RICHALD J. HEVES

THID STUDY OF PLY
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L. oW.

Mosr Nowrenn Ansucan Pletstocene shells ean be referred to
Bvine speeles, This generally  eslablished
termines the

ohaervalion (de-
strengths and weaknesses of mollugks for
gealogio vtindies, T lowds also fo the tacitly accepted prin-
hat the hasis of interpretation of the fossils inchules
Konowicdge  of the detads

eiple
of morphology, classifieation,
coalogy wd pearenphie disteibution of fiving mollusks,

Poeal vavitions i fenna and sediments make the moeth-
ards i Taundslie ernture of one area often unsuited to
For the sake of generality 1 therefore re-
slriet this cssay to some broader prineiples, observations,
wd eonclusions from the study of Pleistocene nonmarine
motinsks, The comparisons with the eentral Furopean tee-
ard are h‘w'd on publieations by Vojen Teick and on his
(th-b%vo comments on o fivet dealt of this paper.

Wth in Turope and North Ameriea relatively few late
}’Eu')m‘uv md early Pleistoecne nonmarine mollusean faunas
have been deseribed, and generalizations about this interval
in both rontinents are neecssanly eriede, Rate of
Dent st

another area.,

differentia-
o have been mere rapidoan land soadls than in
acpnatie mollusks, and more rapid in Earope than in central
Narth Az a coroil: iy the eontrast hetween Plio-
cesees sned Pledstacene fanmas s more marked in Barape,

The differences hebween the bwo regions are probmbly dun
mostly ta twe fastors: the different geopraphy of the re-
mions, and thelr geologie histories, The broad central low-
land of North America hag practieally no sharp ecological
Batindaries, so the mollusean faunas have consisted almost
eatirely of widespread species that have survived for a long
time. The topographie and ecologic diversity of Lurope
1:1‘(:\4'1{“‘: praetically no room for such major changes in

e e those seen in many faunas of eentral North Amer-
i(’.‘i, and it hos Tavered more Joeal differentinition. The Al
pine evolution during the Tertinry may have stimulated
the piech e loeal differentinfion of =uel gpeeins

Amerien,
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SUIVLY

{ieolapieal
who have
A Lo elinsnate ereors They
Aare noloy g')f'lTif-ii])iF: f‘nr any reannining fnefsed or nterpretive
flows: Don A : 2, Texas: I P Cheatum, Tepartment of
Binlogy, Sou C.‘n'{mt University, Dallas) Toexas; O W
Habbrd, A }‘\Nﬂﬂ\(ﬂh‘_‘“\.‘ Im\mﬂ v of Muhigan,
Ann Avlor, AL ITopking, U B, Geologieal Survey,
Menlo Park, .»\m-f‘io [aloerue, Dopariment of Ge-
ol O sy, COolinodus, Obde s Bob 110 Shaaeh-
fer, =hler Auseum of Prideontolosy, Southoern Methodist e
versity, badles e Specind thunks aee doe fo Vojen Lodelk,
Crenterney flevartnent, Geologieal Instiute of the Crochosio-
vak Academy of Selonees, Pragun, Crzechoslovakin,
LR Geologivad Buevey, Wasliington, D.C.

tan autherimedd by thie Diveetor, 115

anky are doe fo the Tollowing juersons,
Feviewed e mnseript e helpe

SISTOCHENE
NORTIT AMERICA™

NONMARINE MOLLUSKS

TAYLOR?

IHolicidae and Clansilitdae. Povhaps one of
of the rapidly changing late Tertinry Innlseape of Throg
was that many mollusean groups.in that region were :m[i
still are evolving more rapidly than are these i the stable
Towland aren ol eentral Nerth Ameriea.

If rapid ceological changes and local lsalation are sig-
nifieant factors in evolition of nonmarine molhnds, then
North Amerien hag three matn aveas whoere Tite Cenoneie dif-
ferentiation is Hkely to have bedn maest rapid: (1) the Great

Lakes region, where frequent isolation and revnion of nde
and stream habitats bas oceurred throvgh the Quaternary;
(2} the region of Flerida and the Bahamas, where son-
level changes can join or iselate many small lands in the
&rf*hipe?ngom situated on shallow platforms; and (3) the

Treat Basin and central west-coast region of North Amer-
ien, where the Middle Plelstocene orogeny of the Coast
Ranges, custatic changes in sea level, bloek fanlting in the
Great Basin, Pleistocene desiceation, and voleanizsm have
changed habmts more Tapidly and drastieslly than in
other parts of North Ameriea, The Great Plajos region is
the area whers there 13 the most detatled knowledge of Tate
Cenozole  (particnlarly  Pleistosene) nonmarine  mollusks
in Narth America, but the eonservative charaeler of its
farma i probably not vepresentative of Wb of the conlinend,

I have commented on the mterpretation of Qualernary
mollusks previously (Taylor, 1960b), but crudely and supor-
ficially as it scers n retrospeet. Anyone concerned with the
nrinciples of paleoecologic interpretation should take the
essay by G. M. Scott (1063) as a starting point. The con-
ventional approach to paleoceslogy (usuaily taeit) is to
interpret former environments upon the assumption that
they have changed and that the specios have changed less
s0 or not at all. Seott made the telling point that this frame
of mind i in il accord with the evolutionary approseh of
the biostratiorapher. e eoncluded (G. T1 Seobt, 1963, p.
524), “Lyell’s particalar prineiple of ceologieal unifornmity is
nmé.}u\r a sullicient nor oven & necessary  condition for
paleaceclogy to be ealled a scienece”

Cnadernary shelle are so lke those of living mollusks that
interprefation of the past in terms ol the present has
seemed & commenplace. Tf s signifieant both for the genernd
methods of palecccology and for the Pleistocene history of
North Ameriea that such a scemingly simple procedure in
sneh a geologienlly voung interval s not stralghtforward,

Pleistocene assembinges that are referable 1o living as-
semblages pose no interpretive problems. Thoze that are
referred to living species, not all of which ean
Hving in elose proximity,

be found
require one or another assaunpe

AT

the ennseoueness
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fiom: eifher some speeies have changed  their environ-
menial tolersiees, or they have not. To take the first <t

i to lessen the presision with which these specics enn be
weed in the fossil record. To take the sceond is to AV In
effeel that <ome environments onfy a few thousind yvears
old, in which all the speeies were those still fiving, cunnet
Be found and studied today. In either ease the present is
not, in detadl, the key to the past.

Pragmatically T am suspicious of striet adherence cither
to the dea of ecologic nonevolntion or to the ien that
preseim are standards for the past. Az g
Gixonomie comservative [ Delieve fossils should be referrod

enviromneniy

to hiving speries unless they enn be shown (o be difler rent
Bt surety i omm!mn.\ry f‘h imges mo mollusks are not
necessarily reflected i their shelis. Most
of Bving speeies can be r:ltimz:iimml wosupposing the
have not changed their ecologie toleramees and that past
environments were not preeisely like those of today. Even
o there are eases (for example the wide Pleistoecne dis-
tribution  of species sach  sr  Omalodiscus puttersoni
{Baker), Bulimnea megamma (Say), Acroloaus coloraden-
sis EHenderson), and Pupiila sinisira {(Franzen} that cannot
he disposed of so readiiy,

lomail nmemblaees
A

Y RDCCHS

Brcronan Dieveneners v Primstocans FAunas

The regional differences in the living mellusean faunn of
Novth Amerien mre shown also by Pletstocens fumns, In
arst areas the fossit assemblage may be more diverse than
the founa, but gencrally the hving are
found in adjneens arcas. Plaistoeene faunas from different
fnvnal provinees may share no speeies in common, just as
with present-day faunas,

Faunad  divisions of North Ameriea were drawn by
Pilsbiry (3448) for land sonils and by Henderson {183
yJand and freshwater moliusks. The faunal dif-
ferenees r=x_;:rcwscd by sueh provinees are mainly of pre-
Pieistocene origin, as shown by direet fossil ovidence, by
carrelation with geologie structure, and by inferred correla-
tion with probable past events. The major geographic
the living fauna prebably have their begin-
the Cretnecons, ax Henderson  (1991)
toted. Lesser geographie differences may nat be so ancient,
Tt many Tertiary The Recent Holarctie
ulvme'm among fumd snails has been interpreted as the

mendern S

for woestern

differenees in
mnes af feast ip

are of origin,

geliet Mesozole to early Tertiary fauna of northern labitudes
(‘r\'uieh u, 1063, p. 163). Loeal endemian, disjunet distribne-
tion, and mucl obeerveble geographie variation may  as

az ol Pleistocene origin, The fossil
record By its nature will pever provide all the documenta-
tion one conld wish and so must be mlerpreted against :
sonnud biogeographic haekoronnd,

reachily be of Tertinry

RMODES OF INTERPRETATION GF PLEISTOCENE FAUNAS

The eampasttion of any asseniblage of animals and ants
Hiree fa Geologic Thne deternmines
the stuges present e the myrind Tes of deseent of various
evolving organinse—what genotie eombinstions are nviil-
Habitut ineludes (he mnge of environments and the
physical and biotie Tuetors affecting individuaks in an ase
sembluge throughout their lives. Biogeographic fistory -

