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ABSTRACT 

Thirty species of Pleistocene non- marine 
Mollusca occurred in the 5 extinct lakes studied 
in northeastern Wisconsin. Of these, 5 are fresh 
water pelecypods, 18 are fresh water gastropods, 
and 7 are terrestrial gastropods. The mollusks 
were studied both quantitatively and qualitative
ly. Each deposit was sampled at 2-inch intervals 
except the Mountain deposit which was sampled 
at 8-inch intervals. All the deposits are located 
on drift of either the Cary or the Valders substage 
of the Wisconsin glaciation. Three of the depo
sits are located along the north-south trending 
Mountain morainal system, one is to the west of 
it, and one is to the east. 

The Mollusca of each deposit were studied 
primarily to reconstruct the former environment 
in which they lived. The species that occurred 
most abundantly are considered to be native to 
the habitat in which they lived. Those that are 
less common are probably intruders from a near
by environment , and those that are rare are in 
truders carried in by some outside agent. Chan
ges in the percentages of the species in a depo
sit were quite common. These changes reflect 
changes in the environment of the lake at the 
site of the sampled section. The number of 
shells in each collection varied with lithology; 
they were more abundant in the marl than in 
the peat. 

The species occurring most commonly are 
Pisidi urn ca ser tan urn, Valva ta tr i
carinata, Amnicola limosa , Amni
cola lus trica , Fo ssaria obrussa de
campi, and Gyrau lus pa r v us. All of 

these live in shallow water 'with some vegeta
tion. Variations in the percentages of the. a
bove species reflect slight changes i11 the habi
tat. Amnicola limosa, A. lustrica, 
and G • par v us fava: a habitat with vegeta
tion, and F. obrussa decampi favors a 
very shallow water habitat. 

Each of the deposits was formerly a small 
lake or pond which came into existence shortly 
after the area was free of 1ce. They were all 
lakes of shallow water with a relatively soft bot
tom. The vegetation va: ied from moderate to 
dense. The water in the lakes was neutral to 
slightly alkaline, ranging il'\ pH from 7 to 8. 
The changes of emironme.'lt refle.cted by the 
mollusks were generally changes in depth of 
water. The water was probably cooler then than 
now as indicated by the presence of He 1 is om a 
an c e ps striatum, a sub3pecies bo:'licved to 
live only in cold water. The si.milari ty of the 
faunas from the 5 extinct lakes to a livir.tg fauna 
in northern Minnesota indicate.s that the climate 
in northern Wisconsin in Late Wisconsin time was 
like that of northern Minnesota today. 

A few notable mollusks were absent in the 5 
deposits, but are known to live in northeastern 
Wisconsin today. They are the Naiad pelecy
pods, Bulimnea megasoma, Acella 
haldemani, and Helisoma tri.volvis. 
These species probably migrated to r.ortheastern 
Wisconsin at a later time than the species that 
occurred in the 5 lakes, and at a time after the 
lakes had become extinct. 
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INTRODUCTION 

Purpose of Investigation 

The primary purpose of this investigation is 
to make a quantitative and qualitative study of 
the non-marine molluscan fauna of five Late 
Wisconsin deposits in noctheastern Wisconsin. 
The former environment of each of the five de
posits was reconstructed from the data obtained. 
Special attention was given to quantitative chan
ges in species that might reflect change~ in litho
logy or environment. This type of investigation 
gives information on which species were first to 
repopulate northeastern Wisconsin after the last 
glaciation. This helps in determining the rate 
and routes of migration of non-marine Mollusca 
after deglaciation. The information contained 
in this report, along with that from similar in
vestigations, will help establish the significance 
of index fossils for the Pleistocer.c. 

Location of Deposits 

The five deposits studied are located in the 
northeastern part of the state of Wisconsin. The 
area is located between 44 degre.es 20 minutes 
and 45 degrees 45 minutes north latitude and 87 
degrees 45 minutes and 89 degrees 5 minutes 
west longitude. The White Lake deposit is lo
cated on the eastern edge of the village of White 
Lake, Langlade County, SW 1/4, NE 1/4, Sec. 
21, T. 31 N., R. 14 E. The Spur Lake deposit 
is located about 4 miles northwest of Dunbar, 
Marinette County, NW 1/4, NW 1/4, Sec. 3, 
T. 37 N., R. 18 E. The Mountain deposit is in 
Oconto County, about 2. 5 miles south of the vil
lage of Mountain, in the SE 1/4, SE 1/4, Sec. 
22, T. 31 N., R. 16 E. The Waupaca deposit 
is located 2. 5 miles north of the town of Wau· 
paca, Waupaca County, SW 1/4, NE 1/4, Sec. 
8, T. 22 N., R. 12 E. The Harmony deposit is 
located in Marinette County about 1. 5 miles 
south of the village of Harmony, SW 1/4, NW 
1/4, Sec. 15, T. 30 N., R. 22 E. 

Method of Investigation 

In this investigation five marl deposits were 
selected for study from approximately 15 that 
were examined in the field. The five were se
lected on the basis of geographic location, ac
cessibility of the marl, and general fossil con
tent . Each individual deposit was mapped by 
menas of pace and compass and information · 
from air photos. The section to be collected 
was selected on the basis of the maximum thick
ness of marl that could be obtained by digging a 
pit into the marl. 

A pit was dug at a site from the top of the de
posit to the base. Its dimensions were approxi
mately 4 feet long and 3 feet wide. The section 
was collected at two-inch intervals in samples 
of 12 X 12 X 2 inches. Each collection was la
beled and placed in a plastic bag which was 
sealed to preserve the moisture of the sample. 
The samples were then taken to the laboratory. 
The only variation from this method was at the 
Mountain deposit where the collections were 
made with a post-hole auger of 8-inch diameter 
and taken at 8-inch intervals. 

In the laboratory the samples were soaked in 
water for approximately 24 hours before being 
sieved. They were then washed through sieves 
of 10, 20, and 30 mesh and allowed to dry. The 
dried samples were placed in containes and pro
perly labeled. The amount of the sample that 
was sieved was between 1000 and 4000 millili
ters, depending on the number of shells that ap
peared to be in the sample. 

The dried samples contained the shells, plus 
a considerable amount of other matter that could 
not be washed through the sieves. The 10 and 20 
mesh portions were combined and the shells were 
picked out of the residue rna terial by hand. The 
30 mesh portion was stored for further study. If 
the residue material contained a great many shells, 
it was split by means of a sample-splitter, into 
halves, quarters, or occasionally into eighths. 

(Text continued on p. 11) 
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PLATE I 

AERIAL PHOTOGRAPHS OF THE FIVE NORTHEASfERN WISCONSIN DEPOSITS. 
Fig. 1. White Lake; Fig. 2. Spur Lake; Fig. 3. Mountain; 

Fig. 4. Waupaca; Fig. 5. Harmony. 
SCALE: 1 inch to 660 feet. 



I 

I 
I 
I 
I I FLORENCE 

L----T--
1 
I 
I 

----L-, 
I FOREST 1 

LANG LADE 

L---~----1 

L, 
I • 

-, 
I 

I 

I 
L_ 

WL I r- ---- ...J 

I I 
L- -- _J 
I l MENOMINEE 

I '-----, 

I 

I 
-SHAWANO -t-- - - -- - - -

I 

I WAUPACA 

I 
L-

1 
I 

---1 
I Q) 

I 5 
I ...::: 
I 
I 

r---1---- ----, 
I I 
I I 
I I 
I I 
I I 

OUTAGAMIE 

I 
I 

MARINETTE 

-------

r-----

BROWN 

Figure 1. Sketch Map of the Ar~a of Northeastern Wisconsin covered by this Report; Showing 

Loc.ation of Deposits and Ptincipal Moraines. WL - White Lake Deposit; SL - Spur Lake Deposit; 
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The selected portion of the residue was then 
picked in order to obtain a minimum of 1000 
shells. From the shells that were picked, one 
thousand were counted at random and identi
fied to species. The shells of each species were 
then counted and represented as a percent of the 
total population in each collection. 

The comparilon among species of a given 
collection as well as the comparison from col
lection to collection is shown both in table form 
and graphically. The relati.ve number of shells 
in each collection was determined and this is 
'shown u the number of shells per 1000 milli
liters of sediment. 
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PLEISTOCENE GEOLcx:;Y OF NORTHEASTERN WISCONSIN 

General Statement 

The topography and surficial deposiu of the 
area of northeastern Wisconsin covered by this 
paper are almost entirely of glacial origin. These 
features and depoaits were formed during the Cary 
and Valders substages of the Wisconsin Stage of 
glaciation. The principal topographic features 
are recessiooal moraines and pitted outwash 
plains, and these depollts are composed of either 
till or strati fled drift. 

The Cary tiU. which covers the western part 
of the area 11 gray with many large rock frag
ments commonly in a sandy matrix (Thwaites, 
1953, p. 16). Tbia till forms well defined re
cessional moraines which mark the former peri
meter of the Green Bay lobe.. The moat promi
nent in the area fa the Mountain morainal sys
tem (see Fig. 1) which trends approximately 
l)ortb-south, and marks a halt in the retreat of 
the Cary ice. From this position the ice re
treated to the east to the poaition of the Athel
stane morainal ayatem in the e.astern part of the 
area. While the ice w.u at this position an ex-

tensive outwash plain was deposited to the west 
(Thwaites, 1943, p. 133). Upon further retreat 
the Cary ice disappeared from northestern Wis
consin. It is very probable that the ice retreated 
far enough to open the Straits of Mackinac (Thwaites , 
1943, p. 136). With the retreat of the Cary ice, 
northeastern Wisconsin was blanketed with glacial 
outwash and lake clays which were deposited in ice 
marginal lakes. 

Following lhe Cary ice retreat, a forest grew 
over much of northeastern Wisconsin as evidenced 
by the w_ood and plant material between the Cary 
and Valders drifts. Wilson ( 1932, p. 34) states 
that "the interval in which the forest bed devel 
oped ~as at least 82 yean in length, u shown by 
the growth rings of the oldest log ••• " F.C. Baker 
identified seven species of mollusks from the forest 
bed and wu able to recopize three distinct levels. 
The lowest cmtained Fouaria dalli, P.upil
la muscorum, and Succinea avara. In 
the nU.ddle level were shells of the land snails 
Succinta avara aDd Vertigo ventrico
aa. The upper level cmtained three specie• of 
aquatic mollusks, Gyraulus clrcumstriatus, 
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Foss aria parva, and Pisidium sp., in
dicating that the forest bed was probably flooded 
as a result of the advance of the Valders ice (Wil
son, 1932, pp. 39-40). The study of the plants 
and animals of the Two Creeks forest bed by Wil
son and Baker led to the conclusion that the cli
mate was like that of northern Minnesota today. 

Many samples of peat and wood from the Two 
Creeks foreat bed have been dated by the radio
carbon method. Broecker and Farrand ( 1963, p. 
801) have determined the age of the forest bed 
to be 11,850 t 100 years before present. 

The last giacial stage in. northeastern. Wis
consin was initiated by the advance of the Val
ders ice. This ice covered approximately two
thirds of the area at its maximum extent. The 
Valders drift can be distinguished from the under
lying Gary drift by its red color and much finer 
texture, whereas the Gary is gray in color and 
sandy in texture (Murray, 1953, p. 141). The 
drift of the Valders glaciation is relatively thin, 
indicating a short period of ice occupancy in 
northeastern Wisconsin. Because of the thinness 
of the drift and the fact that it did not construct 
any major topographic features, the exact peri
meter of the Valders maximum is difficult to 
trace. The m~lting of the Valders ice marks the 
final retreat of the glaciers from northeastern 
Wisco~sin. Thwaites (1943, p. 137) considers 
that the absence of any recogni&able moraines 
within the,Valders area, combined with the me
andering courses of many eskers, indicates that 
the ice became stagnant immediately upon 
reaching iiJ maximum. 

The extinct lakes studied rest directly on gla
cial drift of either the Cary or the Valders s\lb
stage. Three are aligned along the Mountain 
morainal system, one is to the west of it, and 
one is to the east (see Fig. 1). The northernm01t 
dep01it is the Spur Lake deposit. The marl is lo
cated in a shrinking glacial lake which occJJpies 
a shallow dep-ellion in an area of glacial out
wash. This dep01it is the Ot'lly one associated 
with a natural body of water at present. To the 
south of Spur Lake is the MoWltain deposit. Here 
the marl was dep01ited in a body of water boun
ded on the west by a high morainal ridge and on 

the east by a gently rising slope of land covered 
by glacial outwash. Along this same morainal 
ridge, to the south in Waupaca County, the Wau
paca deposit is located. The marl was deposited 
in a pond that developed in the low places of 
pitted outw.ash. The White Lake deposit is loca
ted to the west of the Mountain moraine and pro
bably represents the oldest de.Posit studied. The 
former body of water may have been a ponded 
area of a str~am which cut through a glacial out
wash plain. The deposit to the east of the Moun
tain moraine, the Harmony deposit, is probably 
the yoWlgest. It was formed in a lake that de
veloped in a shallow depression in Valders ground 
moraine. 

