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NUMEROUS Pliocene and Pleistocene lnollusks from southwestern 
Kansas and the adjacent part of Oklahorna have been collected by 
Dr. Claude W. ' ~ i b b a r d ,  of the University of Michigan Museuln of 
Paleontology, in the coursc of studying the paleontology and stratig- 
raphy o i  thc area. From this material a new Pleistocene asscniblage, 
the Berends fauna, is namctl in this paper. Descriptions of new species 
from other faunas are appcntled, together with lists of the associated 
mollusks. These associates are only listed for the present; it is hopcd 
that a fuller discussion will be possible at a later datc. 

I wish to thank the Sollowing persons lor aid and lor criticism o l  
the manuscript: Claude W. Hibbard, Rodger D. Nlitchcll, Stuart L. 
Schoff, and William R. Taylor. 

BERENDS FAUNA 

The  name Bererids fauna is proposctl here for the vertebrates and 
mollusks known from deposits in secs. 5 ant1 6, T. 5 iV., K. 28 E., 
Beaver Co., Oklahoma. A late Pleistocene age for the beds is indicated 
by the fact that they were laid clown in a sink or series of sinks which 
were developed alter the deposition of the underlying late Kansan 
Pearlette ash. The  fauna is considered to be probably of Illinoian age 
on thc basis of thc vertebrates (Hibl~ard, 1953). The  mollusks indicate 
a cool moist climate, which is more likely to be glacial than inter- 
glacial. The  presence of extinct species not known from Wisconsin 
deposits also supports the assignrrlent of an Illinoian age to the launa. 

' Ihe fauna is naincd for Berends Santl Draw, on the Coy Berends 
ranch, where the deposits containing the fauna occur. 

PREVIOUS WORK.-Most of the mollusks discussctil here and the prev- 
iously reported vertebrates (Mengel, 1952; Rinker ancl Hibbartl, 1952) 
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wcrc collected I)y C1;rtrtlc \iV. Hil)l)a~-tl and ;I Uiliversi~y oS Nlichigan 
Museu~ii of 1';rleontology fieltl p;rrty o r 1  July 21, 1950. Pn~adipoides 
stovn.lli liinkcr ;rnd f-libbarcl occurred at the basc of tlle mollusk- 
bearing silt horizon in these deposits. X second fieltl party under the 
direction oS Hibbard visitctl this llorizon again on July 6, 1952. A 
small amount o l  surlace collecting yielded il4irt.ofus, unstudied birtl 
remains, ancl a Sew n~ollusks rcprcsented by the prc\lious collecting. 

MC)I.I,USI<S 01' THE H1'.KINl)S I:AUNA.-In the following discussion thc 
species naluc is Sollowcd by the University of Michigan Museum of 
Zoology catalogue nunlber ant1 tlie nu~nber  oS speci~nens exa~riinetl. 
Gcological rangcs are based on the collections o l  tliis institution, unless 
otherwise intlicatcd. Outlincs oS Recent ranges, u~lless statcd otherwise, 
are based on tlle collcctions o l  the Acadc~ny oS Natural Sciences o l  
Philatlelphia, University o l  Michigan Nlusetrm o l  Zoology, ant1 the 
Unitetl States National Muscuni. 

Fresh-wntet. Snai ls  

Valvar idac 
Vnl-i~nltr tt.i(.(r~.il~(rtn (Say). 177523, IS. Gcological range: Lowcr I'lio- 

cene Laverne J ' ; I L I I ~ ~  to licccnt. Kccciit distribution: "Eastern Unitctl 
States west 10 Iowa; Great Slave Lake soutll to Virginia ant1 the Ohio 
River" (Baker, 1928: 14). Ecology: tZ species founcl only in penuanent 
lakes antl rivers. 
Lymnaeitlae 

Lyr17ntretr c.npet-tr/n Say. 177524, 25. 171~per Pliocene unnametl launa 
above liexroatl Sauna to Recent. "Quebec ant1 Massachusetts west to 
CaliSornia; Yukon Territory and James Bay south to Marylantl, 
Indiana, Coloratlo, and Calilornia" (Baker, 1928:263). "In the Missis- 
sippi Valley tliis species seems to allnost invariably occupy intermit- 
tent strealns or sinall pools, ponds antl tlitchcs wl>ich dry up  in the 
surn~ner" (Baker, 1928: 263). 

I,ynlwnen ob~-lrssn Say. 177525, 23. Nebraskan Sand Draw fauna to 
Recent. "1~ro11~ tlle Atlantic to the Pacific oceirns, antl Iron1 Mackenzie 
Territory, C:an:rda, south to Arizona ancl ~lortllern Mexico" (Baker, 
1928:296). "The normal habitat oS this species is in sinall bodies o l  
water, as crceks, ponds, sloughs, bays, antl marshy spots along river 
banks. It is at home on sticks, stones, ant1 any otller tlebris that may be 
in thc water or along its ctlge" (Baker, 1928:296). 