Bdetermmned] by rlors,

able,

ZOGGREOGGRAPIY

AND EVOLUTION

und
dipersed that determine what orgonians ean ey newly

cludes antecodent. factors of  yegionad di tribnitien

svatable habitats i o particular ares or enn gro bunby eater
and adapt to wlrestdy present environmenis,

Bo far as fosil shells van demonsirate, nearly all speevies
of mothrks have remained virtnslly
the Plei<toeene. The
simpiest explanation for the known rocurrent ssemblises,
Within the Pletstocone, mollisks show the offeets
ing time slimost entirely by the gradual extinetion of SOCTES
that were plready present in the Plicceens,

Regional differences in peologic Bistory and molbisean

mnchaneed thennehont,

recurrence of shniler habitats e {he

of puss

fauna, e biogeographie hiferences, are o groat that in

different parts of North Ameviea different problens o

fargze, ealling for dilfferent techmignes of stidy ned nber-
prefation. The mainly lacustrine foss of phuved Takes

Bonneville and Lahontan led Call fo haoanotrie anal-

¥hisg

(l\*ﬁ
considerations of the effeets of sadimty, temperature,
and elevation on freshwater mollusks: and study of the
living fauna of the now-arid region. Ponds <m(i sl Tk
that existed in the glaciated region of the castern United
States have heen studied by quantitative amalvsis of strat-
igraphie sequences by Laloeque and his {eg.
Maowery, 10613, who emphasize Bmnology. The alluvial de-
posits of the unghieinted southern Crent Pline Ty foe
vored  wtudy
mlereiees

students

of Targe smples
{Hibbard ang [
Nowhere have studios of

with emphieas on elimutie
FHGOL Taylor, 10mbhy
Breried woibs and fonsahforons ok

Taylor,

Fvinen and loes reached the refinement, and preciston of
those by Lodck in Czechodovalin (o, g. Kukla ot of | 15,
Knkla and Loiek, 1061), alt hough the combined pedologi-
cal-stratigraphic- pa]('unmlorr}f”xl approach promises eemnlly
detaled results in parts of North Amerien, Clive-fitls and
travertine vielded  abundant
Turope, but 50 far are virtually unstudied in Narth Amer-
e

Seme of the differences among these varions studies are
no doubt personal, and others refleet uncgunt knowledpge of
diffe rvm regions, Sl for
of different

hive fossal assemblages in

the maost part they are reflections

Tee bvidragraphie
(:Imn;,r('s, and oeal endemism are salicnt problens i the
western purl of North Amerien (e Tavlor, Ht).
elinges in st

circumstaneps, tonie events,
oo

drabiene, vegetintion, oling e, el greo.
graphic distribotion nf molluskes arve stronger (hemes in e
Thism west of the Rocky Mountnine Bingeugeaphio
problems are dominant in Pleistosene tudles, but to the
rast the elements of teclogy nre more conspienons, The
dain from the are fewer and less amenable 1o oot
eralization. T have emphasized the Cirest Phains and KSR

west region for this reason,

it

west

Kxownmae or Living Nowrs Ammoas Monnesgs
The veady reference of most Pleistocene sholl= 1o fiv i
speeies woan atihute of mived vadue. On (e e Banel it
offers a menns o Inlerpreting in some detail an
Cnviromnent,

e rent
St eeologie interpretition of founls
on knowledge of ihe kleutity mud habitad of
An ilhesteation will show nef only that present
of the Tiving Tauna is mpreetse, bt that

et
DvELE speeion,
lenowledee
feast some po-
eent and widely aceeptod work is seriously erroneons,



PLEISTOCENE NONMARINE MOLLUSKS

rive FLygmnara “palusiris’” oroup

Slapmeaen pafuslris™ s oa nane that has been applied
widely o pond snails in much of the Northern Hemisphere.
Under various generie names it occurs 1n the following gon-
eral works on molusks in northern Turasiar Kennard and
Woodward, 1928, p. 58 (Brifain) ; Germamn, 1931, p. 497
{(France); Nobre, 1941, p. 188 (Portugal); Adam, 1947, 1.
47 {Belgium) ; van Benthem Jutting, 1833, p. 200 (Nethee-
Tnnad=d s Mandabl-Barth, 1948, po 68 (Denmrk); Boottger,
1944, po 255 (Germany); Fromming, 1950, po 107 (ecentral
Furope); LoZek, 1956, p. 232 (Czechoslovakia); Sods, 1043,
1. 83 (Hungary); Grossu, 1855, p. 101 (Roumania); Zhadm,
1052, p. 173 (U8B R). In his monograph on “The Lym-
nneidie of North and Middle Amerien”, Baker (1031) iden-
(e the speeies sy Hving In wost of North Amernen, bit
Pater {1928} considered the American snails o represent
subspecies different from those of Europe. Hubendick (1951)
reviewed the Lymnaeidae as a whole, maintained the specics
wag valid, and extended it to nelude a number of forms
previously considered separate by Baker. These works show
that in recent years there has been general agreement on
the concept of one species distributed in northern Eurasa
and North Ameriea, even though some anthors have ree-
ogized varietios while others have not.

To evidently the first earelul study of “L. palustris,”
hased on thoreugh anatomical study of G86  speeinens
from 75 loealities in Poland, Jackiewicz (1989) found that
it ineluded three distinet biologieal entitics. These differ in
several charneters of genifalin and radula and show differ-
ent but overlapping ceologie and geegraphie distribution.
One ean be distinguished often but not always by shell
features; two eannot be distinguished by shell features,
These three entities were reasonably ealled sepirate spocies
by Fackiowiez, Previeusly apphed  varietal nanes were
available for Lymnaca corvus {Gmelin) and L. twrricula
1Teld, but no name could be applied surely to the third,
named as new L.oocewlta {Jackiewiesz). Use of the name
L. palustris (Miller) does not aid understanding of this
complex group or elarity in communieation and should he
diseontinued.

The status of all the North Awmerican members of the
Fammara “pafustris™ group is thus open to question, Per-
hps there are no speetes commaen to America and Eurasin,
or il =ome are they eannot be recognized in the present
staie of knowledge, Perhaps the finely dividing elassifiea-
tion by Daker {1928} goes too far, perhaps not far enough.
Until a detailed morphological study of American repre-
sentatives of this group is available the number and chnr-
acteristies of the speeies will be uncertain. Identification of
{oils, and their ecologie imterpretation, will likewise bo of
doubitful vahue. Clearly, however, the more narrowly drawn
speries are more likely to prove useful than brosd, compos-
He enteraries sueh as “Tapnneea palustris” or “L0 humalis?,

i

LIVENG SPERCIES FIRST DESCRIBED AR FOSSILY

Theoretieally the knowledge of living mollusks should pre-
code study of Pleistocene mollusks. In practice the study
of the reeent North Ameriean fauna has advanced so dowly
thet pleontology has yun abead even at the elementary

iy
Tapes |

fiving Specics Considered Exbinel When Fiest Dreseribed
Helieinidae

Hendersonia oecnlla (Say, 18310, Shimek, 1904
Hvdrobiidae

Amnicola pilsbryomma Dally and  Baily, 1052

Dnght, unpublished data.

Flhumanicola avernalis Pilsbry, 1935, Groge, 1911,

Porgulopsts ledsond (OWalker, 19010, Borry, 1903

Trygenio claihrata Stirgeon, 1865, Siearms, T8,

Fryoni protea {Goukd), 1885, Stenrns, 1961
Physuda

Physa shinners Taylor, 1954, Taylor, 19600,
Pupiliidae ‘

Pupilla sinisira Franzen, MG Hibhard and Tavler, 1960,
Fadodontidace

Disens mreclutockd (Baker, 1R Mosricon, 19400 Hue

Breietit, 1043, 1055,

Biisews shimekd (Pilshry, 18900 Shinwel, 101,
Polveyridae

Stenotrema hubrichd Pilshey, 1000 Hubriehd, 1983,

Tovler

stage of deseribing species, and some cxtant specios were
first known as fossils. Sueh discoveries were understandable
i the last centary, when so much of North Ameriea was
unknewn maleeologionlly, Nevertheless, they are sl being
muele, and other supposedly extinet forms may yvet Lo
foimd ahve, The references in Pable 1 inelude orpingd
desseriptions and anthority for orcdrrence of e wpecios
abive,

Larssr Crenosore MouLuvscan FauNas in
Crnrnan, Nowrn AMuca

Most of the known, independently dated late Phoeene and
Plestoecene mellusean faunas of eentral North Amerien are
Histed in Table 2 m stratigraphbic order. The comnilation is

Tanne 2

Latest Cenozote Mollusenn Frunas
in Centeal North Amoerien (i )
AL Late Plivcene (eomplote)
1. Saw Rock Canyon loeal fnuna, Rexrond Formation, Sew-
ard County, Kansas (Taylor, 1060h).
2, Red Corral locu] fauna, Oldhiam Counly, Texay (Tavior,

1960L) .

