSM-l'-4692

N(:SM-P-46S2
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Appendix 2. M„n,l,..lo,ic.l elunacto a,ul cluuactc,- states used in tlu- clad.stic anaKs.s of the genus LUl...

1 Shell shape, l"! t;li>bose. 1 1 » conic, (2) ovatel) c v
Aperture shape. \()) teardrop, i 1 1 oNate, Cl) lusih>nn.

^' Sculpture on posterior hodv whorl. lO) none, (1) carinate, (2) tu hercles.
t  f  n,e!lialK  on  hodv  whorl.  ,0)  none.  U)  sha.p  angle  on  InxK  f'^^^^^^^^;^^
5 Sculptu'v on enfre l,o,h uhorl. (01 n,>ue, (1) even lateral rows «i snudi nodules, (2) costate. ^
6 Posterior callus ..n cohunc-lla. (()> absent. (1) present.
7. Anterior callus on cohnnella. lO) absent. (1) present
S Lencnh of anterior eanal of aperture. (0) none, (1) slight, (2) elongate.
9 TwisHna of aperture anteriorly. (0) absent. (1) present.

10 Lencnheuingof aperture posteriorly along bodv whorl. (0) absent. (1) present.
;:■  Sa::f  'i;:;i:^  S:  ti  tS^l  ^-^^^^o..-..^  ^H^H  l'->.tb,  ^.)  ...ore  than  one-han  shell  length,
1.3 Cusp next to lateral tooth exteriorly. (0) absent, (1) present.
14 Shane of upper rachidian margin. (0) convex, (1) straight.
5 nhAvic th raHo of rachidian. (0) tooth as long as uide (1) tooth ongerhan v. le

,6 Lenath/width ratio of central rachidian denticle. (0) eiigth and uukh equal, (1) longu than u.ck.

1;:  ?±:;:  ^f^;^!  .^tl?  oifrlnttl^lC^^  -  u.edia,  quarten  (1)  edge  restncted  to  medial  h..  >2,  edge

s-  EHSU'io  '-  -  1:^^^^^^^^^  -  =i->-  -  '•  -■  '---  "'■  ---

01  Sgt£:r;:;io:n;:::nS  C5.-fe.i.  ^^.."  ;  '-^  --!■  <;  >  ^-f  ;  ---■  ^"^  "'"■  '  "  ^^^'"  "■"■''  '""  '"*'
22: Shaix" of leading edge of mmn lateral cusp. (0) pointed. ( 1 ) rounded, (2) stiaight,
0.3 Shapeof marginal teedi. (0) pointed, (1) round.
04 \uniber of inner niar0nal teeth. (0) 1^, (1 ) 5-.S, (2) more than S.
25'. Number of outer marginal teeth. (0) 1^, 1 1 ) 5-S, (2) more than S.

Appendix 3. CMadistic anal
ta\(iii names where needeil

\sis IJtlu.sia Data matrix of t^ixa and character states. Uixm' names loll.m approi iriate

~  ~  -202010100011011002101112
I.ilhasia  armfj,,,;,  OInu  2201010100011011012102112
Lilhasia  armi'^rra  Stones  2202  010100011011001012101
IMluisw  anm<icra  Haipe  li  2202010100011011001102112
iJllmsUi (inniiH-ra W'abas 2200111101011011010112112
Lilhasui  nuiri  2201010100011010020212112
Lilhasu,  dnllouuma  Dn.'k  2200010100011011013020102
/.,•/  m.sm  </„»..MJ.,m  1  aipetl,  2200011100011011020211112
IMhasm  ^■n,rnlala  juhiimos,,  Kullalo  I  2200011100011011021212112

2200011100011010021212112
2200011100010011021212112
2200011100011010120211112
2220011100011010110111112

aloLilhasia iif'nindata fnliainosa Bullal
Lithasin oniiniliilti fiili<I,iiu>sa Duck
IMluisia \Sfuinilat(i ftdiilinosd llarpetl
Ijlhasiii iLcuinilala fidifliniKd Hi-d
lilhasia  i.-nindala  grmn,/«J.  0000000000001011011102112
.„W,  ^.nndala  ,nu^u.  Duck  0000000000011010111202112

/,i//w.vm  -cmr„/r;^/  ,.mt;,».s  Colhus  ooonnn  nnnm  1  Oil  0111121  1  2
IJlliasia huhiichli 2220011000011011011112112

22  02010100011110011111111
lUlmsu,  jaynnn  2200110101011011011112112
Ullwsia  hnw  iear  (a.'ck  2200110101011011011112112
Ulhasm  h,„a  I-  Ik  2100000000011011001021112
.,(  m.s,«  <.to/  0220011100011010020211112