I,ynzntretr /ri~.t-itelltr Leonartl. 177.526, 37. The  University of Michigan 
Museum ol Zoology has specin\cns representing this species from the 
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upper l'liocene Saw Rock Canyon ;~nt l  liexroad faunas, Nebraskan 
Sand Draw Fauna, Kansan Cudally fauna, Sa~igamon Jinglebob fauna 
(reported by van der Schalie, 1953:81, as I.ylrznnen cf. g(rlDun(i and 
L. llzimilis rrzodicelln), and \i\lisconsin clel>osits in Jones Sink, Meade 
Co., Kansas (not wit11 certaiuty from the Jones fauna level). This range 
is given for a concept o f  the species wllicll allows for only nloderate 
variation; a greater allowance for variation would increase the range. 

Lyn7,nneci palzlsttis (Muller). 177527, 10 juvenile; 1'77548, 2 adult. 
Upper lJliocene Ketroad fauna to Recent. "Eastern Quebec west to 
Nebraska, Mauitoba soutll to soutliei-11 Illinois antl southern ICansas. 
The  typical habitat of 7-ejr'exn in northern Illinois ant1 IYisconsin is in 
small pools or pontls which iuay become more or less dry in summer" 
(Baker, 1928: 224). Id .  reflcxn is consitlerctl a synonym of I,. pnlzrsl~.is 
by Hubendick (1951). 

Planorbidae 
Gyrnzrlzis cil-czi1r7s/rintz,s (Tryon). 177528, about 300. Kansan Cudahy 

fauna to llecent. North Anlerica approtilnately between 40" antl 50° 
N. lat.; south in ille llocky Mountains to central New Mexico. Ecology 
uncertain. 

Cyrn~ilrrs pcituzis pci~vzrs (Say). 18 1 106, 3 1. Kans;~n <;udally Fauna to 
Recent. "Eastern North America east of thc liocky Mountains from 
Florida northwart1 to Alaska and northern British America" (Baker, 
1928:377). "Usually in quiet bodies ol water, often of sinall size . . . . 
!?nrvus is partial to a habitat which has rather thick vegetation" 
(Baker, 1928: 376-77). 

Arn7,iger c7.ista (Linni.). 177.529, 7. Probably Illinoian, Berends fauna 
to Reccnt. Holarccic; in North Anlcrica nortll ol about 41° N. lat.; 
south of this parallel in central Utah antl San Mateo Co., California. 
Ecology uncertain. 

Helisolna Iri710171is (Say). 177530, Sragnlents and 4 immature; 177549, 
adult. Kansan Cutlally fauna to Recent. "Atlantic coast and Missis- 

sippi Rivcr drainages, northward to Arctic British America and Alaska 
and southward to Tennessee antl Missouri" (Baker, 1928: 332). "Typi- 
cal l1-i-uoluis is always an irlllabitant oS quiet, more or less stagnant 
water" (Baker 1928: 332). 

Planor.bzrltr vzilctrntlln Leonard. 177531, about 150, only 10 adult. 
177550, 1 adult. Kaiisall Cutlahy fauna to Illinoian Berends fauna. 

Pronzenetzis pent.le//ei (Leonard). 177532, 44. Kalisan Cudally fauna 
to Berends fauna (prol)ably Illinoian). 



Pl~ysiclae 
Physa ellif)/ica Lea. 177534, 38, only 9 adult. Nebraskan Sand Draw 

launa to Recent. Keccnt distribution uncertain, but probably ovcr a 
large area in the central ant1 northeastern United States. "It is an 
inhabitant o l  brooks, living either on mud or stones, antl it lives also 
in stagnant, ephemeral pools" (Leonard, 1950: 22). 

Physa skinnet-i, new species. Described below; 11 1 specimens. Nebras- 
kan Sand Draw fauna to probably Illinoian Berends launa. 

Aplexn 1~ypnot.um (Linnk). 177535, 27, o l  all ages. Nebraskan Sand 
Draw fauna to Recent. Holarctic; in North America "from east o f  the 
Cascade Mountains to the Atlantic antl fro111 Alaska and Hudson Bay 
south to tlle vicinity of the Ohio River" (Baker, 1928:474). ". . . a 
species o l  swales and internlittent streams or stagnant pools . . . espe- 
cially abundant in wootllantl pools wllich become dry in slunmer . . ." 
(Baker, 1928:474). 

Land Sncrils 
Pupillitlac 

Gast7-ocoptrr trrrtxifer.n (Say). 177536, 1 .  Lower Pliocene Laverne 
fauna to  Recent. "Eastern Uilitctl States and Canada: Quebec to north- 
ern Florida, west to Retl Deer, Alberta, Dakota, near Boulder, Colo- 
rado, Lincoln Co., New Mexico, and the moutll 01' tlle Pccos Iiivcr, 
Texas" (Pilsbry, 1948:875). "Gust?-or.o;Dtn n?.nzife?.a is a gregarious 
species occurring coinlnonly on woodetl slopes, near or removed from 
a stream. I t  is to be found under deatl wood, limestone rocks, or light 
cover o l  leaf molt1 or other debris" (Franzen and Leonard, 1947:329). 

Gaslrocopla p,~.oce~.n (Gould). 177537, 3. One specimen approaches 
G. cristatn l'ilsbry antl Vanatta in llavirlg the angular and parietal parts 
of the lamella only slightly divergent. Kansan Cudally launa to Ke- 
cent; a closely relatccl and possibly identical form occurs in the upper 
Pliocene Saw Rock Canyon ant1 Kexroad faunas. "Eastern United 
States, Maryland to South Carolina, west to Shawnee Co., Kansas, and 
Payne Co., Oklahoma; south to Alabama and eastern Texas" (Pilsl~ry, 
1948:907). "This pupillid lives on timbered slopes of streams" (Franzen 
and Leonard, 1947: 342). 

