ENVIRONMENTAL SIGNIFICANCE OF LATE QUATERNARY
NONMARINE MOLLUSKS FROM FORMER LAKE BRETZ,
LOWER GRAND COULEE, WASHINGTON

By

JAMES JERRY LANDYE

A thesis submitted i1n partial fulfillment of the
requirements for the degree of

MASTER OF ARTS

WASHINGTON STATE UNIVERSITY
Department of Anthropology

1973



To the Faculty of Washington State University:
The members of the Committee appointed to
examine the thesis of JAMES JERRY LANDYE find it

satisfactory and recommend that i1t be accepted.

Chai



ACKNOWLEDGMENTS

| to thank members of my thesis committee, Carl E.
Gustafson and Henry T. Irwin, for their assistance and Roald
Fryxell, my chairman, for his help, encouragement, and for making
available unpublished notes and ideas about the Quaternary history
of eastern Washington. Additional encouragement and assistance
were freely given by Allan Smith, Charles W. McNeil, and James
Goss. Completion of this work was made possible through the
Quaternary Studies Option in Anthropology, supported by the
National Science Foundation through grant NSF GZ-1353.

Invaluable aid 1n the knowledge and i1dentification of the
nonmarine mollusks was given by Dwight W. Taylor, San Diego
Natural History Museum, who also made available his extensive
library and molluscan collections and arranged access to
Pleistocene nonmarine molluscan collections of the U.S. Geological
Survey. Without his help, this and my other investigations of
freshwater mollusks would have become hopelessly mired iIn the
Pleistocene of malacology.

Myra Keen, Stanford University, D. W. Savage and James R.
Firby, University of California at Berkeley, the late G Dallas
Hanna, the late Leo G. Hertlein, California Academy of Sciences,
and the staff at the Thomas Burke Memorial Museum at Seattle,
Washington are acknowledged with appreciation for making collec-

tions of Pleistocene nonmarine mollusks at their respective



institutions available for examination. Denis Delorme, Calgary,
Alberta and W. 1. Follett, California Academy of Sciences,
identified ostracod and fish remains, respectively.

The Washington State University, Department of Anthropology
Graduate Fund and my mother, Mrs. James T. Landye provided
essential financial assistance for radiocarbon dates, supplies,
travel, and field expenses. Technical assistance in the sorting
of mollusks was obtained from Caren Ross and Derek Valley.

Mrs. Karen Schubert typed the manuscript. Finally I wish to thank
my wife, Sandra, for her encouragement, sorting, typing, critical

editing, and financial support of this paper.



ENVIRONMENTAL SIGNIFICANCE OF LATE QUATERNARY
NONMARINE MOLLUSKS FROM FORMER LAKE BRETZ,
LOWER GRAND COULEE, WASHINGTON
ABSTRACT

by James Jerry Landye, M_A.
Washington State University, 1973

Chairman: Roald Fryxell

Nonmarine mollusks comprising a total sample population
of more than 85,000 individuals were collected from a barrow pit
near Soap Lake, Washington at the east wall of Lower Grand Coulee.
Other samples of mollusks were obtained from deposits located
elsewhere throughout the Lower Grand Coulee i1n 1965-1969.
Sediments from which this molluscan assemblage was obtained
consist of silt and coarse volcanic ash of Glacier Peak origin,
and place i1ts age and that of the shells at about
12,000 years old. Shells were separated from sediments by washing,
drying, screening, and sorting. Ostracod, fish, bird, amphibian,
and plant remains also were recovered. At least 19 species of
nonmarine mollusks, representing 12 genera, were found In the 3 m
section sample. Two genera of pelecypods (Anodonta and Pisidium)
were represented along with seven genera of aquatic gastropods
(valvata, Lymnaea, Gyraulus, Armiger, Vorticifex, Planorbella,
and Physa). An additional species of pelecypod,

was found In two samples of Lake Bretz deposits.
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Numbers of individuals increased generally from the lower to
upper lacustrine sediments.

Three species of terrestrial gastropods found at the
primary locality were represented by only 11 individuals, which
probably washed by chance into the perennial lake from adjacent
terrestrial habitats. Their presence suggests that vegetation
such as sedges and perhaps a few trees grew near the lake margin.
In lacustrine sediments near Sun Lakes State Park, remains of
Anodonta Lymnaea cf. L. binneyi, and Vorticifex
effusus were larger, had greater shell thickness, and were more
numerous than at the primary locality to the south. These
differences suggest more current and oxygenation in this area
than at

Lake Bretz was formed by geologic events related t
glaciation; regional climatic conditions cooler than present were
inferred independantly from the nonmarine molluscan assemblage
found in Lake Bretz sediment. Both faunal and geological evidence
are interpreted as recording a cool freshwater lake fed through
underground aquifers from the Upper Grand Coulee and the Columbia
River. A slow current was maintained throughout the lake system,
but embayments were also present. The glacially dammed Columbia
River to the north gradually resumed its preglacial course,
causing flow In the aquifers to be less. This, iIn turn, caused
the Lower Grand Coulee to become an internal drainage basin
resulting In a modern salinity gradient from north to south.

Thus salts became highly concentrated the modern Soap and

Lenore lakes.
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IT present during the few hundred years that Lake Bretz
existed, Early Man would have taken advantage of the many natural
resources of the lake. Campsites would have been above the
highest stable lake level of 1,159A1 ft. (352.6 m) along the 72 km
length of shoreline.

Review of previous archaeological work at Early Man sites
in eastern Washington and of previous studies in malacology
(summarized here), shows Early Man to have been near Lower Grand
Coullee by at least 10,000 years ago and to have had abundant
molluscan food resources available iIn the region. Lake Bretz and
its shoreline environments would have provided a variety of

abundant food resources for man at an earlier time.
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1. INTRODUCTION

In November 1965 a nonmarine molluscan assemblage of Late
Quaternary age was sampled from a lacustrine deposit exposed at
many localities in the Lower Grand Coulee, Washington. The main
locality, Is situated three miles north of the town of
Soap Lake at the base of the east coulee wall (Fryxell and Neff
1965), 2,000 ft. N. and 2,400 ft. E. from the SW corner of sec.
36, T.-22N, R.26E. These deposits extend from Soap Lake north to
Dry Falls State Park and represent the Late Pleistocene lake,
Lake Bretz (Landye 1969). This lake was named for J Harlen Bretz
whose pioneering work on the channeled scablands of eastern
Washington spanned years (Bretz 1923a, 1969). Lake
was about 20 miles long and 1 mile wide (Fig. 1.1), and reached
a maximum elevation just under 1,160 feet above sea level,
recorded clearly by sediments exposed In a Bureau of Reclamation
canal constructed In 1969, southeast of the town of Soap Lake.

Sediments collected and examined from Lake Bretz contain
large amounts of coarse volcanic ash from Glacier Peak in the
northern Cascade Range and numerous freshwater molluscan shells
embedded in silts and cemented by carbonates. The Glacier Peak
ash 1dentified from this locality (Fryxell 1965) places the
deposits at approximately 12,000 years in age. Presence of ash

from the Glacier Peak eruption in all sample localities thus



of Lower Grand Coulee, Washington showing

Fig.
Lake Bretz and molluscan localities. Posi-

location of Glacial
tions of modern lakes are represented by shaded areas. Locality

descriptions are given in Appendix B. Terminal moraine of the
Okanogan i1ce lobe i1s depicted at upper left by symbol gravel.
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provides a consistent time stratigraphic marker horizon demon-
strating their common age.
sediments from the major collecting locality,

(Fig. 1.2), were subdivided into nine stratigraphic units,
each consisting of approximately the same volume, 0.06 m3, of
material. This matrix was washed and screened, after which the
mollusks were separated from i1t, identified, and counted. In
total, shells of more than 85,000 individual mollusks were
recovered. Sediments exposed at other localities of the same
Pleistocene stratigraphic unit also were located and sampled to
provide evidence from more than one kind of habitat iIn Lake Bretz.
From this information, evaluations were made regarding past
environments at a time when Early Man may have been entering
eastern Washington, time of deposition, relative magnitude of a
protein resource available to man, and the development of a

classic limnological feature now known as Soap Lake (Edmondson

1963).






Fig. 1.2



2. NATURE AND SCOPE OF INVESTIGATION

The primary objective of this iInvestigation was to bring

together scattered knowledge regarding nonmarine mollusks and to

assess the extent to which i1t may be possible to apply such infor-

mation for paleoenvironmental research in the Columbia Basin. This

objective was attained through a review of published information,

examination of existing collections, and field iInvestigations of

Tfossil

living nonmarine molluscan assemblages.

Goals of This _Research

Detailed analyses of Pleistocene nonmarine molluscan

assemblages in the Pacific Northwest had not been conducted prior

to initiation of this study. Basic background information

had to be gathered before field information could be

evaluated. of the present paper are:

1.

To provide an historical review of published information
dealing with nonmarine mollusks of Pleistocene and Recent
age in the Pacific Northwest, and especially of papers
related to the Lower Grand Coulee, Washington.

To prepare a nonmarine molluscan collection for the
Laboratory of Anthropology at Washington State University,
to aid In the preliminary identification of mollusks from
archaeological and related investigations.

To assess the potential value of information available
directly from field iInvestigations at archaeological
sites and from previous published data, regarding their
theoretical implications, particularly
hydrological and terrestrial natural resources.

To 1llustrate the potential value and problems of inter-
pretation of nonmarine molluscan assemblages by using a



specific Late Quaternary deposit of known age, with an
abundance of molluscan material undisturbed by man.

Premises and Precedents for
This Study

Overall evaluation of a molluscan fauna such as that of
Lake Bretz relies on the widely accepted concept that most
individual species of the Late Pleistocene molluscan faunas must
have lived In about the same type of environment in which they
occur today. A thorough understanding of the systematics and
ecology of modern nonmarine mollusks should, therefore, make
possible environmental interpretation of paleomolluscan faunal
assemblages. Combining this faunal information with Pleistocene
geological data, one can, in the case of agquatic species,
generally pin down the size, velocity, salinity, alkalinity,
water purity, and temperature of the water body. For example,
the existence of large streams and lakes, slow or fast moving
streams, spring seepage areas, stagnant or perennial ponds could
be inferred from molluscan remains.

Terrestrial molluscan forms may indicate much about
natural vegetation, topography, and available moisture; such set-
tings as dense forests, open grasslands, or marshes may be inferred
through comparison of modern and fossil mollusks and their distri-
bution. Thus some botanical resources available to man may be
inferred even 1T no pollen record is available for study, such as

those used for reed and grass baskets, dugout canoes, or food.
The apparent absence of such resources may be equally useful to

indicate limiting factors which would have been imposed on man by

the environment in which he lived.



Nonmarine mollusks of Pleistocene and Recent ages have
been studied in both geological and archaeological contexts during
the past ninety years iIn the western U.S_A. (Call
Ecological inferences based on comparison of Pleistocene and
modern environments using fossil and modern nonmarine mollusks
contain, however, many assumptions which could be pitfalls.

Before attempting paleoecologic interpretation, perhaps one should
read the essay of G. H. Scott (1963). Scott suggests that Lyell"s
principle of ecological uniformity is not the only condition to
be met for paleoecological reconstruction. Differential

either due to the material preserved or the type of matrix
in which the specimens lie, and differential death rates among
individual mollusks are both factors for an imperfect fossil
record. Abundance of fossils within the unit sampled i1s another
factor to be dealt with before reconstructions of past environ-
ments are made. IT the particular Pleistocene assemblage of
nonmarine mollusks contains extant species, Interpretation of past
conditions i1s more reliable than 1T extinct species are present.
Deposition of animal remains at the site of original habitat have
fewer inherent problems than 1f remains are redeposited. For
example, i1nvestigations would be hampered i1f a snail died and was
transported and redeposited in a nontypical habitat area.

One thus must make a series of assumptions regarding the
presence or absence of molluscan species and their reactions to
environmental change. This poses a problem with theoretical and
practical implications as to what the biological species actually

represents, for the genetic make up of may change
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through time. Some changes have no morphologic expression;

others do. Not every phenotypic change, moreover, will alter the
animal®s ability to cope with the environment of i1ts ecological
niche. With only the shell remaining In fossil deposits,
phenotypic changes in the soft parts of the animals will not show
and systematics with i1ts nomenclature based on hard parts alone
may be erroneous and may lead to other errors of interpretation.
In order to maintain more stability and utility within the
nomenclature of nonmarine mollusks and to obtain more ecological
information, it thus may be argued that i1t would be best to refer
to most Late Pleistocene fossils as their modern molluscan
descendants, rather than to assign them names as distinct species
(Taylor 1965). In the present study, for example, there are no
indications that any of the Lake Bretz species are extinct.