White Lake Deposit 

The White Lake deposit (see Fig. 2) formed 
in a channel that had been cut into a pitted out
w.ash plain. lt appears that a stream cut the 
channel and that marl was deposited in a small 
ponded area of the stream. The marl deposit is 
surrounded on the east, west, and north by a 
sandy bank which is approximately 15 feet high. 
The top of the bank is flat and is concordant with 
the general surface of lhi& area. To the south, 
the deposit is not bounded by this bank but grades 
into a very swampy area in which the muck and 
peat are over 8 feet thick. The area of the marl 
and swamp is forested but some of it has been 
clea~d to allow for excavation of marl. A small 
stream now drains the area from north to south. 
The sand forming the bank is medium- to coarse
grained and tan to reddish tan in . color. It ap
pears to be somewhat stratified. The general 
char.acter of the sediment and its fairly extensive 
flat surface would seem to indicate that it is a 
glacial outwash dep011t. It was mapped by 
Thwaites (1943, pl. 10) as Cary outwash. The 
outwash is between two well-defined Cary reces
sional moraines and was probably dep01ited when 
the ice stood at the position of the Mountain mo
raine a few miles to the east. This would make 
the outWash Cary in age and the lake some time 
after the Cary retreat. There is no evidence of 
any drift from the Valders glaciation, and it is 
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possible that the lake was in extstence at the 
time of the Valders glaciation . 

The White Lake deposit is an exti nct lake or 
pond accumulation composed principally of 
marl and peat. The marl makes up most of 
the section and in places is between 6 and 7 feet 
thick. The lake was formed on a medium · to 

coarse-grained sand base. The first accumula
tion of sediment was approximately 8 inches of 
fairly well compacted peat. Above this are a 
few inches of clayey peat in which the first shells 
appear; this in twn grades into a marly peat and 
then a peaty marl. Marl with an abundance of 
clay and plant material makes up most of there
maining section except for a few uni rs of peat 
and one unit of sand 3 inches thick about 24 in
ches from the base. The sand is unfossi liferous 
and contains small lumps of clayey peat which 
contain shells. . The top 14 inches is composed 
mostly of organic plant remains . 

The marl is everywhere covered by at least 8 

inches of black organic muck. The much cover 
is thinnest on the northern sid~ of ttle deposit 
averaging about 8 - 12 inches. To the south it 
becomes thicker and the last trace of marl was 
located under a cover of 7 feet of muck. The 
muck continues to thicken to the ~outh. 

Stratigraphic Section 
Coll. Unit Inches 
1-4 15 Muck, black, clayey, abundant 

plant rna tter, un f ossih f10ro us . . . 8 
5 14 Marl, dark brown, very platy, 

aburidant plant matter, fossil-
iferous . • • . • • • . • • • . • . . • . . . . • 2 

6-7 13 Peat, dark brown to black, some 
layers of dark greenish material, 
calcareous, platy, fossiliferous. . 4 

8-19 12 Marl, gray-brown, dries gray, 
fine - grained, very clayey, abun 
dant plant matter, fos:;l.liferous ••• 24 

20 11 Marl, gr!ly-brown, peaty, very 
clayey, fossiliferous . • • • • • • • 1 

21-23 10 Marl, brownish gray, fine-
grained, clayey, abundant plant 
matter, sandy near base, fos~il-

iferous. . . . . . . . . . .. . . • . . . . . . . . 6 

24 9 

25 8 

26 7 

27 6 

28 5 

29 -30 4 

31 3 

32 2 

33-36 1 

Sand, gray, medium-grained, few 
pebbles, with small patches of 
peaty clay which contain shells . 3 

Peat, dark brown to black, con-
tains large plant fragments, 
fossiliferous . . . . . • • . . . • . . . . 2 

Marl, gray-brown, fine -grained, 
peaty, clayey, fossiliferous.. 2 

Peat, dark brown to black, cal-
careous, clayey, fossiliferous. 2 

Marl, brown to dark brown, peaty, 
clayey, fossiliferous . . . . . . . • 2 

Marl, tan, fiue-gra1ned, clayey, 
abundant plant maw~ r. fos · 
siliferous . ••••• , • . . . . . . . • . 4 

Marl, gray -brown, peaty, clayey, 
fossiliferous . . • . . • . . . . . . . . . 2 

Peat, dark brown, clayey, cal-
careous, foS3iliferous . . . . . • . 2 

Peat, dark brown, clayey, com · 
pacted, unfossi.li ferous . . . . . . 8 

TOTAL 11 2 

Spw Lake Deposit 

The Spur Lake deposit (Fig. 3) is the only de
posit sampled in whi.ch a lake is now present . 
Water occupies about 80 percent of what was once 
a larger lake. The only definite trac~ of marl a r 
this site is on the southeastern side of the lake. 
About half of the marl is exposed on dry land and 
the other half is still under water. 

The area immediately surrounding the lake is 
relatively flat and is composed of medium·· to 
coarse .. grained reddish tan sand, characteristic 
of an outwash deposit. Thwaites(1943, p. 10) 
has mapped the area as Cary outwash. It pro
bably formed when the. ice stood at the eastern 
edge of the Mountain morainal system or farther 
to the east at the Athelstane moraine. The ori 
ginal lake most likely formed in a depression in 
the Ou twash or as a direct result of the melting 
of an .ice-block which had been buried by the out 
wash. 

The marl ranges in depth from a few inches 
at the edge of the deposit to 6 to 7 feet at the 
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maximum. The marl is quite homogeneous 
throughout its vertical section and all was de
scribed as one unit. The top 6 inches, how
ever, had some sand. The marl is fine-grained, 
gray, and the amount of plant matter is fairly 
high and remains constant throughout. Only a 
three-foot section of marl could be sampled here 
because of the lake level. 

Stratigraphic Section 
The Spur Lake deposit can all be included in 

one unit: Marl, light-tan to tan, fine-grained, 
dries gray, contains plant matter which remains 
constant throughout the section, very little clay, 
fossiliferous .•••••.•••••.••.•••••• 63 inches. 

Only the top 36 inches were sampled. The 
marl.restS on a base of fine- to medium-grained 
tan sand. 

Mountain Deposit 

The Mountain deposit (fig. 4) represents an 
unusual situation in which a small pond or lake 
was formed in a hollow between a high morainal 
ridge on the west and a gently rising slope of 
outwash on the east. It was drained by a stream 
which ran parallel tot~ moraine and the depo
sit may represent a ponded arell in the stream. 

The morainal ridge, trending North-South, 
is part of the eastern edge of the Mountain mo
rainal system. It is about 100 feet high and con
tains many large boulders, some 10 feet in dia
meter. The outwash is probably Cary, having 
formed when the ice stood at the Athelstane mo-

' raine to the east: The sand is medium- to coarse-
grained and tan in color. The whole area had 
once been forest land but the part occupied by 
the marl has been cleared and is used as a trout 
farm. A very small stream drains the area and 
the water table is only l few inches below the 
surface. 

The marl averages from 6 to 8 feet in thick
ness and ia everywhere covered by 12 to 18 inches 
of black peaty material containing many wood 
fragments. The deposit resu on medium-grain
ed sand which ia red. The bottom 5 inches of 
marl is white and quite pure in composition. 

The marl is tan throughout the remainder of the 
section and plant matter increases toward the top. 
The entire section of marl is fossiliferous, but 
the 18 inches of black muck capping the marl 
contained no fossils. 

Stratigraphic Section. 
Coll. Unit• Inches 

6 Peat, black, abundant wood 
fragments, unfossiliferous •• 18 

1 5 Peat, dark brown to black, 
marly, fragments of wood 
throughout, fossiliferous ••• 8 

2 4 Marl, brown, fine-grained, 
peaty, abundant wood frag-
ments, fossiliferous ••••••• 7 

3-8 3 Marl, light tan, fine-grained, 
abundant plant matter, fos-
siliferous .•.•••••..•.•••. 

9-10 2 Marl, grayish tan, mottled 
with areas of white, fine-
grained, abundant plant 
matter, fossiliferous ••.• 

11-12 1 Marl, white, small patches 
of gray, fine-grained , 
little plant matter, fos-
siliferous •••••••.•..•• 

Total 
• Units were sampled at approximately 
8 inch intervals. 

Waupaca Deposit 

49 

16 

14 -
112 

The marl of the Waupaca deposit (fig. 5) was 
laid down in a small lake or pond which formed 
in a deJ:ression in pitted outwash. The former 
lake is surrounded by knobby terrain composed 
of coarse-grained light-brown sand which con
tahu numerous pebbles and some boulders. This 
topography seems characteristic of pitted outwash, 
the low places being the sites of former ice blocks. 
The deposit lies on the bo\Uldary between the Cary 
outwash and the Valders outwash (Thwaites, 1943, 
pl. 10) and it could not be determined where it 
was located in relation to this boundary. MOlt of 
the knobs have been excavated for sand and gra
vel and these depressions are filled with water. 
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The lake and swamp sediments deposited in 
the low places between the knobs range in thick
ness from less than a foot to 21 feet. Steidtmann 
( 1924, p. 148-149) states that the marl bed un
derlies 6 acres of open marsh. The logs of a 
few borings he made show the muck to be as 
thick as 19 feet over a foot of marl in some 
places and only two feet thick over 12 feet of 
marl in other places. In general it can be siad 
that the muck increases in thickness toward the 
northern edge of the deposit. Because of the 
swampy conditions, a section was taken near the 
edge so that it would not fill with water immedi
ately and because the muck cover was thinnest 
here. The bottom 42-inch unit is composed of 
a fossiliferous light tan fine-grained marl. The 
next unit, 4 inches, is peat which contains shells, 
followed by another 4 inch unit of peat which has 
no shells, and this is covered by a 10 inch unit 
of black muck. 

Stratigraphic Section 
Coil. Unit Inches 
1-5 5 Muck, black, crumbly, clay-

ey, unfossiliferous . . . . . . . • . 10 
6-7 4 Peat, dark brown to black, 

well compacted, wood frag-
ments, unfossili ferous .... . . 4 

8-9 3 Peat, brown to dark brown, 
marly, few wood fragments, 
fossiliferous . . . . . . . • . . . . . . . 4 

10-11 2 Marl, brown, fine-grained, 
contains plant matter, fossil-
iferous • . • . . . . • • . • . . • . . . . 4 

12-26"' 1 Marl, white to light tan, dries 
gray, fine-grained, little plant 
matter, fossiliferous . . . • . . 3 9 

Total 61 
• Collection No. 26 is 11 inches thick. 

Harmony Deposit 

The small pond which formed the Harmony 
deposit (fig. 6) developed in a shallow depres
sion in gently rolling terrain of Valders ground 
moraine. The marl rests on a base of medium
grained sand which is unfossiliferous; it is cap-

ped everywhere by 8 to 24 inches of black muck. 
The gently·.rolling surrounding terrain and the 
thickness of lake sediments, 5 to 6 feet, seem to 
indicate a small shallow pond deposit. In con
uast to the other deposits, the bottom 14 inches 
is composed of clayey, brown, calcareous fos
siliferous silt rather than marl. The next 34 
inches, however, is composed of fine-grained 
tan ma.rl which is quite pure. The next unit is 
fossiliferous clay and the top unit is composed 
of 10 inches of black clayey unfossiliferous 
muck. 

Stratigraphic Section 
Col!. Unit Inches 
1-4 4 Muck, black, clayey, 

5 
crumbly, unfossiliferous •. 

3 Clay , dark brown to black, 
blocky, fossiliferous .. .• . 

6-22 2 Marl, tan, fine-grained, 
dries gray, blocky, stringers 
of peaty clay in upper 5 
inches, sparse plant matter, 

8 

2 

fossiliferous . . . . . . . . • . . . 34 

23-29 1 Silt, brown, coarse -grained, 
clayey, calcareous, very 
crumbly, few angular peb-
bles, fossiliferous . . . . . . 15 

Total 59 
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SYSTEMATIC PALEONTOLOGY 

GENERAL STATEMENT 

This chapter is a summary of data for each 
species collected in the five northeastern Wis
consin deposits. A short synonymy is given which 
includes the original description of the species 
as well as the important references to that spe
cies for Wisconsin. The diagnosis of the shell 
includes only some of the important character
istics of the shell which can be seen in the fos-
sil shell. This section also includes information 
on the ecology, general distribution, and geo
logic distribution of each species studied. 

Much of the inform.ation contained in this sec
tion has been summarized from the data collec
ted by previous workers in Pleistocene non-ma
rine Mollusca in the Department of Geology, 
Ohio State University. Other important refer-

. ences used .are Baker ( 1928), PilsbryX 1946, 
1948), Herrington(1962) andLaRocque(1963-
1964). 