Gnsl?-oco;Dtn tappnniana (C. B. Atlan~s). 177538, 42. Upper Pliocene 
Saw Rock Canyon fauna to liecent. "Ontario and Maine to Virginia 
and Alabama, west to South Dakota and Kansas, southwest to  Arizona, 
but not known from the southeastern Atlantic States, Virginia to 
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Florida" (Pilsbry, 1948:889). "Its most frequent habitat is on shaded 
slopes near streams" (Franzen and Leonard, 1947 : 337). 

Pufioides albilabris (C. B. Adams). 177539, 1 fragment. Lower Plio- 
cene Laverne fauna to Recent. "Eastern North America from Ontario 
and Maine to the Gulf of Mexico, west to the Dakotas, Colorado, and 
western Arizona (Yuma Co.); in northern RIexico on islands in the 
Gulf of California, at Monterrey and Tampico. Cuba; Haiti; Porto 
Rico; Bermuda" (Pilsbry, 1948:923). "This species, tolerant of high 
summer temperatures and drought, is found in woodlands, in deep 
grass, or even among the roots of short grass in unshaded areas" 
(Franzen and Leonard, 1947: 37 1). 

Vertigo ouata (Say). 177540, 51. Lower Pliocene Laverne fauna to 
liecent. "Prince Edward I. and Ungava Bay, Labrador, south to Flor- 
ida Keys and Texas, west to Puget Sound and northern Oregon, south- 
west to Fruita, Utah, Tempe and Huachuca Mts., Arizona. Alaska 
on Kadiak and Tigalda Is. West Indies" (Pilsbry, 1948:953). ". . . lives 
only in moist environs afforded by shaded slopes near streams and 
shores of ponds" (Franzen and Leonard, 1947:355). 
Succineidae 

Succinea cf. grosuenori Lea. 177.541, 4 immature. Succineidae can be 
reliably identified only by dissection of animals; hence work with 
fossils is open to serious question. Shells similar to S.  grosue?zori are 
known since the lower Pliocene Laverne fauna. Pilsbry (1948:821) 
stated: "S. grosuenori, as now unders~ood, tolerates an astonishingly 
wide range in practically all external conditions. It  occurs from the 
warm humid Gulf coast to semi-arid areas in the greal plains and 
mountain states, and in British America i t  exte~lcls north within the 
border of Northwest Territory." 

Oxy loma  haydeni  (Binney). 177542, 52, immature and fragments; 
177551, 1 adult. Kansan Cudahy fauna to Recent. Distribution uncer- 
tain; the type locality is in Nebraska, between the Loup Fork and 
L'Eau qui  Court rivers. Ecology unknown; presumably it is semiam- 
phibious like others of the genus. 
Endodontidae 

Helicodiscus parallelus (Say). 177543, 1. Kansan Cudahy fauna to 
Recent. Eastern North America as far west as South Dakota and Okla- 
homa, south to Georgia and Alabama (Pilsbry, 1948:626). "It lives on 
decaying wood in shady or humid places, also on clalnp leaves" (Pils- 
bry, 1948: 627). 
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Lilnaciclae 
LIeroceras cf. Ine-i~c (Nliiller). 177544, (i. Fossil slug shells Cronl the 

Higli Plains lrray be tlividetl into three categories: (0) 1). nenigma 
Leonard: larger sllells, about 5 by 3 min., thick and heavy; (b) smaller 
shells, about 3.5 by 2 mnr., thick or thin, whicli probably represent 
innnature 1). trenigrnn Leonard in ;I( least some cases; (c) smaller 
sllells, so~netiines of the size of form 0, but sonietimes also broader 
(4 by 2.5 mm.), and very rarely thickened, tenned D. cf. laeue (Miiller). 

Tl1e stratigrapliic occurrence o l  these categories as indicated by 
specinlens in tllc University o l  Michigan Ibluseum of Zoology is as 
iollows: (a) Saw Rock Canyon, Kesroatl, Sand llraw, and Jinglebob 
faunas; (6) Saw Rock Canyon, licxroad, Sand Draw, and Cudahy 
hunas; (c) Berends and ,Jinglebob Saunas. 

Large specimens were ~1sec1 for specific allocatioll oC entire lots, 
except where there was no intergratlation, as in the Jinglebob fauna. 
Small unidentifiable sl)ecimens are rclerred to the species clearly 
established for the hori~on,  with the following distribution: 

Del-oce~crs cre,~igmn Leonard. Upper Pliocene Saw Kock Canyon and 
Rexroatl I';t~lnas, Pleistocene Sand Draw (Nebraskan) and Jinglebob 
(Sanganlon) faunas, antl (?) Cudahy (Icansan) laun;~. 

llej-oc.e~-crs cf. Ine-i~e (AIiiller). Probably Illinoian Berentls fauna and 
Sangamon Jingleboll launa. D. Ineue, tllc only native 1Ie)-oco-crs in east- 
ern Nortli America, is found "generally fronr the Alrctic to inidtlle 
Floritla antl Central Anleric;~, tllc soutlienl limit not determined" 
(I'ilsbry, 1948:540). 
Zonitidae 