During the period of about 1920-1940 the problem of
variation within groups of nonmarine mollusks was the subject of
continuing debate. The two main adversaries were Frank C. Baker
and Bohumeil Shimek. Baker, using quantitative data, came to the
conclusion that a great many more varieties and species are
extinct than was indicated by collections that were available at
that time (Baker 1920, 1921, 1936, 1937). Shimek,dealing with
the same materials, suggested only a wide variation within the
same species (Shimek 1913, 1930, 1935, 1936). The latter view is
accepted by most workers today.

Interpretation of the fossil assemblage of nonmarine
mollusks usually is based on three factors: biogeographic

history, habitat preference, and geologic time (Taylor 1965).
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The first study in the western U.S_A. to consider salinity,

temperature, elevation, geologic time, and biogeography was on
lakes Lahontan and Bonneville (Call In addition, numerous
investigations stressing the limnological aspects of Pleistocene
water bodies besides being the habitats of the freshwater
mollusks have been conducted by members of a team under

La Rocque at Ohio State University (La Rocque 1963a, 1964; Roy
1964). Other studies In North America have focussed on the
climatic inferences of the Pleistocene nonmarine mollusks
(Hibbard and Taylor 1960; Taylor 1960b). An approach using soils,
stratigraphy, and paleontology has been employed successfully by
Vojen Lolek 1965) and others i1In Czechoslovakia. Unfortu-
nately this broad, thorough approach has not been used In any
detailed study In the U.S_A. The status of these iInvestigations
in Europe and North America has been reviewed by Lo2ek (1965) and
Taylor (1965).

As is evident from the bibliography of Taylor (1970),
archaeological site reports from western North America frequently
contain references to Pleistocene and Recent nonmarine mollusks,
but most are lists of names with few, 1f any iInterpretative
statements. The use of fossil nonmarine mollusks In American
archaeological investigations was suggested effectively by Loren
Eisley (1931). Archaeologists have been deterred by complex
systematics of nonmarine mollusks from utilizing this source of
relevant information. Only recently has it been recognized that

when mollusks are involved, aid of a specialist knowledgeable in
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nonmarine systematics and Quaternary geology Is necessary in the

interpretation of archaeological sites.

Environmental interpretation of molluscan remains from an
archaeological site i1s difficult because of man"s disturbance of
the environment. Therefore, areas undisturbed or little disturbed
by man are more suitable to study for environmental and
climatological information.

One of the earliest collections of nonmarine mollusks 1in
connection with archaeological research In the western U.S_A. was
that of E. B. Howard (1935) at the Clovis site. Pilsbry (1935)
and Richards (1936) interpreted the fauna as representing a
cooler climate that of today. Drake (1963, published
reports on several sites iIn the western U.S.A. Some unfortunately
were lacking in detail and apparent correlation. However,
Drake®s study on the Estacado, containing a more thorough
analysis than his earlier work, remains unpublished (oral commu-
nication, 1968, Robert Drake, Vancouver, British Columbia).
Taylor®s (1967, 1968) interpretations of the molluscan fauna from
archaeological sites were hampered by lack of information regard-
ing the distribution of living species especially on the Mexican
Plateau. The data still were sufficient to show a cooler climate
on the southern Mexican Plateau from 20,000 to 9,000 years ago
(Taylor 1968).

Ernest Roscoe made a detailed investigation of Margariti-
fera falcata (Gould) in his report on the freshwater mollusks of
the Round Butte archaeological sites on the Deschutes River,

Oregon. The report contains an extensive review of the literature
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regarding the biology and the use of M. falcata by Indians in the

Pacific Northwest (Roscoe 1967).

Another molluscan study conducted in conjunction with an
archaeological site was at Lind Coulee, Washington (Enbysk 1956).
No paleoenvironmental or ecological interpretations were suggested
in the report. Second-hand inference based on these specimens 1is
limited for the exact stratigraphic positions of the molluscan
assemblages were not made clear.

Methodology obviously cannot be overlooked in handling
fossil nonmarine mollusks; poor techniques will lose valuable
data. First, the stratigraphic position of collections is
extremely important. Second, samples should be large enough to
be representative of the total molluscan assemblage because hand-
picking a sample from the deposit may bias results. Perhaps the
best method i1s to wash bulk samples through a fine nylon screen,

as suggested in this investigation.
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3. METHODS AND MATERIALS

Laboratory and field methods used in the collection and
processing of materials from the primary locality, included
subdivision In the field of the Late Quaternary deposit into
stratigraphic units, sampling, and processing the material follow-
ing modified procedures of Hibbard (1949). Exposures at
resulted from a barrow pit abandoned several years previously. A
section of sediment at the southern wall of the barrow pit was
selected for sampling, and was subdivided on the basis of strati-
graphy into nine units. The first two, "A"™ and "B," were
characterized by evidence of reworking such as color change, lack
of cementing, and lack of the lacustrine characteristics of the
other units. Units sampled and their respective depths from the

present surface are as follows:

A =0.01 - 0.30m

B =0.30 - 0.75m

C 0.75 - 1.20 m

D 1.20 - 1.54 m

E =1.54 - 2.00 m

F 2.00 - 2.28 m

G =2.28 - 2.55m
H=2.44 - 2.775 m
I = 2.775 - 3.005 m

From each of these units a sample of approximately the

3
same volume, 0.06 m , was taken. Each sample was put into

individual 100 pound flour sacks and transported to the laboratory,
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where they were air dried before processing. Subsequently, for

all sample units, modifications were made In Hibbard"s suggested
procedure. Samples "A"™ and "B,' for example, were processed
differently than samples from units "C" through "I because lack
of cementing permitted "A" and "B to be dry screened. Unit
was shaken through a series of Tyler Standard Sieves (5, 9, and
16 squares per inch). Shells were then picked out of the residue,
a procedure which was found to be too time consuming. As an
alternative, sample ""B" was shaken through a commercial nylon
screen with 21 squares per inch. Faunal remains then were picked
out under a magnifying glass by use of forceps, i1dentified, and
counted. Since very few shells were present--only 243 in sample
"A"™ and 1,167 in sample "B'--picking by hand was not prohibitively
After preliminary examination of samples "C'" through "1,"
however, 1t was noted that a change in procedures again was iIn
order; the matrix was slightly cemented with carbonates and
required soaking iIn water to extract the mollusks. Secondly,
since these samples contained a great many more individual
mollusks, 1t was more efficient to concentrate the samples before
dry separation, identification, and counting took place.
Modifying Hibbard"s method, each matrix sample from "'C"
to "I1" was soaked for hours. During this time the larger
genera of Anodonta, Lymnaea, and Planorbella were picked out to
prevent damage to them during further processing. Both volcanic
ash and gastropods floated during the soaking. The ash, however,
became waterlogged within 24 hours and settled out, leaving the

gastropods floating, and at the end of the soaking period they
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were collected with a small tea strainer. These and larger genera

of mollusks were dried before identification and counting. The
residue was placed in commercial nylon screen again and washed to
flush from the sample silt and small fractions of the volcanic
ash, and, accidently, some specimens of Armiger

Material left from washing finally was dried, sorted,
identified, and counted. Drying was accomplished by putting the
nylon screen over a window screen mounted above a large hot plate.
This residue was placed under a magnifying glass with fluorescent
lights mounted around the glass. Specimens were separated with a
small brush and tissue forceps. Each specimen then was identified,
tabulated, and computations were made.

Localities sampled in this study are designated with the
use of U. S. Geological Survey topographic maps In a system
described by Taylor The First set of numbers and letters
assigned to each locality refers to a specific map, using the
index system designating individual sheets of the U. S. Geological
Survey and Army Map Service map series at 1:250,000 scale. The
final set of letters and numbers refers to a specific quadrangle
map at 1:62,500 or 1:24,000 scale (Fig. 3.1). For example,
refers to the Ritzville 1:250,000 quadrangle, and C-6D refers to
the Coulee City 1:24,000 scale quadrangle within the Ritzville
area. Further description makes use of the section, township,
and range system of surveying. Field numbers appear at the end

of each locality description.



D-8 D-7 D-6 D-5 D-3 D-2
C-6A
C-8 C-7 C-5 C-4 C-3 Cc-2
C-6C| C-6D
B-8 B-7 B-5 B-3 B-2
A-8 A-7 A-5 A-3 A-2
Fig- __designation system for 1:62,500 scale topographic map_
gquadrangles for any area within Geological Survey 1:250,000 scale maps following
Taylor®s (1966b) presentation. Quadrangle maps of scale are coded as shown in

the C-6 1:62,500 scale quadrangle.
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4. EARLY NONMARINE MOLLUSCAN AND
BIOLOGICAL INVESTIGATIONS

During the past 100 years many collections and studies of
nonmarine mollusks have been made along the Lower Grand Coulee of
Washington and from the Pacific Northwest in general. Most early
work prior to 1920 was based on limited collections or brief
descriptions of phenomena seen In the area. No convenient summary
of these studies exists. The following review of early Investi-
gations and collections has been prepared to make these references,
many of which first appeared in journals not now well known, more

easily available for general use.

Molluscan Studies in _the Pacific
Northwest

Thomas Nuttall, an English botanist, collected the first
recorded scientific specimens of living nonmarine mollusks from
the Pacific Northwest 1n 1835 (Carpenter 1857), while he traveled
from San Diego, California to Oregon In conjunction with the U.S.
War Department Pacific Railroad survey (Conrad 1857). Also
attached to this survey party, under the command of Lt. R. D.
Willtamson, was Dr. John S. Newberry, M.D. Newberry collected
nonmarine mollusks and sent them for i1dentification to Isaac Lea
of Philadelphia. Lea reported Newberry®s collections of Juga
from the upper Deschutes iIn Oregon (Lea 1860) and later described

an occurrence of Planorbis newberri (Lea
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Other early biological investigations In the Pacific

Northwest were carried out iIn the by the U.S_A. Exploring
Expedition under the command of Charles Wilkes In May

Wilkes arrived aboard the U.S.S. Vincennes in Puget Sound,
Washington. Attached to Wilkes®™ command, Joseph Drayton, artist,
gathered more biological material in the Northwest than any other
member of the expedition. Besides sketching people and scenery,
Drayton collected samples of the modern fauna and flora on his
trips with Wilkes to Fort George (Astoria), Fort Vancouver, and
the Willamette Valley. Drayton later was detached with a small
party of men to travel up the Columbia River to Walla Walla.
During this trip Drayton collected a number of fish and mollusks
(Gould 1849, 1850, 1860). Another small
party under the command of Lt. Robert E. Johnson was sent to
Yakima and Fort and eventually reached and described
the Grand Coulee. Lakes in the coulee were reported to be teeming
with wildlife, birds, and fish. From evidence found in the Lower
Grand Coulee, Johnson thought that it had been created by a river,
noting that granitic rocks from exposures many miles to the north
were found in the alluvium of the canyon floor (Wilkes
The Wilkes party encountered Sir George Simpson and Dr. Robert
M*Laughlin of the Hudson®"s Bay Company, possibly prompting Simpson
to send molluscan specimens to Isaac Lea at a later date (Lea
1864). .

Almost two decades later, the British-American Boundary

Commission, 1858-1860, collected living nonmarine mollusks from

what now is the border between the U.S.A. and Canada (Baird 1863).
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J. K. Lord, naturalist for the commission, collected Physa

Baird from Lake Osoyoos on the international border.

During the same period of time, Lea described the snail,
Juga, which Joseph Drayton had given to him from the Fort George
and Walla Walla area (Lea 1862). It was 1n this same report
that material labeled as "Oregon' from Dr. Wesley Newcomb was
described. Around the turn of the century Joseph F. Whiteaves
received material from the International Boundary Commission from
the headwaters of the Columbia River (Whiteaves 1905). Contained
in this collection were a few shells of Juga, thus extending the
known range of this genus east, to southeastern British Columbia.

