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ABSTRACT

Pateoecologic _interpretation of fossil molluscan faunas provides a basis’ for indtrect
reconstruction of paleoclimates. Terreétrial and aquatic mollusks areabundant in ’late
Quaternary sedimentary depos'its of the tvestern Rolling Plains of Texas. These taxa
compose a succession of distinct f‘aunal_assernblages; Most mollusks represented in late

_Pleistocene to middle Holocene assemblages of the region are absent from the modern
fauna; However; none of thev.extirpated species are eactinct; Their distribut_ion has merely
been reduce_d_ such that at present","these_ taxa are found north, east, or in montane areas
west of the, Southern High Plains and Rolling Plains. Because they are living species their
environmental requirementé (habitat and ciimate) are relatively weli known. Environmen‘ts
, tnat sustam these mollusks today are presumed to have exxsted in northwestern Texas inthe

past. » Ecologlc conditions throughout the Pletstocene and Holocene Epochs can be mferred ‘
by tracing the range of env1ronmentally‘ sensitive  taxa . through radiocarbon-dated
etratigraphic eequences. Allowance is made for local yariations owim'.'to facies changes
and temporary modifications of habitat. Conditions in this reglon durmg the late

Pleistocene . favored diverse molluscan faunas. By compamson, the living fauna is
‘depauperate and v1rtually restncted to species with broad environmental tolerances..

Climatic and ecologlc change was oradual affectmg different species at different times.
'Re°1onal extirpation of a number of spec1es with comparable ecolog1c requu‘ementsv

tndlcates a profound change in-environment probably related to chmate. Data from three

:well-constram'ed stratlgraphlc secttons permit refinement of exxsn'ng _'paleoclima‘tic':

reconstructions; Clirnatic variati‘ons ’during the Holocene have taken two related but
somewhat mdependent paths. l-\ summer warmmg trend that began in the latest

Ple1stocene greatly increased temperatures by about 8 OOO yr b p. A snmllar trend toward
bdes1.ccat1on was vaccelerated'between 8,000 and_ 6,000 yr b.p., until essentlally modern
-. condltxons were attamed 3 000 yr b.p. Other, ‘co,rnpara'tivety .minor ﬂuctua_tions of the

regional paleochmate are ev1dent as well



INTRODUCTION

Recent’ investigations in the western Rolling"Plains havev»disc’l05ed ’thick" ‘laterally
' extenswe Quaternary dep051ts contamlng abundant fossﬂ mollusks and local concentratlons
of vertebrate remains (Dalquest, 1964, Neck, 1978, Johnson and others, 1982; Caran -and
B others,» 1985). ».More than fifty - f1n1te}- radlocarbon dates provide adequate chronologlc
control for investlg‘ation of these deposits (Caran and Baumgardner, .l985a). Stratigraphic,
pedologic, and paleontologic evidence'permits reconStruction of the regional; late Quat’er-‘
nary paleoclimate.‘ Molluscan faunas are pa’rticularly‘useful paleoenvironme'ntal indicators.
Over the ‘time interval of interest(lates_t Pleistocene to Holocene, the ‘past 100,000 yr),
mollusks in this r.egion‘ have b,eenv demo‘nstrab‘ly conse'r_vative; no significant e,\)olutionary
trends are evident and no species have become extinct. In contrast, it was during this
' ,perio'd that much of the Rancholabre'anmammal fauna became extinct. Consequently,’ .
paleochmatlc mferences based on mammals alone would necessanly draw on assumed and
often unsatlsfactory analogles to extstmg related taxa. |
" Despite its relative conservatlsm the reglonal molluscan fauna has experlenced a
- gradual loss of taxa since the late Plelstocene, although all species extlrpated locally
survive else‘where. The» remamlng fauna,conslsts of taxa adapted to a broad range of
habitats and 'climatic conditions, along vl'ith'a;,,few .specialized forms surviving in relict
h,abitats_. A'nalyvsls of the fossil .molluscah -assemblages ,affords_ an ideal basis for
pa‘leoenvironmental,reconstructlon. | o |
Molluscan taunas described ‘inthls study were init'ially discussed'b)r_ .Necl< (l978>),>

Johnson and others (1982), Caran (1:984), and Neck and Fullington (1985) Sediment was

‘ sampled in bulk at measured sections with suitable chronostratlgraphlc control These_

| samples were processed by flotatlon, screemng, and washmg, employlng methods similar to
 those of Allen and Cheatum (1961, p. 295, 296) and Johnson and others (1982, p. 119, 120).

Recovered mollusks werecarefully'identifled and counted (Cheatum and Allen, 1965; Neck,



l978' Neck and Fullmgton, 1985). ‘A summary ofthe'se data is presented in accompanying
tables 1-4. S . |
REGIONAL GEOLOGIC SETTING |

The western Rollin’g lslalns is the moderately d.lssectevd ’l‘rl’assic; Permian; and ;
Quaternary terrane immediately east of the Caprock Escarpment;vthe eas‘ternboundary ,of |
the Southern HighPlains of Texas (fig; 1). QUaternary deposits dlscontinuously coyer more
than 7,800 km2 (3,000 mi2) of the Western Rolling Pla’ins; across a zone 50 km (30 mi) wide -
('C'aran" and others, 1985). The late ’Quat‘ernary'hlstorytof the region is: recorded.‘in ‘these_
deposits. Climatic variations during this ‘period are " reflected in’ the stratigraphyv _and
pa’leofauna.. | | | | R |

The basal component (mformally de51gnated component 1) of the regional Quaternary
section’ consists of alluvial- fan dep051ts that spread eastward from the retreatlng Caprock‘
' Escarpment (Caran and otners, 1985) These coarse-clastlc deposxts overlie an eroded and
structurally deformed unconformrty on Trlassm, Permlan, and locally, Tertrary (Ogallala
Formation) strata. Deformatlon of the older strata resulted from karstic subsldence owing .
to dissolution of Permxan salt at relatlvely shallow depth, generally less than 150 m or
"_500 ft (Gustavson and others, 1982). Subsxdence has continued to the present and locally
affects the‘en't_ire Quaternary' sectlonQ " | | | | |

Overlying the basal ‘ coarse;clastic deposlts are discrete lensesv' of fine‘-grained
lacustrine sediment composmg the mlddle component (component 2) of the regional-
Quaternary section (Caran and others, 1985) These lake beds accumulated in" small
'sub51dence basins the floors of Wthh dropped beneath the local water table. Perenmal “
lakes were created and 31multaneously 1solated from most sources of coarse sedlment. The
»lakes provided habltat for a diverse assemblage of aquatic mollusks and other orgamsms.i
Terrestrial mollusks were carrled into the lakes. Dy the llmlted centrlpetal runoff w1th1n

’these small closed basms.