Class Pelecypoda 

Order Teleodesmacea 

Family Sphaeriidae 

SPHAERIUM LACUSTRE (Muller) 1774 

Tellina lacustris Muller 1774, Verm.Terr. 
et Fluv., vol. 2, p. 204. 

Musculium rosaceum Baker 1928, F. w~ 
Moll. Wis., pt. 2, p. 358, pl. 99, figs. 
19, 2o. 

Musculium jayense Baker 1928, F.W. 
Moll. Wia., pt. 2, p. 353, pl. 99, figs • . 
27, 28. 

Musculi u m r y c k h o 1t i Baker 1928, F. W. 
Moll. Wis., pt. 2, p. 359, pl. 99, figs. 
6-9. 

Sphaerlum lacusue Herrington 1962, 
Rev. Sphaeriidae N. Am., p. 19, pl. 
2, fig. 1. 

TYPE LOCALITY. Europe, probably Denmark. 

DIAGNOSIS. Shell smail to medium, walls 
thin, anterior end not so high as posterior; beaks 
somewhat toward antericr end; striae moderately 
fine to fine; anteri()r end rounded; posterior end 
almost straight; hinge very long; lateral teeth 
slim but distinct, cardinal teeth weak. (Con
densed from Herrington, 1962, pp. 19, 20). 

ECOLOGY. This species is most plentiful in 
small lakes and ponds, but also occurs in large 
lakes, rivers, and creeks. It appears to prefer 
a muddy bottom. (Herrington, 1962, p. 20). 

GENERAL DISTRIBUTION. Northwest Terri
tories east to Nova Scotia; and south to Louisiana, 
Alabama, Georgia, and Florida. · 

GEOLOGIC DISTRIBUTION. Taylor and Hib
bard (1955, p. 12) have recorded this species 
from the Illinoian of Oklahoma. This is also a 
common species a'mong !,.ate Pleistocene and Re
cent assemblages. The form r y c k h o 1 t i has 
been recorded from Early and Middle Pliocene 
deposits of Kansas and Oklahoma. 

SPHAERIUM SULCATUM (Lamarck) 1818 

Cyclas sulcata Lamarck 1818, Anim. sans 
Vert., 5, p. 560. 

Sphaerium crassum Baker 1928, F.W. 
Moll. Wis., pt. 2, p. 319, pl. 94, figs. 
11-13. 

Sphaerium lineatum Baker 1928, F.W. 
Moll. Wis., pt. 2, p. 322, pl. 94, figs. 
18-21. . 

Sphaerium simile Baker 1928, Ibid., p. 
315, pl. 96, figs. ~-7. 

Sphaerium simile planatum Baker 1928, 
Ibid., p. 317, pl. 317, pl. 96, figs. 8-10, 
pl. 98, figs. 29-33. 

Sp ha er i urn s ul catu m Teskey 1954, Nauti
lus, vol. 68, p. 27. 
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TYPE LOCALITY. Lake George, N. Y. 

DIAGNOSIS. Shell large, transversely oval, 
inflated, almost equipartite, rather solid; striae 
unevenly spaced; hinge long, lateral teeth short 
to medium in length, cardinals nearer anterior. 
(Herrington, 1962, p, 28, 29). 

ECOLOGY. "Small lakes, also eddies in riv
ers and creeks. It has a preference for soft sand 
with vegetation; never found in swamps or ponds." 
(Herrington, 1962, p. 29). 

GENERAL DISTRIBUTION. Alberta east to 
the Gaspe Peninsula; south to Wyoming, Iowa, 
South Dakota, Minnesota, Illinois, Indiana, 
Ohio, Pennsylvania, and Virginia. It probably 
does not extend south of the area covered by the 
glaciers. (Herrington, 1962, p. 29). 

GEOLOGIC DISTRIBUTION. The general 
range of this species is from Early Pleistocene 
(Nebraskan) to Recent. 

PlSIDIUM NITIDUM Jenyns 1832 

Pisidium nitidum Jenyns 1832, Trans. 
Cam br. Phil. Soc. , vol. 4, p. 304, pl. 
20, figs. 7-8. 

Pisidium contortum Baker 1928, F.W. 
Moll. Wis., pt. 2, p. 415, pl. 100, figs. 
26, 27. 

P. g lab e 11 u m Baker 1928, Ibid., p. 384, 
pl. 102, figs. 9-11. 

P. minusculum Baker 1928, Ibid., p. 383, 
pl. 102, figs. 5-8. 

P. pauperculum Baker 1928, Ibid., p. 
421, pl. 100, figs. 22-25. 

P. splendidulum Baker 1928, Ibid., p. 
411, pl. 102, figs. 28-30. 

P. tenuissimum Baker 1928, Ibid., p. 
419, pl. 104, figs. 29-33. 

P. nitidum Herrington 1962, Rev. Sphaeri
idae N. Am., pp. 45, 46, pl. 5, fig. 6, 
pl. 7. fig. 17. 

TYPE LOCALITY. Great Britain. 

DIAGNOSIS. Shell moderately small, walls 
thin, rhomboid; beaks subcentral, broad; suiae 
moderately fine; anterior end with a rounded 
slope joining ventral margin below in a rounded 
point; postericx end vertical or undercut; hinge 
long, laterals of moderate length, cardinals sub
central. (Condensed from Herrington, 1962, p. 
45). 

ECOLOGY. Herrington ( 1962, p. 46) gives 
its habitat as large ponds, bog ponds, lakes, 
creeks, and rivers, with a preference for shallow 
water. 

GENERAL DISTRIBUTION. Eurasia and North 
Africa; North America, Ncxthwest Territories eut 
to Newfoundland and south throughout the United 
States except for the southeastern states. 

GEOLOGIC DISTRIBUTION. It has been re
ccrded by Taylor ( 19€0, p. 48) for the Nebru
kan. This species is common in deposits of Wis
consin age and living assemblages. 

PlSIDIUM CASERTANUM (Poli) 1791 

Card! urn caser.tanum Poli 1791, Test. 
utr. Sicil. , vol. 1, p. 65, pl. 16, fig. 1. 
Pisidium abditum Baker 1928, F.W. Moll •. 

Wl$., pt. 2, p. 407, pl. 103, figs. 1-5. 
P. complanatum Baker 1928, Ibid., p • . 

402, pl. 103, figs. 9-ll. 
P. griseolum Baker1928, F.W. Moll. Wis., 

Ibid., p. 412, pl. 104, figs. 25, 26. 
P. neglectum Baker 1928, Ibid., p. 390, 

pl. 105, figs. 7, B. 
P. noveboracense Baker 1928, Ibid., p. 

391, pl. 101, figs. 10-12, 20. 
P. poli tum Baker, 1928, Ibid., p. 404, pl. 

102. fig. 19. 
P. politum decorum Baker 1928, Ibid., 

p. 405, pl. 102, figs. 20-22. 
P. roperi Baker 1928, Ibid., p. 400, pl. 

102, figs. 23-25. 
P. subrotundum Baker 1928, Ibid., p. 409, 

pl. 101, figs. 21-23. 
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Pis i diu m sub rotund u.m p u m i 1 u m Baker 
1928, F. W. Moll. Wis., pt. 2, p. 410, pl. 
102, fig. 26. 

P. superius Baker 1928, Ibid., p. 397. 
P. casertanum Teskey 1954, Nautilus vol. 

68, p. 27. 
P. casertanum Herrington 1962, Rev. 

Sphaeriidae N. Am., pp. 33, 34, pl. 4, 
fig. 1, pl. 7. fig. 7. 

TYPE LOCALITY. Sicily. 

DIAGNOSIS. Shell rather long in outline, of 
moderate weight; beaks subcentral to a little far
ther back; striae rather fine; anterior end mod era
tely long and rounded; posterior end truncate ; hin· 
ge-plate moderately long, laterals distinct, car
dinals near anterior cusps. (Condensed from Her
rington, 1962, p. 33). 

ECOLOGY. "P. casertanum has succeed
ed in adapting itself to a wide variety of habitats. 
One finds it in bog ponds, ponds, swamps that 
dry up for several months of the year, swamp
creeks, creeks with considerable current, rivers, 
and lakes, including the Great Lakes. This is by 
far the most common Pis i diu m." (Herrington, 
1962, p. 34). 

GENERAL DISTRIBUTION. Newfoundland and 
Labrador to British Columbia, as far nor th as the 
Arctic Circle. All of the United States except 
Hawaii, Kentucky, and North Dakota. 

GEOLOGIC DISTRIBUTION. This species 
ranges from the Pliocene to the Recent and is 
common in deposits of Wisconsin age. 

PISIDIUM VARIABILE Prime 1851 

Pis i diu m varia b i 1 e Prime 1851, Proc. 
Boston Soc . Nat. Hist., vol. 4, p. 163. 

P. variabile Baker 1928, F.W. Moll. Wis., 
pt. 2, p. 381, pl. 101, figs. 1-4. 

P. variabile Herrington 1962, Rev. Sphae
riidae N. Am., p. 50, pl. 3, fig. 4, pl. 1, 
fig. 4. 

TYPE LOCALITY. Fresh Pond, near Cam
bridge, Massachusetts. 

DIAGNOSIS. Shell heavy, varying from short 
and high to moderately long; beaks rather promi
nent, quite far back and broad; striae coarse to 
fine; anterior end begins near the proximal side 
of cusps and descends to where it joins ventral 
margin with an angle; posterior end broadly 
rounded, vertical or slightly undercut; hinge 
long, laterals rather short, cardinals central. 
(Condensed from Herrington, 1962, p. 50). 

ECOLOGY. "Creeks , rivers, and lakes ; usu
ally in still water where soft sediments accumu
late." (Herr ington, 1962, p. 50). 

GENERAL DISTRIBUTION. Eastern United 
States north of Virginia; Colorado and northward; 
Washington, Manitoba, Yukon. 

GEOLOGIC DISTRIBUTION. This species is 
known only from the Wisconsin and Recent. 

Class Gastropoda 

Order Ctenobranchiata 

Family Valvatidae 

VALVATA LEWIS! Currier 1868 

Valvata lewisi Currier 1868, ListMoll. of 
Mich., Kent Sci. lnst., Misc. Publ. No. 1, 

p. 9. 
V. lewisi Baker 1928, F. W. Moll. Wis., 

pt. 1, p. 26, pl. 1, figs. 28-30. 
V. lewisi Morrison 1932, Trans. Wis. Acad. 

Sci. Arts, and Letters, vol. 27, p. 366. 

TYPE LOCALITY. Little Lakes, New York. 

DIAGNOSIS. Shell turbinate, thin, shining; 
whorls 3 1/2, regularly convex, rapidly increas
ing in diameter, regularly striate, like the "wind
ing of thread on a spool"; sutures deeply impressed; 
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spire depressed, apex flattened, spiral lines very 
fine, disappearing on second whorl; growth lines 
close together ; aperture circular; lip simple; um
bilicus ra ther wide, deep, exhibiting interior 
whorls. (CondensedfromBaker, 1928, p. 27). 

ECOLOGY. Baker ( 1928, p. 28) collected 
this snail in Prairie Lake in shallow water on a 
sand bottom in vegetation, and in Lake Butte des 
Morts in 1 meter of water on a mud bottom on 
plants. It appears to be largely a lake species. 

GENERAL DISTRIBUTION. Mackenzie River 
south to the northern United States and east to 
the A tl,antic. 

GEOLOGIC DISTRIBUTION. This species oc
curs from the Kansan to the Recent. 

REMARKS. This species was rare in the north 
eastern Wisconsin deposits. 

VALVATA SINCERA Say 1824 

Valvata sincera Say 1824, Rept. Long's 
Exped., vol. 2, p. 264, pl. 15, fig. 11. 

V. sincera Baker 1928, F.W. Moll. Wis., 
pt. 1, p. 23, pl. 1, figs. 19-22. 

V. sincera Solem 1952, Nautilus vol. 64, 
p. 129. 

TYPE LOCALITY. "Northwest Territory" (Say). 

DIAGNOSIS. Shell subglobose-conic, rather 
solid ; whorls 4, evenly rounded, regularly in
creasing in diameter; sculpture of fine and re
gular striae; sutures well impressed; aperture cir
cular; umbilicus round, deep, exhibiting the vo
lutions almost to the apex. ( Condense.d from 
Baker , 1928, p. 23). 

ECOLOGY. Generally regarded as a lake spe
cies, it has been found in deep water in Lake 
Michigan and Lake Superior. (Baker, 1928, p. 
23) . 

GENERAL DISTRIBUTION. The species ranges 
from Newfoundland, Quebec, and Maine west to 
Western Ontario and Manitoba, south to southern 
Michigan and northern New York. 

GEOLOGIC DISTRIBUTION. This species has 
been found in many late Pleistocene deposits and 
probably ranges from the Wisconsin to the Recent. 

REMARKS. V. si n cera israreinallfive 
deposits . 

VALVATA TRICARINATA (Say) 1817 

Cyclostoma tricarinata Say 1817, Jour. 
Acad. Nat. Sci. Phila. , vol. 1, p . 13. 