From 1900 to the present day a considerable number of
collections of nonmarine mollusks have been made by amateur shell
collectors. Mr. Erval J. Newcomer of Yakima, Washington collected
nonmarine mollusks from a late Pleistocene-Recent lacustrine
deposit near Northport, Washington in 1929 D-81) (Berry

Berry reported the following mollusks:

Pisidium cf. concinnulum Sterki
Pisidium roperi Sterki
Pisidium roseum Sholtz
Pisidium rotundatum Prime
cf. secure (Prime)
Lymnaea (Stagnicola) proxima Lea
(Fossaria) F. C. Baker
(Carpenter)
(F. C. Baker)
Armiger crista
Menetus exacuous megas (Dall)
Physa sp.
hyporum (Linne)



Valvata humeralis californica Pilsbry
Allogona ptycophora (W. D. Brown)
fulvus
Zonitoides arboreus (Say)
Discus (Gonyodiscus) cronkhitei (Newcomb)
Vertigo ovata (Say)
Gastrocopta pentodon (Say)
Succinea cf. S. hawkinsii Baird

During the past 50 years Walter Eyerdam from Seattle,

Washington has traveled throughout the Pacific Northwest collect-

ing both living and fossil mollusks, including material
Soap Lake and Yakima areas (Eyerdam 1934). Many of his
collections are from western Washington (Eyerdam 1942,
1911 Harold Hannibal, a student at Stanford University,

collections of nonmarine mollusks In western Washington

from the
other
1967). In
also made

(Hannibal

Most recently, molluscan material has been obtained from

archaeological sites. The Lind Coulee site excavated by Richard

Daugherty (1956) provided material closest proximity to the

Lake Bretz locality of Lower Grand Coulee. Near the main site,

Betty Enbysk obtained molluscan specimens of Pleistocene and

Recent age from several localities along Lind Coulee
Mol lusks from all of the localities reported include:

dentatum Haldeman
Sphaerium sp.
Pisidium cf. P. contortum Prime
Anodonta cf. A. californiensis Led
Valvata humeralis californica Pilsbry
Stagnicola palustris (MUller)
(Galba) palustris, narrow form

1956) .
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(Say)
Helisoma cf. antrosus antrosus (Conrad)
cf. G. (Gould)
Menetus sp.
Physa sp.

Succinea haydeni Binney
Succinea avara Say

Vallonia cf. V. Sterki
Pupa cf. P. muscorum Linnaeus

Archaeological sites also have provided other samples of
Recent nonmarine mollusks i1n north-central Oregon. University of
Oregon archaeologists have excavated material at The Dalles,
Oregon, which was described by Baker The same group of
investigators collected specimens from the middle Deschutes
River, Oregon. This material was made available to Ernest Roscoe
(1963, 1967), who discussed the relationships of early Indians to
the area to their nonmarine molluscan resources.

Malacologists have conducted few iInvestigations on the
Pacific Northwest living fauna. Several studies have been
on snails i1n their relationships as iIntermediate hosts for
parasites (Pauley and Becker 1968; Macy 1952, 1956, 1960). At
Washington State University a program of research was carried

on winter survival of certain pulmonate gastropods (McNeil

1959, 1960, 1961, 1963a, 1965; McNeil and Walter 1956,
1957, 1958; Beeson 1964). During this same period Physa and

were used In experiments on various water velocities and
substrates and their effect on the distribution of snails (Moore

1964) .



Mol luscan and Related Studies in
the Lower Grand Coulee

The earliest malacological work recorded from the Lower
Grand Coulee was done In 1902 by R. E. Snodgrass (Pilsbry 1903),
who sent specimens from Blue Lake to H. A. Pilsbry for i1dentifica-
tion and which were later deposited at Washington Agricultural
College (Washington State University) and the Academy of Natural
Sciences of Philadelphia. Pilsbry reported the following
mol lusks:

Pyramidula strigosa Gould
Agriolimax campestris Binney

Succinea Lea
Succinea gabbi Tryon
Limnaea Lea

Limnaea adelinae Tryon
nr. L. sumassi Baird
var. horni Tryon
Planorbis parvus Say
Physa triticea Lea
Pisidium compressum Prime
Pisidium sp. undetermined

Extensive living and fossil molluscan collections were
made in the Pacific Northwest in the 1920"s by Junius Henderson
(1927a, 1927b, 1928d, 1928e, 1929a, 1929b, 1929c,
1935, 1936b; Craig 1927). In the 1927 expedition Henderson and
Eugene H. Nanney collected material from an area near Soap Lake
in the Lower Grand Coulee, Washington (Henderson 1928b). Non-
marine mollusks collected from the coulee floor included:

Pisidium compressum Prime
humeralis californicus Pilsbry
utahensis Call
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Lymnaea nr. traskii Tryon
Gould
Pompholyx effusa Lea

According to the description of the locality, i1t was close
to the primary locality of this study, (see Appendix B).
Mollusks listed above are In synonymy with those collected during
this study except for utahensis Call, of which Henderson
stated only one shell was found.1 Henderson (1929b) also reported
nonmarine molluscan material from the east side of Park Lake.
These specimens were probably found very close to or at the same

place as L68-8 (Fig. 1.1). These mollusks included:

Pisidium compressum Prime
Pisidium sp.
Valvata Pilsbry
Baker

Planorbis vermicularis Gould

antrosus Conrad

trivolvis Say

effusa effusa (Lea)

Physa related to P. humerosa Aould

All of the mollusks were observed from samples taken from L68-8
adjacent to Park Lake except antrosus. He also found
Anodonta a few hundred yards north which may
correspond to the upper portion of my locality, L68-9 (Fig. 1.1).

Subsequently, after having read Bretz"s ideas on the origin of

Grand Coulee Henderson concluded:

a1

Observations made on many humeralis (over 38,000
individuals) from deposits of Lake Bretz at suggest that
V. "utahensis"™ was only a variation of V. humeralis. This
supports Taylor®s (1966b) opinion that the shell was misidenti-
fied.



I am not sure whether the fossils from Soap Lake District

represent mollusks that lived there while the river flowed

through the Coulee, or lived in a large lake after the

abandonment of the Coulee by the river, but before the

lakes had shrunken to their present dimensions. Certainly

Soap Lake was once larger and deeper than now"™ (Henderson

Walter Eyerdam a long time natural historian from

Seattle, Washington, also made collections iIn the area and
reported them to the Conchological Club of Southern California.
Included i1n these fossils were:

Anodonta californiensis Lea

Pisidium sp. one valve

Valvata humeralis californica Pilsbry

Stagnicola coulensis F. C. Baker

Lymnaea (Stagnicola) traskii Tryon

Planorbis (Gyraulus) vermicularis vermicularis Gould
Planorbis trivolvis occidentalis Cooper

Parapholyx effusa effusa Lea

Physa diaphana Tryon

Samples of these were found in the private collection of the late
Lew Livingson of Des Moines, Washington. These specimens did not
have exact locality information, but were referred to Soap Lake,
Grant Co., Washington.

During the past two decades several i1nvestigators have
collected molluscan material from the Pleistocene deposits of
Lake Bretz. Beginning in 1959, Roald Fryxell noted the occur-
rence of mollusks with coarse volcanic ash at Nat Cave (Sprague
1960) and subsequently collected molluscan fossils from 12
localities 1In Lower Grand Coulee, including just north of
Soap Lake. Some of this material was used In his report on the

Glacier Peak and Mazama ash falls (Fryxell 1965). The remainder
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of the mollusks were made available to Larry French, geology

student at Washington State University, for identification.

French (unpublished manuscript, 1964, Washington State University,
Pullman, Washington) identified eight species of nonmarine
mollusks. The report was brief, but i1llustrates well the problems
produced by the confusing systematic literature of freshwater
mollusks.

J. W. Bingham and M. J. Grolier collected fossil mollusks
from Lake Bretz in 1960 within the city limits of Soap
Lake. This U.S. Geological Survey collection, USGS 23222, added

to the Lake Bretz fauna list. These two
workers collected Pleistocene mollusks from several localities 1In
eastern Washington (Appendix A).

During the Fall, 1965, two collections of nonmarine
mollusks and other fossils from Lake Bretz were made; one was by
Jean Mead, a student at Central Washington State College at
Ellensburg and a second by myself. Mead recovered most of the
same type of material as 1 did, but found more fish bones and a
single amphibian bone. This information has not been published
and was placed at Central Washington State College (oral communi-
cation, April 1968, Jean Mead, Central Washington State College,
Ellensburg, Washington).

Hanna (1966) published another account of "'Soap Lake™
material. After my investigation of this Pleistocene-Recent
collection at the California Academy of Sciences at San Francisco,
the locality designation was found to be erroneous. The

anceps and other mollusks collected by Olaf Jenkins did
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not contain any locality information. Jenkins had actually been

working an area north of Riverside, Washington (letter dated
March 1967 from G D. Hanna, California Academy of Sciences,
San Francisco, California; Jenkins 1918). Upon visiting this
latter area, the locality, L67-5, at Booher Lake C-8),
was found to contain material similar to Jenkins® collection (see
Appendix B).

Additional field work was conducted for my own studies iIn
the Lower Grand Coulee from 1966 to 1969. During this time Lake
Bretz was mapped with the aid of aerial photographs, aerial
reconnaissance, and U.S. Geological Survey topographic maps, and
additional mollusks from the Lake Bretz deposits were collected.

Other forms of biological studies have taken place in the
Lower Grand Coulee, most of them in either Soap or Lenore Lakes.
During the late 1950°s i1nvestigations were conducted by W. T.
Edmondson and students from the University of Washington on the
modern limnology, algae, diatoms, crustaceans (Edmondson 1963).

Phytoplankton-zooplankton relationships were the subject
of the earliest paper from this group (Anderson, Comita, and
Engstran-Heg 1955). Anderson (1958) pursued this line of Investi-
gation and studied the diatoms of Lenore and Soap lakes. Bottom
fauna of both modern lakes were found to be devoid of mollusks
during a 1957 sampling (Lauer 1959). Periphytic algae including
diatoms were described by Castenholz (1960a). Further work by
this group included estimating the reproductive rates of the
copepods from Lake Lenore. The limnology of the modern Lower

Grand Coulee was reviewed in light of the above research and the



dilution of the lakes caused by increasing irrigation and seepage

from natural aquifers from Lake Roosevelt (Edmondson 1963).
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5. ARCHAEOLOGICAL RESEARCH ON EARLY MAN
IN EASTERN WASHINGTON

Archaeological i1nvestigations of Early Man i1n eastern
Washington have been conducted mainly along the Snake and
Columbia rivers. Cultural materials 10,000 years or more old
have been found at five sites, including the Lind Coulee site only
65 km from the shore of the former Lake Bretz. Data from sites
such as Lind Coulee, Marmes Rockshelter, Windust Caves, and
Granite Point show that man was iIn eastern Washington shortly
after the time of Lake Bretz and may have been present to camp at
its shore. In the Lower Grand Coulee several archaeological
investigations have been conducted, but no well-documented Early

Man material was recovered.

Archaeological Investigations in
Lower Grand Coulee

until 1958 most archaeological collecting in Lower Grand
Coulee was done by amateurs. At this time, through the work and
early reconnaissance by State Senator Nat Washington of Ephrata,
money was made available by the Washington State Department of
Mines for iInvestigation of archaeological resources in the Lower
Grand Coullee. Studies were conducted by Washington State
University archaeological teams during the summers of 1957-1961
(Gallager 1959; Osborne 1959, 1967; Sprague 1960; Clinehans 1961;

Mallory 1962). During their excavations no convincing evidence



of Early Man was discovered, and most of the cultural material
clearly was only a few thousand years old (Mallory 1962).
Sprague (1960) described Nat Cave, located just north of Soap
Lake, which contained the longest cultural sequence iIn the area,
but included only artifacts from stratigraphic positions well
above Lake Bretz sediments.

Observations made during the present study showed that
many caves and rockshelters occur above the level of Lake Bretz
and could have been used at the time the lake existed in the
coulee. Most of these possible human habitation sites are in
closely jointed basalt which has shed large amounts of rockfall
due to frost wedging. Thus, In these possible Early Man sites
the provenience of artifacts may be difficult to ascertain and

the removal of large amounts of basaltic overburden will make

excavation difficult. Additional zones of human occupation would

have been available along the extensive shoreline created by Lake

Bretz.