I,lha.sw  saleh.u,  salrhnsn  2200011100011011021212112
.,...,«  salehn  ''  tlon.'ann  2200011100011010121212112
./  ,«.v,«  .v«/.Ws«  .,/,,/,./..«  2200111101011011011112112
'"""'"  '^'■'"'•'"•'"■"  -V^.'"  2200111101011011011212112

Ulhasu,  .crn.rosa  IN  2200111101011010011212112
lilhasu.  vrrnuosa  abash  2200111101011011001102112
./.;.v,.a.rn,o..s.«Uh>.e  2200000200011010110100111
/()  jiuiiali'i  .
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Li'ptoxix 1 1 mill 1 1
Lcptoxis cyiisMi iiiillitniiii
Leptoxis pliciitii
Lcptoxis jinicntsii
Leptoxis liiiiiidlii
Lcptoxis lir^dtd
Etimiti cilabtnucusis
Elirnia caclatnra
Eliiuia hijdci
F.Iiiiiiti olimld
juffi silicuhi
Pleurocera cdiitiliriiltiliiin liliiiu
Plcurorrni jtiyisiiiiiliiin
rlrui'iHCi'd It iilki'i'i
Mrliiiioidrs liiliiiridiilil

00000
01000
00100
00000
00000
00000
21000
21002
? 1 n -•

00000
00000
00000
00000
00000
00000
00000
00000
noooo

tOOO

02010102
02111012
02111101
02111012
02010102
02111002
01101100
11101100
11101100
01101010
1 r\ 1 n 1 1 n f)

LU02000UU10111110

0212101
0212111
1002101
0212102
0212101
1212101
1001111
1001111
1002111
1001101
3020011
1011122
' " : 0122

.1122
joionj:

Appendix 4. (;i'iiiis l.ilhiisiii Classification scliciiirs used in comparison to claciistic li\potlics(>s. Taxa marked until a (*) were not
treated li\ tlie i>ri<j;mal .iiitlior lint are included in the primps liased mi tlnir works isee te\( lor explanation'.

Tnr<jeon et al.
Bnrel loltl I9S() Coodneh, 1940 Tnoii. I ST.) I)a\is, 1U74

rein IS Litluisid
L driiii^ciyi
L. riiiid
L. (Iiittonidiui
L iicniciilatd
L. hidirichti
L. jnijana
L. lima
L. oboidtd
L. sdlchnisd
L. icrmcosd

(icnns Lididsid
.Snlit;eniis Lilluisid

L. flcniciddtd •j,ciiiciddtd
L i^ciiicidiita fidiiiiiiosd
L iicniculiild piii'j^iiis
L. ohoidtd
L. snicbvosd sdlcbrosd
L s(drbnisd florcntidiid
L \idrhni\d sidnjohosd

Snligenns Aii<j,i1n-iud
L dnni'^crd
L rnrtd
L diillniudiid
L huhnrlili
L jdi/dUd
L liiiid
L nrniciisd

',r\\\is l.ilhdsid
( ironp 1

/, iiriiii'J^ri'd
I. dllllnilidlld
I. Idljaild
I. liiiid

( ironp 2
/, 'J^i iiiciildid <^cniciddtd
I, •J,riiiculdld fidi0nosd
L. iifiiicnldld pin<itiis
L. sdlcbrosd s(dcbrosd
L. Sdlcbrosd jiorcntidiui
L. Sdlcbrosd sul)<slobosd

Cronp •■!
/, nirld
L liiibriiliU*
I. irirutosd

(iroiip I
/, obonilii

Genus Ancidosd
L '^ciiiciildld piiiiliiis

( iemis Aicj^ilrciiid
dnni\2.crd
rnrtd ■

.. llllllolliillld

.. '^ciiiciildld '^cuiculdtd
, hiilirirlili'-
. \d[\dna
. liiiid
,, sdlcbrosd sulchrosii
,. rcrnicosd
nns Lithdsiti
. <^cniciddld jidii^iiiosd
.. oboidid
,. sdli'brosd fliirciilidiid
, sdli'brosd sidr'loliosd

(a'nns lo
fliiridlis
iinniiH'rd
curld
duttonidud
'jfuiculatd ^cniculdtd
<S.ciiicul(ild fulifiinosd
•iciiiciddtd piii<^iiis
liiibriihli
jdt/diid
liiiiii
obordia
sdlcbrosd
Sdlcbrosd florcntidiid
Sdlcbrosd siib^lobosa
icrnicosa
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