Valvata tricarinata Baker 1928, F. W. 
Moll. Wis . , pt. 1, p. 11, pl. 1, figs. 1-3 . 

V. tricarinata Morrison1932 , Trans. Wis. 
Acad. Sci., Arts, and Letters, vol. 27, p. 
366. 

V. tricarinata Solem 1952 , Nautilus, vol. 
65, p. 129. 

TYPE LOCALITY. Delaware River. 

DIAGNOSIS. Shell turbinate., thin, translu
cent, shining; whorls about '·i, rapidly enlarging, 
flattened between the carinae, sloping upward 
from the carina to the suture on the upper surface; 
spire ele . a ted but depressed at the apex ; sculp
ture of coarse growth lines more or less equally 
spaced ; sutures distinct, well impressed ; body 
whorl large, with three distinct, sharp carinae, 
one on the shoulder, one on the periphery, and 
one on the base, which encircles the round, deep, 
funnel-shaped umbilicus ; aperture circular, mo
dified somewhat by the carinae. (Condensed 
from Baker, 1928, p. 11-12). 

ECOLOGY. In Wisconsin , Baker (1928, p. 14) 
found V. tricarinata in shallow water to 
depths exceeding 9 meters. It has been found on 
mud, clay, sand, gravel and bare-rock bottoms, 
with or without vegetation in both streams and 
lakes. 
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GENERAL DISTRIBUTION. Great Slave Lake 
and the Mackenzie River south and east to New 
·England and Virginia. 

GEOLOGIC DISTRIBUTION. V. tricari-
n at a was found in a Nebraskan deposit by Ta y
lor t1960, p. 32). Many deposits of Wisconsin 
age contain this species. 

REMARKS. V a 1 v at a t r i c a r in at a occurs 
in all five deposits, but is rare in the Harmony 
deposit. The forms ( 111) and ( 000) seem to be 
the most abundant. Many of the ( 111) forms have 
very well developed carinae. 

Family Amnicolidae 

AMNICOLA LIMOSA (Say) 1817 

Paludina limosa Say 1817, Jour. Acad. 
Nat. Sci. Phila., vol. 1, p. 125. 

Amnicola limosa Baker 1928, F.W. Moll. 
Wis., pt. 1, p. 93, pl. 6, figs. 1-6. 

A. limos a Morrison 1932, Trans. Wis. Acad. 
Sci., Arts, and Letters, vol. 27, p. 368. 

TYPE LOCALITY. Delaware and Schuylkill 
rivers, Pa. 

DIAGNOSIS. Broadly conic in shape, about 
4. 5 mm. high, 3 mm. wide, 4. 5 whorls; apex 
blunt; later whorls round and somewhat should
ered, increasing gradually in size ; body whorl 
round; aperture subrotund, mostly basal ; umbi
licus deeply perforate. (Condensed from Berry, 
1943. p. 23). 

ECOLOGY. This species has a wide range in 
distribution , occurring in creeks , rivers, and 
fresh- and brackish-water lakes. It generally is 
found in thick beds of Char a, Pot am oge
ton, Vallisneria, and Elodea. The 
plants are not used for food, but they harbor rich 
colonies of diatoms on which the snail feeds. 
(Berry, 1943, p. 26). 

GENERAL DISTRIBUTION. New England and 
New Jersey west to Utah, Manitoba south to Texas. 

GEOLOGIC DISTRIBUTION. Amnicola li 
mosa has been found in many deposits of Wis 
consin age and should probably be regarded as 
ranging from Late Pleistocene to Recent. 

AMNICOLA LUSTRICA Pilsbry 1890 

Am ni co 1 a 1 us t ric a Pilsbry 1890, Nautilus, 
vol. 4, p. 53. 

A. Justrica Baker 1928, F. W. Moll. Wis., 
pt. 1, p. 104, pl. 6, figs. 16-17, 26 -27, 

text fig. 45. 
A. lustrica Solem 1952, Nautilus, vol. 65, 

p. 129. 

TYPE LOCALITY. Not specifically given: 
"New York to Illinois and Minnesota ... (Pilsbry). 

DIAGNOSIS. Shell small, about 4 mm., 5 

whorls increasing gradually in size; apex elevated, 
acute , sutures deeply impressed, whorls should
ered and rounded; aperture ovate, umbilicus nar
row, perforate. (Condensed from Berry, 1943, 
p. 30). 

ECOLOGY. It occurs on stones in rivers and 
lakes and often on vegetation such as V a 11 is
neria, Potamogeton, and Chara. !tis 
often associated with A. limosa and general
ly inhabits the same type of environment. (Ber
ry, 1943 . p. 32) . 

GENERAL DISTRIBUTION . New York to Min
nesota, and southern Ontario. Authentically re
ported from Indiana , Illinois, New York, Minne
sota, Wisconsin, Michigan, Ohio, Pennsylvania, 
and southern Ontario. 

GEOLOGIC DISTRIBUTION. It has been re 
corded from deposits of Wisco~sin age and in 
general ranges from Late Pleistocene to Recent. 
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REMARKS. Amnicola lustrica was not 
present in the Harmony deposit. 

Order Pulmonata 

Family Lymnaeidae 

LYMNAEA STAGNALIS(Linnaeus) 1758 

Helix stagnalis Linnaeus 1758, Syst. Nat., 
ed. 10, p. 774. 

Lymnaea stagnalis Baker 1911, Lymn. N. 
and M. Am., p. 136: synonymy. 

TYPE LOCALITY. Europe. 

DIAGNOSIS. Elongate or oval, ventricose at 
anterior end, thin ; apex smooth; whorls 6 to 7, 
rapidly increasing, last whorl very large; spire 
long, pointed, acute; suture distinct; aperture 
large, broadly ovate. 

ECOLOGY. This species is usually found in 
more or less stagnant parts of ponds or lakes and 
rivers around vegetation. It has been recorded 
by Baker ( 1928, p. 203) on mud bottoms in less 
than 1. 5 meters of water. 

GENERAL DISTRIBUTION. The species and 
its varieties may be described as circumboreal; 
in North America, south to about the 40th paral
lel of latitude. 

GEOLOGIC DISTRIBUTION. This species has 
been recorded for Late Pleistocene deposits as 
well as living. 

REMARKS. The species occurred only in the 
White Lake deposit, and as immature specimens 
which could not be identified to subspecies. 

STAGNICOLA PALUSTRIS (Muller) 1774 

Buccinum palustre Muller 1774, Verm. 
Terr. et Fluv., vol. 2, p. 131. 

Stagnicola palustris Baker 1928, F. W. 
Moll. Wis., pt. 1, p. 212. 

S. palustris Teskey 1954, Nautilus, vol. 
68, p. 27. 

TYPE LOCALITY. Europe. 

DIAGNOSIS. Shell elongate to elongate-ovate, 
thin; covered with numerous crowded growth lines 
crossed by several elevated spiral lines; whorls 7, 
rounded, the last usually obese; spire sharp and 
pointed; aperture varying from roundly - ovate to 
long-ovate. (Condensed from Baker, 1928, pp. 
212-213). 

ECOLOGY. Stagnicola palustris occurs 
in both large and small bodies of water. General
ly, it is found on floating sticks and submerged 
vegetation, on stones, and on muddy bottom. It 
inhabits both clear and stagnant water but prefers 
one that is not in motion. (Baker, 1928, p. 215). 

GENERAL DISTRIBUTION. Circum boreal; 
northern Asia and Europe. North America from 
the Atlantic to the Pacific, all Canada south to 
New Mexico, the north-central and northeastern 
states. 

GEOLOGIC DISTRIBUTION. This species has 
been recorded from the Kansan to the Recent. 

REMARKS. Stagnicola palustris was 
found only in the Harmony deposit where it was 
rare. 

FOSSARIA OBRUSSA (Say) 1825 

Lymneus obrus sus Say 1825, Jour. Acad. 
Nat. Sci. Phila .• vol. 5, p. 123. 

Fossaria obrussa Baker 1928, F.W. Moll. 
Wis., pt. 1, p. 293, pl. 16, fig. 14, pl. 
18, figs. 14 · 24. 

F. obrussa Morrison 1932, Trans. Wis. Acad. 
Sci., Arts, and Letters, vol. 27, p. 371. 

F. obrussa Solem 1952, Nautilus, vol. 65, 
p. 129. 
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TYPE LOCALITY. Harrowgate, Philadelphia 
County, Pennsylvania, 

DIAGNOSIS. Shell subconic, pointed, o
blong, thin, whcxls 5 1/2, rounded, somewhat 
shouldered; the last whorl is large; spire acute, 
sharply conical; suture deeply indented; aper
ture very elongate-ovate. (Condensed from 
Baker, 1928, pp. 293, 294). 

ECOLOGY. This species generally occurs in 
small bodies of water, as creeks, ponds, sloughs, 
bays, and marshy spots along river banks. It is 
commonly found on sticks, stones, and other de
bris that may be in the water or along its edge. 
(Baker, 1928, p. 296). 

GENERAL DISTRIBUTION. From the Atlan
tic to the Pacific oceans, and from Mackenzie 
Territory, Canada, south to Arizona and north
ern Mexico. 

GEOLOGIC DISTRIBUTION. F. obrussa 
has been recorded from the Pliocene of Califor
nia (Baker, 1911, pp. 280, 281) and from nume
rous deposits of Pleistocene age. Hibbard and 
Taylor (1960, p. 94) give the range as early Pli
ocene to Recent. 

REMARKS. A few specimens of F. o b r us
sa obrussa were recorded for each deposit. 
The great majority of the .specimens of the ge
nus Fossaria were identified as the subspe
cies F. obrusaa decampi. 

FOSSARIA OBRUSSA DECAMP! (Streng) 1906 

Limnaea desidiosa var. decampi 
Streng, 1906, Nautilus, vol. 9, p. 123. 

Galba obrussa decam pi Baker 1911, 
Lym. N. and M. Am. , p. 289, pl. 32, 
figs. 15-22. 

Fossaria ob r us sa de ca m i Baker 1928, 
F. W. Moll. Wis., pt. 1, p. 229, pl. 18, 
figs. 30-33 ; pl. 16, fig. 12. 

F. obrussa d e c a mpi M rison 1932, Trans. 
Wis. Acad. Sci., Arts, and Letters, vol. 27, 
p. 371. 

TYPE LOCALITY. Brook's Lake, Newaygo 
County, Michigan. 

DIAGNOSIS. Shell small, oblong, somewhat 
inflated, subconic, rather solid; whorls 5, spire 
whorls convex, distinctly shouldered near the su
ture, body whorl much flattened in the middle; 
spire shcxt, broadly conic, turreted, about as 
long as aperture; sutures deeply impressed; aper
ture long and narrow, somewJ:o.at elliptical, 
rounded below and forming a prominent shoulder 
above. (Condensed from Baker, 1928, p. 300). 

ECOLOGY. Baker ( 1928, p. 300) states that 
the ecology of F. o. de campi is probably the 
same as that of F. obrussa which lives on the 
margins of small bodies of water, and on mud 
flats and debris. 

GENERAL DISTRIBUTION. Maine west to 
Wisconsin; northern Michigan south to northern 
Illinois. 

GEOLOGIC DISTRIBUTION. This species has 
been recorded from numerous deposits of Wiscon
sin age and from living assemblages in Manitoba, 
Minnesota, and Wisconsin. 

REMARKS. Some of the specimens of F. o
brussa decampi closelyresemble F. gal-
b ana. An examination was made of a series of 
these specimens and it was found that of the two 
end members one was definitely F. o. dec am-
p i and the other resembled F. g a 1 b a n a with 
its more inflated body whcxl. Between the two 
end members was a complete gradation of shells 
which it was difficult to place with one end mem- . 
ber or the other. The great majority of specimens 
had a flattened body whorl and could be placed 
with F. o. decamp i. Because the only ap
parent difference between the two was the shape 
of the body whorl it was decided to place them 
all in the subspecies F. obrussa dec am pi. 
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Family Planorbidae 

GYRAULUS PARVUS(Say) 1817 

Planorbis parvus Say 1817, Nicholson's 
Encycl., ed. 1, vol. 2, pl. 1, fig. 5. 

Gyraulus parvus Baker 1928, F.W. Moll. 
Wis., pt. 1, p. 374, pl. 23, figs. 27-31, 39. 

G. par v us Morrison 1932, Trans. Wis. Acad. 
Sci., Arts, and Letters, vol. 27, p. 375. 

G. parvus Baker 1945, Moll. Fam. Planor
bidae, pp. 74, 270, 330, 336. 

G. parv us Teskey 1954, Nautilus, vol. 68, 
p. 27. 

TYPE LOCALITY. Delaware River, near 
Philadelphia, Pennsylvania. 