Early Man Studies in Eastern
Washington

Lind Coulee Coulee archaeological site
near Warden, Washington is located 65 km from the southern limit
of Lake Bretz, and was the first locality to yield evidence
demonstrating that paleo-Indian hunters inhabited the area at

least 8,700 years ago (Daugherty 1956). This site was of great

importance to Early Man studies in eastern Washington for several

reasons. First, it established that there were paleo-Indian
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sites In the area. Second, i1t was one of the first archaeological



31

sites dated using the radiocarbon method (Libby 1954). Third,
the interdisciplinary approach used by Daugherty at this site
established a precedent for future archaeological work in the
area. This approach has provided knowledge of Late Pleistocene
environments and topography essential to the discovery and inter-
pretation of other early sites in eastern Washington. OFf
importance in the present study are the nonmarine mollusks
collected by Enbysk (1956) and geological investigations which
indicated that slackwater was present In Lind Coulee before and
possibly during the time of human occupation.

Excavations during 1972 and comparisons with the Marmes
Rockshelter cultural sequence have provided stratigraphic
evidence that this site was considerably older than 8,700 years
and may materials found elsewhere In eastern Washington
(oral communication, July 27, 1972, Roald Fryxell, Washington
State University, Pullman, Washington). The first radiocarbon
dates measured on material from this site were obtained using the
solid carbon method (Libby 1954) and may have been less accurate
than dates obtained from charcoal with newer techniques now in
use. Further, the site i1s more complex than the single component
reported by Daugherty (1956). Cultural material from at least
five different surfaces of occupation have been found with
numerous bones of elk, bison, and other vertebrates. In addition,
bones of muskrat, beaver, and duck (Daugherty 1956) record
moister conditions than existed just prior to the initiation of

the Columbia Basin Irrigation Project.



Marmes Rockshelter Rockshelter, located
near the confluence of the Snake and Palouse rivers, produced a
long history of occupation (Fryxell et al. 1968a; D. G. Rice
1972). The earliest cultural materials 1In the rockshelter and in
the overbank silt of the adjacent floodplain belong to the
Windust Phase of Leonhardy and D. G. Rice (1970) or the Early
Phase of Daugherty (1962). Artifacts discovered included bone
needles, bone points, stemmed and lanceolate projectile points,
and bola stones (Fryxell et al. 1968b; D. G. Rice 1972).

In addition to the cultural information, the site pro-
vided knowledge concerning the faunal history of the area.
Gustafson (1972) investigated faunal. remains from the site and
found bones i1ncluding those of Arctic fox, large elk, pronghorn
antelope, deer, bison, rodents, and salmonid fish. These verte-
brates belonged mainly to an early postglacial steppe fauna. My
own study demonstrated the presence of the clams, Anodonta
californiensis, Margaritifera falcata, and Gonidea angulata whose
significance i1s discussed below.

From a geological standpoint, a chronology of the flood-
plain sediments adjacent to the site was developed by Marshall
(1971), who considers precipitation and stream run-off to have
been greater than now prior to 7,500 years ago. Frost polygons
were found iIn the overbank silt deposits in which the early
Marmes cultural material was discovered, but do not form iIn the
area at present. Rockfall frequencies also showed that a cool
moist climate was present during the time of occupation which

produced the early cultural component iIn the site (Fryxell et al.

32



33
1968b). Thus peoples of the Windust Phase lived in a cooler and

moister environment than that present today in the Marmes Rock-
shelter region. Lacustrine sediments were found underlying the
cultural material and were related to the period of Glacier Peak
eruption wince volcanic ash of similar properties was found in
these sediments. Thus a maximum age of about 12,000 years was
possible for human of the site.

Windust Caves at Windust Caves
downstream on the Snake River near Windust, Washington also
produced a long sequence of occupation (H. S. Rice 1965). The
earliest material was thought to be 9,000 to 10,000 years old,
but lack of charcoal from the site prevented accurate radiocarbon
dating. Later this cultural material was found to be similar to
the early components of Marmes Rockshelter and Granite Point
discussed below, and later was named the Windust Phase (Leonhardy
and D. G. Rice 1970).

Granite Point on the Lower Snake River,
Granite Point archaeological site produced an early cultural
component thought to be 9,000 to 10,000 years old (Leonhardy
1970). Close similarities exist among cultural materials from
Component 1 at Granite Point, the early artifacts of the Windust
Caves and Marmes Rockshelter. Some resemblance also exists
between the Granite Point early material and the Lind Coulee
artifacts, although Leonhardy regards the latter to be distinct
and perhaps represent an earlier period. Most cultural material
from Component 1 is made of stone with both stemmed

and lanceolate projectile points being present. Although few
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faunal remains were found associated with this early cultural

component, the presence of elk, beaver, and the clam,
Margaritifera falcata suggests a diverse economy.

Early sites in adjacent regions.--Early cultural material
also has been found iIn the Lenore site near Lenore, ldaho. D. G.
Rice (1972) relates this material to the Windust Phase and other
sites having the Windust type artifacts on the Snake River. Both
stemmed and lanceolate projectile points, which resemble closely
material from Granite Point, Marmes Rockshelter, and Windust
Caves, were found. South and west of the Lower Snake River,
artifacts of similar manifestations, which may be culturally
related, were found at the Wildcat Canyon site in Oregon (oral
communication, August 1, 1972, Frank C. Leonhardy, Washington
State University, Pullman, Washington).

Mollusks and cultural sequences.--Clams and snails are
good sources of material for radiocarbon dating in Early Man
sites, especially 1T no charcoal is present In the stratum to be
dated. Some problems may be encountered when using shell
material, especially i1f the mollusks have utilized older carbon
from terrestrial rather than atmospheric sources iIn their water
or food (Rubin and Taylor 1963; Rubin et al. 1963). Exotic
shells In archaeological materials may indicate early trade
routes or places of origin for Early Man, as in the case of

at Marmes Rockshelter in sediments beneath the Mazama
volcanic ash layer (Fryxell and Daugherty 1962). Changes iIn
protein sources can be demonstrated by the remains

found in Marmes Cultural units below the Mazama
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volcanic ash layer (6,700 years ago) (Fryxell 1965) have a high

incidence of Gonidea but post-Mazama units produced a
higher number of Margaritifera This may have been due
to changes i1n Early food preferences, local availability of

clams, or populations of another protein resource, fish. Popula-
tion numbers of sp- which serve as an intermediate host
for the glochidia of M. or the unknown fish host of the
young of G. angulata, may have fluctuated due to environmental
stress. Whichever occurred, the result was a change i1n dietfor
Early Man at Marmes Rockshelter.

Summary of Early Man sites in Eastern Washington.--Of all
these sites, only Marmes Rockshelter has been extensively dated
by numerous radiocarbon meesurements on shell and charcoal. The
early components at Marmes yielded determinations of essentially
10,000 years B.P. (report to the U.S. Army Corps of Engineers
dated 1969 from R. Fryxell and B. C. Keel, Washington State
University, Pullman, Washington). Present dating of Windust
Phase materials from other sites thus rests on geological esti-
mates, a few radiocarbon dates, and comparisons of the cultural
materials with those of the Marmes Rockshelter sequence. In each
case, estimates of age indicate occupation about 2,200 years
younger than the age of Lake Bretz.

Even though artifacts have not yet been found in Late
Pleistocene sediments adjacent to the former Lake Bretz, it is
possible that man was present in eastern Washington at that time.
Since the lake level 1s now known, efforts to discover Early Man

sites In the Lower Grand Coulee that are approximately 12,000
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years old should be concentrated along and above 72 km of the

former shoreline. Much of this shoreline can be eliminated from
investigation since it lies on abrupt coulee walls. Since other
Late Pleistocene lakes are known to have existed in the Columbia
Basin, their sediments also should be iInvestigated to provide
meaningful data for the location of Early Man sites iIn this

region.
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6. PALEOENVIRONMENT, MODERN ENVIRONMENT, AND EARLY
MAN NEAR THE LOWER GRAND COULEE

Modern Situation of lower
Grand Coulee

Several lakes are found within the confines of the modern
Lower Grand Coulee. Park, Blue, Alkali, Lenore, and Soap lakes
are remnants of the Late Quaternary Lake Bretz. These lakes
possess a salinity gradient from north to south, with Soap and
Lenore being the most saline (Edmondson 1963). Sodium bicarbonate
is the major dissolved constituent of lake waters at the northern
end of the Lower Grand Coulee, with a progressive increase of
sulfates southward until, In Soap Lake, most of the dissolved
salts are sodium sulfate.

Since the construction of the Grand Coulee Dam, this area
has undergone dramatic changes. Despite less than eight inches
(0.20 m) annual precipitation, new springs have formed and
existing lakes such as the meromictic Soap Lake have increased in
size. Water from newly charged aquifers, which emanate particu-
larly from Banks Lake, have caused not only a 27% dilution of
Soap Lake from to 1955, but also would have flooded the town
of Soap Lake 1f pumps had not been put into operation (Edmondson
1963). Lake levels i1n Blue and Park lakes are about 1,095 ft.
(333.8 m) above sea level at the present time. Lenore and Soap

lakes have a level of about ft. (327.4 m), reflecting the
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gradient of subsurface drainage as modified by discharge since

development of the Columbia Basin Irrigation Project.

Riparian vegetation around modern lakes is limited mainly
to trees planted by man with most of these In Sun Lakes State
Park and Park Lake. Lenore and Soap lakes are largely devoid of
any riparian habitats. Park and Blue lakes support large stands
of sedges whereas Soap and Lenore lakes do not.

Sedge habitats at these lakes support many forms of wild-
life, the most obvious are waterfowl. Many types of ducks are
present with Canadian geese common in the Park and Blue lake
areas. Molluscan populations also are present, but the diversity
of species is very small compared to that of the Lake Bretz fauna
(see Appendix B). In 1968, only a few dead mollusks were found
in Alkalt Lake, a segment of Lake Lenore which was cut off by
construction of state highway 17. These fresh shells represented
Lymnaea gr. L. and Planorbella subcrenata and may
have been recent introductions that have not survived. Soap and
Lenore lakes were sampled several times from 1966 to 1968 but no
living mollusks were found. This substantiates the report by
Lauer (1959) that both lakes have a very limited macrofauna.
Because mollusks are absent from these three lakes, limnological
conditions obviously have changes since the time of Lake Bretz
when mollusks were abundant there.

Vorticifex effusus, a gastropod generally characteristic
of highly oxygenated waters of large lakes and rivers, was found
living in Delany Spring, which once would have fed directly into

Lake Bretz at i1ts northern end. Today this species appears
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nowhere else in the Lower Grand Coulee. Because V. effusus was

found In deposits representing many habitats in Lake Bretz, the
population in Delany Spring must be relict, representing only a
remnant which existed in the coulee when an extensive perennial
lake or river was present. The isolated population has persisted
because the spring duplicated the limnological conditions
necessary for its survival. Thus V. effusus provides a clear
indication of the great environmental change which has followed
since i1ts iInitial appearance in the Lower Grand Coulee.

Geological History of Lower
Grand Coulee

As uplift of the Cascade Range progressed during Plio-
Pleistocene time, climate of the Columbia Basin changed because
the rain shadow effect developed gradually resulting in decreased
precipitation to the east (Smiley 1963). Deformation of the
basalt flows 1In the Columbia Basin occurred simultaneously
producing the Saddle Mountains, Frenchman Hills, and the Coulee
Monocline (Bretz 1932).

The geological event that eventually led to formation of
the Lower Grand Coulee was growth of the Pleistocene Cordilleran
ice sheet (Flint 1937). Portions of this ice sheet blocked the
Columbia River (Richmond et al. 1965). The Pend Oreille lobe
dammed the Clark Fork of the Columbia River in Montana and
impounded Glacial Lake Missoula. Because the Okanogan lobe of
the same i1ce sheet advanced across the Columbia at the present
site of Grand Coulee Dam, the Columbia River was diverted south-

west through the area of the Coulee Monocline (Bretz 1932). The



new channel did not gain its present size until a series of
three to five catastrophic floods occurred as the Pend Oreille
ice dam collapsed repeatedly. These deflected floods quickly
eroded the Coullee Monocline, a structurally weak point in the
Columbia River basalts. One of these floods might have been as
early as pre-Bull Lake glaciation, but the largest and last
catastrophic flood i1s estimated to have occurred about 18,000 to
20,000 years ago (Richmond et al. 1965). The cumulative result
of these floods and glacial diverted into the area
north of Soap Lake was a recessional cataract gorge, the Grand
Coulee (Bretz 1932).