The lacu5trine deposits ‘are succeeded stratlgraphically by .,the heterogeneous upoer.
component (component 3) of the section (Caran and’ others, 1985). Fluvial and eolian
vsedlment (gravel sand and clayey silt) accumulated rapldly but sporadlcally, permlttmg
intermittent development of sorls. ‘Many of these soils werre buried and preserved, as were

remains of terrestrial and aquatic mollusks.

STUDY AREAS
Lake Theo Archeological Site

The Lake Theo archeological site (415170) is a Paleoindian (Folsom,'Plainview)“ and
Archaic occupationﬂ area in Caproc‘k Canyons State Parl<,. Briscoe -County (fig. 1). A
‘moderately thick sequence of fluvial and eolian deposlts of component 3 was‘e)‘(posed here -
ina steep' cutb‘anl< of Holmes Creek (no‘w im'pounded‘ to form l.,ake Theo), and.in
archeological excavations, Figures 2 and 3 summarize the deposits at this site which
: include ooor exposures of cornponent 2(?) and 1, ‘as well The stratlgraphy and pedology of a
the Lake Theo section were descrlbed prevmusly by Johnson and others (1982), who also
dlscussed the archeologrcal materlals and paleofauna and thelr radrocarbon age. N |

Mollusks from th1s srte were descrlbed by Neck (1978), Johnson and others (l982), and -
Caran (198#) Caran and Neck (1984) reported several new radlocarbon dates based on
analyses of.orgamc humates from this section. Flgure 4 1llustrates the stratlgraphlc a.nd‘

chronologic range of mollusks collected there, .

E_dwards Farm Site

The Edwards farm 51te also known as the Qurtaque local fauna sxte is an important - -

Rancholabrean vertebrate locallty along Qu1taque Creek in Motley County (hg. 1) Basal ‘ b

sands . and gravels (component 1), an 1rregularly eroded and locally truncated lens of



“lacustrine clay (compo‘nent 2), and upper'/sands'and gravels: (part of eomp0nent 3) are '

exposed in gullies on the northern bank of the broad intermittent stream (fig. 5).

Dalquest (1964) origmally described this locality and its vertebrate fauna. Dalquest -

(1985) supplemented these data and reVised the nomenclature as needed Cheatum and
Allen (1965) reported an extensive molluscan fauna from the Edwards farm site (table 1)
but did not prov1de details regardmg the stratigraphy of units sampled Cara_n and
-Baumga-rdner (1985b) described ‘the section from  which. Dalquest collected yertebrates
(fig. 5). Cheatum and Allen's éolleetion of mollusks probably was obtained from this same
looal section. A thicker,: more . complete sequence of lacustrine deposits is preseryed
ne'arby. -Mollusks from lacustrine strata ‘aboye‘ those shown in figure 5 were identified by
Neck and Fullington (1585) and.are listed.in.table:'z. Questionable finite and infinite
.radiocarbon dates were obtained from analyses of samples from the section shown in

figure 5, as described by Dalquest (1964) and Caran and Baumgardner (l985a)
~ Smith Farm site

| The Smith farm.si'te in southe’rn Briscoe C__ounty' is a ’cr'itical locality for understand—.
: ing the regional -Quaternary se'ction._" At this site a long deep tributary of Los Lingos Creek
pr'ovides' excellent ex'posures.’ Strata of . componen'ts‘ 2 and 3 are represented m the
measured section shown in figure"6l.b Basal sands and gravels of component 1 are exposed
south of this section, as are Permian siltstones underlying the entire Quaternary se_quenoe..
Caran and ‘Ba,umg.a.rdner {1985¢) de_scribed,: the ‘s:tratigraphy of this important site. A
- series of finite radiocarbon dates were obtained through'analyses of samples “irom the
section illustrated in figure 6 (Cara'n and.‘Baumga'rdner, 1985a). Neck and Ful_lin'gtvon‘ (1985)
.identif,ied mollusks from most of the lacust‘rinelstrata (units 5-10, fig. 6); these mollusks

are listed in table 3.



MOLLUSKS AS PALEOENVIRONMENTAL INDICATORS
Previous Investigations

A number of investigators have shown that mollusks are dseful vindicatorfs‘ of
paleoenvironment (habitat and climate) in the western Rolling Plains and Southern High
Plains. nye and Leonard (1963), Pierce (1975), Neck (1978), Johnson and others (1982), and
‘Caran (1984) have reconstructed conditions existing regionally during the Pleistocene and
Holocene Epochs by interpreting molluscan paleofaunas. Such interpretations are based on
extension of the environmental tolerances of living mollusks to fossil represehtatives of the
‘same taxa. Analogies of this kind have been called transfer functions by Imbrie and Kipp
(1971).. Vertebrate remains from most sites in the region have not proven diagnostic
(Dalquest, 1964, 1985; Johnson and others, 1982), ahd few usable palynological records heve
been obtained (S. A. Hall, written communication, 1985). | | |
| ~ Lowe and Walker (1984,‘p. 155) proposed a rationale for interpretation of»env,iron-
ments of the past based on paleontologxc indicators. Some of their assumptlons, condensed
and paraphrased here, constitute useful cnterla for evaluating the homology of paleoeco-
log1c and modern ecologic relationships: -

1) The origin (taphonomy) of a fossil assemblage is understood;

2) A fossil assemblage is representative of the death assemblage and haS not‘been
biased by differential e‘x’clusion or destruetipn of original constittjents, ‘or
eo‘ntamination with older or younger material;

3)  The fossil remains can be identified to a sufficiently low taxonomic level bto
permit application of uniformita’rian principles; and | | |

blt) The distribution and envifonmental reduir‘ementsv of fossil organisms have Yelid

analogues in those of modern plants and animals.