3. Rexrvowd loeal fammn, Rexrvond Fornudion, Moemde Connly,

Ioansas (M iler, 1961 Tayvler, 1IG0OL).

4. Bender loeal Do, Rexroad Fornedion, Mewde Copoly,

Fansas (Taylor, 19600:).

Nebruskan (eomplete)

5. Bund Draw leeal fauna, Brown Counly, Nebraska CFaylor,
1960b).

6. David City gravel and Nebraskan till, Doniphan County,

Kansas {I'rye and Leonavd, 1952).

C. Lale Nebraskan-onrly Altonian (eomplete)

7. Dixon loend fnung, Kingman County, Wansas (Taylor,
1960h),

3. Aftonian (complete)

8. Sanders loesd fauva, Missler Silt Moenher of DBallasd
Formation, Mende County, Wansus (Tavlor, 19600,

I Wansan fmeomplete)

33 (",lll!:m.v fatirea, wesociated with fhe Pearledte ash bed in
various foenily muned foreatine, dMany Toenbitios Town
ty Fogus (Leonnrd, B9800 Phithps Comiy, Kansas
Uhvve  wnd Leonard, 14954); Randall County, oy
(Jobmston and Savage, 1955) ; Jefforson Connty, Coliornd
{(Seoath, 19023,

B.

o

Cantined
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Tanets 2 {eontl)

1o, Cagle Loess Member of Atherton Formation, I
County, Indinna (Wavne, TS, 1050, 1963,
. Cloverdale Tl Member of Jossup Formation,
Conniy, Indinnia, (Wavne, 1954, 1003),
. Yarmmnuih
12, Borehers local fauna, Atwaler Silt Member, Crooked
Creek Formation, Meade County, Wansas  (Hibhbned,
10497, This assembinge includes only vertebrates. No
mollusks surely veferable 4o the Yarmouth in the hight
of modern stratigraphy are known.,
G. THinomn (oeamplete)
ta, Deeends loead faunn, Sanborn Growup,
Olcdshomn (Miller, in press),
i4. Doby Springs locsl Douna,
(Miler, it

itnam

Parke

Beaver County,

Harper County, Oklabomn
Vressy,

15, Butler Sprinvg  loeal fuma, Sanborn  Group, Meade
County, Kansas (Moller, in pross).
18, M. S{lott local f:mzm.., Kingsdown Formation, Meade

County, Wansag (Miler, 1861, in press),

IKnnsas (Frve and Leonard, 1954; Leonard, 1852).

Okhithoma (Kitls, 1958,

Himon (Rubey, 1952),

Indinng (Gooding, 1G63; Wayne, 1058, 1050},

H. Sinpamon (eomplele) .
17, Stocum alluvinm, Douplas and Jefferson ecounties, Colo-
rada (Scolt, Gl R, 1062, 1063},
18, Crngin Quirry loeal {auna, Kingsdown Formalion, Meade
County, Wansas (INbbard and Tavlor, 1960),

19. Slaton loeal faunn, Lubbock County, Texas (Taylor, un-

published data),

20. Jinglebob Jocal {fauna, Kingsdown TFormation,

County, Kansas (Hibbard and Taylor, 1960).

21. Don beds, Toronto, Ontarie, Cananda (Baker, 1931a;

Wait, 19543, ’
I. \’\’is('rnlh.n (incompiete)
29, Jones local fauna, Vanhem Formation, Meade County,
Kansas (Iibbard and Taylor, 19603,

Colordo (Beatt, 1062, 1963).

IHinais (Leonard and Free, 1960; Rubey, 1952).

Indiana (Wayne, 1959, 1063 ; Gooding, 1363).

Kansus (Goodrich, 1940; Hibbard and Fayler, 1960; Leo-
nard, 11452,

Rinnesoba CPatlall, 1963) .

Noebrasha (Miller and Scott, 1955, 1961).

Norvth Dakota (Tutlull, 1061 ; Tuthill et al,, 1964),

Ohio (Clark, 1961 Cornejo, 1061; LaRoeque, 1852 La-
Roeque and Conley, 1956; LaRocque and Forsyih, 1957,
Tomard, 1953 Mawery, 1061).

Ok lhomn (ioelts, FO60) .

Texas {Chentum and Allen, 1963; Dalquest, 1962: Frye and
Leonard, 1964; Blaughter et af, 1962; Wendorf, 1U51),

Meade

ntended primandy to show how few late Phocene, Nebras-
tesny, and interzineinl assemblages there are on which Lo base
inferenees aboud, fong-tenn
elinnie fremds, ghelab-interplaeial shifts In range, or pro-
pressive founal changes, Hlinotan faunas are relatively
abmelant compared fo mterghicial asomblages, sd 1 have
listed onty a0 snple, prineipadly the more reliably dated
anes, Some el shells of Wiseconsin or post-Wisconsin nge
ean be fouwwd nearly anywhere, Their study can become
mosh meaningiul ag Joeal sequences with detailed stra-
teraphy and radiocarbon dates are deseribed, A Tow of
1, but most localities of Wiseon-
sin maothisks have been mmtmd. For aeccess to older litera-
ture, with stratigraphy of variable relisbility, see Daker
LO20)

effeets of the fivst glacintion,

These are nviinble and lsted

AOOCGEOCRAPIHTY AND EVOLUTION

REVISED OR QUESTIONED AGEN

Bome asemblages have been omitied from Table 2 or oap-

pear there nnder y I'l‘\‘l-w‘(‘([ Aoe assignnwent, fur reisons

dizerssed hoelow, The Tist s o goed Trony vonneer fo older:

Malhsks altebted 1o the \"Mmm!]l in Howard County,
Nebraska (Millor and Seotd, 1953 hoave been shoan by ribto-
carbon diates Lo ho of bte Wiseonsnt nge ¢M ] nnd Seott,
1961, The fossils attriboted 1o tho Bite Wiseon
nre slsa younger than supposced, bt sail of L
HYEON

23, The Salphor Wiver Farmalion fof Sauehitvre andd Hoover,
L1963 in el County, Texas, ranves i oanne Trom shont £22 000
P 90080 venes e Mollusks frame thie annd were sl el o oo
hath Tate s ol civly Wiseonsin by Peyve and Lo
0963, Joeality 12 and section 63, tecording 1o Shielder sl
Hoovoer,

24, Mollusks from Lhe Thurdeman terraee, ardenian Conunty,
Texns, wore assigned a Inte Kuanann agn by Frve and Leanued
(1963, n, 3, loondity 8 po 380 secfion 7Y SBhells collveted by
W W, Dulauest fram Lhe Tocalite eited be Peve andd Deomned
vielded a radioearhon date of 168775 5 vems wr {(Haeony
Mobil labordory, mewn of five dete ineliding compuriaon of
nlerior and exterior of shells;
um 14613,

25, Molhesks from near DByvers, Clay Connty, Pexms, werne
deseribed by AHen snd Ohentim G196 s of nomn ape,
Ieyve and Leonard (1903 eonsidercd the nssembinge 1s Ioamsan
on the basis of the foma as well nx peomarnhie evilenee
(traeing of the ITardeman terraee). Shells of  Physe gyeina
Sy from this loenlity woere dafed s HO920 40 665 veors old
(SM-604, SMU-P 17).