I-ltul~aiicr mi7lu.rc~rln (Binney). 177545, 38. Upper Pliocene Saw Rock 
Canyon fauna to Recent; lower I'liocene Laverne launa (Leonard and 
Franzen, 1944:29). "North Anierica from Alaska and Maine to Costa 
liica; . . . West Indies" (Pilsbry, 1946:421). "Its most common habitat 
is irr woodlands of oak, hickory, and sycaniore" (Raker, 1939:72). 
I'olygyridae 

Slenoll-ema letii (Binney). 177546, 1 atlult, 8 young, ant1 lragments; 
177552, 2 adult. Kansan Cudahy fauna to Recent. Ontario and New 
York soutli to Maryland, west to South Dakota and eastern Kansas 
(Pilsbry, 1940:(i78). "The habitat . . . is in lowla~ltls, usually on the 
flootlplains of rivers ant1 creeks or  he margins of lakes, in woodlands 
o l  oak, hickory, elm and willow" (Raker, 1939:fO). 

INTERPIII:TATION 01: MOI.LUSKS.-Age. 01 the 25 species of mollusks 
rccortled from the Rerends launa, 22 are now living, and three are 
extinct and unknown lrom Wisconsin cleposits. As tliscussed later, the 
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mollusks are indicative of a clirnate wllicll was probably glacial. In the 
stratigraphically defined post-Kansan time in whicli the Bercnds fauna 
lived there are two such periods, Illilloian and Wisconsin. The  three 
extinct forms, PlnnorOuln -ozilmnatn, Plrysn. sliinneri, and Pronzenetus 
peclrletrei, are not known from Sang;~rnon or MTisc:onsin tleposits. These 
species thus indicate an Illinoian age for the launa. 

Local hnbirar. Fourteen aquatic and 11 terrestrial species compose 
the Berends mollusk fauna. The  presence ol f'resli-water snails which 
inhabit shallow water, also the unworn contlition of all land snails 
and the abundance of some indicate that the deposit is of near-shore 
origin. Deposition of the sediments in a sink or serics of sinks, as well 
as the presence of the mollusks characteristic of stantling waters, shows 
the presence of a lake. 

Seven species of fresh-water snails are of no use in habitat interpre- 
tation, because of uncertainty of identification, lack o l  definitive infor- 
mation (Lynznneti /z~rri tel la,  Cyr~nzilz~s c i l -c~~nzs tr in t~r .~ ,  Armiger crista, 
Plano~bzcla vulcana/cz, Pronzelzefzrs pearleltei, Physc~ s k i n n e ~ i ) ,  or a 
wide range o l  habitat (P17ysa elliptic(z) Three species require a perma- 
nent water habitat (V t~ l va tn  11-icarinatn, Gyrnz~liis pal--r~z~s, Helisonza 
triuolvis), three are characteristic o l  teinporary ponds (L?1mnaen cope?-- 
ntn, L. f~alzrstris, ant1 Aplexci hyp~zorzrnz), and one is frequently in 
marginal areas of ponds ob~lrssn). 

These data are interpreted to nlean that the ISerends fauna fresll- 
water mollusks lived in a habitat which hat1 shallow permanent and 
teinporary water near the shore o l  a lake, with little or no rough 
water. Connection of this lake to a permanent stream at some time is 
indicated by Valuata, which must have continuity in aquatic condi- 
tions. 

Four species o l  land snails ale also at piesent 01 no use in habitat 
reconstruction, because o l  uncertainty of itlcntihtation, lack of inlor- 
mation (Sziccznen tl. g?ocveno~z,  Orylorntr h t r yd~n i ,  I l e~oce la s  cl. lae-oe), 
or a witle range ol habitat ( P ~ ~ J ~ o z d c s  trll)zlobl7r). Tllc ecology of the 
other species indicates a probable association with moist leaf inold and 
rotting wood. Hence, there must have been a wooded /one, not neces- 
sarily extensive, beside the lake. 

Climnte.  The following speclcs ol mollusk5 from the Rerencls fauna 
are considered useful lor climatic intel pretations: Tlnli~ntn 17 icarzncitn, 
Lynznaeo ccrpe?nla, I,. p a l ~ ~ r t r  zs, G ~ I  (rzrlz~r ci? c ~ ~ l n ~ l ?  inl?ts, Ar~nzgel  ( I  ir- 
tn, Aplexn  l / y f~no? l ln i ,  Gnsfroropln /)?ocern, SI~nol7en7n lenz. T h e  re- 
maining spccies are considerctl o l  no valtie oil 'ictount of unccrt,~inty 
of identification, lack of data, 01 wide range. 
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l h e  interpretation oS the distributional data made here is based on 
tlie assumption that species live wherever possible in the area accessible 
to them. Many of the species have a wide north-south distribution and 
thus live under varied cliinatic conditions. 01 the remainder, two 
species occur in the central United States; all others show a distinctly 
nortllern distribution. The  most reasonable explanation for this dis- 
tribution seeills to me to be climatic. The  occurrence in Oklahoma of 
these forms which are now northern appears to indicate that the cli- 
mate under which they lived there was not merely more humid than 
at present, but .cv;is also cooler, for almost all of these forms live well 
north of the la~itutle of Oklahoma even where tlle climate is definitely 
humitl. 