Sources of Error -

Although molluské genera’lly pfé\)idé a reiiable basisl for paleoclimatic .rebconstruc'tion-
‘there are ways in which error can be mtroduced D1fferent1al preservatmn or recovery of
shell may lead to underrepresentanon or deletxon of taxa from a faunal assemblage, and .'
mistaken assessment of paleoenvironment. Large‘samples increase the ‘probablhty that
¢6mparatively rare taxa are recérded; Fewer individuals apd species qf mollusks are listed
m ’tabl.e 3, unit 7, than in table 4. Both samples were collected from uhi't 7, but that
reported in table 4vwas much larger. This variation in procedure illustrates how techhiques
can affect results.

Of primary concern is Whether shells are preserved. Shell can be crushed oi‘
weatheréd during exposure, or dissolved by organic and carbonic acids in soils. Rapid burial
geknerally increases chances for preservation but can cause shells to be broken if the
sediment is relatively coarse compared to the size of the shells. Boekelman (1935)
demonstrated the importance of colléctiﬁg shell fragments. Equally important is the
recovery of very small mollusks that may be difficult to separate from fine-grained matrix.
In some taxa shells are thin and delicaté but most are reasonably durable; particularly if
they are completely filled with fine sediment during burial. Fillingv inhibits cfushing and
may "reduce the possibility of sedimentary reworking, the d»isplac‘emen‘t‘of shells either .
areally or stratigraphically (into younger strata). |

Reworking can be a problem in séme instances. Johnson and others (1982, table 4)

note that one specimen of Cionella'lubritella_(Porro) had been eroded from strata low in

the Lake Theo section and later redeposited in a younger unit. This resulted in an
apparent, but fictitious, anomaly in the local rahge of this taxon. An obvi’ous discontinuity
~of this kind signals probable reworkirig and contamination  of younger strata. - The
éppearance'of a fossil also may give evidence of this process. The shell may be abraded by

erosion and secondary transport. Or, it may be wholly or partly coated with adhering



particles of older matrix or cement;‘ or mineral _or organic stains unlike those of other
specimens in a given stratum. Reworking would result in overestimation of the age of
strata from ‘which reworked fossils are recovered “or underestimation of the age of the""
fossils. In contrast, burrowmg, root. action, and 5011 crackmg may move fossils downward in
" ‘a stratlgraphlc section, although burrowmg by some insects and large ammals also can
bring older.sedlment and shells to the surface or hlgher in the sectlon_. Floods, w1nds, and
perhaps animals may even tyransport shells into areas far outside their normal habitat or
distribution (Plerce, 1975, Neck, 1984). |

An even more important source of error is the natural varlablllty in any envrronment. E
‘Thelupper (".young") end of the stratigrap_hic range of a mollusk may rep‘resent its iinal
_ appearance in an area because condi_tions such as climate had become intolera_ble. But it
also could mean that the local habitat had changed For example, an area may undergo
}normal ecologxcal succession whereby one assocxatlon of plants gradually gives way to
anothe.r,’perhaps changmg the available habitat of a small invertebrate like a land snail.
Or there may be a local catastrophlc event such asa prame fire that would klll almost all
land mollusks, or a flood that would Kill or temporamly dlsplace most aquatic mollusks in B
the affected area. If a given specxes were later to reestablish itself its local range would
be discontinuous,. but not because. of reyvorking. Neither succession' nor localized

catastro hes are as si mflcant as a ma or and essentlall " ermanent" change in cllmate
P ar y “P 8 ’

- yet it may be dlfflcult to dlfferentlate these causes in some 1nstances, espec1ally if an

mterpretatlon is based on the fauna of a single sectlon.

Facies,substitutions can occur, as well. A lotic or fast-flowing stream m“ay afford
~ suitable habitat 'for a given mollusk.} But evulsion could cause a channel segment to be
- abandoned. | Wate.r would pool in'the ahandoned reach, providina lentic or 'still-waterb
condmons unsu1table for mollusks that occupled the flowmg stream. The channel segment
may fill in entlrely and become dry land Aquatlc mollusks could not then occupy that sxte,

not because of a major secular change m\‘cllmatlc, conditions but because the environment



is dynamic and Simply establishes a new local habitat. This particular sequence of events

‘actually may _have occurred at the Lake Theo site. Therefore, the paleoclimatic
interpretation for this site emphasizes the terrestrial gastropods (fig. u) because they are

less susceptible to changes in stream conditions than are aquatic mollusks. '

An additional source of error is linked to relict faunas. For example, a shaded canyon

with ground-water seepage may shelter a meSic-adapted species long after _climatic

changes (desiccation and higher temperatures)v have eliminated it from other parts of the

region, This sing‘le refuge might then be a contemporary source of shells tha_t‘ could be

flushed downstream by heavy rains. Fluvial deposits lower - in the drainage basin would

incorporate a climatic indicator of COn‘ditions no longer existing at the point of deposition. ”

Tne shells  would not have been re_Worked Iandv need not have been transported great

distances. Neck’(l984) concluded that ’minute species were most li_kely ‘to".vcontam‘inate a

local paleofauna in this manner. Inyestigators fm'ay reduce errors of this type by weighing |

th’e’evidence of large species mostvheavily. Even more important are (1) the stratigraphic

distribution of taxa, (2) the depOSitional enVironment (flood depOSit, upland soil, etc.) of

) strata in which the fossﬂs are found and ' (3) the eXistence of nearby ‘sources of'
contamination at the time of dep051tion. These observations should allow the investigator

to evaluate the pOSSibility of faunal mixmg

o Deliberate effort must be made to recognize and differentiate pOSSible causes of
app'arent stratigraphic range extension, discontinuity, and compressiOn. Each of tlfiese false

signlals would” result in incorrect interpretation of conditions during deposition of a given

stratum incorporating molluscan remains. The most important' solution is to examine

multiple stratioraphic sections, looking for correlative changes over a large area. If a

- mollusk disappears from the record of an entire region a major enVironmental change may

: be indicated.