The Clear Creck loeal fnuna, Denton County, Texas
(Blaughter and Rilehic, 1963; Cheatum aml Allen, 1963), has
been dated as 28,8-1()"4_"1126 years wi. (SALAM: Rinughter
ad Ritehie, 1963, p. 1200, OF the tnlerglicind ra interstadin
alternatives considered by Slaughter and Hitelie, this oate
tends (o favor an intorsfadl eaely Wiseonso aze

27, The Hill-Shuler loeal fannns, Dadbis aned Dendon conne
Wes, Toxas, were aseribed o “the st itergdaeind or aomajor
intorstadial of the Busl placind™ (Shihior o2 ol 10620 10 1o),
They cecne in the T-2 terrnee T vepresonting the sume opi-
sode of alleviation ae thel which vwldded the Clear ek
Joead frume (Shanehiter and Ritehie, 19630 po 129 aned hike
that fauna wre reflerred here to o ey Wiseonsn imfee-tolinh,
Qceurrence of sueh now-northers mollusks s Gueoilis eir-
ewmstrielus, Lymneca caperada, ond Aplera hypronon w0 also
more consistent with o Wiseonsin than Songamon ape. A rolioe
carbon dofe of presder thon 37 000 venrs ne, (Sbaehiler of ol
TO62, 1, 523 b in keeping with anomdterstadid ppee,

28, The Good Creek Formuation of  Dindguest (19623, in
Foned County, Texans, moveforred here o the early Wisennn
mstead of the Sangammon mborglwind Ocetrrenee of severd
moltusks in the Tasley Hoanel foend Doima new found ondy
considernbly  to the north (espeemlly striking s Pupilla
piscorne) o more coisistenh o with a0 Wiseonsm than S
et ages The svonmmban G vt s lar Lo Haed
the Good Creels
Berede Cloninty, Boanses aeeriined fo
Dord s "avlor, TUG0Y, A asimions boflondk The
punnnels nery nod e oapge-dingnostio ool safoaend b Diflenent
Lo pertith one fo disbinguesh earby Wisronam frome i Saoe.
maon, and I prefer to rely on eeolowieal intorpretaton of the
moilusks.

29, The Jones !r)t“ll fm!'n Memde County, Kansus
and Pavior, 1960), has been duted as more than B8600 veurs

{M-1103; (,Mm: ated Cinfin, 19685, In terms of the loeal
sequence the fauna 1 Wisconsm, and from the elinenrdban
dnle ovidently carly Wisconsin, IT mollusean nesenihlires Ll
that of the Jones oceurred as fur south na eentrnd ey
are older than those referred o an carly Wesonan inters
sladial,

.

arinntiy

Wiseninsin

Pralgues=t, poersonad enmnnanien-
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MOLLUSKS fiti

Fieure 1, Location  of  fossil  molluscan
faunas in central North America.
Numbers correspond to those in
Table 2. x s mark loealitios of the
Cudahy fanna (9, Table 2) asso-
ciated with Pearletie ash,

M Fhe Rezabek local fauna, Lincoln County, Kansas (3ib-
Teed, 100 Is considered of lilinoian age (Hibbard, 1963, and
pervarad communieation). A snmple of the shells in the Uni-
\zu\n) of AMichizan Museum of Paleontology eollecled by
Hibbored seerus Lo me 4o be reworked from older Pleistocene
deprosits, probably Ransan, Most of the shells are wom or
ctehed i eontrast fo those of other Pleistocene assemblages
from the Great Plains that T have studied, Possibly both 11+
finoinn and ansan shells are represented, but for the present
they biad better be gnorved.

31, Mollusks {rom the Swingle locality, Kingman County,
Kunsng (Fane, 1060), were interpreted previously as Nebwaskan
e Altoninn, There iz still no basis {or a more preeise age ns-
shznent,

GENERAL OBSERVATIONS ON THE FOSSIL RRCORD

Anabyeis of the late Phiceene and Pleistocene mollusean as-
sembinges i oventral North Ameriea (Table 23 leads to the
followine generalizations,

Lo Nearly all species o the Plelstocene faunas are still
living, either loeaily or m :l(i;'u‘rﬂt areas (Table 47,

2 Pereentuee of extinet speeies v generad decreages grad-
wally with thne, Trreestariies In detail ean be aseribed 1o
viriahly complete samples of the fauna,

A Evolationary novelties are rare. The only speeies for
which evidenee & adequate Lo support a Pleistocens origm
peothe freshwater svait Promenclus exacuous exacuons. It
miy have develaped in the late Pleistocene from the
Pliocene fo Muldle Pleistoeene PP exacuous  kansasensis
cihbhoed nnd Pavior, 10605 Miller, in press).

4.0 The [nunns may represent a terresirial environment
anby, a5 in most loess, but ordinarily consist of aquatic
mollisks of a pond or small stream together with a sample
fromy  somme adjaeent derrestrial habitats,  Large-stream
franas are unknown: those of Jarge Takes are known only
fromy the Betest Pleistocene Great Lakes,

loxtant speeies nrosthy seer iy associntions thal can be
=Elspiivﬂm{ today, Exeeptions ean nearly all be grouped in
fwo elnsses. (1) Tate Dleistocene assemblages, especially
frone i()l“i-:h) in the eentral Great Plamg and Ohie River

valley include severnd elements now restricted {or to the
north or at high elevations it the Rocky Momntains, Speejes
Cotumella columelin wlf ool
are fonnd as fossils in the lowlands i
association wilth species with which they do nof now coexisf,
(1) Many Pleistocene assoinblages in the southern Cirent
Plaing include speeies now found only far to the north of
their fossil oceurrences, sueh as Lymnaca stagnnlis, Gyran-
lus deflectus, and Physa skinnert. In inlerglucinl or inter-
stadial faupas these may be found associnted with =peries
of generally sotthern dislribution,
not now overiap.

. Differenices between successive faunas are more con-
spicuoug townrd the south and west. As Wavne (1963,

such as Pupidlae muscorum,
and THscus shimeld

whose range they do

58) noted i Indiana, “nearly identical ceologio condifions
near the ice margin prior to, during, and following each

glaciation have resulted in the reenrrence of yelntiveiv
similar fannns ol sueecssively higher sleatigrmphie posifions,
Digtinetions between faunal assemblages in the Pleistocone
formations n Indiann are mare siblUe than tewe ree
corded for Kansas” The mare conspieuons Tnnunal eons
trasts to the south and woest ean be r-xpi:limw‘ sy
to fluctuations from semiarid fo hamid and from condinen-
tal to maritime elimates that had e or no expression in
more Timud enstern regions, A eorallury s thal the sirat.
jeaphie vadue of  Pleistocene molusks will he
where elimalic variations were most exfrome,
erally in the seminrid southern Creat Pliins,

ax e

grirnfedf
hetee gren-

PARALLELIGM WITIH EUROPE

There are some clear, even striking, parallels belween the
Pledstoeens molfusean Taunas of Crechoslovkin and those of
central North America, These pardlels are instroelive in
showing how  peneradly different. mollusenn faunas have
reasted to ovends of the Pleistocene in sundar wavs, Tnter-
pretations of the hetter-known Buropesn asemblages are
also pertinent, fo interpretation of annlogons aspeets of the
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Ameriean reeord, Abundant hterature on the Czech mol-
lusks is available through Lo¥ek (1055, 1961, 1963}, Lodck
and Wulda (1059, and Kukla el ol (3 %1).

I. The major features of change m molluscan faunas are
stmilar: progressively smaller numbers of extinet or region-
ally extinet speeics, and ehanges 1 composition associated
wilh major ghifts in temperature and precipitation.

. Yostglacial andity is marked in both central Furope
rmci the southern Iligh Plains. In southwestern Kansas
the hiving mollusean fauna is poorer in speeies than any of
the adequately sampled Plelstoeerne fomas, “The present-
day relatively continental chmate of Meade County s
similar to no known ancient climate that is to be inferred
from fossils in the aren” (Iibbard and Taylor, 1980,
P 24-25).

3. The Tast Glacial in Crechoslovakia is characterized by

the widespread and abundant Columella-fauna, named after
the dominans species Columella columelle columells. This
assemblaze is a subarctic steppe fauns made up of several
wide-ranging, ccologically tolerant species together with
arctic and arctic-alpine apcci s. . columella columella
lives in Seandinavin north of 67° and eastward in Siberia
to the Yeniser belween 617 and 69° 157; 1t is known in con-
tral Furope in lower Pleistocene deposits but is most com-
mon in those of the Last Glacial (Foreart, 1059).

A ater Wisconsin cold-steppe fauna is Hkewise known
in the northern Great Plains, It includes two species, now
living in the higher Rocky Mountaing, that are unknown
from the carlier paris of the Pleistocene. These alpine
elements are Columella columella  alticola and  Discus
shimeki. Characteristic associates in the assemblage are
other narthern and mentane species known also from earlier
glacinl deposits, sueh as Pupilla muscorum, P. blandy, and
Vertigo modesia. Grechelix sirigosa cooperi, living in the
Black il of South Dakota and Cypress Hills of Alberta,
oecurred also in this cold-steppe fauna far to the east into
Towa. As in the European Coelumella fauna the assoeiation
is not ore found bving today; it ig.a combination of arctic-
alpine elements tozether with widely folerant species and
Faeks sonthern and hygrophilous species (for diseussion and
(ii!‘]"r-rwni, interpretation see Shimek, 1930, 1931, Avaiable

raticraphio data suogest that these arctic-nlpine speeies
spread eastward only, or most commonly, in the “elussical”
or npest- i-' armdale Wiseonsin interval,

4. The last interglaeinl assemblages in Crechoslovakia
tnelude Banatica faunas, named after Helieigong banatica,
This speeles and some of s associates are extinet in the
region or are found only in local populations. The inter-
whncinl fannas have a high percentage of warmth- and mois-
tire-loving species, Kukla ef ol (1961, po 24) inlerpretod
these assemblages ag Indicating 2 climate Iike that of the
prosent, or 2° - 3° C warmer, hut with annual precipita-
tion nt least 50¢% greater than at present, The elimate ap-
proximated that of the northern Balkan Peninsula.