DIAGNOSIS. Shell ultra-dextral, depressed, 
with a rounded periphery; growth lines oblique, 
crowded, fine; whorls about 3 1/2, rapidly en
larging, rounded below the periphery and some
what flattened above on the body whorl and all 
the spire whorls; spire flat, first two whorls sun
ken below the body whorl; sutures deeply im
pressed; base slightly concave, umbilical region 
wide and shallow; aperture long-ovate, nearly in 
the same plane as the body whorl. (Condensed 
from Baker, 1928, p. 375). 

ECOLOGY. Usually found in quiet bodies of 
water of small size, on mud, sandy mud, sand, 
gravel, or boulder bottoms; on logs and vegeta
tion, in shallow water about a foot up to 4 feet. 
Its most suitable habitat seems to be in vegeta
tion, in protected situations. 

GENERAL DISTRIBUTION. Eastern North A
merica east of the Rocky Mountains from Florida 
to Alaska and northern Canada. 

GEOLOGIC DISTRIBUTION. This species is 
given a range of Middle Pliocene to Recent by 
Hibbard and Taylor (1960, p. 100). It is a com
mon Pleistocene species which has been recorded 
for the Nebraskan, Aftonian, Sangamon, and Wis
consin. 

REMARKS. Some of the shells of this species 
have an angulated body whorl similar to that of 
G. a 1 tis s i m us. A complete gradation, how
ever, could be found between shells with a well 
angulated body whorl and shells with a well 
rounded body whorl. Few immature specimens 
had any angulation and the great majority of the 
mature specimens had the rounded body whorl. 
This was the only difference noted in the shells, 
and it probably represents only a genetic varia
tion. On this basis, all the shells wer~ identified 
as G. parv us. 

ARMIGER CRISTA (Linnaeus) 1758 

Nautilus crista Linnaeusl758, Syst. Nat., 
ed. 10, p. 709. 

Gyraulus (Armiger) crista Baker 1928, 
F. W. Moll. Wis., pt. 1, p. 385, text fig. 
164. 

A r m i g e r i m b r 1 c a t us Baker 1945, Moll, 
Fam. Planorbidae, pp. 47, so. 

TYPE LOCALITY. Europe. 

DIAGNOSIS. Shell vety small, ultradextral, 
depressed. fragile; sculpture of rather coarse 
lines of growth cwssed by very fine, crowded, 
spiral striae; whorls 2 1/2, rapidly increasing in 
diameter, flatly rounded below, costate on the 
periphery where the costae project conspicuous~ 
ly; costae reduced to low ridges on the upper and 
lower surfaces; spire flat; umbilicus open to apex; 
aperture ovate .. (Condensed from Baker, 1928, 
p. 385). 

ECOLOGY. This species lives in small lakes 
with shallow, quiet wate.r, muddy or silty bot
toms, and abundant vegetation. 

GENERAL DISTRIBUTION. Europe; Asia; North 
America, from Maine west to Alberta, south to 
California, central Utah, Illinois, Indiana, and 
Ohio. As a Pleistocene fossil, as far south as 
Texas. 
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GEOLOGIC DISTRIBUTION • . In North Amer
ica it is known from Kansan, Sangamon, and 
Wisconsin deposits . . Its general range is from 
Mid~le Pleistocene to Recent. 

HELISOMA ANCEPS STRIATUM (F. C. 
Baker) 1902 

Planorbis bicariqatus striatus Baker 
1902, Nautilus, vol. 15, p. 120. 

Planorbis an tr o sus stria t us Walk~! 
d 96 

J.G 
1918, Synopsis an Cat., P·· . 

Helisoma .antrosa str~,a_ta Baker_}~~-8, 
'•1l'.e 

1 I ·f ''/.:,.1 'J 1 • ,:i ··, 1 J 
. F. W. Molt: W1s; ,· pl. 1~ p. 328, pl. 19, 

figs. 28-31. . . . ... . , __ _ 
'Pleoii:s o"in'a''",ht c·e ·p'~ .; 'di( a''t'urd · ·s~kiV1'945. 

. •. r ' . 
Moll. Fam. Planorbidae, p. 400~ •J, 

TYPE LOCALITY. Coldspring Park, Milwau
ke~, Wisconsin; Ple~stocene~ 

DIAGNOSIS. Shell small, 3 1/2 whorls, dor
sal and ventral carinae distinctly marked, cord
like, elevated; dors;al carina on center of upper 
side of body whorl; body whorl well rounded; 
umbilicus small,. deep; surface. sculpture of heavy 
spiral lines which become distinct ridges in. many 
specimens; aperture higher than wide. (Con
densed from Baker, 1928, p . 328). 

ECOLOGY. Found in lak~ deposits, in marl, 
sift ',; and 'peaty mllrl; a rtl.mlber of deposits stud-: 
ied indicate that this variety lived in shaiio~ .~·M 
freshwater lakes, with abundant vegetation: .. The 

· 'wii~r!fn ~thes-e · iakes1Q~I p~~bably ~older 'dian .. that 
of preseitt-'day lakes in the ·same area-. · 

GENERAL. DISTRIBUTION. pleistocene depo
sits from Wisconsin and Illinois east to Quebec 
and south to Ohio and Indiana. 

GEOLOGIC DISTRIBUTION. This variety is 
recorded for the Pleistocene but its exact range 
within it is not known. Sever.alliving occurren
ces have b~n recorded for northern Minnesota 
and Wisconsin. 

.,· 

Rf;MARKS. All of the specimens of an c e p s 
had some indication of.striations. Many of the 
shells had very weU developed striations which 
became distinct ridges. 

HELISOMA CAMPANULATUM (Say) 1821 

Planorbis campanulatus Say 1821, Jour. 
Acad. Nat. Sci. Phila., vol. 2, p. 166. 
H~lisoma campanulatum Baker 1928, F. 

W. Moll. WH;,: rR~ ,01,~ 1 Rr i?,49t~ ~.I?~,!;\H!J·Jff-K~t 
1, 2, 4, 5, 8, 9, 13, 14. 

Helisoma c-ampanula 't um Morrison 1932, 

Tf~f!S · ~i-~, :ft~&::; ~c} , , 3-Mt~v~P,~J;,e;tters, 
vol. 2 , p. 373. · 

H. campa.f!u}~,~um Solem 19.52,· Nautilus ,. 
vol. 65, p. 129. 

TYPE LOCALITY.- Cayuga Lake, New York. 

DIAGNOSIS. Shell ultra-sinistral, discoidal, 
more or less rounded; whorls 4 1/2, rounded be
low and subcarinate above; spire flat; sutures 
deeply impressed; base of shell rounded, exhi
biting 2 1/2 volutions with a deep umbilicus in 
the middle; aperture lunate. (Condensed from 
Baker, 1928, p. 346)". 

ECOLOGY . . This species is characteristic of 
lakes, in shallow water, with rock, sand, or mud 
bot~om, with cii 'without vegetation ~ It is also 
found 'in quiet parts of r~vers and small streams . . 
·~{(;._ ·.~·~2t.: ; .. !..':....'"··' f' .• f..l!!~ 1 :.~.L.J ,,. · · 

~;_,· ..... j::_~,J ""( •:' ;' ) :) !Jf.Jl.;t2:J .. I .I ~,J 

GENERAL DISTRIBUTION. Vermont west to 
ll ,. o •, ''• l"f-t',o/ .:•: ',\' "\ .. I ""I • ~~·\ .,,';li J • 

North Dakota, south to Ohio and Illinois, north 
i:'o. the 'Ma~k~nzi~-drainag~. · · ' 

GEOLOGIC DISTRIBUTION . . The range of 
this species is from Late Wisconsin to Recent. 

PLANORBULA ARMIGERA (Say) 1818 

P~anorbis armigerus Say 1818, Jour ; Acad. 
Nat. Sci., Phila., vol. 2, p. 164. · 

Planorbula armigera Baker 1928, F.W. 
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Moll. Wis. , pt. 1, p. 35~, pl. 8, figs. 
27-30. 

Planorbula armigera Baker 1945, Mall. 
Fam~ Planorbidae, pp. 176, 318, 326, 336. 

P. armigera Solem 1952, Nautilus, vol. 
65, p •. 129 • 

. P. a·r mi ~era Teskey 1954, Nautilus,- vol. 
68, p. 27. 

TYPE LOCALITY. Upper Missouri • 

. DIAGNOSIS. Shell ultra-dextral, depressed; 
sculpture of fine, oblique growth lines; whorls 
4 1/2, slowly increasing in diameter; spire con
cave; ,umbilical region round, deep, rather wide, 
funnel-shaped; aperture subovate, narrowed by 
6 teeth. (Condensed from Baker ~ 1928, p. 355). 

. ECOLOGY. This is a species of small stagn
ant bodies of water, evep found in marshy areas 
in disconnected pools of water. lt seems to pre
fer mud bottoms but can. live 6n. a bottom of 
meadow grass or on logs. It is seldom found in 
water more than three feet deep. 

GENERAL DISTRIBUTION. New England. to 
Great Slave Lake; Manitoba, Saskatchewan, and 
Ontario, south to Georgia and Louisiana. 

GEOLOGIC-DI!)TRIBUTION. Its general range 
is Nebraskan to Recent. It has been found. in nu
merous deposits of Wisconsin age. 

PRO.MENETUS EXACUOUS (Say) 1821 

Planorbis exacuous Say 1821, Jour. Acad. 
Nat. Sci •. Phila., vol. 2, p. 168. 

Mepetus exacuous Baker 1928, F.W. Moll, 
Wis., pt. 1, p. 361, pl. 23, figs. 1-5. 

M. exacuous Morrison 1932, Trans. Wis. 
Acad. Sci., Arts, _ and Letters, vol •. 27, p. 
374. 

P r o m e n e t us e x a c u o us e x a c u o u s Baker 
1945, Moll. Fam. Planorbidae, pp. 24, 181, 
318, 328, 336. 

TYPE LOCALITY. t..ake Champlain, New 
York, Vermont, and Quebec. 

·- ... ...... ~..~.a· 
:.tJl:, ol,tique grovrth J. ws, 1horls 

·1 1 1 , . , · 1 \ increasing in diamr... tcr; >p.re con-

cav~,;; u l•1li• al region round, deep, rather wide, 
·; a nertt•:e s •'"-ov<' •e r.a tO\'I"ed 'Jy 

DIAGNOSIS. Shell ultra-dextral, very much 
depressed, with an acute periphery; whorls 4, · 
rapidly increasing in diameter; spire very flat; 
sutures well impressed; umbilicus rather narrow, 
deep; aperture ovate. (Condensed from Baker, 
1928, p. 361). 

ECOLOGY. In quiet, . more or less marshy 
places, in shallow water, with soft mud bottom; 
in Streams always on mud flats in quiet water. 

GENERAL DISTRIBUTION. Northern United 
States east of the Rockies; Canada south to New 
Mexico. 

GEOLOGIC DISTRIB~TION. Hibbard and Tay
. lor ( 1960, p. 107) give· San gam on to Recent. It 
is commonly found in deposits of Wisconsin age • 

Family Ancylidae 

FERRISSIA P ARALLELA (Haldeman) 1841 

Ancylus parallel us Haldeman 1841, Mo
nogr., pt. 2, p. 3. 

Ferrissia parallela Baker, 1928, F. W. 
Moll. Wis., pt. 1, p. 395, pl. 29, figs. 
1-5. 

F. parallela Morrison 1932, Trans. Wis. 
A cad. Sci., Arts, and Letters, vol. 27, p. 
375. 

TYPE LOCALITY. New England. 

DIAGNOSIS. Shell narrow, elongate, lateral 
margins nearly straight, widening more or less 
anteriorly, ends well rounded; anterior slope 
rather long, slightly convex; posterior slope shorter 
than anterior, straight or slig~tly concave; apex 
sub-acute, slightly anterl<t of the shell. (Con
densed from Baker, 1928, p. 396). 

' . ·'' " 

ECOLOGY. In quiet water,. one to six feet 
deep, it is found on. plants, usually in ponds or 

· lakes. 

GENERAL DISTRIBUTION. Nova Scotia and 
New England west to Minnesota, Manitoba south 

\J.I , _.., ...... , • • 'v 

St tes east of th10 ::<oc1ues; Can a a tA. to New 
Mextco. 

GEOJ,CV~Ir ~ISTRir' TION. ~hhhard and Tay-
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to Rhode Island, central New York, northern 
Ohio, and Indiana. 

GEOLOGIC DISTRIBUTION. The general 
range for this species is Pliocene (Taylor, 1960, 
p. 61) to Recent. It is commonly found in de
posits of Wisconsin age. 

Family Physidae 

PHYSA GYRINA Say 1821 

Physa gyrina Say 1821, Jour. Acad. Nat. 
Sci. Phila., vol. 2, p. 171. 

Physella gyrina Baker 1928, F.W. Moll. 
Wis., pt. 1, p. 449, pl. 27, figs. 30-35, 37-
40; pl. 28, figs. 1, 5, 6. 