Gtrs/t~oc.op/a pt-oc.c~-n ranges from Texas to Kansas in the High Plains 
area; I,ylr~naro pn11rstt.i~ is widely distributed in the northern United 
States, but is Sound as far south as Kansas. T h e  soutliern limits of 
distribution for tlie distinctly northern forms are as lollotvs: Valvata 
/t.icat-ilrata and Al~lexcr lryf~nol-zinz, Ohio River; Stenotrem,a leni, east- 
ern Kansas; 12yli71~necr c.nfie~crtn, about 39"; Cyi-aulzls circunzstriatus, 
about 40°; A ~n7,iger cristn, about 41 O. 

These tlistributional tlata seem to indicate that the climate under 
.cvhich tlle lkrentls l ; i~ma mollusks lived was similar to that now Sound 
;it least 5" lartlier north, with more moisture than is usually present 
in the High Plains. S11c11 a cooler, moister climate appears more likely 
glacial than interglacial. 

?'his interpretation oS the climate is of special interest when com- 
pared witli that postulated for the irninediately preceding and subse- 
quent Saltnas. No mollusks are known Srom the Yarmouthian Borchers 
launa (Hibbartl, 1949: 76), but the vertebrates indicate a warin temper- 
ate assemblage (Hibbard, 1949(r: 1.124). 

The  Jinglel,ob Sauna, a pre-Mlisconsin interglacial assemblage, must 
come from part ol the Sangamon i f  only four major glaciations are 
assumed. The  large molluscan Sauna was tliscussed by van der Schalie 
(1953), wlio concl~~tlecl (11. 85) that it represented "a warm and moist 
climate in a wooded region containing temporary woods pools." 

VERTEBRATES OF THE BICRENDS I ;AuNA.-T~~ sollowing list of the ver- 
tebrates is taken from Mengel (1952) and Kinker and Hibbard (1952), 
witli tlie addition of the i\dic,-ot~ls collected subsequently. 
Osteichtliyes 

Perca cl. fin-i~cscens (Mitcliill) 
Reptilia 

Turtle remains 
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Aves 
Pelecan~r.~ et.ylh 1.ot.hynchos Gmelin 
Other remains 

Mammalia 
~\/licrot~r.s ~ ~ T L T L S Y ~ U ~ P L ~ C Z L S  (Ortl) 
Castoroides sp. 
Pnrndipoides s/o.i~nlli Kinker and Hibbard 
Equzrs sp. 
Mnmrnzilhzis cf. colzlmbi Falconer 

Tlic distribution of Pet-cn ant1 i\!licrorzls is of interest in interpreta- 
tion of paleoecology. The  range of iMicrotzls pe?znsyl.onniczis as given 
by Burt and Grossenhcider (1952:123) shows it to be an essentially 
northern species, coming south in the High Plains to Nebraska. Dis- 
tributional data given by Jordan ant1 Evermann (1896: 1024) indicate 
that the native range of I'erctr fln-i~e.rcens in the High Plains does not 
extencl as Tar south as Kansas. Later southern recortls are probably due 
to artificial introductions. These vertebrate ranges substantiate further 
the postulation of a cooler, moister climate, as was previously indicated 
by the mollusks recovered there. 

Physa skinneri,' new spccics 

FIOI.OTYPE.-URI~\~IZ 181292. Paratypes: UMMZ 1'77533; others to bc 
clel'ositetl in Harvard University Museum of Comparative Zoology 
and the United States National Museum. 

I-IORIZON A N D  TYPF r ~ o c ~ ~ ~ ~ ~ . - P l e i s t o ~ e n e ,  probably Illinoian age, 
Berends launa. SE. cor. sec. 6, T. 5 N., R. 28 E., Beaver Co., Oklahoma. 
Type series collected by Claude W. Hibbard and party, 24-7-1950. 

111~c~osrs.-A species tlistinguished by its small size (less than 5 
mm.), narrow ovoid form, and obtusely rountled apex. I t  apparently 
has no close relatives. 

I~ESCRIPTION OF T Y P E S . - S ~ ~ ~ ~  small, narrowly ovoid, polished; apex 
obtusely rounded. Whorls about three, gently and regularly convex, 
slowly enlarging, at first overlapping; body whorl over three-fourths 
of total shell length. Suture weakly impressed, slightly descending at 
first but later morc strongly; above pcriphcry of first whorl, at periph- 

' Nametl for Morris F. Skinner, Fvick Laboratory, American Museu~n of Natural 
History, ~ v h o  has coi~tril,r~ted greatly to knonrledge of the Pleistocetle of the High 
I'lains. 
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ery of later whorls. Aperture narrowly e lon~ate ;  outer lip slightly 
convex, inore strongly so towartl base; b;isc strongly rounded; inner 
lip nearly straight or with a pronouncetl angle at junction of columella 
ant1 parietal lip; peristomc t~sually heavily call~~sctl  in largcr specimens, 
in  which case the suture descends slightly a t  the callus; parietal wall 
covcred by ;r thin callus. Nucleus sinooth; lalcr sculpture of very finc, 
ilitlistinct growth lines occasionally cut by very faint, short segments 
of spiral striae between which growth lincs may be locally more 
prominent. 