In seuthwestern Iansas the late Sangamon Jinglebob
loeal fauna provides a parallel to the Niss-Wirm Banalica
frvnas, The elimate was more humid than that of today and
had no marked geasonal extremes, Thermophiles ocouy
among the vertebraios hough not the malhusks,

The amphitude of elimatic change s more marked in

ZOOGEOORAPHY AND BEVOLUTION

some areas than in others, Central Europe shows the greaf-
est ifferences o that continent befween the warm and
cold Intervals, The warm ones are often of submnediters-
neany charaeter, while the cold intervals have a subarclic
fauna, To the north and south, elimatie shiffs are not so
evident. In Ceechoslovakia the interglacials are very moist-
maritime, the glacials more or less dry-continental. Only
the late postglacial 15 dry, so that the lowlands are a ol
tivated ehernozem steppe, whereag in the intergheints they
were woodland with gray-brown podenhe soils,

iy North Anmeriea relatively few sequences of Pleisdocens
favnas are known, bt the reeord i consstent with the
belie! that clunatic shifts wore strongest i the
High Plains.

The significance of the ceologienl similarties and dif-
ferences in Pleistocene mollusean faunas of Farope and
North America can be evaluaied soundly only when their
chronological eorrespondence has been established. At pres-
ent no intercontinental glaciad or interglacial correlntions
older than the limit of C;, dating are reliable.

sitbhiern

Crimaric InvereriraTion oF Lartest Cenonon

Fauwas v o Prans Recon
Knowledge of nonmarine fossil mollosks in North Ameriea
is insufficient for more than a fow geaeradizations, That of
widest interest to studentg of Plasioeene phenomena s the
inferred sequence of chimatic changes in the High Plins
region, for it can be checked by many lines of evidenee and
s pertinent to zeneral hypotheses of Pleistocene elimatic
change.

The span of Pleistocene time has heen briel compared to
the duration of molluscan species as identified by shells.
Henee if one ean eliminate the ¢ffeets of hiogeopraphie his.
tory, then the composition of a Pleistocene fauna is Inreely
determined by the range of habitats available, The High
Plains region 15 a large, relatively fonturaless area with no
sharp biogeographie discontinnities; it s all in one "faunal
province.” Within this area regions! elimate and Joend hubn
tats are the main vanables, sod if Joead habitat
stood then regional elimate can he evaiuated.

Inferences about the climatic significance of mollusks
come {rom geographie distribufion, habafat, nned gaeneinded
species, There are virtually oo experinentid  datn. The
plausibility of such inferences can be tested by eomparisoy
with simlerly derived inferences from other kinds of ani-
mals associaied with the moliusks, by whether or net -
verse faunal elements can be reconciled, and by comparizon
with ecologie Interpretation of associated plant remaine
The mollusks and

= Unieler-

soveral gronps of associated vertebrates
ol various nunas m southwestern Kanans sod nerfhwestery
Oklahoma can be interpreted sbaply and planably ader
an hypothesis of major elimatie slufis (ilibbard el Tay.
for, 1860; Taylor, 1900b). Associated polien, so far as
known, is consistent with these inferenees and
the principle of interpretation (Kapp, press). As mere
mformation about reeent molheks heeames available nod as
more fosstls are studied, the rather broad climatie inferencey
simmarized in Table 3 can be refined, Writing of the e
toeene mollusks of Cuechoslovalda, Loiek (1961, po 1Y)
stated: “Althoneh the older Merturee their suomfiennes

confiring
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nnderestimafed with reference {o assessing the climate
itostill is possible to state, on the basis of all observations
carried out with due care, that they are cqually sensitive
from this point of view as plants”

AEUUENUE OF INFERRED CLIMATES

The climates inferred from the series of late Pliocene and
Pleistocene faunas of southwestern Kansas and northwest-
ern Oklahoma are stunmarized in Table 3. Most of the ele-
ments of the former hypotbetieal climates are given in
tevme of contrast with the present loeal climate.

Aeade County, in southwestern Kansas, now has a con-
tinental, temperate, generally  mokslure-deficient  climate.
Precipitation and temperatures are variable, both from
veur 10 yveur and within a given vear. Mean annnal rainfall
is 1066 in. (40 mm) for 45 years, The lowest recorded an-
pual precipitation s 0.35 e (337 mm}, for 1010; the
highest, 3162 in. (503 mm), for 1915, The climate is dry,
with uo sensonad water surplus; Meade County s on the
Boundary  between somiarid and dry subbumid climatie
types. Bmmmer s the wettest scason, and npearly three-
quarters of the apnual precipitation comes during the
warmer hall year. Mean apnual temperature is about 58° F
(13- ‘) Jamuary, the coldest month, has o mean tempera-
ture of about 32°F (0° CY; July, the hottest month, has a
pean fomperature of about S0° ¥ (267 C). Rc'('m(lod tom-
peratnre extremes are —320° F (~29° C) and 110° F (43° C).
Normal aunual evaperation from pans 18 shghtly over 90
in. (about 2200 mm); from May to October 65 in, (shout
1,650 mm) (Ihbbard and Tayler, 1860).

A econzervative approach has been employed in inferpret-
ing earher climates. The inforred elimates differ from the
present one only by the minhmum differences considered
necessnry 1o account for observed faunal differences. NWames
of the animals interpreted as especially stgnificant climatic
indieators are listed under the heading “Significant fossils”
in Table 3: not all are mollusks. In general, a given species
hos been regarded as signifieant for only one climatic ele-
ment or e of elements, such as minimum winter tempers-
gure, offeetive warmeseason precipitation, temperatures of
suimer hot apells, and the like.

GENEHAL OUSERVATIONS ON PLEISTOCENE CLIMATES

The mferred Pleistocene climates of central North America
{Table 35 ibbhard, 1960; Tibbard and Taylor, 1860; Tay-
tor, 160b) have significance not only for hypotheses of
Plostocone elimatie change but also for stratigraphy. The
follow Hlustrate the close intorae-
fion Detween theoretionl rescarel  (geologie history  and
Pleistoeene elimatology) and applied resoarch (stratigraphy
of Pleistocene deposits).

1. Through all of Pleistocene time prior to the Wisconsin,
rlneial-interglacial changes were broadly similar. The record
is consistent with the hypethesis of cyelic changes {Taylor,
1960h) but inadequate to document such an interpretation
bevend reasonable doubt, Significantly, however, Karlstrom
(1961) considered the Pleistocene record most simply inter-
preded as o system of harmoenie or near-harmonie eycles of
elimndic change.

penerad ohservations that

2. Al of the pre-Wisconsin elimates were more mariiime

NONMARINE MOLLUSKS o

than the modern elimaie at the sites where the fosstly were
collocted. None of the pre-Wisconsin faunas known eould
live in the present combination of hot summers and bitterly
cold spells during the winter, Reeurrence of similar elimates
—-all different from that of the present—produced similar
molluscan fannas ab varlous thmes.

3. “If the cireulation of alr masses in the Swngunon wus
gererally like that today, in that there were winter incur-
sions of air from Canada and the Aretie southwird over the
Plains, the Jinglchob and Cragin Guarry
that there were no continentnd glaciers and no fee on the
Arctic Ocean. Aside from the matter of mneh midder win.
ters, Lhe considerably greater preeipitation suggested by the
pine pollen and vertebrate fuuna frowr the Juglebah site
ean be cxplained most simply by the postulation that the
maolsture was derived from an ice-free Arctie Ocenn’ (b
bard and Taylor, 1960, p. 24).