Physa gyrina Morrison 1932, Trans. Wis. 
Acad. Sci., Arts, and Letters, vol. 27, p. 
376. 

TYPE LOCALITY. Bowyer Creek, near 
Council Bluffs, Iowa. 

DIAGNOSIS. Shell large, elongate or sub
cylindrical, rather thick; sculpture of coarse 
growth lines; whorls 5-6, the last rather large, 
compressed or slightly inflated, spire rather 
long, acute, whorls well rounded ; aperture 5/10 
to 7/10 the length of the entire shell. (Con
densed from Baker, 1928, p. 450), 

ECOLOGY. It is characteristic of shallow, 
slow-moving and stagnant bodies of water. 

GENERAL DISTRIBUTION. United States east 
of the Mississippi except that it ranges into Tex
as; Eastern Canada (Ontario, Quebec), northward 
to the Arctic regions. 

GEOLOGIC DISTRIBUTION. This species has 
been recorded as far back as the Nebraskan by 
Taylor (1960, pp. 32, 39). It is a common spe
cies of late Pleistocene and Recent assemblages. 

APLEXA HYPNORUM (Linnaeus) 1758 

Bulla hypnorum Linnaeus 1758, Syst. Nat., 
ed. 10, p. 727. 

A p lex a h y pn or urn Baker 1928, F. W. Moll. 
Wis., pt. 1, p. 473, pl. 19, figs. 1-4, 

A. hypnorum Morrison 1932, Trans. Wis. 
Acad. Sci., Arts, and Letters, vol. 27, p. 
377. 

A. h y p nor urn Teskey 1954, Nautilus, vol. 
68, p. 27. 

TYPE LOCALITY. Europe. 

DIAGNOSIS. Shell of medium size, elongate, 
thin; whorls more than six, the last long, narrow, 
comJXessed; spire long and pointed, whorls round 
ed; aperture of medium size, about half the 
length of the shell. (Condensed from Baker, 
1928, p. 473). 

ECOLOGY. It inhabits temporary pools, 
swamps, and intermittent streams; prefers wood
land pools that are dry in summer, but will al
so live in small clean creeks on mud bottom. 

GENERAL DISTRIBUTION. Northern Europe, 
Asia, and America. Northern United States from 
the Cascades to the Atlantic, southward to the 
vicinity of the Ohio River, Colorado, Utah, and 
Kansas, As a Pleistocene fossil it ranges farther 
south. 

GEOLOGIC DISTRIBUTION. Hibbard and 
Taylor (1960 , p. 121) give this species a range 
of Early Pleistocene (Nebraskan) to Recent. 

TERRESTRIAL GASTROPODS 

Order Pulmonata 

Family Zonitidae 

EUCONULUS FULVUS (MUller) 1774 
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EUCONULUS FULVUS (MUller) 1774 

Helix fulva MUller 1774, (part), Hist. Ver
mium, vol. 2, p. 56. 

Euconulus fulvus Pilsbry 1946, Land Moll. 
N. Am., vol. 2, pt. 1, p. 235 

E. fulvus Levi and Levi 1950, Nautilus, vol. 
63, p. 134. 

E. fu 1 v us Teskey 1954, Nautilus, vol. 68, 
p. 26. 

TYPE LOCALITY. Fridrichsdal, Denmark. 

DIAGNOSIS. Shell thin, minutely perforate 
or closed; spire conic with slightly convex out
lines and obtuse apex; periphery rounded or 
weakly angular, base convex; aperture lunate. 
(Condensed from Pilsbry, 1946, p. 23 6). 

ECOLOGY. This species lives among damp 
leaves in well-shaded places, especially under 
hardwood trees. It is common in drift debris of 
creeks and rivers. 

GENERAL DISTRIBUTION. "Almost through
out the Holarctic realm., but wanting in the Gulf 
and South Atlantic States from Texas to North 
Carolina." (Pilsbry, 1946, p. 236). 

GEOLOGIC DISTRIBUTION. In North Amer· 
ica this species is known f•r the Middle Pliocene 
to Recent and is quite common in deposits of 
Wisconsin age. 

NESOVITREA BINNEY ANA (Morse) 1864 

Hyalina binneyana Morse 1864, Jour. 
Portland Soc. Nat. Hist., vol. 1, pp. 13, 
61, figs. 25, 26; pl. 2, fig. 9; pl. 6, fig. 
27. 

Retinella binneyana Pilsbry 1946, Land 
Moll. N. Am., vol. 2, pt. 1, p. 259, fig. 
127a. 

R. binneyana Levi and Levi 1950, Nautilus, 
vol. 63, p. 134. 

Nesovitrea binneyana Forcart 1957, Arch. 
f. Moll., vol. 86, p. 110. 

TYPE LOCALITY. Southern Maine. 

DIAGNOSIS. "Shell thin, pellucid, nearly 
colorless, composed of nearly four whorls gradu
ally enlarging; spire slightly elevated; aperture 
well rounded, umbilicus showing all the volutions." 
(Morse, 1864). 

ECOLOGY. This species tnhabits damp wood· 
lands, especially those of deciduous trees; occa
sionally found in Sphagnum bogs. 

GENERAL DISTRIBUTION. Quebec west to 
Western Ontario; south to Wisconsin, Ohio, Penn· 
sylvania, New York, and Maine. 

GEOLOGIC DISTRIBUTION. This species has 
been recorded only for Late Wisconsin and Re
cent assemblages. 

Family Endodontidae 

HELICODISCUS PARALLELUS(Say) 1821 

Planorbis arallellus Say 1821, Jour. Acad, 
Nat. Sci. Phila., vol. 2, p. 164; corrected 
to parallelus in the Index, p. 407. 

Helicodiscus parallelus Pilsbry 1948, 
Land Moll. N. Am., vol. 2, pt. 2, p. 625, 
fig. 339. 

H. parallel us Levi and Levi 1950, Nautilus, 
vol. 63, p. 135. 

H. parallel us Solem 1952, Nautilus, vol. 
65, p. 129. 

H. parallel us Teskey 1954, Nautilus, vol. 
68, p. 26. 

TYPE LOCALITY. Council Bluff, Iowa. 

DIAGNOSIS. Shell small, disk-shaped, the 
upper surface flat or very slightly convex; broad· 
ly umbilicate; whorls 4 to 4 1/2, convex, very 
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narrow, and slowly increasing, the last whorl 
rounded at periphery and base; aperture narrow, 
lunate. (Condensed from Pilsbry, 1948, p. 
625). 

ECOLOGY. on decaying wood and damp 
leaves, in shady, humid places. 

GENERAL DISTRIBUTION. Manitoba east to 
Newfoundland, Prince Edward Island, New Bruns
wick, and Maine, south to Oklahoma, Arkansas, 
Alabama, and Georgia. 

GEOLOGIC DISTRIBUTION. H. paralle • 
Ius has been recorded for the Nebraskan toRe· 
cent. It occurs in numerous deposits of Wiscon
sin age. 

Family Succineidae 

SUCCINEA AVARA Say 1824 

Succinea avara Say 1824, Appendix to 
Long's Second Exped., vol. 2, p. 260, pl. 
15, fig. 6. 

Succinea avara Pilsbry 1948, Land Moll. 
N. Am., vol. 2, pt. 2, p. 837, fig. 455, 
a-k. 

S. a v ar a Levi and Levi 1950, Nautilus, vol. 
63, p. 136. 

S. · a v ar a Solem 1952, Nautilus, vol. 65, p. 
129. 

S. a v ara Teskey 1954, Nautilus, vol. 68, 
p. 26. 

TYPE LOCALITY. Northwest Territory. 

DIAGNOSIS. Shell slender, fragile; little 
more than 3 whorls, very strongly convex; sutu
res deep; aperture ovate, two-thirds the length 
of the shell or less. (Modified from Pilsbry, 
1948, p. 837). 

ECOLOGY. Usually found on vegetable de· 
bris thrown up on muddy shores, or on the muddy 

banks of duches, .often exposed to the sun; also 
in swampy'places in meadows. (Pilsbry, 1948, 
p. 839). 

GENERAL DISTRIBUTION. Mackenzie Dis
trict south to British Columbia, California, and 
Mexico; east to Quebec, New Brunswick, and 
Newfoundland, south to Florida. 

GEOLOGIC DISTIUBUTION. This species 
ranges from Yarmouth to Recent with numerous 
occurrences recorded for the Wisconsin. 

Family Strobilopsidae 

STROBILOPS LABYRlNTHICA (Say) 1817 

Helix labyrinthica Say 1817, Jour. Acad. 
Nat. Sci. Phila., vol. 1, p. 124. 

Strobilops labyrinthica Pilsbry 1948, 
Land Moll. N. Am., vol. 2, pt. 2, p. 854, 
fig. 463. 

S. labyri.nthica Levi and Levi 1950, Nau
tilus, vol. 63, p. 136. 

S. labyrinthica Teskey1954, Nautilus, 
vol. 68, p. 26. 

TYPE LOCALITY. Philadelphia, Pennsylvania. 

DIAGNOSIS. Shell narrowly umbilicate, 
dome-shaped, the periphery obtusely subangu
lar; whorls 5 1/2, convex, very slowly widen
ing; sculptured with narro:w, obliquely radial 
ribs; apertl.l'e semilunar. (Condensed from Pils
bry, 1948, p. 854), 

ECOLOGY. Under loose bark of logs, in half
decayed wood, among dead leaves and in sod at 
the bases of trees. (Pilsbry, 1948, p. 854). 

GENERAL DISTRIBUTION. Manitoba, east 
to New Brunswick and Maine; south to Georgia 
and Alabama. 

GEOLOGIC DISTRIBUTION. Hibbard and 
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Taylor (1960, p. 121) give the range of the 

species as Late Pliocene to Recent. 

Family PupilJidae 

VERTIGO TRIDENTATA Wolf 1870 

Vertigo tridentata Wolf 1870, Am. Jour. 
Conch., vol, 5, p. 198, pl.17 , fig. l. 

Vertigo tridentata Pilsbry 1948, Land 
Moll. N. Am., Vol. 2t pt. 2, p. 965, fig. 
518: 1-3. 

TYPE LOCALITY. Canton, Illinois. 

DIAGNOSIS, Shell ovate to tapering oblong; 
surface smooth; last whorl somewhat flattened 
externally over the lower palatal fold, with a 
rather narrow but generally distinct crest behind 
the lip; outer lip projects forward and slightly 
inward near the middle, parietal lamella high, 
rather short, col·umellar lamella blunt, direct
ed downward, lower .. palatal fold strong devel
oped, upper- palatal fold quite small or occa
sionally wanting. (Condensed from Pilsbry, 
1948, p. 965). 

ECOLOGY. Usually found in shady · places 
around green weeds, sometimes climbin~ on 
the weeds. 

GENERAL DISTRIBUTION. Maine and Que
bec west to Ontario and Minnesota; south to New 
Jersey, Pennsylvania, West Virginia, Ohio, In
diana, Illinois, Mi&souri, and Texas, 

GEOLOGIC DISTRIBUTION. V. tr ide n • 

t at a has been recCl'dt::d from the Y armou~ to 
the Recent. 

GASTROCOPTA PENTODON (Say) 1821 

Vertigo pentodon Say 1821, Jour. Acad. 
Nat. Sci, Phila., vol. 2, P• 376. 

Gas u oc op ta pen tod on Pilsbry 19-48, Land 
Moll. N. Am., vol. 2, pt. 2, p. 886, fJ& •. 477: 

2, 3, 5-8. 
Gastrocopta pentodon TesJ4ey 1954, 

Nautilus, vol. 68, p. 26. 

TYPE LOG ALITY. Pennsylvania. 

DIAGNOSIS. Shell rirriate, oblong-conic 
with obtuse summit; whorls 5, convex, .the last 
with a rounded ridge or crest cl01e behind the 
lip, flattened near d'le baee behind the ridge; 
usually five teeth, (Modified from Pilsbry, 
1948, pp. 886, 888). 

ECOLOGY. Lives on wooded hillsides or in 
well-drained groves, among leaves in the under
brush; also common among moss and grass in fo
rest and on open slopes. 

GENERAL DISTRIBUTION. Prince Edward 
Island, Maine, Qlebec, Ontario, Manitoba, 
and British Columbia, south to Mexicc:; aqd 
Guatemala, ·but not on the Pacific slope. 

GEOLOGIC DISTRIBUTION. Baket (1920, p. 
388) recorded this species for the Yarmouth and 
5angamon. It has more recently been recorded 
foe Late W1icon$irl depOiits. The species in ge
neral ranges from the Yarmouth to the Recent. 

COMPOSITION Of FAUNA 

General Statement 

The non-marine molluscan fauna of the five 
extinct lakes of norcheastern Wisconsin is repre
sented by a total of 30 species. Of these 5 are 

sphaeriid clams, 18 are fresh water gasuopods, 
5 lung-breathers and 13 gill-breatbcrt, and ? 
are ttrreatrial gasuopodl. (See Table 1). AU 
of these species were studied quantitatively as 
well as qualitatively in an auempt to determine 
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TABLE 1. SPECIES PRESENT IN THE FIVE NORTHEASTERN WISCONSIN DEPOSITS. 