M ~ ~ s u ~ ~ n r ~ : ~ ~ s . - l ' h e  mean of 21 atlults of three whorls is followed 
by the range in parentheses. These are judged to be adult because they 
usually havc a hcavy pcristonle callus and because sl~ecimens with more 
whorls are rare. Measurements are given in  millimeters. Length, 3.7 
(3.0-4.3); width, 2.0 (1.7-2.5); length of aperture, 2.2 (1.7-2.G); width of 
aperture, 1 .I (0.8-1 3). 

VARIATION.-The proportions vary slightly, as indicated by the meas- 
urements, but the obtuse apex is constant. In the shorter shells the 
shallow suture gives an alrnost unbroken curve l'rorn apex to base. 
Solnetirnes an earlier peristornal callus is visible through the shell. 
T h e  callus is accompanied by the usual brief descent of the suture, 
which thereafter ascends ant1 resunies the lormei- angle of descent. 

COMI'ARISON.-F~^O~ the commonly associated Phystr elliplica Lca 
and P. nna/i?7rr Lea, P. sk i~zner i  tliIIers in its sm;lller size, narrower 
form, obtuse and rounded apex, regularly conyes whorls, and propor- 
tionately smaller aperture. 

OCC~JRKENCE A N D  ~ ~ . ~ . ~ ~ i < ~ ~ ~ . . - - P l e i s t w e n e ,  Sand Draw fauna, late 
Nebraskan age, Brown Co., Nebraska: NE. ~ SW. sec. 12, T .  31 N., 
R. 23 W. (100 speci~nens, URilMZ 177339); NW. sec. 33, 'I. 31 N., R. 
22 W. (3, UMMZ 177322); center N. sitle sec. 34, T. 31 N., R. 22 W. 
(100, UMMZ 181232); SE. 1A SW. 1A sec. 27, T. 31 N., R. 22 W. 
(25, UMMZ 181137); NW. cor. SW. sec. 25, T. 31 N., R. 22 W. 
(100, UMMZ 181216); center S. side NW. 1//; sec. 25, 2'. 31 N., R. 22 W. 
(4, UMMZ 177433); SFV. SE. 1A sec. 4, T. 30 N., R. 21 W. (20, 
UMMZ 177233). 

Cudahy fauna, late Kansan age: NE. sec. 26, T. 32 S., R. 28 W., 
Mcatle Co., Kansas (50, UMMZ 177249 and 177273). Probably Cudahy 
fauna: W. % sec. 35, T. 33 S., K. 32 W., Seward Co., Kansas (17, 
UMMZ 177297). 

Berends fauna, probably Tllinoian age, SE. cor. scc. 6, T. 5 N., R. 28 
E., Bcaver Co., Oklahoma (type series o l  11 1 specimcns). 
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Gastrocopta (s. s.) lavernensis,' new species 

HOLOTYI'I~.-UMMZ 181271. l'aratypes: UMMZ 181275. 

HORITON AND TYPE I.OCALITY.-Lower Pliocene, Laverne formation. 
NW. SE. $,$ sec. 5, T. 3 N., R. 28 E., Beaver Co., Oklahoma. Type 
series collected by Claude W. I-Iibbard and party, 24-7-1950. 

DIAGNOSI~.-A species most clo5ely related to the lower Pleistocene 
G a s / ~ o t o / ~ t n  clzti~~lzodo~7ln Taylor and to the Pleistocene to Recent G. 
proce)n (Gould). I t  i~ characteii7ed by the bihd anguloparietal lamella, 
descending columcllar lamclla, dbsencc of a subcolllmellai lamella, 
and long, narrow, curved, leiy (leeply immersed lowei palatal lold. 

DESCRIPTION OF - r ~ ~ ~ s . - S h e l l  small, cylindric, rimate; apcx obtuse. 
Wllorls about five, convex, slowly ant1 regularly enlarging; sutures 
strongly impressed; body whoi-1 less than half of total shell length, 
about one-hall whorl behind aperture becoming flattened and then 
slightly coilcave in the middle ol the outer side, convex again at a low, 
roundetl crest just behind the reflec~ecl peristome. Sculpture of nuclear 
whorl ininutely granular; postnuclear sculpture ol fine, irregular, 
oblique growth lines. Aperture slightly oblitluc, 1-otuilded, with den- 
tition of five foltls and lanicllac, as follows: a prominent, bifitl, sinuous 
anguloparietal lamella, angular part tlirectetl toward the outer lip, the 
parietal pal-t towai-tl the base o l  tlle colunlella; a tubercular upper 
palatal fold immersed 1)ehind the palatal callus; a very deeply im- 
mersed (dorsal in position), long, cl~rved, tlecply entering lower palatal 
fold, increasing in height abruptly and decreasing gradually, the inner 
half approximately parallel to tile base and rool of the body .~vhorl; a 
tubercular basal Sold immersed equally with the upper palatal Sold; 
coluincllar lamella elongate, usually entering horizontally, abruptly 
descending the columella to its base. Inner and outer lips moderately 
callused except in the conspicuous sinulus. 