After the last catastrophic flood the Lower Grand Coulee
may have been filled by the still-diverted Columbia River. If
so, there was sufficient water to keep its bedload in motion and
to remove parts of the talus from the coulee walls. In slackwater
areas of the river, some fauna and flora could have repopulated
the coulee after the last flood. Once the Okanogan lobe of the
glacier had retreated north of the Columbia Canyon, the river
resumed 1ts original course along the border of the Columbia
River basalt (Bretz 1932; Flint 1937; Richmond et al. 1965).
With the lack of inflow from the Columbia River the Lower Grand
Coulee became first a single large lake and later a series of
smaller lakes. Silt deposited as the discharge through the
coulee decreased may have helped to seal gravel bars at the
southern margins of the Lower Grand Coulee. Static ponding
probably occurred in other parts of the Columbia Basin because

lacustrine sediments, including two or more bands of volcanic ash



containing the mineral cummingtonite, have been found at Vantage
and other adjacent areas (Fryxell sometimes in association
with nonmarine molluscan shells.

By 12,000 years ago, the Cordilleran ice masses had
retreated to the Canadian border iIn eastern Washington (Fryxell
1965). Aquifers in the basalt evidently still supplied a con-
siderable volume of water to Grand Coulee. This water was able to
maintain a large lake in the Lower Grand Coulee until the depth
of the Columbia River was lowered enough to reduce the number of
aquifers available. This lake, Lake Bretz, supported large
populations of ostracods, fish, and mollusks.

Deposits of the former shoreline sediments of Lake Bretz
were exposed by a newly constructed Bureau of Reclamation canal
southeast of Soap Lake (SE Sec. 30, T.22N, R.27E) (Fig. 6.1).
Lacustrine sediments with nonmarine mollusks occur at elevations
up to 1,159A1 ft. (353.3 m). At 353.3 m to 353.6 m these sedi-
ments grade iInto beach sands which contain a few mollusk shells
in situ. At its southern end, Lake Bretz drained through Rocky
Ford Coulee Into a precursor to Moses Lake (Bretz et al. 1956).
When most springs ceased to function, the size of Lake Bretz was
reduced and 1t became an internal drainage basin because less
than 0.20 m annual precipitation could not maintain the lake level
at an elevation as high as 353.3 m. Thus the lakes i1In Lower Grand
Coulee evolved, and today are maintained by small natural springs
and limited precipitation. Because the coulee became an internal
drainage system, dissolved salts accumulated at the lower end of

the basin until and Lenore lakes became highly saline.









Faunal Analysis of Lake Bretz
Sediments

Interpretation of the Lake Bretz fossil nonmarine mollusks
from was based on both qualitative and quantitative data
(Table 6.1). This was possible due to the large numbers of
articulated pelecypod and complete gastropod shells in the
stratigraphic section below Unit "B." Former environments may be

with confidence using the total assemblage rather
than employing one or two species. Habitat and distributional
statements are based on field work done by either Dwight W. Taylor
or myself In western North America. Many ideas regarding
distribution and habitat have come from unpublished data and
conversations with Taylor. Statements concerning the Sphaeriidae
are based on Herrington"s (1962) investigations. Accurate
quantitative data was obtained to give each species a proper
perspective relative to the total assemblage. Nonmarine mollusks
identified from the collections made at are:

Anodonta Lea 1852
Pisidium casertanum (Pon 1791)
Pisidium compressum Prime 1852
Pisidium 1dahoense Roper 1890
Pisidium Clessin 1886
Pisidium nitidium Jenyns 1832
Pisidium variabile Prime 1852
Say 1829
appressa Say 1818
Lymnaea cf. L. binneyir Tryon 1865
gr. L. "palustris”
Gyraulus parvus (Say
Armiger crista (Linnaeus 1758)



TABLE 6.1.--Number of individuals identified from
each stratigraphic unit sampled

Unit
Taxon
A B TOTAL
Freshwater Species
Anodonta californiensis Lea 8 12 7 4 4 7 8 50
Pisidium Spp. 57 492 5,380 7,247 4,997 3,949 3,585 3,902 1,973 31,582
Say 149 498 3,798 7,090 6,102 5438 3,884 3,817 1,058 31,834
appressa Say | A . 25 106 75 52 11 26 3 298
Lymnaea cf. L. binneyi Tryon 3 5 4 4 2 2 1 21
Lymnaea 6 13 208 556 409 458 123 194 45 2,012
parvus (Say) 30 161 2,408 4,428 3,686 2,980 1,360 1,813 385 17,251
Armiger crista (Linnaeus) 29 529 615 465 53 89 1 1,781
Vorticifex effusa (Lea) 1 2 39 33 12 8 12 4 4 115
Planorbella subcrenata carpenter) 1 20 67 77 29 2 196
Physa gyrina say 16 34 21 13 15 13 3 115
Terrestrial Species
Zonitoides arboreus (Say) e Ka v cen 1
Discus cronkhitei (Newcomb) e ces Cee e 1 1
cf. Succinea .. 2 2 5
TOTAL 243 1,167 11,934 20,109 16,006 13,400 9,051 9,870 3,486 85,266




Vorticifex effusus (Lea 1856)
Planorbella subcrenata (Carpenter
Physa gyrina Say 1821

Zonitoides arboreus (Say 1816)
Discus cronkhitei (Newcomb 1865)
cf. Succinea

Of primary interest are three genera: Pisidium,
and which make up over 90% of the total sample of each
unit at L65-1 (Table 6.2). Pisidium Is represented by six species;
not all of the over 62,000 valves were i1dentified individually.
Pisidium castertanum and P. compressum are adapted to a variety
of habitats, so are not very useful In the total reconstruction.
Generally, a perennial lake or river is indicated by P. variabile
and P. nitidium, but more specifically, the shallow areas of these
waters. Pisidium has a preference for fine sand
bottoms i1n perennial lakes with small submergent vegetation.

Most revealing is P. i1dahoense, which i1s characteristic of cool
water habitats in large lakes.

The next most abundant genus is which makes up
over 30% of the mollusks from each unit. Living V. has
been found most commonly in slower velocity areas of clear water
lakes and streams, at the base of aquatic vegetation. Gyraulus
parvus also has been found most often on submergent vegetation iIn
lakes or slackwater areas of streams. This latter gastropod made
up from 11% to 23% of each sample. Armiger crista, found most
often on submergent aquatic vegetation iIn lakes and ponds with
quiet water, was present In lesser numbers, possibly due to their

small size and loss of individuals during separation from the



TABLE 6.2.--Relative proportion of taxa within
each stratigraphic unitsampled

_— e aeae___

Stratigraphic unit
uUnit
A
Freshwater Species
Anodonta Lea 0.07 006 0.04 003 0.04 0.08 0.23
Pisidium spp. 2346 42.16 45.08 36.04 31.22 29.48 39.60 39.53 56.59
Valvata humeralis Say 61.31 42.67 31.83 35.26 38.12 40.58 4291 38.67 30.34
Lymnaea appressa Say 0.21 053 047 039 012 0.26 0.09
Lymnaea cf. L. binneyi Tryon 0.04 0.02 0.01 0.03 0.02 0.02 0.03
"palustris"” 247 111 177 279 258 345 138 199 1.32
Gyraulus parvus (say) 12.35 13.80 20.17 22.02 23.03 22.24 15.02 18.36 11.04
Armiger crista (Linnaeus) 024 263 3.84 347 586 090 0.03
Vorticifex effusa (Lea) 041 017 033 016 0.07 0.06 0.13 <0.00 0.11
Planorbella subcrenata (Carpenter) 0.09 0.17 033 048 0.22 0.02
Ph gyrina Say 0.13 0.17 0.13 0.10 0.16 0.13 0.09
Terrestrial Species

Zonitoides arboreus (Say) . . . ‘e 0.01 ... e . .
Discus (Newcomb) . e ‘e ‘e . e ... <0.00
cf. Succinea ‘e e . e ‘e 0.02 0.14

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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matrix. Lymnaea gr. L. "palustris,"” which is characteristic of
ponds and backwater areas of streams, comprised 1% to 3% of each
sample. Mollusks which make up a total of less than 1% of each
sample are important for the total reconstruction of the environ-
ment of Lake Bretz. They include the freshwater species: Anodonta
californiensis, Lymnaea stagnalis appressa, Lymnaea cf. L.
binneyi, Vorticifex effusus, subcrenata, and Physa
gyrina. The terrestrial snails, Discus cronkhitei, Zonitoides
arboreus, and cf. Succinea also were present. The land species
indicate that a terrestrial environment was near the primary
locality. The same five species were found at two other locali-
ties, L68-8 and L68-9. In addition,

1774) was found i1n sediments of Lake Bretz at locality L68-16 at
Blue Lake and at U.S. Geological Survey locality 23222 just north
of the town of Soap Lake. Samples suitable for quantitative
analysis were not removed from L68-8 or L68-9, but A.
californiensis, L. cf. binneyi, and V. effusus were judged to be
relatively abundant compared to the populations. Addition-
ally, individuals were larger and had thicker shells than mollusks
at the primary locality. These three species are more indicative
of open water with some as i1n the deeper portions of a
large perennial lake or river. Topographically, these two
localities adjacent to Park Lake represent the middle of Lake
Bretz. Articulated A. californiensis valves were found in large
numbers on a basalt knob at locality L68-9. This concentration
might have been due to spawning of their glochidial host,

sp- or another fish host (D"Eliscu 1972) in this area.



49
Alternatively, natural eddying of the water behind the basalt

knob may have provided a sedimentation point for the glochidia.

Stratigraphic variation from one sample to another at the
primary locality shows slight changes in percentage of species
present (Table 6.2). All species of freshwater mollusks were
represented at each unreworked level except Planorbella subcrenata
which did not occur in units "H" and "I." This snail was not
found in large quantities In any units (Table 6.1), so 1ts absence
probably does not reflect environmental change. Sampling bias or
delayed dispersal into the lake fauna might account for its
absence i1n the lower sediments. Quantitative differences in
molluscan assemblages were apparent In the stratigraphic sequence.
Layer "A"™ and "B were not considered since they represented
reworked materials. The presence of articulated clam shells
below layer "B" was considered to indicate unreworked deposits of
fossils. The lowest unit sampled (unit "I') contained
individual mollusks. Units deposited show an over-
all increase In freshwater molluscan populations as the lake
matured until unit "D."™ The overlying sample from unit "C" shows
an overall decrease in the percentages of mollusks in relation to
those present in "D" (Table 6.3).

As 1nferred from these mollusks, Lake Bretz offered
several types of freshwater habitats. The primary locality
represented a perennial slackwater littoral area with little or
no current. This was partially due to the gravel bar which
surrounds the locality, creating what would have been a small,

protected embayment in a larger lake. Submergent vegetation was



TABLE 6.3.--Relative proportion of each taxon among

all stratigraphic units sampled
Stratigraphic unit
Taxon
A B C TOTAL
Freshwater Species
Anodonta californiensis Lea .. .. 16.00 24.00 14.00 8.00 8.00 14.00 16.00 100.00
spp.- 0.18 1.56 17.04 2295 1582 1250 11.35 1236 6.25 100.00
Valvata humeralis say 1.56 1193 22.27 19.17 17.08 1220 1199 3.32 100.00
appressa Say 8.39 3556 25.17 17.45 3.69 8.72 1.01 100.00
cf. L. binneyi Tryon .. 14.31 23.80 19.10 19.10 9.54 954 476 100.00
Lymnaea 0.30 0.64 10.38 27.59 20.31 22.73 6.15 9.64 2.26 100.00
parvus (Say) 0.17 093 1396 25.67 2137 17.27 7.88 10.51 2.23 100.00
Armiger crista (Linnaeus) .. 1.63 29.70 34.53 26.11 2.98 5.00 0.06 100.00
Vorticifex effusa (Lea) 0.87 1.74 3391 28.70 10.43 6.96 10.43 3.48 3.48 100.00
Planorbella subcrenata (Carpenter) 0.51 10.20 34.18 39.29 14.80 1.02 .o .. 100.00
Physa gyrina Say 13.91 2957 18.26 11.30 13.04 11.30 2.61 100.00
Terrestrial Species
Zonitoides arboreus (Say) 100.00 .. .. 100.00
Discus cronkhitei (Newcomb) .. . 10000 A. 100.00
cf. Succinea 2222 A. .. .- 22.22 55.55 100.00




present In two major portions of the water. Abundant remains of
the pond weed, Chara sp., were found in the Lake Bretz sediments
at during this study.