Species White Lake Spur Lake Mountain Waupaca Harmony 

Sphaerium lacustre X X X X 0 
s. sulcatum X X X X 0 
Pisidium casertanum 0 X X X X 
P. nitidum X 0 0 0 0 
P. variabile X X X X 0 
Valva ta lewisi X 0 0 0 0 
V. sincera X X X X X 
V. tricarina ta X X X X X 
Amnicola limosa X X X X X 
A. lustrlca X X X X 0 
Lymnaea stagnalis X 0 0 0 0 
Stagnicola palustris 0 0 0 0 X 
Fossaria obrussa X X X 0 X 
F. obrussa decampi X X X X X 
Gyraulus parvus X X X X X 
Armiger crista X 0 0 X X 
Helisoma anceps striatum X X X X X 
H. campanulatum X X X X X 
Promenetus exacuous 0 X X X 0 
Planorbula armigera 0 X X X 0 
Ferrissia parallela X X 0 X X 
Physa gyrina X X X X X 

Aplexa hypnorum 0 0 0 0 X 
E.Uconulus fulvus 0 0 X 0 0 
Nesovi trea biMeyana 0 X 0 0 0 
Succinea avara X X 0 X X 
Helicodiscus parallelus 0 0 0 0 X 
Strobilops Iabyrinthica 0 X 0 X 0 
Gasttocopta pentodon 0 0 0 X 0 
Vertigo tridentata 0 X 0 X X 

Total species: 19 21 17 21 17 

X • Species present; 0 • Species absent. 
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TABLE 2. NUMBER OF SHELLS PER 1000 MILLIJJTERS OF SEDIMENT. 

Collection White Lake Spur Lake Mountain Waupaca Harmony 
1 0 3730 1150 0 0 
2 0 2800 4000 0 0 
3 0 3066 5780 0 0 
4 0 2026 6000 0 0 
5 5332 973 4525 0 277 
6 3180 810 5816 0 2333 
7 5200 500 5428 0 3000 
8 5240 485 4000 1300 1750 
9 5664 SS4 4400 4400 1846 

10 4800 611 4285 5200 1416 
11 4616 675 1765 4000 1270 
12 4340 405 1640 4142 1450 
13 4308 370 5088 1500 
14 5816 500 3412 1385 
15 5424 383 4500 1051 
16 6000 215 1670 750 
17 5452 260 1360 690 
18 4740 403 5140 1210 
19 4572 3000 700 
20 4000 2180 810 
21 6000 2100 1070 
22 6180 4000 850 
23 5664 2160 680 
24 750 2130 725 
25 340 2900 710 
26 6000 1665 550 
27 565 600 
28 4445 770 
29 6000 720 
30 7640 
31 5816 
32 74 
33 0 
34 0 
35 0 
36 0 

- -N-•-•• -~-~· _ .. _ _, ·-··--·-···· -··-···-· ·-·••••-• 
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how the abundance of species would vary with 
lithology and how it might reflect a fluctuation 
in environmental conditions. In this study it is 
assumed that the species occurring most abun
dantly are indigenous or native to the environ
ment, and that the species occurring in lesser 
numbers .are probably intruders to the environ
ment. The study has taken into account the 
fact that some genera, such as Ferr issi a, 
Promenetus, .and Armige r, occur in small 
percentages even in favorable environments. 

The quantity of shells per 2 inch collection 
was determined and this is expressed as the num
ber of shells per 1000 milliliters of sediment. 
(See Table No. 2, opposite page) . All of the 
collections are numbered from the top of the de
posit starting with number 1; in order to locate 
a given collection in the proper unit the reader 
is referred back to the stratigraphic section in 
the chapter on Pleistocene Geology (pp. 11- 20). 
The distribution of species within each deposit 
is shown in two ways: in tables, compiled for 
every deposit, showing the percent of each spe
cies in each collection, and in pi.e-shaped dia
_grams showing diagrammatically the percent of 
each species in each collection. 

White Lake Deposit 

The molluscan faupa of the White L.ake de
posit is composed of nineteen species. (See 
Table 3, p. 39). Four species of sphaeriid 
clams, five species of gill-breathing fresh water 
,gastropods, 9 species of lung-breathing fresh 
water gastropods, and one species of terrestrial 
gastropod are represented. Five of the species 
occur in sufficient quantities to be considered 
indigenous throughout the section. Five other 
species are common in various parts of the sec 
tion. (See T.able 3 .and Plates II to VI) . 

The number of shells per 1000 milliliters of 
sediment shows a few notable variations through
out the section and these seem to be controlled 
by lithology. (See Table 2, opposite page) . 
The lowest unit in the deposi t is an unfossilifer
ous peat. The next, unit 7, is also a peat but 

contains a few. shells. Collection 31 in unit 3 is 
the first abundantly fossiliferous unit and this a
bundance continues through the marl of units 3, 
4, and 5. A sharp reduction in the number of 
shells takes place in unit 6, collection 27, which 
is a peat. In the next uni t, a marl, the shells 
are again abundant but decline ir1 number in the 
next two units, 8 and 9, which are peat and sand 
respectively. Units 10, 11, and 12 are marl, 
and the shells are abundant and show relatively 
little fluctuation. There is a small decre.ase in 
the number of shells in collection 6, a peat, but 
not so sharp a decrease as in the other peat units. 
The uppermost fossiliferous unit is marl which 
contains a normal abundance of shells. The top 
unit is an unfossiliferous black muck. 

The five most abundant species in the deposit 
are Pisidium nitidum, Valvata trica
rinata, Amnicola limosa, A. lustri
c a , and G y r a u l u s p a r v u s. The clam 
Pi s i d i u m n i t i d u m is rare in the first nine 
units but becomes much more abundant from u
nit 10 through 14, averaging 20 to 25 percent of 
the population. The species Pisidium vari
abile, however, is fairly common in the first 
9 units but becomes rare throughout the remain
der of the section. 

Val v at a tr i carina t a occurs as less than 
12 percent of the population from collections 32 
through 17, except for collection 28 where it is 
24 percent . From collection 16 upward it gra
dually increases to where it is the most abundant 
species in the uppermost collections. The two 
species of Amnicola, A. limos a and A. 
l us tr i c a, follow two very different courses 
through the deposit. In the 15 lowest collections 
A. limos a is uncommon (less than 10 percent) 
whereas A. lust ric a makes up between 25 
and 90 percent of the population in the same in
terval. From collection 17 upward, however, A. 
1 im o sa increases in abundance and A. l us -
tr i c a decreases so that A. 1 i m o sa is more 
abundant in the upper part of the deposit. 

A general increase in percentage upward in 
the section is shown by G y raul us par v us, 
F o s s a r i a o b r u s s a d e c a m pi, and H e li
soma anceps striatum. The uncommon 
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species show no definite trends. Of the species 
that occur abundantly or commonly in the de
posit, all incre.ase upward in the section except 
Pi s i d i u m v a r i a b il e and A m n i c o 1 a 
1 us tr i ca. The environment near the top of 
the deposit seems favorable to more species than 
that near the base. Although the percentages of 
the various species fluctuate somewhat in the 
marl units, they are more noticeably affected in 
the units of pe.at .~tnd peaty marl. 

Spur Lake Deposit 

Twenty-one sgecies of non-marine mollusks 
.are represented in the Spur Lake deposit, Of 
these, 4 are sphaeriid clams,. 4 are gill - breath-

. ing fresh water gastropods, 9 are lung-breathing 
fresh water gastropods, and 4 are terrestrial gas
tropods. Although this large number of species 
occurs in the deposit, only 2 species are abun
dant enough to be considered indigenous through
out. Five other SJ>*rCies occur in sufficient num 
ber to be considered common in certain parts 
of the s~ction. The other 14 species are rela
tively rare in the deposit • . (See Table 4 and 
Plates VII to IX) • 

The composition of the marl in this deposit 
is very homogeneous throughout the section and 
is all included in one unit. Oaly the top 3 feet 
of the section w.as studied. The number of shells 
in the se1=tion remains fairly constant from col-

lection 18 through collection 5. There is a slight 
and gradual increase in the number of shells 
throughout this interval but the number of shells 
per 1000 milliliters of sediment ranges only from 
about 220 to 970 with the average between 400 
and 600. (See Table 2). 

A very sharp increase in the number of shells 
takes place in collections 4 through 1. This ap
parently marks a time when the environment of 
the lake became favorable for abundant repro
duction of mollusks. 

The two most abundant species are Pis i d i
urn casertanum and Gyraulus parvus. 
The combination of these two species makes up 
from 80 to 95 percent of the total population in 
the lower half of the collected section. From 
collection 9 through 1 the other species become 
more common and make up a greater part of the 
population. G. par v us is the most abundant 
species throughout the deposit. This is probably 
due to the fact that the marl cont.ains abundant 
vegetation, which is favor_able to this species. 
P. casertanum is more numerous in the low
er half of the deposit than in the upper half. It 
is the lowest in percentage between collections 
9 and 5. That interval also marks the most a
bundant period for Helisoma anceps stri
atum. Pisidium variabile is common 
throughout averaging about 3 percent except in 
collections 6 to 3 where it increases to 9 to 13 
percent. Valvata tricarinata israrein 
collections 18 through 12, but increases to 14 

EXPLANATION OF ABBREVIATIONS FOR TABLES 3 TO 7. 

AC Armiger crista HC Helisoma campanulatum PV Pisidium variabile 
AH Aplexa hypnorum HP Helicodiscus parallelus - SA Succinea avara 
AI Amnicola limosa HS Helisoma anceps striatum SL Sphaerium lacustre 
AU Amnicola lustrica LS Lymnaea stagnalis SL Strobilops labyrinthica 
EF Euconulus fulvus NB Nesovitrea binneyana SP Stagnicola palustris 
FD Fossaria obrussa decampi PA Planorbula armigera ss Sphaerium sulcatum 
FO Fossaria obrussa PC . Pisidi urn casertanum VL Valvata lewisi 
FP Ferrissia parallela PE Promenetus exacuous VR Vertigo tridentata 
GN Gastrocopta pentodon PG Physa gyrina vs Valvata sincera 
GP Gyraul.us par.Yus PN Pisidium nitidum VT Valvata tricarinata 



TAILE3. VER'nCAL DISTRJIUTION OF SPECIES IN THE WHITE LAKE DEPOSIT. 1 

eon. SL ss PN py VL vs VT AI AU LS R> FD GP AC HS HC FP PG -SA 

5 0.1 11.1 0.3 23.9 17.6 20.1 4.8 9.5 5.1 o.4 1.8 
I 0.2 21.1 0.8 0.2 24.8 12.0 8.2 9.8 18.7 3.7 0.1 2.9 ., - 31.1 o.4 o.s 23.2 18.9 7.5 3.8 11.9 2.7 1.5 
8 0.1 0.3 15.8 0. 2 22.5 15.8 5.5 7.2 19.1 2.3 6.'7 - 11.8 
9 0.1 - 21.1 0.2 24.4 10.1 10.8 6.3 12.3 5.0 o.4 3.1 

10 0.4 0.2 13.2 - 14.0 18.1 2.0 9.2 20.0 7.3 1.4 - 16.9 
11 0.2 - 29.1 0.2 - 18.9 15.1 8.8 2.4 14.4 4.7 o.4 7.4 
12 0.1 19.0 0.2 - 20.3 21.3 5.5 1. 9 20.0 0.9 3.8 8.7 
13 0.1 26.4 - 14.3 29.8 10.2 0.1 1.8 11.2 0.8 5.7 
14 - 26.1 1.1 - 19.7 22.9 14.3 3.2 8.9 0.1 o.4 0.8 2.6 
16 18.9 0.5 - 23.'1 26.0 15.4 2.'1 8.5 2.2 0.3 1.7 
11 0.1 - 26.2 0.2 - 18.5 14.9 30.0 0.1 3.3 4.8 1.6 0.3 0.6 
1'1 o.t - 24.0 1.5 - 12.0 19.1 33.4 3.0 6.7 1.4 1.2 
18 0.1 19.7 1.1 - 10.2 11.5 40.4 0.1 3.4 8.0 2.5 0.8 2.8 
19 0.3 15.0 1.0 5.8 5.0 41.0 5. 8 11.2 6.1 1.0 0.1 8.5 
20 0.3 0.8 19.7 5.1 0.4 '1.4 4.o 22.2 1.1 23.5 6.5 3.8 0.1 3.4 
21 0.3 0.3 10.5 8.4 0.7 5.6 3.0 46.4 0.2 1.2 16.2 3.6 0.9 1.3 
22 0.2 0.3 14.2 1.6 0.3 1.7 2.0 62.8 0.5 11.3 0.1 3.5 0.1 0.4 
23 0.2 0.1 9.6 5.5 0.1 1.1 3.6 66.7 0.2 0.1 0.1 8.8 1.3 o.4 0.1 0.8 0.2 
24 3.4 9.0 0.2 0.6 2.5 74.5 0.5 6.9 1.7 0.2 0.2 
25 2.9 5.0 0.9 3.2 81.1 0.9 5.6 
28 0.'1 '7.5 1.6 0.2 1.8 90.9 0.3 0.9 0.1 0.1 0.2 
2'1 10.1 1'7.1 1.4 1.6 1.8 85.2 0.2 1.4 0.2 
28 0.1 0.1 2.9 3.1 0.3 23.8 3.5 51.8 0.'1 10.9 1.8 0.2 - 0.6 0.1 
It 0.1 1.9 4.8 0.1 1.6 1.9 81.0 0.1 '1.0 1.4 0.2 - 0.1 
30 0.3 1.4 5.8 0.3 7.2 3.1 69.9 0.8 9.3 0.8 0.1 - 0.1 
31 0.1 2.1 12.'1 0.2 0.6 3.'1 1.8 73.4 0.9 6.1 0.2 
32 14.0 4.o - 12.0 10.0 44.0 4.0 10.0 2.0 