4. The land snail Columella columella alticola, living ot
high elevations in the Rocky Monntaing (Leonard, 1952
D 33; Pilshry, 1848), appears in the Pleistocene of the
Cireat Plaing only in the Wisconsi
ciales make up a cool-steppe faunn

aesenbinges unply

CThis il and il asso-
it weems 1o peflect n
time when sunnners were cosler and mean anvnad tenypera-
ture lower than at any other time in the Pleistocene, The
correlative Columello-founa in Crechoslovakiy Bsoa similar
asmocintion due Lo the same canse. The synehroneity of e
sool-steppe faunas suggests more extrome ghaeind elbutes
during the Wiseonsin-Wiirm than previously in the Pleisto-
CORe,

5. The present is o poor guide to the past sa {ar as
peceraphic distribntion and faunal associations of moltinskes
ro. In sonthwestern Kansag all of the adeqguately sunpled
Pleistocene fnunas, ghacial as well ag interglacial, are more
diverse than the lving mollusean favna (ILbbaed and Tay-
lor, 1068, p. 18-19). The record there iz more detailed
than elsewhere, but in general everywhere in the arkd and
seminrid regions of North Ameriea the Pleistacene fonnas
are richer than the losal Hving assemblages. Aridity il
strong sensonal contrast are a late Wisconsin or post-Wis-
consin development, not only in the Great Plains hul gen-
erally in the American Southwest {(Malde, 10647, Sare these
unnrecedented olimatic changes, following hard on the most
intense of the ghicial elimntoes,
tiz(* large vertehratos,

. Tn summary the fossil record can be m!m'w{f‘l ot
simp Iy and copsistently by hypothesizing major climatie
fluctuntions. Pre-Wiseonsin chimates, both glaceiad and mter.
ghieint, were less continental than

plaved o role I exlinetion of

those of foday nmd i
fored among themselves ninly inwmotnt and elfectivens
of mean annual precipitation, and snouner c-m[w':rftza‘v::
Perhaps pglacial climates became graduadly more severe
through the Pleistocenc; at any rate the Wiseonsin seens
have been most severe, The dry, seasenal elunntes of
today are a late Wisconsin or post-Whseonsin developanent,
The events that bronght abont these changes ovidently af-
feeted global civeulation to o considerable extent,
not necessarily by altering s

thongeh
prttern, The mest plhusable
speevlation I oean make is that during the Wiseonsin the
Arctic Oegean became frozen amd has remnined so donger
than at any time previously, if indecd it was ever frozen
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Late Cenozole Climates Inferred from Fossit Assemblages in Ronthwestern Iunsas and
Northwestern Oklahoma and Compared with Modern Clinsate
{Numbers refer to Table 2 and Fig 1)

Tocad fuuna

Clijate

Itecent

Tarly

Wisconsin

Tate
SnERInen

Larly
Sungalnon

Late
Ilnoian

IHinoian

Hlinoian

IHineian

arly
Yarmouth

Boansan

fafe
Aftowian

Late
Phocene

Tate -
Pliocene

20.

18

14,

oy
&

i4

13.

e

Jones

Jinglebob

Cragin
Quarry

Mt. Seott

Butler
Spring

Daby
Springs

Berends

Borchers

Cudaby

Sanders

Bender

Rexroad

Shnifieant fossils

Semiarid Lo dry subhumnid, generally moisture
deficient, continental, temperate.  January
mesn 32° ¥, July mesn 3 F0 AMenn oann,
precip. 1935 in; mean ann, pan evaporation
G0+ in.

Seminrid to dry subhumid, Mean ann, precip, no
greater, perhaps less. sumiers muels cooler,
Continentality reduced

Humid, no seasonal moisture deficiency. Mean
ang, precip. 4045 ing Winters mueh milder,
Summers much wetter, slightly cooler. Conti-
nentality much reduced

Semiarid, Mean ann, preeip. Httle different, Freez-
ing tempersfures rare or abseni, Summers
shghtly cooler. Continentality much reduced

Moist subhumid. Mean ann. precip.
greater (20-25 in). Sumimers nuch
winters  slightly  warmer,
duced

slightly
cooler,
Continentality  re-

Dry gsubhumid. Mean ann. precip. little different,
Sumniers much cooler, winters perhaps like
those today. Continentality reduced

Dry subhumid, Mean anw precip, little different.
Summers much cooler, winters perhaps like
those today. Continentahity reduced

Dry subhumid. Mean ann. precip. little ditfferent,
Summaers muceh cooler, Continentality reduced

Dry subhumid. Freering temperntures rare or
ahsent. 3Mean ann. precip. sightly greater or
sununers slightly cooler, Continendadity much
recdheed

Py subbumid, Mean ann, preeip. litte dilferent.
Hummers much coofer. Continentality reduced

Subbumid., Mean ann. precip, greater, but per-
haps only shightly, Sumers cooler, Winters no
cavler. Continentality reduced

Seminrid-dry subhumid. Mean ann. precip. little
different. Swmners slightly cooler. Winters lit-
tle if at all cooler. Continentality reduced

Dry subhumid, Mesn ann, precip. slightly greater.
I'reazing temperatures rare or absent. Summers
whightly cooler, Continentality muel: redueed

Munmals: Serex einerens, Mivcotus pennsydranins;
maliusks: fiidbon feereginewn, 70 Uiy,
Valuatia tricariunta, Lynoaed stogralos, Puepitto
Drloendi

Tortowe: Terrapere Hunensis manmmals: Oryzennys,

Mivrotus  pensgloanicus;

hirflandi, Strotdops labyrinthiva, Pranetune -

Tl RS

ol Lty per

Tortoises: Terropene lanengts, medigin-siood eo-
(:’F.l‘n’()ﬂ(,‘,

Hoards: Plrynosoma cornhan, PPomodes-
fune; shrew: Nollesorer crawfordi; snuil: Gustro-
copla pellucida bhordeacella

Fishes: Esor masquinongy, Perca flacescers; tor-
toise:  Perrapenc  Uonensis; mammnds: Serer
crnereus, S.areticns, Blaring brevdcaudin earolinen-
sis, Oryzomoys Jussilis: molluslisr Pisodoom sab-
truvcatson, P pwrilele, Valoata friverinaia,
Physa skinnerd, Gustrocople cristule, (0 pellieida
hordeacetfo

Fishes: Tetalurus of. 1. punctatus, Pevea flovescensy
molbusks: Valvela tricarinala, FPrebythinelle la-
custris, Lymnase stagnatis, Physa shinnerd, Pu-
pille macseorion, Vertiyo dalior, Vallonin eypclo-
phorella

Fishes: Catostomus convnersan, Perea Hareseens;
manmidsr Sorer arelicus, Soocinerens,
brevicaida bromivaudo mallos

Hlavinn

.\';M‘Jm';uuu T
valuan, Velvofa teiearinedeo, Probuthonclln faeeste s,
Loypncea stagnalis, Gyradus deflectus, Pupidia
neascariin, Vertigo ofadior

Fishoes: Pevea fluvescens, Fsor masgesnongy: mpm-
midst Sovew oS, e, Blaring of B breny-
corprelaay, A erotus pennsgleondcws: mollusks:
Viadvedlet triearinta, Physa shienee!

rl‘()i‘l-().ih.‘ {eackhelone “iﬂ‘ Z(‘\) ' EH:),HEIH:L}%Z Nivodon
- ! ff
i(”‘h) .&\F‘t}ff{ly({.’.(’ l!‘le!HU'?‘fI!;‘.\‘

Munvmaks: Sorer cinercws, S eewsteis, Mivem rer
pratensts,  Microlus goroperarios,  Synoptom g
nicflond; moblaskess Valvelo tricarineta, Oyraniusg
deflectns, Plionortnda compestres, Phigsa sl inner,

Prpilla swscornr, Vallosda pulebetiog V0 cpeto-
phorelin
Manunals: Sigeeadan of 0 S indermedins, Hetso.

sierggs tneddensd s wotlnslos Lo b noades
trehella, b coperala, Prowmencios wmhilicatellns,
Physa skinneri, Aplera hyprosan, Helivoliscus
singleyanes

Molhisks: Lypnnaca budivioides techella, Lo caperats,
Lol Loewidis, Dromenelis wadiif fealefns, Guastro-
vopla cristula, Helicodiscus singlegais, Polygyra
rerrodadensts

Tortoise: Geochelone recroadensis; Hrard: Phryno-
soma cornihim; mnmmals:
Raiomys spp.,
Loappresee vdlis,
clevtrina

Noliosurer Jovksond,
Negrendon fnderned e molboeka

Hoelisoma  aneepn,  Nesovifrea
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Tanus 3 {comd)

Apn Laoeat fuuna Climate Signifioant fossils
Iinrty lnte o Saw Reek  Dry subbumid. Menn anp, pregip. sghtly greater. Turtle: Rinosternon flavescons; mammals: Boadomys
Pliscene Canyon Winters slightly warmer., Sununers shightly swwrackensis, Ongehomys  Aareabeci; molinels
caoler. Continentality reduced AMarstonin spp., Hel'soma aneeps, Strobdlops

labyrintlicen, Gasirocopta holeingeri

Tarre 4

Progressive Change in Lete Cenozoic Mammals and Molhusks of Southern Kansas and Northwestern Oklaboma
Brata from Hibbard (1963), 1Hibbard and Foylor (3960), Miller (n press), and Taylor (186010