PALEOCLIMATIC INTERPRETATION
- Lake Theo Site

| The molluscan faunas described here pfovide ‘a firm basis for reconstructing the
regional pale.oclimate‘ of the Holocene aﬁd latest Ple'istocene‘Epochs‘. These faunas are
wel‘léconé.trained Stratigraphically and chronol‘ogicélly. Figures 2 to 4 summarize the
Quaternary stratigraphic, c‘hfonolégic; and paleontologic record of the Lake Theo si'te‘,"
based on data from Neck (1978), Johnson andv others (1982), Caran (198%4), and Caran and
Neck (1984). The temporal range of the"se taxa corresponds to findings of regional studies
by Pierce (1975) and Neck (.1984'): Anomalous; isolated or discontinuous occurrences of

some taxa (Strobilopsytexasiana; Rabdotus dealbatus;wGastrocopta armifera;_StrobilopS ‘

labyrinthica, Gastrocopta holzingeri, and Discus cronkhitei) within the section probably are
s\tatistica’l artifacts, in part related to Iim’i'te%i recovery of shells of some of these species.
All are known to have occupied the region in the lat¢ Pleistocene (Pierce, 1975). |

The breaks in molluscan ranges do not coincide with m‘ajor stratigraphic zonations
(fig; 2). Sarhpling procedures may account for part of this apparent dichotom»y'(Jo'nnson
~and others, 1982, tables 4 ahd 5)'." However, t‘hat’part of the section in which faunal
transitions are evident is relatively uniform geologically. All stratigfaphic units between
numbers 4 and 9 inclusive (younger than 11,000 yr b.p.) appear to be related fo e'pi‘sodicf
overbank depoysiﬁon 6f -‘s'i'lty sand, followed by intef\?als of stability in which soils fofmed;
- There is relati\}ely little indicatioﬁ'of_ facies variation through the upper half of the
section; from which most of the f‘os,s‘il mollusks were recovered; whereas the lower half
; (unit 3 and below, older than 11,000 yr bp) indicates a transition from active to inactive
ﬂuﬁal channel and eventually to relatively diétal floodplain and téfrace (Céran; ;1984;
Caran énd Nec'k;; "1,98‘4); The modern and ancestral drainage basiné"“of Holmes Creek are

very small, so it'is Lmlikely ‘that "exo"tic"' faunal ‘o‘aleme'nts intruded the,local'assemblages'.

10



Comparison of figure 4 and table 5, together with interpretation of the genetic
stratigraphy and geomorphology of the Lake Theo site indicate that through most of the
Holocene the area was wooded riparian habitat with nearby grasslands; particularly in the

middle to late Holocene. Carychium exiguum, Cionella lubricella, Pupilla muscorum, -

Gastrocopta holzingeri; Nesovitrea _electrina; and Discus cronkhitei ihhab_i_t woodlands near
water, and all are represented in strata appro’ximate’ly 8,000 years old and older. Subse-
quently; thejée ‘vsipecies disappeared from ‘the region and generally have a northern or
montane western distribution today; .R’iparian woodlands persisted at the site to the

present, as indicated by Strobilops labyrinthica, S. texasiana, Gastrocopta armifera,

Euconulus fulvus, Vertigo ovata;‘ and Helicodiscus paral’lelus; among othel_'s.' Most of these

- taxa were eliminated from the regional fauna by about 3,000 years ago; and the extant

Gastrocopta armifera and Vertigo ovata are restricted to mesic (damp) microhabitats

sustained by ground-water seepage. Both _C_‘._'.rafmifera and V. ovata were common and very
widespread in the late Pleistocene ‘and early Holocene. These latter six species generally
chatact_eri'ze ‘the eastern half of the U.S. and are dependent on moist conditions. The
remaining taxa included in figure .lt occupy either ripariabn woodlands or grasslands, and
most are extant. There probably has been a reduction in tree cover and perhaps a change
in composition of the woodlaods since th_e early Holooene; But the overall habitat is little
changed locally because of its proximity_vto at least intermittent drainage.

| Yet mollusks composing distinct assemblages in the fossil record (fig. 4) have been
extirp_ated; -and m a systematic »r’nanner'. The modern dis'tribution and ecology of these
species indicates that climatic change was the most likely cause of the gradual loss of
molluscan taxa from the local fauna. The timing of ‘thebloss of assemblages that f\ave
overlapping modern distributions reveals a dis_tinctive; two-part climatic transition. Those
species that today are found in cooler climates to the north or_kto thé west at higher
elevations were the first to disappear (fi_g; 4). .Prosuma.bly', they were> unable to tolerate

~long hot summers or unstable winters that inhibited continuous hibernation. Most of these -

11



taxa were gone by about 8;00'0 yr bp, in the 'v_ery early Holocene. Other species require
wet conditions likevthose‘of areas fartner east; although a few of ‘.these; ‘taxa. continue to
occupy mesic microhabitats within or near the ROIliné Plains. The eastern.species survived
the warmlng‘ trend of the early Holocene But were displaced by progressive aridity about
3 000 yr b.p. Holhday and others (1983) present a somewhat different interpretation of the
| m1d- to late-Holocene paleocllmate but conclude that by the middle Holocene the cllmate
of the adjacent Southern ngh Plains had become mcreasmgly dry. ‘The living molluscan
-fauna- L ' a‘rea_ is depauperate compared to older Quaternary _faunas and consists vof