Not all of Lake Bretz was made up of these backwater
zones. Mollusks from other localities, and L68-9 at the
margins of Park Lake, represent habitats of open water with some
flow. This same situation was repeated at at the outflow
of Lake Bretz south of Soap Lake. Pisidium idahoense and the
snail fauna found here imply cool perennial water and fairly good
circulation.

Water flowed into the Lower Grand Coulee from springs
situated along 1ts course. Outflow was into Rocky Ford Coulee
and south to a precursor of Moses Lake. Additional circulation
in the lake was provided by strong southwesterly winds blowing
across and up the Lower Grand Coulee, probably accounting for the
greater shell concentration at the east rather than west wall of
the coulee. Freshwater mollusks probably were transported into
the Lower Grand Coulee when the Columbia River was diverted by
glacial i1ce. Additional introductions could have been made by
birds and fish. As Lake Bretz matured, populations
increased in size. When the sources of the water were cut off,
many habitats ceased to be available and molluscan populations
became extinct locally as the lake receded. In addition, many
local faunas may have been eliminated directly through the
immediate effects of large quantities of volcanic
ash. Lack of water circulation decreased the number of

suitable habitats for Water from remnant lakes such as
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Soap and Lenore became highly saline, eliminating the remainder

of the fauna. A few species such as Gyraulus parvus were able to
maintain populations In the less brackish lakes.

Lake. Bretz, at elevation of about 353.3 m, existed
more than 33 years, but less than a few hundred years according
to estimates based on the populations and size of the mollusks at
the primary locality particularly Anodonta californiensis.
Individuals of this particular pelecypod were found to be 3 to 5
years old 1n units "C" through "1." Thus with seven units, each
containing five year old individuals, the minimum age of the
lake would be 35 years. Below the units sampled lie about three
meters more of the material. Assuming similar rates of deposition
for these lower sediments, a minimum age of about 100 years 1is
inferred. The primary locality may, however, have provided a
misleading impression of lake age due to variation in the
sedimentary history of the area. For example, the lower portion
of the section was not sampled and little is known of its
characteristics, and an undetermined thickness has been removed
from the top by erosion. Deposition of sediments high In the
section may have occurred rapidly because Glacier Peak volcanic
ash was contained within all units. Samples of Glacier Peak
volcanic ash from this locality were able to float on the surface
of water for 24-48 hours before becoming waterlogged, as shown by
use of this property i1In separation of faunal samples. Thus
during initial fallout and times when 1t may have been washed
from the coulee walls, quantities of ash probably were wind

driven into the embayment and deposited rapidly. Even with
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allowance for all variables, Lake Bretz was a short term phe-

nomenon in geological time.

Water quality of Lake Bretz must have been considerably
different than that of the modern Soap and Lenore lakes to permit
growth of the molluscan populations recorded by fossil shells.
Mol luscan populations of this type usually inhabit natural
waters with low concentrations of sodium or calcium bicarbonate.
Sodium sulfate brines like those found iIn Soap or Lenore lakes
usually do not support molluscan populations, except for an
occasional euryhaline species. Water temperatures appear to have
been a few degrees cooler than they are in the modern lakes.
Because most of the inflow into Lake Bretz was from springs
between basalt layers, the annual temperatures of these feeder
springs probably was fairly constant. There Is no evidence that
the local basalt flows were being heated from geothermal sources
or that glaciers were contributing cold water directly to the
lake. Rock temperatures therefore would have been maintained by
the prevailing regional climate. Thus lower water temperatures
inferred from fossil assemblages probably resulted from a climate
cooler than present.

Fossil fTish bones found in Lake Bretz deposits represented
members of the Cottidae and Cyprinidae (oral communication, 1966,
W. J. Follett, California Academy of Sciences, San Francisco,
California). Further work is needed to complete the list of fish
fauna. Fossilized bones of a duck also were found In deposits

adjacent to Park Lake, at locality L68-8. Anurans were present



in Lake Bretz too, as evidenced by the fossil found by Jean Mead
at the primary locality.

Delorme i1dentified some of the ostracods found in the
Lake Bretz sediment (letter dated April 14, 1967 from L. D.
Delorme, Department of Energy, Mines, and Resources, Calgary,
Alberta). Two species found, Candona acuminata (Fischer 1851)
and Cypria opthalmica (Jurine 1820) represented a relatively cold
water environment. The total assemblage of ostracods was inter-
preted as reflecting a littoral area of a calcium bicarbonate
lake. From unit 1" Delorme identified two additional species,
Ilyopyris bradi Sars 1890 and I. gibba (Ranidohr 1808) which
represented a fluvial element, perhaps suggesting that in the
early history of the backwater area at there was greater

Later, as sediments built up, especially from the
Glacier Peak ashfall, currents In the area may have been
restricted.

In summary Lake Bretz resulted from geologic events related
to conditions of glaciation, without which, it could not have
existed. Therefore presence of the lake basically is related to
the Pleistocene climate. In addition, i1t provided an important
environmental resource which is no longer available In the area
in that form or magnitude. 1If Lake Bretz had existed over a long
period of time, i1t might have included episodes of fluctuation in
the water level, thus providing a greater variety of habitats for
more species of both freshwater and terrestrial mollusks. All
evidence, however, suggests that the lake existed only for a

short period of geologic time.



Cultural Implications of Lake
Bretz Aquatic Resources

Sediments of Lake Bretz offer several lines of evidence
useful to prehistorians as iIndications of conditions In central
Washington 12,000 years ago. Since the Lower Grand Coulee was
scoured by floods 18,000 to 20,000 years ago, archaeological
material found in the coulee must be younger than these floods.
Older cultural material, if present in the area, would have been
scattered or destroyed by the floods unless located above the
flood level. Cultural materials that are approximately 12,000
years old would be found at or above the shorelines of Lake Bretz.
Man, 1f present, could not have established camps with long
continuous occupation on the shores of Lake Bretz because the
lake may have existed only a few hundred years. Thus early
cultural material should not be expected to have extensive range
in time. This may have been true also of other lakes in the
Columbia Basin during late glacial time. Additional work 1is
needed to map these Late Quaternary lakes and to correlate them
using associated volcanic ash layers and other information
(Fryxell

Even though these large lakes may have been short term
events i1n geological time, they surely would have influenced
Early Man 1f he was present In eastern Washington. For example,
these lakes, including Lake Bretz, would have provided many
advantages to the early iInhabitants of the area for water would
have been more available than at present. With more water, man

may have been able to exploit a larger portion of his surrounding
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environment. Sedges growing at the margins of Lake Bretz would
have provided raw materials useful for mats and baskets. Trees
growing on the shoreline also could have been used as a natural
resource.

Lake Bretz additionally provided habitats for fauna,
which included both fish and freshwater pelecypods. Even though
no identifiable sp- remains were found the presence of
Anodonta californiensis iIndicated that this chub probably was
present. In other inland areas, river mussels were widely used
as part of the aboriginal diet, but other than A.

Lake Bretz apparently lacked this resource.

Game animals certainly used this lake for water and
nearby vegetation as a food resource. Birds, such as the fossil
duck found at L68-8, inhabited the area at least seasonally. Man
could have exploited these protein sources for meat, bone, hides,
and eggs.

Summary of the Late Quaternary
of Lower Grand Coulee

The Lower Grand Coulee has had a long history reflecting
geologic and climatic events in the region. Analysis of fauna,
comprised primarily of mollusks found in sediments of Lake Bretz,
has provided information on the Late Quaternary environment of
the Lower Grand Coullee. This information leads to the following
conclusions:

1. Lake Bretz existed about 12,000 years ago, with a shore-

line elevation at about 353.3 m In the Lower Grand
Coulee, Washington.
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The lake supported abundant of mollusks and
fish. Aquatic vegetation, birds, and anurans also were
present.

Faunal remains from sediments of the lake indicate that
the aquatic habitats were available iIn Lake
Bretz during this time.

The Lake Bretz fauna probably evolved from animals
already present in the Columbia River drainage during
late glacial time, and were introduced into the Lower
Grand Coulee when the Columbia was diverted into Grand
Coullee by glacial 1ice.

Man, 1If present during the period of Lake Bretz, could
have used a variety of natural resources related to the
lake for maintaining his existence.

Search for evidence of Early Man In the area should
include careful examination of the potential occupation
sites, including both rockshelters and open sites along
and above the shoreline.

Lake Bretz reduced In size when the majority of the
natural basalt aquifers were cut off as the glacial ice
disappeared. Increasing salinity in remnant lakes of
the Lower Grand Coulee caused most of the macrofauna
from Lake Bretz to die, and gradually the salinity
gradient which marks the chain of modern relict lakes
developed.

Based on geological, biological, and limnological
evidence, Lake Bretz lasted at least 35 years and as
many as a few hundred years, but a short lived

phenomenon in the geologic history of the Columbia Basin.
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CHECKLIST OF U.S. GEOLOGICAL SURVEY QUATERNARY
MOLLUSCAN LOCALITIES AND COLLECTIONS
FROM EASTERN WASHINGTON

Collections .of Quaternary nonmarine mollusks have been
made during the last 60 years iIn Washington by personnel of the
U.S. Geological Survey. Most of this material remains unreported
except for unpublished manuscripts, but the collections were made
available for consideration in this study through the courtesy of
Dwight W. Taylor. Most of the collections examined are from
eastern Washington, and many of these were made by M. J. Grolier
and J. W. Bingham in 1960 (Grolier and 1961; Grolier
and Bingham 1971). All localities except 16 and possibly 15
range in age from Early Pleistocene to Recent.

Localities represented by the U.S. Geological Survey
collections are listed below, following the system of Taylor
(1966b) . Table compares the geographic distribution of fresh-
water and terrestrial species identified iIn those collections.
Species present at any given locality are denoted by an "F."

When only fragments of shell were found, but thought to represent
a particular species, a was used. Localities are placed on a
map of eastern Washington (Fig. to show spatial relation-

ships.
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10.

11.

Quaternary Fossil Localities, Eastern
Washington, from the U.S.
Geological Survey

B-6B, Grant County, Washington, SE 1/4, NW 1/4 Sec.
19, T.22N, R.27E, elev. 1,100 ft., near mouth of Grand
Coullee, behind Royal View Motel at north end of the town of
Soap Lake, M. J. Grolier and J. W. Bingham, 1960 (USGS
23222).

B-6C, Grant County, Washington, SE 1/4, NW Sec. 8,
T.21N, R.27E, about 1,150 ft. elev., head of Rocky Ford
Coullee, 1In Soap Lake soil and peat, M. J. Grolier and J. W.
Bingham, 1960 (USGS 23221).

NL11-1 A-8, Grant County, Washington, SW SW 1/4 or 500

ft. E., 50 ft. N. from the SW corner Sec. 4, T.20N, R.23E,

Crater Draw about 1,240 ft. elev. contact marl and basalt,
J. Grolier and J. W. Bingham, 1960 (USGS 23217).

Same as 3 except 1.2 ft. above contact. (USGS 23218).
Same as 3 except 2.0 ft. above contact. (USGS 23219).
as 3 except 3.0 ft. above contact. (USGS 23220).

A-5, Grant County, Washington, SW 1/4 Sec. 35, T.18N,
R.29E, 200 ft. E., 200 ft. N. of SW corner, about 1,105 ft.
elev., J. Grolier and J. W. Bingham, 1960 (USGS 23216).

NL11-1 A-7, Grant County, Washington, SW 1/4 Sec. 22, T.18,
R.25E, Bailey Post Office, Quincy Valley, Schwennessen,
1916 (USGS 7897).

NL11-1 A-6, Grant County, Washington, Sec. 23, T.19N, R.28E,
Moses Lake, 1In tan brown sand and silt, 120 ft. SE from
Kiefer Drive and Olive Avenue, J. Grolier, 1958 (USGS
23205).

Same as 9 except about 170 ft. south and 20 ft. west from
Kiefer Drive and Olive Avenue and about 25 ft. strati-
graphically lower than 9, M. J. Grolier, 1958 (USGS 23206).