R/IEAsuREA~ENTs.-T~~~ mean of the 13 whole specimens in the type 
series is followed by the range in parcnthcscs. Measurements are given 
in millimeters. Length, 2.58 (2.3-2.8); witlth, 1.24 (1.2-1.3); length of 
aperture, 0.91 (0.9-1.0); width o l  apcrturc, 0.84 (0.7-0.9); number of 
wl~orls, 5.1 (4%-5%). 

VARIATION.-The lower palatal loltl varics in length and in amount - 
ol  curvature. The  inner part is ap1)roximately parallel to the suture, 
but the outer part diverges at from O 0  to 40° froin the inner part. I n  
one specimen the 1)asnl fold is 11,irely visible as an inconspiclious node. 

' Named for the Lave l .~~e  Sol.matiotl, ill whicll i t  occurs. 
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The  colu~nellar lamella may enter horizontally, in which case the 
inner half turns downwart1 abruptly, or i t  may descent1 gradually. 

C o ~ ~ ~ ~ l s o N . - G n s t r o c . o p t n  lnvel-nensis differs from G. chauliodon/a 
Taylor in its less massive lamellae antl peristorne callus, bifid angu- 
loparietal lamella, less deeply irnn~erscd basal Sold antl tubercular 
upper palatal loltl. T h e  two species share a descending columellar 
lamella; very deeply immersed, long, curved lower palatal fold; ab- 
sence o l  a subcol~~mellar lamella; and a similar size and shape. 

G .  la7~erizensis tliffei-s from G. fil.oc.ercr (Could) in its proportionately 
wider shell, descending columellar lamella, absence o l  a subcolumellar 
lamella, and longer, curved, and more cleeply iininersecl lower palatal 
fold. 

OCC:URRENCI< ,\ND ~ ~ ~ \ . T E R I A L . - G o s / ~ . O ~ O ~ ~ / I I  l f l~~el.) lel ldi~ is known 0111~ 
from the type series of eighteen specimens, five incomplete. 

ASSOCIATED r;o~h~s.-About 150 pounds of dirt from the type locality 
o l  Gnstrocoptn la-oel-?tensis were ~vaslied through screens. The  mollusks 
containetl in this material represent all o l  the species listetl by Leonard 
ant1 Franzen (1944) for the fauna as a whole with the exception of 
Hrrwaiin nzinnscz~ln (Binney). T h e  lollo~ving new recortls lor the launa 
were also Sound: 

V ~ l u ~ r t n  tr-ica~.i~znta (Say) 
I ,yn~~znen cl. nzodicelln Say 
L. (Singi~icol(r) sp. 
Gyl-nulzis sp. 
Vr/llonin sp. 
C ; ( I . T / I . ~ ( . O ~ / ( L  an,-~nifern (Say) 
G. contl-crcln (Say) 
G. crista/n Pilsbry antl Vanatla 
l J ~ ~ p o i d e s  cf. i~zo~~iin1~1.s Vanatta 
Swcciizec~ cl. gros-r/enol-i Lea 
FInwniin n7,inzlsczrla neonzexicana (Cockerel1 and Pilsbry) 
Relin,elln six 
Zol-ritoides al.Dorezis (Say) 

Gastrocopta (s. s.) chauliodonta,%ew species 

HOI.OTYPE.-UMMZ 181 120. Paratypes: UMMZ 181 121. 
I-IOICIZON AND TYPE ~ . o c ~ ~ ~ ~ ~ . - P l e i s t o c e n e ,  late Nebraskan age, Sand 

Draw launa. Center of S. side o l  NW. ~ sec. 25, T. 31 N., R. 22 W., 

:'XauXio'Gwv, with a projecting tooth; in referellce to the especially pl.olllinent 
angulopariet;~l lamella. 
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13rown Co., Nebraska. Exposure on east side o l  tributary ol Sand Draw. 
Type series collected by Clautle W. Hibbard and party, 22-8-1950. 

l > r ~ c ~ o s ~ s . - A  species most closely related to tlle lower Pliocene 
Cnslrocol~ tc~  lnverr~ensis 'I'aylor ant1 to the upper Pliocene G. pal-acris- 
/nra Franzen ant1 Leonard. I t  is characterizetl by the rnassive angulo- 
parietal lamella which allnost hides the deeply iinmersecl palatal foltls, 
the descending colunlellar lamella, and the absence of a subcoluinellar 
lamella. 

DESCRIPTION OF T Y P E S . - S ~ ~ ~ ~  small, cylindric, rirnate; apex obtuse. 
Whorls about five and one-hall, convex, slowly and regularly enlarging; 
sutures strongly impressed; body whorl less than hall of total shell 
length, about one-half whorl behind aperture becorning flattened and 
then slightly concave in the rnicldle o l  the outer side, convex again 
at a prominent, rouncletl crest just behind the reflected peristome. 
Sculpture of nuclear whorl minutely granular; postnuclear sculpture 
of line, irregular, oblicluc growth lines. Aperture slightly oblique, 
roundecl, with dentition of five folds and lamellae, as follows: a prorn- 
inent, massive, sinuous anguloparietal lamella, gradually increasing in 
height and terminating abruptly, the angular part continuous with the 
parietal lip; a deeply immersecl, small, lamellifornl upper palatal fold 
of about equal length and height; a still more deeply irnmersecl (dor- 
sal in position) long, angulate, deeply entering, lower palatal lold, of 
about the same height as the upper palatal fold, increasing in height 
abruptly and decreasing gradually, the outer third ascentling slightly, 
the inner two-thirds approximately parallel to the base and roof of 
the body whorl; a tubercular basal fold immersed equally with, or 
slightly more than, the lower palatal fold; all palatal folds situated 
well behind tlle palatal callus; colunlcllar lalriella heavy, elongate, 
descending the columella to its base. Inner and outer lips heavily 
callused except in the conspicuous sinulus. 