‘species tolerant of a warm dry climate or a moist but highly restricted microenvironment.
Edwards and Smith Farms Sites

The faunas of the Edwards and Smlth farms sectlons, in contrast to that of‘the Lake
Theo site, are domlnated by aquatlc spec1es (tables l #) Lacustrme‘enwronments were
widespread - throughout the region durmgv the late Pleistocene; from about 40,000 to
10, 000 yr b.p. (Caran and others, 1985). Emergent ground water turned karstic subsidence
basms into perennial lakes W1th small surface-dramage areas. The water was still or nearly
so. It is unllkely there was slgmﬁcant contammatlon of the local paleofaunal assemblage‘ "
with’ allochthonous material' Reworkmg generally requires water turbulence, and an
extensive dramage network would be needed for long—dlstance transport of contemporary '
or reworked fossil shells. Conditions within the lakes were relatively stable with little
influx of terrigenous sediment. Slight fluctua_tions of the water table alternately inundated' ‘
or exposed the lake margins. | |

~ The Edwards and Smith farms sections are:sl’r_nila'r in many .resp'ects, ‘althongbh s'.omeof |
the lacustrine strata at the Edwards site may be 'somewnat older than ‘those at the Smith |
site. V'Radioc"arb‘on analyses of organic humates from seoim'ent near the bottom of the
lacnstrine se'cti'on at the Edwards ‘f.arm‘yieldecl two infinite dates .exceeding 35,000 to

38,000 yr ‘b.p. (fig. 5; Caran and Baumgardner, 1985a). Dalquest (1964) ‘previously ‘had



reported radiocarbon ages of mussel (Uniomerus tetralasmus) shells from the same part of

the section. These dates were finite, ranging from 25,000 to 37,000 yr b;p;; but
radiocarbon analyses of freshwater-mollusk shell are notoriously unreliable (Caran and
Baumgardner, 1985a). An internally reinforced series of finite dates was obtained from
analyses of lacustrine sediment at the Smith farm (fig. 6). These dates range from about
15,000 to 25;000‘yr b.p., represe.n'ting the éges of the uppermost to Vmid'dl'e strata,
respeétively; Assuming the dates are acéurate the age of the lowermost lacustrine strata
at the Smith farm can be extrapolated to about 35,000 yr. This may be 5',ooo to 15,000 yr
younger than the lowest lacustrine strata at the Edwards farm, or perhaps even younger.

Direct comparison of molluscan faunas of the Edwards and Smith farms sités is
~complicated by possible difference in age and some uncertainty regarding the precise
stratigraphic interval sampled by Cheatum and Allen (1965). The fauna described by these
authors (as-emended, table 1) is extensive. Fully half are terrestrial species, the balance,
including three pelecypods, béing aquatic. The exact number of individuals of each taxon
was not reported but relative abundance was indicated. Terrestrial forms generally were
incidental to a dominantly aquatic population. - This is consistent with the interpretation
that beds of clay reportedly sampled by Cheatum and Allen (1965, p. &) are the _la'cus‘trine
strata (unit 3 of fig. 5) at the Quitaque local fauna sité of Dalquest (1964, 1985)_; as
recognized by Caran and others (1985). |

Fossil fnollusks of the Edwards farm site are listed in tables | and 2. Those in table 2
- were collected from the upper part of the lacustrine component of the local section.
Correlative strata were eroded prior to‘ deposition of unit 2 in figure 5. This figure
iilustrates'strata exposed at the Quitaque local fa'una locality; approximately 0.25 km
(0.15 mi) southwest of the point where the mollusks described in table 2 were cdllected;' In | ‘
aggregate the mollusks of tables1 and 2 corﬁpose a diverse assemblage. Some of the

aquatic taxa, particularly the lymnaeids Forssaria' and Stagnicola, the planorbids Gyraulus

and Promenetus umbilicatellus; and perhaps ‘P’hxsella and * Aplexa hypnorum; .are

13



characteristic of intermittent or ephemeral water bodies today. These species may have
occupied-shallows along the margins of the small lake at this site. |

The reSt of the aquatic taxa are diagnostic or 'suggestiv‘e of quiet perennial water
with an abundance of broad-leaved aquatic vegetation. However, at least the main body of
the lake ‘was not stagnant. Well-oxygena'ted waters are implied by the relative abundance

" of the pelecypods and the presence of Valvata tricarinata. In addition, the model proposed

by Caran and others (1985) stipulates that ‘the lakes were maintained by ernergence of
grou‘nd. water, necessarily implying a high region‘al water table. Stratigraphic evidence
indicates little runoff and terrlgenous matter entered the lake. Therefore, the terrestrial'
mollusks can be assumed to have occupled lakeside woodlands, the preferred ha.bitat of
most of these species today (table 5). |
| The molluscan fauna of the Smlth farm site 1s analogous to that of the Edwards farm
' localmes, but is not so dlverse. Tt too is domlnated by aquatic taxa in terms of the number
of specimens recovered (tables 3 and 4). This is -especially ‘evident in table 4 which
represen.ts‘ the species derived fro‘rn a very large sample processed as a test' of the_‘
“ separation technidue. Comparison of table3, unit 7, with tablelh (alsorepresenting unit‘7)
| indicates that many,more individuals and several additional species were found by laborious
‘treatment of a large volume of matrlx (approx1mately 15 kg or 351b). Butin this mstance
_' the overall interpretation of paleoenv1ronment was not affected |
| All of the aquatlc mollusks represented at the Smith farrn site are characteristic of
shallow‘ quiet water with abundant submerged aquatic vegetation. Remains of the ,
macrophytlc alga Chara sp are partlcularly common at this locallty (Caran and others,
1985) and may have supported the large populatlon of snalls. (No clams have been found

| there.) Three species completely dommate‘ the ,fauna, Gyraulus parvus, G. cxrcumstrlatus,

and Stagmcola exllls, in order of decreasmg abundance. Neck and Fullmgton (1985)“