NL11-1 A-4, Adams County, Washington, NW NW 1/4 Sec. 36,
T.19N, R.31E, Farrier Coulee, about ft. elev., M. J.
Grolier and J. W. Bingham, 1960 (USGS 23215).

u B
Collector, collection date, and USGS locality number

follow site description.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

85

NL11-4 D-7, Grant County, Washington, SW 1/4 Sec. 11, T.17N,
R.25E, clay zone In sands about 20 ft. below surface at
North Portal of the Bureau of Reclamation Frenchman Hills
Tunnel, Quincy Lake beds, M. J. Grolier, 1958 23210).

Same as 12, M. Mundorf, 1952 (USGS 20348).

NL11-4 D-6, Adams County, Washington, NW 1/4 Sec. 16,
T.16N, R.28E east bank of Crab Creek, J. Grolier, 1958
(USGS 23208).

NL11-4 C-6, Grant County, Washington, very near center of
Sec. 16, R.27E, White Bluffs, within 50 ft. of the
top of bluffs, mollusks associated with vertebrates and
seeds, J. Grolier, 1958 (USGS 23207).

NL11-4 B-6, Franklin County, Washington, SW 1/4, SW 1/4 Sec.
25, T.11N, R.28E, about 600 ft. elev., White Bluffs, first
caliche layer above conglomerate, member of the Ringold
Formation M. J. Grolier and J. W. Bingham, 1960
(USGS 23214).

NL11-4 1916, 1:125,000, Franklin County, Washington,
SW 174, NW 1/4 Sec. 22, T.15N, about 1,400 ft.

10 ft. below the top of a south facing bluff, McChesney
Spring, J. Grolier and J. W. Bingham, 1960 (USGS 23213).

B-3, Franklin County, Washington, SW 1/4, NE 1/4 Sec.
29, R.33E, about 1,060 ft. J. Grolier and
J. W. Bingham, 1960

B-4B, Franklin County, Washington, NE 1/4, NW 1/4
Sec. 4, R.31E, Smith Canyon, about 710 ft. elev.,
M. J. Grolier and J. W. Bingham, 1960 (USGS 23211).

NL11-4 1916, 1:125,000, Franklin County, Washington,
SE 174, NE 1/4 Sec. 33, 1.15 miles north of

Washington, first outcrop south of Bahm road on
west side, J. Grolier, 1958 (USGS 23209).

D-1, Whitman County, Washington, 1,000 ft. N. and
1,300 ft. W. of SW corner Sec. 22, T.15N, R.38E, McLaughlin,
1949 (USGS 20853).

NL11-5 D-8, Whitman County, Washington, 600 ft. E. and 1,200
ft. S. of NW corner Sec. 25, T.15N, R.38E, McLaughlin 1949
(USGS 20852).
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ANNOTATED CHECKLIST OF RECENT AND QUATERNARY
NONMARINE MOLLUSCAN LOCALITIES EXAMINED
AND SPECIES COLLECTED FROM EASTERN
WASHINGTON IN THIS STUDY

Populations containing both living and fossil nonmarine
mollusks from eastern Washington were sampled during the present
study; most localities represent either Pleistocene Lake Bretz or
modern lakes of the Lower Grand Coulee, but several localities
considered are several hundred miles away.

The primary locality representing Lake Bretz in the lower
Grand Coulee i1s at the margin of a large barrow pit near the
eastern coulee wall (Fryxell 1965). Henderson®"s Park Lake fossil
locality could have been L68-8 and L68-9 of this study (Henderson
1929b). Samples of living freshwater mollusks were obtained from
Park, Dry Falls, and Blue lakes and from Delany Spring which
still supports a relict population of Vorticifex effusus near the
base of Dry Falls.

Booher Lake locality to the northwest, near the Okanogan
River, contains molluscan material years old (WSU-530),
and probably represents one previously visited by Olaf Jenkins,
which he called Soap Lake material (Jenkins 1918; Hanna 1966; let-
ter dated March 14, 1967 from G D. Hanna, California Academy of
Sciences, San Francisco, California). Material from the Lind

Coulee locality, L68-28, is from Ringold Formation sediments of
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Pliocene age (oral communication, July 27, 1972, R. Fryxell,

Washington State University, Pullman, Washington). Granite Point
(L69-6) and Marmes Rockshelter L68-26 represent material from
archaeological sites that are less than 11,000 years old (Fryxell
et al. 1968a; Leonhardy 1970). Four Mile Canyon locality (L69-2)
north of Umatilla, Oregon is below what i1s believed to be a layer
of volcanic ash from the Mt. Mazama eruption. Molluscan locality
(L72-30) at Crater Draw west of Quincy, Washington is the same as
U.S. Geological Survey localities 23217-23219 (see Appendix A).
These mollusks occur in a marl-like deposit, which lie beneath
non-lacustrine sediments containing coarse volcanic ash. This
ash, not yet examined petrographically, may be Glacier Peak iIn
origin as suggested by its position and texture.
All localities studied by the writer are listed below
according to the system of Taylor Table shows the
geographic distribution of those species identified. Presence of
a fossil species i1s denoted by an modern faunal species are
represented by an "M"; a "B" means that both fossil and modern
specimens were found at that locality. Each of those localities
iIs shown on a map of eastern Washington (Fig. to 1llustrate
spatial relationships. Localities from the Lower Grand Coulee

are located in greater detail In Fig. 1.1.



Localities of Quaternary Nonmarine Mol lusks
Collected from Eastern ashington
in this Study

1. B-7A, Grant County, Washington, 2,000 ft. N. and 2,400
ft. E. of the SW corner Sec. 36, T.22N, R.27E, three miles
north of the town of Soap Lake at the base of the east wall
of the Lower Grand Coulee, J. J. Landye and R. Fryxell, 1965

2. Grant County, Washington, 800 ft. S. and 1,800
ft. W. of the NE corner Sec. 15, T.24N, R.27E, on basalt
knob on SE shoe of Park Lake, J. J. Landye, 1968 (L68-8).

3. C-6C, Grant County, Washington, 200 ft. S. and 1,500
ft. W. of the NE corner Sec. 15, T.24N, R.26E, on basalt
knob NE of 2, J. J. Landye, 1968 (L68-9).

4. . B-6B, Grant County, Washington, 1,600 ft. S. and 0000
ft. W. of the NE corner Sec. 13, T.22N, R.27E, adjacent to
Soap Lake, J. J. Landye 1968 (L68-5).

5. Grant County, Washington, 0000 ft. S. and 2,000
ft. W. from the NE corner Sec. 31, T.22N, R.27E, south of
Soap Lake, J. J. Landye, 1968 (L68-111).

NL11-1 Grant County, Washington, ft. N. and
1,000 ft. E. from SW corner Sec. 15, T.24N, R.27E, Blue
Lake, modern and fossil, J. J. Landye, 1968 (L68-16).

7. C-6C, Grant County, Washington, 1,600 ft. N. and 400
ft. E. from the SW corner Sec. 15, T.24N, R.27E, Park Lake,
modern and fossil, J. J. Landye, 1968 (L68-15).

8. NL11-1 C-6D, Grant County, Washington, 2,000 ft. N. and
1,500 ft. W. from the SE corner Sec. 6, T.24N, R.28E, Dry
Falls Lake, modern and fossil, J. J. Landye, 1968

9. Grant County, Washington, 1,225 ft. S. and
1,400 ft. E. from the NW corner Sec. 7, T.25N, R.28E, Delany
Spring, modern, J. J. Landye, 1968 (L68-13).

10. NM11-10 C-8, Okanogan County, Washington, 1,500 ft. N. and
2,700 ft. W. from the SE corner Sec. 3, T.35N, R.26E, Booher
Lake, J. J. Landye and R. Fryxell, 1967 (L67-5).

11. Grant County, Washington, 600 ft. S. and 850 ft.
W. from the NE corner Sec. 35, T.18N, R.29E, Lind Coulee,
Pliocene, J. J. Landye, 1968 (L68-28).

collection date, and field locality number
follow site description.



12.

13.

14.

15.
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Franklin County, Washington, 1,250 ft. S. and
2,530 ft. W. from the NE corner Sec. 17, T.13N, R.37E,
Marmes Rockshelter, J. J. Landye et al., (L68-26).

Whitman Washington, 2,000 ft. S. and
2,400 ft. E. from the NW corner Sec. 24, T.13N, R.43E,
Granite Point, F. Leonhardy et al., 1968 (L69-6).

NL11-7 D-6A, Benton County, Washington, 600 ft. N. and 50 ft.
E. of the SW corner Sec. 21, T.6N, R.28E, Four Mile Canyon
north of Umatilla, Oregon, J. J. Landye, 1969 (L69-2).

A-8B, Grant County, Washington, 50 ft. N. and 500 ft.
E. of the SW corner Sec. 4, T.20N, R.23E, Crater Draw about
1,240 ft. elev., contact basalt and marl to 0.8 m above
contact, (see USGS 23217-23219)), J. J. Landye, R. Fryxell,
Ula Moody, 1972 (L72-30).



TABLE mol lusks collected from localities of Quaternary
and Recent ages in eastern Washington in this study

Taxon

Locality

8§ 9 10 1.1 12 1.3

Freshwater Species

Margartifera falcata (Gould)
Gonidea (Lea)
Andonta californiensis Lea
(Muller)
Musculium securis Prime
compressum Prime
(Pol D)
Pisidium idahoense Roper
Pisidium Prime
Jenyns
Clessin
Spp-
Valvata Say
Juga cf. J. draytonii (Lea)
Lithoglyphus cf. L. hindsi Baird
Lymnaea stagnalis appressa Say
Lymnaea gr. L. "palystris"
Lymnaea Cf. L. binneyi
parvus (Say)
umbilicateflus (Cockerell)
pattersoni (Baker)
Armiger crista (Linnaeus)
anceps (Menke)
Planorbella subcrenata (Carpenter)
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SYSTEMATIC ACCOUNT OF QUATERNARY NONMARINE
MOLLUSCAN LOCALITIES IN LOWER
GRAND COULEE

Systematic descriptions of the mollusks found in the
Quaternary Lake Bretz deposits follow Taylor and (1962) and
Taylor (oral communication 1969, D. W. Taylor, San Diego Natural
History Museum, San Diego, California). Descriptions of
terrestrial snails follow the systems presented by Pilsbry
and Patterson (1971). Included in the citations are references
to species of mollusks that probably will prove to be in synonymy
when revisions are made. The species names used herein are
taxonomically conservative, but reflect the current state of
knowledge. Some species may be composite, but occupy similar
ecological niches. Once the basic anatomy and ecology of living
individuals is well understood, then modifications of the
taxonomic position of the mollusks involved can be made.

Habitat and distribution descriptions are primarily based
on field collections made by D. W. Taylor and on my own field
work in western North America. In several cases this field work
was undertaken as a joint venture between Taylor and myself. In
addition, nonmarine molluscan collections at several West Coast
museums such as The California Academy of Sciences and Stanford
University have been examined. Descriptions of the Sphaeriidae

closely follow the work of Herrington (1962). Pilsbry®s
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system was employed for terrestrial molluscan material. Other

sources are indicated where appropriate.

Photographs were taken from material in my personal
collection from Families were photographed separately
except that a Valvatidae i1s present with the Planorbidae in
Fig. C.2, Planorbidae and Physidae are depicted together with the
Lymnaeidae In Fig. C.3, and a Sphaeriidae is shown with the
terrestrial material In Fig. C.4.

Phylum Mollusca
Class Pelecypoda
Order Naidoidea
Family Unionidae
Subfamily Anodontinae
Genus Anodonta Lamarck, 1799
Anodonta californiensis Lea, 1852 (Fig. A)
Anodonta idahoensis Hemphill, 1891. Zoe. 1:321-337.
Distribution: The Columbia River drainage from southern
British Columbia south through eastern Washington, eastern
northern, and southeastern ldaho i1s within the present range of
Anodonta This species also exists in the Harney
Basin, Oregon, Bear River, Wyoming, Eel, Sacramento, San
Margarita, and San Joaquin rivers, California, Black and lower
Colorado rivers, Arizona, and the Rio Casa Grandes, Chirhuahua.

This species may be a composite, but due to the i1nade-
quacies of present knowledge 1 have lumped specimens from these
geographical areas. Relationships among the various drainages

may never be known because with the development of land



areas and urban sprawl, the populations of A. californiensis are
becoming iImpoverished or extinct.