Ixtinct genera Iixtinet speries
Marnmahia MoHusea Manynakin Aolusen
Taoeal faung Percent Number Percent, Number Pereent Number Pereent Numbser
Jenes {Wisronsing 13 2 0 0 23 3 0 it
Jirglebob (Sanganmon) 14 3 0 0 50 4 2 §
Croagin Quuery (Saagumon) 25 7 0 0 hi 14 6 2
Mo Seott (Hhinotan) 4] 0 0 0 ) n i 1
Fratler Speing (ilinoian) 4] 0 0 0 0 0 4 2
Adams (Minoian) 50 4 0 0 85 5] 5 1
Dioby Springs (1linsian] 2 3 0 0 34 8 3 2
Boreuds {Hlinoian) 26 3 4 {1 54 3 2 1
Handers {(Affonian) 32 8 0 0 100 13 20 4 .
Dixon (Nebraskan) 27 3 ] 0 100 7 1 7
Hexroad {ate Miocene) 54 30 0 0 i 64 25 9
Haw Haek Caoyon {late Pliocene) 67 8 0 8] 100 it 2 K
before, The Aretic nir masses that dominate the central TapLe 5
prrt of North Americn throughout the eolder halfeyear are Fxtinet Valid Spocios of Pleistocone Mollusks in
thite drier and colder than previously, and seasonal con- Coentral North Anerien
Lrasts nre intense, {Many cther deseribed forms are synonyne or dubiousty valid)
A, Speeies terminating with no descendoents
Frvrers o Prstsrocens Evenrs on Monuusgs Planorbidae
v Crsprraan Norein AMBRICA Umalodiscus patie‘rmni (f’;fi,li(“l‘}. Pliovens to Wiseonsm.
oy - o . . Leonard, 1953 ; Taylor, 1058, 19600,

Within the Timitations imposed by the scareity of faunas of Strobilopsidae
pro-Wiseonsin age and the state of taxonomic knowledge, Strobilops sparsicostala Baker. Pliocene to Nebraskan.
some wenerabizations esn he made ahbout the offects of the Taylor, 10606,
Pleistoeene an el sl Strohilops tonsdaler o and Leonned, 1861 Kanan to Wik

ronsin,

Tl ted ofleet b boon o recduet W ownriety of ¢ \ . , .
LoThe net effeet has beensasreduetion in varicty of the Strohilops lonsdalel cunsuaiong Tlo and Teonnnd, 1061

foona, Ay nore spectes beemne extinet than developed Foensin,
s the Pleistoeene, Thiese extinetions wore most marked Papllidae
i owestern Northo Amerien; inoeentral North Amerien they Clastrocapta chaulivdonte Tavlor. Nebrskan to Aftonisn.

Taylor, 1060b,
Gastrocoptn paracvislofa Franzen and Leonned, Plincene
Lo Aftoman. Taylor, 19606,

are ot nenrly S0 conspienous as in the west amd mueh less
verked than sneng mamneds (Table 4, 5. Fhe nusiher of

stgiposediy extinet invalid sd dublons speeies 1s greater by Gastrocopte seacvoseale Taylor, Plorene o Nebruskan
Fir tho thiat of the extinet valid species, or Aftenian, Taylor, 1960

5 . \ . . vgf s ” : U 314 17 DAVUUE 1] PR I, 3 T 144

2o Fnvironmenial changes of the Pleistocene may have Vertigo gouldi hamnas Pilsbry. Plestocene. Pilshry, 1048,

Limnejdac

sturnibited evolution of Premenctus exacuous exocuons from Devoceras ac

sagme Leonard, Pliocene Lo Wiseonsin, TTib-

Poeracnous bansascnss (Fobbard and Taylor, 10603, This bard wnd Tavior, 10960; Lallocoue and Conley, 1956,
mterpretation s entirely specudative; i vadid, it would be B, Species beeowsing extinet throngh evalution
the only exeeption te the statement that the effeets of the Plnorbidue

Promencius bansasensis (Boker), Pliovene to Sangonon,

Pleistorene have boew entively destruetive, not ereafive, at ‘ e
’ ¥ structive, nat creative, at Hibbard and Taslor, 1960,

Hie speertic fevel,
3. Qver large areas of the arid Great Plains, mollusks

were more diversified and abundang in the Pleistocene than Pleistocene brought favorable ones. Many mollusks with
now (Table 6}, There is no sueh contrast with Pliocene present northern distributions are known in the southern
molhusks, however, Tt is more sceurate to say that the Re- High Plains and probably do represent southward faunal

cent has brought adverse conditions than to elaim that the dispersal. Yet the maguitude of such changes in range dur-
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TasLe 6

Number of Epecies of Molusks in Late Cenozoie Faunas
af Bouthweriern Kansos and Northwestern Oklahoma
Trata from Hibbard and Tayior (1960), Milier (in pross),
Taylor (1064h).
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Fauna Fhe o M =

Recent, Meade County 4 ¢ 8 20

Jones (Wiscousin) 5 1 15 31

Finglelhob Cangonon) 10 i 17 24 H2

Cragin Quarry {Sengamon) 2 0 12 21 35

Mt Seott ({Hineian) 15 1 20 28 €

Buatler Spring (Tlinoian) 9 2 19 24 51

Adums (HHnnian) 2 1 i 1 22

Doby Springs (Hnoian) 1t 2 21 26 50

Berends (Iinoian) % 1 17 17 43

Sanders (Aftonian) & 0 10 13 23

Bender (late Pliocene) 3 { 15 19 37
Hexroad {ate Plioeene) 3 i

12 23 30

ing, w1y, the Sangamon and Wiseonsin may have been much
less 1han one would judge using present distribution pat-
forns as a standard.

4. The sonthward and castward spread in the Creat
Plains and Olio Valley of a cold-steppe fauna during pard
of Wiseonsin glacial times is an event that iz unknown
previeusly in the Pleistocene. The alpine Rocky Mountain
fandd snndl Colmella columella alticole “has not been found
i deposits older than Wisconsin in Kansas, Ilinots, Indiana,
or Qo™ (Lalocque and Forsyth, 1057, p. 87).

5. Virtnally all the Pliocene nonmarine molivsks of north-
ern. North America must have been extinguished or dis-
placed by the ice sheets, Perbaps most of the endemic
species were destroyed. The most likely remnants or de-
scendents of the preglacial northern fauna are the lecally
endemie forms cecurring within the linits of glaciation or
elose to i, and species in northern arcas {Alaskn, Now-
foundland, ete) that might have survived in their present
arens of abistrbution. The slow rate of differenfintion in
muost motlusks (Table 4) would scem to imply that local
endemics in a glaclated area are more likely preglacial
relicts than postglacial novelties. In the Great Plains region
the loeally endemic snails Pupilla sinistra and Oreoheliz
strigosa coopert are known to have been much more wide-
spreqd in the Iate Pleistocene than now. Perhaps they were
also more widespread in the Phocene than in the Pleisto-
cene.

GLACIAL-I NTERGLACTAL CHANGES

Plewstocene molluscan assemblages within the same arca of
the Great Plaing or Central Lowland that show different
proporiions of locally extinet northern and southern ele-
ments have been interpreted In terms of glacisl-interglacial
changes. Striet superposition in one exposure of a single
depasitienal sequence is rare, The mollusks from three
horizens in one such exposure in soithwestern Kansas are
listeddin Tuble 7, together with the Joeal Recent fauna. The

stratigraphically lowest loeality is UM-K2-59, aseribed to
the Mt. Beott local fauna of lute Ilinolan age. 1t has
yiclded more than {wice as meny species as are now living
in the county. The higher lecalities are referred to the
Cragin Quarry leeal fauna of early Sangamon age. Thiey
have about as many species as are living in the vieinity, and
virlually all occur in the older Mt Seott assermblage. Tn
this stratigraplic seetion the changes from Minojan glacisl
to Sangamen interglacial faune were principally the loes
extinction of many species now living only to the nerth
and/or cast of the fossil locality. The Sangamon fauna has
practically no immigrants; it is the Hiinoian fauna redueed
by more than half, with different relative abundanee of
speeies. (The fossi] loealitios are in the SEL; we. I8 T 028
RESW., Meade County, Koosas, Hee Midler, in press;
Hibbard, 1963; and Hibbard and Taylor, 1960, for peolooy,
measured section, relative abundanee of species, present dis.
tribution of species, and associated Taoal)

Tre Counrse orF Furvne Worg

The most profitable lines of future vesenrel on Pleistocene
nonmarine molusks in North Ameriea can now be seen,
even though only in broad outlines. T have sclectod thowe
problems and methods which may benefit other areas of
research and those which may resolve current diffienlties in
stratigraphie study of moliusks,

IIn many ways the most signifieant of all problems
involving Pleistocene mollusks would entail & detailad stody
of the Liota associated with the Pearlette ash, with special
atiention to climatic gonation. The wide aren over which
the fauns is known (erosses, Fig. 1) and the stratigraphic
confemporancity established by the ash provide a ueique
opportunity to study zonation of climate during a glieisd
interval.