'reported that the examples of Stagnlcola ex1lls 1n these samples lack malleatlons or dents

resultlng from buffetmg by waves or currents, an indication that the water was still or slow
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: moving.y Most of the aquatic taxa inélu'ding the ‘dg‘):minantfspecies can occupy ephemeral~
water bodies, but local Stratigréphic éviden_cé does not support this environfnental :
.interpfetatioﬁof the lake. |

A fhdre _likely ekplanatiqh ‘i‘s thatj w‘ater .in‘;tvhe shallow lake may have béen relatively
B concentrated in dissolved soylids‘con\‘/vevyed to the _surfécé by ground water. Clays within the

;lacustriné deposits (units 5-10, fig. 6) are hi_ghly' calcareous and Chara actively secfeted'

. ’c'al,ci‘um carbonate ‘(C‘aran and othefs‘, 1985). There is little available inform:ation regarding
the water»qua‘lity preferred by various m'oliusks; Yet the‘low rfaunal ‘diver‘sity and other
evidence noted previously suggest tha'f water ché‘mis‘try,vra‘ther than intermittency, was the
pfiméry "fact‘ovr controlling biota at tﬁe Sr"r‘nithlf’arnb'] site. Perrhian evaporites at shéllow'
depths ar,e: a ready sou?cé ovf'diss;olved édlids. A’k‘high, water table is all that is necessary to
account for the stratigraphic and paleontol;)gic anomalies at this site.

A n>umbe‘r‘ of ‘aquatic species rep:’res‘énted,'in faunas of the Edwardé and Smith‘f.arr’n's

are absent from the region today. These taxa include: Valvata tricarinata; Cincinnatia

cincinnétiensis; Fossaria dalli; Stagnicola caperata; S. elodes; S. exilis; Aplexa hypnorum;

Armiger crista; Gyraulus circumstriatus; Promenetus exacuous; P. umbilicatellus; Ferrissia

‘rivularis; Sphaerium rhomboideum; Pisidium casertanum; P. compressum; P. nitidium; and

perhaps Physella gyrina. Almost all |these speci‘es“are now found in cooler climates at

highehelevat’ions to the west, or significantly farther north. Several are typically cold-

‘water species, especially Valvata tricarinata, Aplexa hypnorum, and Armiger .crisfa._

Valvata tricarinata is not known to occur in waters warmer than 17°C (6%°F). The

temperature of phreatic ground water generally approaches mean air températdre. The

_ modern mean air temperature of the western Rolling Plains probably would affbrd‘marginal

, co}nditionsv for'y_. tricarinata, but sumymer:‘extr“erﬁes'»a'nd the virtual ab.sebn‘ce of suitable

habitat probably combined to eliminate this taxon entirely. e
Reconsfruction of paleotemperatures on the basis of aquatic‘ mollusk ecology is

somewhat tenuous. There is strong'vcircumstantial evidence that elimination of cold-
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édapted taxa by the late Ple‘istocene#e_arly Holﬁce_ne resulted, at least in part, from
increased sQ_mmer_ temperatures and, perhaps, fluctuating winter temperatures. More
direct evidence supports the claim that aridi’.ty' increased ciur’ing the Holocene. The near
complete disappearance of ground-water lakes from the western Rolling Plains indicates
markedly lowered Water _ta’bles; Dissection of the terrain by integrated drainage may have
enhanced dewatering of the shallow aquifer (Caran and others, 1985) but the majority of
this effect must be related to reduced and séasonally redistributed precip’i'taﬁonl In
‘combination the faunas of the Edwards and Smith farms sites indicate persistence of wet,

cool conditions throughout the latest Pleistocene.

SUMMARY

»The abundant; diverse molluscan paleofaunas of late Quaternary‘deposits in the:
Rélling Plains serve as ideal indicators of paleoenvironment and, in tur‘n; paleoclimate.
Stable, wet, and somewhat cobler conditions charactefized at leastﬂ the iast 30,000 yr of the
Pleistocene. Near the beginning of 'th_e Holocene, temperatures.began to rise»rabidly".
Species whose modern range lies north or at higher elevations to the west were extirpated
regionally by about IS;OOO yr b.p. From then until about 3,0.00 yr b.p. desiccation
'in,tehsiﬁed;. eliminating eastern speciies and dr"iving some formerly widespread taxa into
iso’late_d mesic microenvironments. These .tren_ds culminated 1n the tempera,te; subhumid to
subarid climate of today. Careful examination of the paleontologic record and it§
stratigréph‘ic and chronologic ‘context form the ba.sis for this plausible reconstruction of
past environments. Paleoecologic data also corroborates regional stratigraphic and

geomorphic interpretations linked to paleoclimate.
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Table 1. Molluscan remains from Edwards farm site (Quitaque local fauna locality).

(Cheatum and Allen, 1965, p. 4, revised to conform to nomenclature of table 5)

Vallonia gracilicosta ‘ Aplexa hypnorum
Vallonia parvula | Armiger crista

Pupilla muscorum | : Gyraulus circumstriatus
Pupoides albilabris » *Gyraulus parvus
Gastrocopta armifefa. ‘ - Helisoma anceps
Géstrocopta crisfata Planorbella trivolvis
Gastrocopta pentodon ’ Promenetus umbilicatellus
Gastrocopfa procera Ferrissia rivularis
Gastrocopta téppani‘anav Sphaerium striatindm
Vertigo ovata ‘ Pisidium compressum
Strobilops texasiana - , Uniomerus tetralasmus
Succinea Sp. _ | ' | Cincinnatia cincinngtiensis
Discus cronkhitei | Fossaria dalli

Helicodiscus eigenmanni , Fossaria obrussa
Helicodiscus parallelus S'tagnicola capérata
Helicodiscus singleyanus Stagnicola elodes
Stenotrema leai ~ Physella virgata

Valvata tricarinata Physella gyrina




Table 2. Molluscan remains from Edwards farm site
(eastern fenceline locality).