Habitat: This clam 1s found iIn reservoirs, rivers, streams,
and small creeks iIn several types of substrate, but i1t seems to
prefer muddy bottoms. Its distribution corresponds with the
various species of (Cyprinidae) which usually acts as their
glochidial host, but other freshwater fish can also play this

role (D"Eliscu 1972).

Family Sphaeriidae

Genus Musculium Link, 1907

Muscul tum
Sphaerium Prime, 1862. Proc. Acad. Natur.
Philadel. Sphaerium Prime, 1869. Amer.
J. Conchol. 5:127-176; raymondi Cooper, in Raymond
and Cooper, 1890. Proc. Calif. Acad. 3:61-91.
Distribution: Musculium is found in drainages in

temperate regions of North America. Even though this small clam
was not recovered at the primary locality, i1t was found In Lake
Bretz deposits at Blue Lake. Bingham and Grolier also collected
it jJust north of Soap Lake In Lake Bretz deposits (Appendix A).
Habitat: These small clams are found In both seasonal and

perennial lakes or streams in soft sediments.

Genus Pisidium C. J. Pfeiffer, 1821
Pisidium i1dahoense Roper, 1890
Distribution: Pisidium idahoense is found over most of
northern North America. In the western U.S_A. i1t iIs found as far

south as central California.
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Habitat: In the southern range these clams are found in

lakes that formerly were large, but which still maintain a cool
water regime. In the northern portion of their range they are

found In small streams and lakes.

Pisidium casertanum (Poli1,1791)

Pisidium occidentale Newcomb, 1861. Proc. Calif. Sci.
2:91-94; Pisidium randolphii Roper, 1896. Nautilus.
9:97-99; Pisidium columbianum Sterki, 1913. Nautilus.
26:117-119; Pisidium furcatum Sterki, 1913. 1lbid.: Pisidium

rhombicum Sterki, 1913. 1lbid. Pisidium modicum 1913.
Ibid.; Pisidium ovum Sterki, 1916. Ann. Carnegie Mus.
Pisidium eyerdami Odhner, 1939.

Nautillus. 52:79-84.

Distribution: Pisidium casertanum is found in almost every
drainage in the temperate portions of the world.

Habitat: These small pelecypods are found In both seasonal

and perennial freshwater habitats of all types.

Pisidium compressum Prime, 1852
Pisidium curvatum 1923. Proc. Calif. Acad. Sci.
Pisidium vegae Pilsbry, 1926. Proc. Acad. Natur.

Sci. Philadel. 77:329-334.

Distribution: Pisidium compressum is found in drainages of
North America south to the Mexican Plateau. After P. casertanum
this clam is the most common Pisidium in North America.

Habitat: Like P. casertanum these small clams are found in

all types of freshwater with the exception that they seem to be

restricted to larger streams in the Southwest.

Pisidium in Esmark and Hoyer, 1886

Pisidium arcticum Westerlund, 1883. Nachrichtsblatt der
deutschen malakozoologischen Gesellschaft. 15:48-59.



Distribution: Pisidium is found iIn northern
North America and Eurasia. Its range in the western North
America extends southward from Alaska south to Colorado, Utah,
and Washington.

Habitat: These small bivalves are found most commonly in
lakes with substrates of fine sands or silts supporting small

submergent vegetation.

Pisidium nitidum Jenyns, 1932

Pisidium prognathum Sterki, 1922. Ann Carnegie Mus.

Distribution: Pisidium nitidum is found in drainages or
Eurasia and North America. This clam ranges from the northern to
the southern borders of the western U.S_A.

Habitat: Most commonly these clams are found in the shallow

areas of ponds, lakes, and streams.

Pisidium variabZe Prime, 1852.
Pisidium probum Sterki, 1923. Nautilus. 37:16-22.
Distribution: Pisidium ranges from southern Canada
south to northern California and northern Utah.
Habitat: These small pelecypods are found in the shallow

areas of perennial lakes and streams.

Class Gastropoda
Order Monotocardia
Family Valvatidae

Genus Valvata Muller,
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Valvata humeralis Say, 1829 (Fig. C.2, B)

Valvata Martens, 1899. Biologia Centrali-
Americana, p. 426; Valvata patzcuarensis Pilsbry,
1899. Proc. Acad. Natur. Sci. Philadel. Valvata

californica Pilsbry, 1908. Nautilus, 22:82.

Distribution: Valvata iIs found i1n Pacific drain-
ages, the headwaters of the Rio Grande, Colorado and a few
internal drainage basins from British Columbia to the Mexican
Plateau. Localized populations of V. humeralis occur at the
southern end of 1ts range on the Mexican Plateau.

Habitat: This gastropod is found on soft mud substrate at
the base of aquatic vegetation iIn clear freshwater lakes and

slower velocity areas streams.

Order Basommatophora
Family Lymnaeidae
Genus Lymnaea Lamark, 1799
Lymnaea appressa Say, 1818 (Fig. C.3, E)
Lymnaea stagnalis wasatchensis F. C. Baker, 1911. Chicago
Acad. Sci. Spec. Pub. 3:1-539; Lymnaea Gould,
Proc. Boston Natur. Hist. 2:210-212; Lymnaea stagnalis
brunsoni R. H. Russell, 1967. Nautilus. 80:124-126.
Distribution: Lymnaea appressa is reported to live
in the drainages of most of northern North America except that in
the west the snail lives only north of southern Utah, southern
Colorado, and central California.

Habitat: These snails are found iIn perennial rivers,

reservoirs, lakes, or ponds on aquatic vegetation.
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Lymnaea group of L.
Lymnaea cf. L. Tryon, 1965 (Fig. C.3, C)

F. C. Baker, in Henderson,
Nautilus.

Distribution: Lymnaea binneyi is found only in the Columbia
River 1In eastern Washington. This species as used 1Is considered
a member of the L. group. Not enough work has been
done on the living gastropod to warrant applying a separate
specific designation.

Habitat: These gastropods are found In large perennial

rivers and lakes.

Lymnaea group of L. "palustris”
Lymnaea "palustris” (Fig. C.3, D)
Within the framework of our present knowledge of the

Lymnaeidae, it is impossible to assign this snail into a strict

species (Taylor 1965). Henderson reported L. traskii
Tryon from fossil deposits at Soap Lake which can be
referred to the group of L. "palustris.” With just shell charac-

teristics, i1t is impossible at present to distinguish the various

species within this group.

Habitat: These snails live in small ponds or streams.

Family Planorbidae
Genus Gyraulus Charpentier, 1837
parvus (Say, 1816) (Fig- C.2, A)
vermicularis Gould, 1847a. Proc. Boston Natur.

Hist. 2:210-212; Planorbis similaris F. C. Baker, 1919.
Bull. Amer. Mus. Natur. Hist.
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vermicularis albolineatus Henderson, 1933. Nautilus.
47:78-79; Gyraulus cressmani F. C. Baker, 1942a. Nautilus.
55:30-132.
Distribution: parvus may be a composite group of
species with similar environmental requirements found living in
North America south to the tropics.

Habitat: These planorbids are found on submergent vegetation

in various types habitats.

Genus Armiger Hartmann, 1840
Armiger crista (Linnaeus, 1758) (Fig. C.2, ©C)

Armiger imbricatus F. C. Baker, 1943. Carnegie Inst. Wash.
538:117-119.

Distribution: Armiger crista is. a Holartic species found
south to central Utah and central California. This is one of the
smaller freshwater pulmonates, iIs often overlooked when sampling
a habitat.

Habitat: These minute snails are found In lakes and ponds
in quiet water with a silty substrate on abundant growths of

higher aquatic plants.

Genus Vorticifex Meek, 1870

Vorticifex effusus (Lea, 1856) (Fig. C.2, D)

leana var. 1870. Ann. Lycium Natur.
Hist. New York. 9:333-361; Hanna,
1924. Proc. Calif. Acad. 13:131-136; effusa

Henderson 1929a. Nautilus. 42:80-82; Parapholyx
effusa nevadensis Henderson, 1934. Nautilus. 47:86-91;

solida optima 1934. Proc. Acad. Natur.
Sci. Philadel. 86:29-66; effusa
F. C. Baker 1941. Nautilus. 55:16-17; effusa

dalli F. C. Baker, 1945. The molluscan family

Univ. In. Press, Urbana. pp. 1-530;

sinitsini F. C. Baker, 1945. lbid.:; Parapholyx F. C.
Baker 1945. 1bid.
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Distribution: Today Vorticifex effusus lives in drainages

from eastern Nevada to south central ldaho, west to northern
California to eastern Washington.

Habitat: These gastropods are found in high quality water of
lakes, rivers, and spring fed creeks. Usually they are found 1in

water with a high content of dissolved oxygen.

Genus Haldeman, 1842
subcrenata (Carpenter, 1857) (Fig. C.3, A)

Planorbis hornii Tryon, 1865. Amer. J. Conchol. 1:223-232;

oregonensis Tryon, 1865. 1bid.; binneyi
Tryon, 1867. Amer. J. Conchol. 3:195-198;

J. G. Cooper, 1870. Proc. Calif. Acad. Sci.

4:92-100; Helisoma Ingersoll, 1875. Bull. U.S. Geol.
Geograph. Survey Territories. a:121-142; sub-
crenatus disjectus Cooper, In Raymond and Cooper, 1890.
Proc. Calif. Acad. Sci. 3:61-91; Helisoma trivolvis

Lindholm, 1932. Trudy Sovieta Isucheniyu
Sil, Seriya Yakutskaya. 11:65-72; occidentale
depressum F. C. Baker, Nautilus.

F. C. Baker, 1945. The molluscan family
Planorbidae, Univ. In. Press, Urbana. pp. 1-530; Helisoma
subcrenatum perdisjunctum F. C. Baker, Ibid. ;
binneyi F. C. Baker, 1945. 1lbid.:
binneyi ursolacustre Baily and Baily, 1952.
Nautilus. 65:46-53.

Distribution: subcrenata i1s found south of
Alaska to northern California, northern Arizona, and northern
New Mexico. At the southern limit of i1ts range P. subcrenata
occurs sporatically at higher elevations; perhaps Pleistocene
relicts.

Habitat: These large planorbids are found on rocks and sub-

mergent vegetation in lakes, streams, and ponds.
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Family Physidae

Genus Physa Draparnaud, 1801

Group of Physa gyrina

Physa gyrina Say, 1821 (Fig. B)
Physa concolor Haldeman, 1841. Proc. Acad. Natur.
Philadel. 1:103; Physa ampullacea Lea, Ibid.
Physa nuttallii Lea, Ibid. ; Physa malleata Tryon,

1865. Amer. J. Conchol. 1:165-173; Physa occidentalis Tryon,
1865. : Physa politissima Tryon, 1865. lbid.; Physa propinqua
Tryon, 1965. Physa coniformis Tryon, 1866. 1bid.
2:4-7.

Distribution: Physa gyrina is extremely widespread in North
America north of northern Arizona and New Mexico. The snail 1is
found on the Mexican Plateau, where populations are sporadic.
This group of mollusks consists of grouping many of the previ-
ously described species of Physa.

Habitat: These snails are found in all types of situations
including lakes, reservoirs, streams, small creeks, and ponds.
Water can be either permanent or temporary with clean or polluted

conditions.

Order Stylommatophora
Family Succineidae
Genus Succinea Draparnaud, 1801
cf. Succinea (Fig. C.4, ©)
Distribution: Succinea are found throughout the world and
are often confused with other genera of the Succineidae, particu-
larly Catinella (Patterson 1971). It is virtually impossible to

identify members of this group from shell material only.



Habitat: These terrestrial gastropods are usually found iIn
extremely moist situations, both on soil and plants (usually

sedges) adjacent to water.

Family Zonitidae
Genus Zonitoides Lehmann, 1862
Zonitoides arboreus (Say, 1816) (Fig. C.4, B)
Distribution: Zonitoides arboreus i1s widespread in North
America iIn protected habitats.
Habitat: These gastropods occupy moist terrestrial habitats

that are protected from the sun.

Family Endodontidae Pilsbry
Genus Discus Fitzinger, 1833
Discus cronkhiteir (Newcomb, 1965) (Fig. C.4, A)
Distribution: Discus cronkhitei i1s found from Maine to
California in favorable terrestrial habitats.
Habitat: These snails are found on leaves and grass iIn

extremely humid situations.












Fig. C.2






Fig. C.3
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