2. Refinement of stratigraphic application of. mollusks
will accompany inereasingly detailed knowiedze of the
geographic shifts of various specics. Tatablishing when, how
often, and how far south and east sueh species ax Pupilia
mascorum, PP blandl, Vertigo alpestris oughtons, Vallonia
eyclophorella, and Discus shimelt have moved wooll not
only inerease their valne for stratigraphy bt provide rieh
data for understanding Pleistocene clinatic changes,

3. The reeurrence of similar assemblages of mollusks at
varions times necessitates the use of independent souress of
evidenee to cstablish the stratigraphic horizon of sueh as-
semblages. Detailed and relatively eomplete stratiorphic
seefions are rarely available. T the prosent state of knowi-
edge fossil mummmalys provide the most wselul hita. The
far more rapid progressive clinge of Plelslocene mam-
mals compared Lo moliugks is shown in Fable 4,

4. Colleeting Tlastoerne moliusks without sfratizraphic
data, or studying Tossil mollusks while jenoving the neso-
cinted biofa, is analogons to colleeting strerm-vift for o
survey of living mollasks, In regions poorly known seien-
tifically euch collections may have =ome value, In the
present state of knowledge none of these practices s worlh-
while, for the information gnined Tneks the detail peeeserry
for ineorporation infe the body of selentifie daln, Sludy of
Pleistoeone history will be most advaneed by combined re.
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Faunel Change in Meade County, Kansas,
The Three Fossil Locslities Are in s Single Xxposure

Iniomidae
Anadonto grandis Say
Uninmerus telralasnmes (Say)
Splewriidae
Spheerim orcidentole Prime
prrlienie fum (Say)
stridinum (Tamarek)
wdeedpn (Laneek)
Fransversum (Say)
Pisidium caserianum (Poli}
compressiom Prime
wididun Jenyas
abdeeszade {Lamarel)
earvabile Prime
Valvatidao
Vateatn tricarinala (Say)
FHobiklae
Carychiwm eriguwm {Say)
Lymnaeidae
Fossarie deadlt (Baker)
abrusae (Say)
Lymnea caperato Sy
erilis Lew
reflern Hay

Lipanaea bulimoides techella (Haldeman)

cackerelll (Pilsbry & Feorriss)
Ancyhidae
Ferrissia meekiona (Stimpson)
Faevaper fuscus (Adams)
Eirklandi (Walker)
Planorbidse
Gyrandus etrewmstriotus (Tryon)
prarers (Ray)
Armiger erista {Linnaens)
Planorbeila trivofids (Bay)

Promeneies eoaciois eracious (Say}

eracwons kansasensiy (Baker)

Promenelas wmbilieatellus (Cockerell)

Physicdae
Ihiysa anairna Lea
gyring Sy
shinner! Taylor
Aplera hypnorum (Tinnaeus)
Strobilopsidue
Strobitops labyrinthica (Bry)
Pupitlicdie
(astrocopta armifera (Say}
somtracte (Bay)
eristata {Pilsbry & Vanatta)
holzingers {Sterki}
petlucida hordeaeella (Pilsbry)
procery (Gould)
tappartana {Adomy)
Pupaoides albitabris (Adams)
{upidia blandt Morse
Vertigo milfem (Gould)
oviba {SHay)

ATt Scott loc. UALVE2-59

DX KKK

KAEKAK K K KHKAKXAK

HEUYRHAKUAKKK X XKHXEH ® AKX XX XXX

Cragin Quarry loc. 2

X X X
X

XX KA O XAHEAHKK

Cragin Quarry loc. 3

X

KRHAHKHK KARXAXX

Recent, Meade County

™K

KX

KK

XX

XX

HKHEAHXK K X

x

PLEISTOCENE NONMARINE MOLLU/SKS GOY
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Valloniidae
Vallomin gracificoste Reinhard! X pad
parvila Nterki oo o® X
Huceinetdae
of . Swuecined bt P
Orploma ef €, retusa (Jaon) 7 s
Isndodontidne
Diseus eronkhiter (Noweomb) 4
Hetivodisens parallelus (Sav) »owoox K
singleyanus (Pilsbry) P G ¢
Fonitidae
[ searia minusende {Binoey) I ® o X X
Nesovitroa dectrinag (Goulid) »ooox K
Zonfondes orboreus (Say) WX
witidus (Ziter} pad
Timacidue
Deroecras eendgma Leonard YooK X
{ueve (Mitler) X
Suconulidae
Fruconibus fulvus {(Miller) RO G
Polygyridae
Stenotrema leai (Binney) ooX M
Number of species 5522 27 90

Mt. Seott. loe, UM-K2-59 95

Cragin Quarry oo, 2 A
Cragin Quarry loe. 3 o
TRecent, Meade County o

searches on stratigraphy, soils, fauna, and flora; through
anich investigations research on fossil mollusks will not only

yiekd more but reecive more {rom aeighboring RCINCOE,

5. Anyone attempling Lo interpret in defail the environ-
ment represented by Pleistocene mollnsks finds abruptly
hew Titte i known of the Hving American Sauna. T sbudy-
ing nlate Wiseonsin asseiblaze in Ohlo, Tallocgue (IO
provided a model study that wrmg as ek as possible
from available ecologieal data. 1t i a sueasire of the prani-
tive state of malacology that there was only one study of
froshwater mollugks on which he could draw for measare-
ments of pH and simple water quality, that by BMorrison
{10932).

6. Theoretically it might secem a straightforsard matter
to begin gathering ceologieal data on mellusks, To a con-
siderable cxtent this is true; many geologists and pale
onfologisty who began the study of Pleistorene shells hiave
also colleated Reeent shells for ecologieal or distributional
data. Qualitative snalysis should precede quantitalive anal-
yuls, however; it woeuld be [ruitless (o gather detatled
ceologic data on a compostie species. Refined morpliclogi-
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cal and taxonomie studies are a neeessary prolude to mean-
mglul ccologie studies, and these o tnrn Lo detailed paleo-
ceclogie interpretations.

7. The Jack of detailed systemntie analvsis of Iving mol-
hisks has already begun to hinder study of DPleistocone
fossila, ns fhustrated by the discussion, eatlier in this elip-
ter, of the Lymnaca “palustris” group. This is not an wo-
Iated example, Virtually none of the species suppoesed {o be
sammat b North Ameries and Turasia, or pairs of relafed
species with this

distribution, has been stadied eritienlly
with material from representative loealities, Such studies
are preveguizites for eveduating the
posable Tmmal exehanmos

extent and liming of
Dotween the continents, s Tor
understanding shmwlarities and  differences in ec ology  of
f-‘lip]nm‘afi&-’ ientieal speeies. Espeeinlly rewarding subjeets
for ddetwiled stidy would seem to lie in the genora Papilla
and Columella. One ean seareely doubt that analyvsis of
these groups as earcful as that which fhias Deen carried out
in Europe (Foreart, 1959; Lofek, 1954, 1955} wonld resnlt
i useful refinement of current American elassifiention.

Mere deseribing of new species is nob an illuminating
1(‘~p(m-(‘ o the lack of systematie study of molusks. Shi-

ks (1030, p. 682) words have even groater foree, alas,
lruf:w' “It s true that reeent efforts have been made ta
segregitle ag species certain fossil forms of several variabie

speeies, It the variation in the fossils is duphieated in the
maedern fovms and there is no warrant for the saparidion.”

Sueh spurious species are a disserviee to taxanomy by dis-
torling the relative rank of morphologic units, to stratip-
raphy by establishing supposedly  extinet forms, and to
paleorentogy by depriving it of the evidence of varintion
within a living species.

S, paleontological study of Pleistocene mollusks suffers
now from lack of basie biclogieal research, it will do so to
a el greater degree in the immediste future. This gloomy
prediction s based on the belief that Pleistocene research is
=Ll i an early stage; on the complete absence from this
feld ol individinls qualified to deal with grosy morphology
of living mollusks, ceology, biogeography, and stratigraphy
all together; and on the observation that there i no pros-
pees for such students soon, Conventional conchologieal-
stratigraphic research has proved to have some uae, bt
m the long run strietly soologienl study will advance Pleis-
foeene paleontology more,

Finally it should be noted that Lokek (1961, p. 123)
considered that, in Czechoslovakia, “ithe researeh methods
and the applieation of Quaternary molluses arc m & test
singe  ab m‘otvm and they will require eonsiderable im-
provement.” By this standard, in Ameries only a few wist-
ful ghinees }m\ ¢ bren east at the subject.,
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