(Neck and Fullington, 1985, table 3)

Number of

Species specimens
Carychium mexicanum 5
Vallonia graéilicosfa 9
Vallonia parvula 4
"Pupoides albilabris 2
‘Gastrocopta cristata 5
Vertigo 6véta . - 9
‘Succinea sp.. ’ 2
Discus cronkhitei 3
Helicodiscus singleyanus | 5
Euconulus troﬁhulus | 8
Zonitoides arboreus . |
Stagnicola exilis 1
Aplexa hypnorum ’ 10
Gyraulus parvus | 14
Promenetus exacuous 15
Sphaerium rhomboideum ; 6
Pisidium casertahum C 34

Pisidium nitidum | 25



Table 3. Molluscan remains from Smith farm site.

(Neck and Fullington, 1985, table 4)

Specimens in each stratigraphic unit (numbered)

Species 6 7 8 9 10 Totl
Carychium mexicanum 1 ' 5 . 6
Vallonia pérvula | L o4
Pupilla muscorum | 2 ‘2

~ Pupoides albilabris AU R | 2
Vertigo milium - » 1 8 : | 9
Succinea sp. ‘ 2 _ 2
Euconulus trochulus v 2 | | 2
Stagnicola exilis .9 4 13
Fossaria obrussa 2 4 ' 3 9
Gyraulus circumstriatus 29 29 7 65
Gyréulus parvus o 17 3 5 “ 8 64

Promenetus exacuous 4 : 4



Table 4. Molluscan remains from Smith Farm, unit 7.

(Neck and Fullington, 1985, table 5)

Number of

Species specimens
Pupilla muscorum 1
Gastrocopta cristata 2
Gastrocopta tappaniana 7
Vertigo ovata 4
Stagnicola exilis 129
Fossaria obrussa , 47
Fossaria dalli 7
Aplexa hypnorum | 1
Gyraulus circumstriatus 281
Gyraulus parvus | 981
Armiger crista 34
Promenetus exacuous 92

Promenetus umbilicatellus 35




| .Table 5. Paleoenvironmental significance of molluscan faunas.

iTaxon“l N

" Modern st‘a—tusz_‘

"'lndicated"paleoe’nvrironmenﬁ S »

. Class Gastropoda, snails -
Terrestrial snails -

Family CARYCHIIDAE -
- Carychium exiguum (Say)

Q-‘rnexicanuun vPll‘sbry‘ ‘

" Family CIONELLIDAE :
Cionella lubricella (Porro) .- .-

* Family VALLONllDAE
Valloma gracnllcosta (Remhardt)

V. parvula Sterki

. Farmly PUPlLLlDAE
Pupllla muscorum (Lmnaeus)

Pupoldes albllabriS» (C_.)B,. - -Adamns)

oy

Gastrocopta armifera (Say) »

= G. crls‘tata ‘(P.ilsbry andb“lan:"at_ta)f S

G. pellucida (Pfeiffer)
G. p‘entodon “(Say).

_G procera (Gould) ‘
"'G tappamana (C B. Adams)
} Vertlgo mnllum (Gould)

V_ ovata Say- )

Famlly STROBILOPS[DAF
Strobxlops labyrmthlca (Say)

:.S. texasiana (Pilsbry ‘and‘ Ferrlssl_. "

Famlly SUCClNElDAE

‘Succinea cf. S avara (Say) : “

- Absent (New Mexlco)'

Extant? - .

Absent ((.'uadalupe' Mountains

of Trans-Pecos region, Texas "

and New Mexlco)

‘Extant

' 'Exta|1t',

Extant (as smlstral subspecnes o

P.m. smxstra)

Extant

. Extant

Extant

Extant :

Extant =

“Extant .
E}xtant_ o

Extant. . -

Extant

Absent (Guadalupe Mountams

of Trans-Pecos region; Texas
vand New Mexlco)

'Absent (eastern Texas,"or L
Guadalupe Mountains of Trans-

Pecos region, Texas and

- \lew Mexnco)

" Extant.

Wooded lakesnde npanan woodland or

‘damp woodland

Marsh, lakéside, or riparian area

: z\/lolst sh_aded_ slope with leaf litter,.

riparian woodland, or moist prairie

: ‘Rlparlan ‘woodland, ‘damp woodland with
" leaf litter or: downed ‘wood,.or cool
) '»'savannah o

"Rlpanan woodland w1th leaf lltter or
: ‘damp woodland

Woodland wn:h leat lltter, or: grassy

- hillside. (some subspecues)

- Essentlally any upland habltat arid .

brushland semxarld grassland or humxd

- forest>

Woodland witli leaf litte:r, or riparian
woodland within a-canyon "~

Upland prame, wooded slope or nparlan
area. K .

Prairie. with scattered woody vegetatu)n
w;thm valley :

Shaded slope near water of prame near

‘water

Sparse woodland prame, or brushland

Shaded slope near water

: Rlpanan woodland marsh, or near
perennlal water

- "Shaded slope near water

) Damp woodland thh leat’ lltter or:
'fdowned wood .

l Damp woodland with-leaf litter or .
. downed'wood :

Wide range of terrestrial habitats

. -(species generally found in dainp-areas)



Taxonl

Table 5 (cont.)