M ~ ~ A S U R E M E N T S . - T ~ ~  mean of the eleven whole specimens in the 
type series is lollowecl by the range in parentheses. Measurements are 
given in inillirneters. Height, 2.51 (2.2-2.7); width, 1.22 (1.1-1.3); 
height o l  aperture, 0.86 (0.7-0.9); width of aperture, 0.87 (0.8-0.9); 
nuinber o l  whorls, 5% (5-6). 

VARIATION.-The anguloparietal lamella varies in shape consider- 
ably. Usually the angular part is represented by a slightly prominent 
ridge which gives the lamella a sinuous appearance; sometimes this 
ridge is curved toward the outer lip and the lamella is bificl, the 
sinulus almost completely enclosed; occasionally the whole lamella is 
nearly straight. The  anguloparietal varies in width also, from about 
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one-Sourth to one-sixth of the intcrn;ll witltll oS the aperture. 'l'hc 
colunlellar lamella niay enter liori~ontally, in wliich case the inner 
hall turns downward abruptly, or it may tlcscentl gratlually. 

C ~ M I ~ A I < ~ S O N . - G ~ ~ I Y O C O ~ ~ ~  clrtrtiliodonta differs Irom C. ~ave7-?ze?tsis 
Taylor in its more nlassive lairicllae and pcristolne callus, simple angu- 
loparietal lamella, more deeply irnmersed basal Soltl, ancl lamellil'orrn 
upper palatal Sold. 

G .  chaz~liodontci difIers fro111 G. pni.acl.i.r/ntci Franzen and Leollard 
(1947:316) in its more massive aiiguloparietal lamella antl pcristolne 

callus; deeply inlinersed palatal folds, not in contact will1 the callus as 
in G .  par.cro-istntn; lanlelliforln upper palatal l'old; longer, narrower, 
more deeply immersed, angulate lower palatal fold; and tlescending 
columellar lamella. In these other species, all the denticles are rela- 
tively conspicuous; in G. ckauliodontn,  however, the nlassive angu- 
loparietal lainella and the deep inilnersion of the palatal Soltls give the 
species the first appearance ol' having but one lamella. 

OCCURRENCE AND  MATERIAL.-^^^^ Draw launa, latc Nebraskan age, 
Pleistocene; Brown Co., Nebraska. Center S. side NW. 1/4 sec. 25, 1'. 
31 N., K. 22 W. (type series of eleven whole specilllens antl the last 
two whorls oS a twelfth); NE. I/, SW. 1/, set:. 12, T. 31 N., li. 23 W. 
(1 specinlcn, UMMZ 181204); NMT. cor. SW. I/, sec. 25, T. 31 N., R. 22 
W. (1, UMMZ 181218); SW. ~ SE. 1/4 sec. 4, T. 30 N., R. 21 \V. 
(21/,, UMMZ 177236). 

SUI~GENEKIC ~ ' o s ~ ~ ~ o ~ . - A c c o r d i l l g  to the diagnosis o l  Gust?-ocoplu 
(s.s.) given by Pilsbry (1948:903), the group has a short, horizontal, 
columellar lamclla. Both G. la-oe~7~cnsis and G. c.hrizlliodontn differ in 
possessing a colulnellar lainella which enters hori7ontally or nearly so 
and then <lescentls to the base of the colu~nella. This tliflerence is not 
considered sullicient to warrant the establishment oS a new subgenus, 
however. This is the only respect in which these two species tliirer I'rom 
Gnst,t.ocopta (s.s.), and the divergences between the various subgenera 
are considerably greater than this relatively minor one. 

ASSOCIATED FORMS.-The University of Michigan Muscum of Zoology 
has material from several localities in Brown Co., Nebraska, represent- 
ing the Sand Draw fauna. Only the species in acldi~ion to those listed 
by McGrew (1944) and Baker (1938) are given here: 

l/alvnta 1 ~.icarinnta (Say) 
Cnl.yc,hizinz pel-exig~izinz F. C. Baker 
1,yn~nnea megnsonzti Say 
L. oD,~-zissa Say 
Ilelisornn anceps (Menkc) 
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Pl~7lorbzlln sp. 
Ancylzls colorndensis Hentlerson 
Fet.,rissia 1-zuz~lnris (Say) 
F. cl'. fmnzila (Sterki) 
Pltysa ellipticn Lea 
P. skinneri Taylor 
Aplexa lrypnorzlnz (Linnk) 
Vnllonin pulcllelln (Miillcr) 
Gas/rocopln chnuliodo?~tn Taylor 
Pzlpoides nlbilri0,-is (C. B. Adams) 
Vel-f igo nziliunz (Gould) 
Stt-obilops s~~arsicostntn F .  C. Baker 
Szlccirlea sp. 
Deroce~as nenignzc~ Leonard 
Hn~uaiia rrlintisc.zlla (Binney) 
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