Modern statusz_

Indicated paléoe'nvironmen't3

Family ENDODONTIDAE
Discus cronkhitei (Newcomb)

Helicodiscus eigenmanni Pilsbry

H. Earallelu s (Say)
H. mg!exanu (Pnlsby)

Family ZONITIDAE
Nesovitrea electrina (Gould)

Hawaiia minuscula (Binney)

Euconulus trochulus (Say)

E. fulvus (Mulle_r)'

Zonitoides arboreus (Say)

Family BULIMULIDAE
‘Rabdotus dealbatus (Say)

Family POLYGYRIDAE
Stenotrema leai (Binney)

Aquatic snails

Family VALVATIDAE
Valvata tricarinata (Say)

Famlly HYDROBIIDAE

Cincinnatia cincinnatiensis (Anthony)

" Family LYMNAEIDAE
Fossaria dalli- (Baker)

F. obrussa (Say) '

- Stagnicola caperata (Say)
S. elodes (Say) ‘

S. exilis (Lea)

Family PHYSIDAE "
Physella gyrina (Say)

- P. virgata Gould

Aplexa thnorum (Linnaeus)

Absent (New Mexic‘o)

Extant

*  Absent (Oklahoma)

Extant

Absent ‘(New Mexico)
Extant

Extant
Absent? (New Mexico)

Absent (New Mexico)

" Extant

Absent (eastern Texas)

Absent (Neb’raéka)
Absent? (Oklahoma)

Absent (southern New Mexico)

Extant

-Absent (Colorado)

Absent (New Mexico)

Absént (Kansas)

Absent? (Arkansés)

.. Extant

Absent (northern Nebraska)

Damp woodland with leaf litter »

Shaded woodland lakesxde or riparian
area

Damp. woodland with"leaf litter

Damp woodland with leaf litter

Woodland w1th leaf litter or downed
wood

Woodland wn:h leaf litter or downed

wood, or prairie

Woodland
Damp shaded woodland with leaf litter

Woodland or riparian area

Riparian woodland, prairie, or savannah

bRxparlan woodland or damp woodland

w1th leaf litter

Large perennial lake with abundant

- broad-leaved aquatic vegetation; water

temperature < 63°F (<17°C)

Stream, probably with slow to moderate
flow and abundant diatoms, algae, and
broad-leaved aquatic vegetation

Shallow pond or marsh

Shallow ephemeral pond or marsh s

V Intermittent stream or ephemeral pond

Intermittent stream or ephemeral pond

Intermittent stream or ephemeral pon'dj

Permanent water or area of vernal

flooding adjacent to permanent water

_Virtually any aquatic habitat

Area of vernal flooding adjacent to
permanent water; intermittent stream or
ephemeral pond; small perennial stream
or lake (occasionally)



Taxonl

‘Table 5 (cont.)

Modern status2

" Indicated paleoenvironment3

" Family PLANORBIDAE -
Armiger crista,(Linnaeus)

"Gyraulus crrcumstrlatus (Tryon)

parvu (Say)

Helisoma ance p:s _(l\./len'ke'.)

Planorbella trivolvis (Say)

Promenetus exacuous (Say)

P. umbilicatellus (Cockerell)

Family ANCYLIDAE _
: Ferr1551a rlvularls (Say)

. Absent (l\/llnnesota),

‘ Absent (New ‘Vlexxco)

Extant

Extant
" Extant’
Absent (northern New Meklco)‘ ”

;Ab‘sent,(nbrtl’ne‘rn New Mexico) '

‘Absent (New Mexico)

» Shallow ephemeral pond, marsh, or

interrnittent stream, probably with

abundant broad- leaved aquatxc S
o vegetatlon

» Shallow ephemeral pond or. marsh

,Probably still water w1th abundant

aquatic vegetation; wide range of aquatlc': ) o
- habntats .

e Perennlal water (pond, lake, stream or :
" river) l : E

o Perenmal water (pond, lake, or stream)

with moderate to abundant aquatlc

-vegetation

, Still'or slow-movmg water w1th abundant oo
" -aquatic vegetation; wide range of
: aquatlc habltats :

Ephemeral pond or 1nterm1ttent stream

w1th abundant aquatlc vegetatlon

Perennial stream (species generally”

" attaches to stones but.can attach to

empty clam shells)

: Class Pelecypoda, clams

Freshwater fmgernaxl clams

Family SPHAERIIDAE

Sphaerlum rhombordeum (Say) ,

. S. vstr‘iatinum (l.,amarck) ,

* Pisidium casertanum (Poli) -~

P. compressum Prime = .

- P. nitidum Jenyns

Absent (northern United :State_s)'

Extant

" Extant

 Extant R

Extant = .

‘Shallow perenmal stream -

N APerenmal lake, pond, or slow-movmg
- stream with muddy substrate

Small or medlum-sxzed perenmal stream o

' Small or medxum-sxzed mtermlttent or .

perenmal stream (species often found
near spnngs) o _

Small or medlum-mzed perenmal stream
(species often found near- sprmgs)

.tf' |

P ) Fre}sniv‘vater mussel

* Family UNIONIDAE ,
Umomerus tetralasmus (Say)

Extant (very restrlcted m thlS
reglon hlstoncally)

' Stlll or movmg water (spe01es tolerates
dry’ substrates for extended perlods)



Table 5 (cont.)

I Authorities for nomenclature and order of presentation: terrestrial snails--Burch (1962), Cheatum and Fullington (1973),
Fullington and Pratt (1974), and Hubricht (1983); aquatic snails--Fullington (1978), Burch (1982); fingernail clains--Burch
(1972), Clarke (1981); mussels--Burch (1973). Species within a given genus are listed alphabetically.

2Extant = living in western Rolling Plains today. Absent = not living in western Rolling Plains today. The area closest to
the western Rolling Plains where each absent taxon can be found living today is noted parenthetically. Authorities for
modern distribution of taxa: terrestrial snails--Taylor (1960), Burch (1962), Pierce (1975), Neck (1978, 1984), Neck and
Fullington (1985); aquatic snails--Taylor (1960), Pierce (1975), Fullington (1978, 1979), Burch (1982), Neck and Fullington
(1985); fingernail clains--Burch (1972), Clarke (1981); mussels--Burch (1973), authors.

3Authorities for habitat requirements of living taxa: terrestrial snail--Taylor (1960), Cheatum and Allen (1965), Pierce
(1975), Neck (1978, 1984), Neck and Fullington (1985); aquatic snails--Fullington (1978), Neck .and Fullington (1985);
fingernail clams--Heard (1979), Clarke (1981); mussels--Clarke (1981), authors.