1. For explautloo of abln'riatioosin next line, tee .. ecedins pap. 



TABLE4. VERTICAL DISTRIBUTION Of SPECIES IN THE SPUR LAKE DEPOSIT .2 

Coil. SL ss PC PV vs VT AI AU FO FD GP HS HC PE PA FP PG NB SL SA VR 

1 - 22.4 4.8 - 23.6 1.0 5.8 0.4 10.0 26.8 0.2 0.2 0.2 2.7 1.7 

2 0.4 22.0 2.0 0.2 26.6 1.2 6.0 0.4 3.8 35.4 0.2 0.2 0.8 1.0 

3 - 0.4 15.2 7.6 0.4 21.8 2.0 2.8 3.4 44.6 0.2 1.4 0.2 0.2 0.6 

4 0.2 14.6 12.6 - 21.4 7.2 1.6 40.8 0.4 0.2 0.2 0.4 

5 9.6 13.0 14.2 0.4 1.0 3.2 48.9 7.0 1.8 

6 9.4 8.8 15.6 1.0 4.8 49.2 11.3 0.2 1.2 

7 13.4 2.7 - 21.0 0.4 0.8 50.2 11.4 

8 9.4 2.4 - 11.8 1.0 - 61.2 13.2 0.2 0.8 0.4 

9 13.2 2.2 12.8 0.6 65.6 4.6 0.4 

10 0.6 - 22.1 1.0 - 10.9 0.2 0.2 60.9 3.9 0.2 0.2 

11 - 25.4 1.2 - 14.1 55.2 3.8 0.2 0.4 

12 - 26.6 4.2 2.2 61.4 4.8 

13 - 21.6 3.0 1.0 0.2 67.8 5.0 

14 0.2 - 37.2 2.5 0.8 0.2 0.2 57.8 1.2 

15 - 36.8 2.2 0.8 0.4 0.2 54.3 5.0 0.2 

18 - 27.0 3.1 1.2 6.8 59.3 2.2 0.2 

17 - 34.3 1.6 1.3 0.2 5.0 54.4 2.9 0.2 

18 - 28.8 2.1 2.8 0.4 5.4 56.6 2.8 0.4 0.2 0.7 

2. Explanation of abbreviations 11 fm Table 3. 
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percent in collection 11 and continues to increase 
upward in the section until it reaches about 25 
percent in the top 2 collections. Am n i co 1 a 
1 i m o s a and A • 1 u s tr i c a are absent fiom 
the lower half of the section but they do appear 
in small numbers in the upper part. Foss a r i a 
obrussa decampi appears in both the lower 
and upper parts of the section but is relatively 
rare in the middle. The remaining species oc
cur randomly and in percentages less than 2 
throughout the deposit. (See Table 4). 

Mountain Deposit 

In the Mountain deposit, seventeen species of 
non-marine Mollusca are present. (See Table 5). 
Four of the species are sphaeriid clams, four are 
gill-breathing fresh water gastropods, 7 are lung
breathing fresh water gastropods, and one is a 
terrestrial gastropod. Six species are abundant 
throughout the deposit and are considered indi
genous, Three other species occur commonly 
enough to be considered native to the environ
ment rather than intruders. The remaining sev
en species are uncommon, occurring mainly as 
less than 1 percent, and are probably not native 
to this environment. In this deposit the collec
tions were made at 8 inch intervals. (See Plates 
X and XI). 

The number of shells in the Mountain depo
sit remains fairly constant throughout, except 
for collections 12, 11, and 1. (See Table 5). 
In collections 12 and 11, the number of shells 
per 1000 milliliters of sediment is 1640 and 1765 
respectively whereas in collections 10 through 2 
the number of shells averages between 4000 and 
6000. This may be accounted for by the fact 
that unit 1 is a pure marl with very little plant 
matter whereas units 2 to 4 are marl that con
tains an abundance of plant matter which is more 
favorable to the mollusks. In collection 1, unit 
5, the number of shells declines sharply; this is 
because it is a unit of peat. 

The six most abundant species Pis i diu m 
casertanum, Valvata tricarinata, 
Fossaria obrussa decampi, Gyraulus 

parvus, Helisoma anceps striatum, 
and He 1 is om a camp an u 1 at u m remain 
fairly constant throughout the deposit with only 
minor changes in percentages. P. c as e r t a
n u m increases from 15 percent in collection 
12 to 39 percent in collection 6 then decreases 
again to 15 percent in collection 2. V a 1 v a-
t a tr i carina t a, however, decreases from 3 1 

percent in collection 12 to 17 percent in col 
lection 6 then increases to 29 percent in collec ·· 
tion 1. These two species fluctuate together but 
in opposite directions which is probably caused 
by a changing environment. F. o b r us sa de 
campi increases somewhat from bottom to top, 
V. sincera decreases, butG. parvus, H. 
anceps striatum, and H. campanula -
t u m remain fairly constant throughout. The 
uncommonspeciesare Sphaerium lacustr e . 
Sphaerium sulcatum, Pisidium var i 
abile, Amnicola lustrica, Fossaria 
obrussa, Promenetus exacuous, Pla 
no r b u 1 a arm i g e r a, and E u con u 1 us f u 1-
v us. Each of these species usually occurs as less 
than 1 percent of the total population, and oc 
curs at random throughout the section. (See 
Table 5), 

Waupaca Deposit 

Twenty-one species of non-marine Mollusca 
are present in the Waupaca deposit. (See Table 
6). The sphaeriid pelecypods are represented by 
4 species, the gill-breathing fresh water gastro
pods by 4 species, the lung-breathing fresh water 
gastropods by 9 species and the terrestrial gaStro
pods by 4 species. · Of these, six species can be 
considered native throughout the life of the lake. 
Three species are common in various parts of the 
section and the remaining 12 species are gener
ally rare throughout the deposit. (See Plates 
Xll to XV). 

The number of shells in the Waupaca deposit 
shows a large variation from collection to col
lection. (See Table 6). This variation is be
tween 1600 and 5000 shells per 1000 milliliters 
of sediment. The quantity of shells does not 
seem to be controlled by 1i thology. Also, there 
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TABLE 5. VERTICAL DISTRIBUTION OF SPECIES IN THE MOUNTAIN DEPOSIT. 1 

SL ss PC PV vs VT Al AU FO FD GP PE PA HS HC PG EF 

10.8 0.4 2.5 29.2 12.1 0.9 21.1 16.4 3.4 1.2 1,4 
14.9 0.4 26.6 5.4 2.1 23.1 18.9 o.l 3.1 2.9 1.8 

0.1 19.8 1.4 17 .o 2.5 1.4 27.1 20.0 0.1 2.2 5.2 2.9 
0.1 0.1 44.3 0.4 0.6 13.8 3.3 0.7 0.2 13.3 12.5 2.1 3.9 4.6 
0.4 - 36.3 0.1 0.5 20.5 3.0 0.9 6.6 18.6 2.6 3.9 6,2 0.1 

. 0.3 - 38.8 0.1 0.3 17.5 4.2 0.9 6.6 17.1 0,1 1.5 4.5 7.9 
0.9 - 34.6 .. 1.2 23.1 3.9 0,1 6.4 16.0 3.1 3.7 6,8 
0 .• 9 - 34.4 0,5 27.9 1.9 0,2 1.6 15.2 0.1 6.4 3.3 7,2 
1.1 - 30. 9 0.3 1.4 24 . 0 1.4 0.4 8.6 14.2 0.1 9. 0 3.4 4,9 
0.9 27.1 0.8 1.2 27.6 1.9 0.1 8.0 18.3 0.2 7.5 2.0 3,9 
1.0 22.8 1.1 3.9 29.6 1.1 8.8 17 . 2 9.5 1.9 2.8 
4.7 0.2 14.7 0.7 4.2 31,4 2.9 9.9 15.0 10.1 1.2 4.1 

Explanation of abbreviations as for Table 3. 

EXPLANATION OF PLATES 

Distribution of species in the White Lake deposit, collections 33 to 28. 
Each figure represents the percentages for the species present in the col
lection whose number follows the figure number. Species are represented 
by letters: a - Amnicola lustrica, b - Amnicola limosa, c - Valvata tri
carinata, d - Gyraulus parvus, e - Pisidium nitidum, f - Pisidium varia
~' g - Fossaria obrussa decampi, h - Helisoma anceps striatum, i - Phy
.!! syrina, j - others. 



PLATE II 

N.O MOLLUSCA 

Coll. 31 Coll. 30 

FIG. 6: 
Coll. 29 . 



PLATE III 

C.oll. 25 

FIG. ~~ 
Coll; 23 . 

Coll. 24 

Coll. 22 
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is no change in the percentages of the species 
that can be connected to the change in quan
tity of shells. 

The most abundant species present is G y -
r au 1 us par v us. This species ranges from 
25 to 40 percent of population throughout, the 
higher percentages occurring in the upper part 
of the deposit. Foss a r i a o b russ a d e -
campi is the next most abundant species rang
ing from 10 to 35 percent and most abundant in 
the middle of the section, collections 20 to 14, 
where it approaches the same percentages as G. 
par v us. The other four species considered na
tive occur in smaller numbers than the 2 above 
mentioned but they do occur constantly through
out. Pisidium casertanum is most abun
dant in the middle of the section through appro
ximately the same interval as F. o b russ a de
campi. Valvata tricarinata and He
lisoma anceps striatum are most nume
rous in the upper part of the section, whereas 
~mnicola limos a is most abundant in the 
lowest part. 

The species Pisidium variabile, Am
n i c o 1 a 1 us t r i c a, and P h y sa g y r i n a are 
common in certain parts of the section but gene
rally rare elsewhere. P. variabile is com
mon in the lower part of the section, A. 1 us-
t r i c a in the middle part, and P. gyri n a in 
the upper part. The 12 remaining species are 
rare, usually occurring as less than 4 percent. 
( See plates XII to XV). 

Harmony Deposit 

Seventeen species of mollusks are represented 
in the Harmony deposit. (See Table 7). Of 
these, one is a sphaeriid clam, 3 are gill-breath
ing fresh water gastropods, 10 are lung-breathing 
fresh water gastropods, and 3 are terrestrial gas
tropods. Only 2 species occur in sufficient quan
tity throughout the deposit to be called native, 
while one other species is common enough to 
be called native in the lower half of the deposit. 

The number of shells per 1000 milliliters of 
sediment increases in general from the bottom 
to the top of the deposit. (See Table 2). It 
falls off drastically, however, in unit 3 which 
is the highest fossiliferous unit and a dark clay. 
The number of shells is quite constant between 
collection 29 at the bottom of the deposit and 
collection 16 in the marl unit, although there is 
a slight increase in the marl. The change from 
the silt of unit 1 to the marl in unit 2 did not 
have any significant effect on the number of 
shells. (See Table 2). From collection 15 
through collection 7 there is an increase in shells 
followed by a small decrease in collection 6 and 
then the sharp decrease in collection 5 as the li
thology changes from marl to clay. Collections 
4 through 1 are unfossili ferous. 

Foss a r i a o b r us s a de c a m pi and G y -
raul us parvus are the only two species that 
occur abundantly throughout the deposit. F. 
obrussa dec am pi is the most abundant spe
cies up to collection 19 in unit 2, averaging be
tween 60 to 70 percent. (See Plates XV to XIX). 
From this point upward in the section It decreas
es, with only a small increase in collections 12, 
11, and 10. Gyraulus parvus, however, 
starts out as 15 to 30 percent of the specimens 
and gradually increases toward the top of the de
posit to where it is the most abundant species in 
collections 10 through 5, averaging from 70 to 
85 percent of the total population. Lithology 
does not seem to be a factor in determining the 
abundance of these two species. 

Pisidium casertanum canprobablybe 
considered a native in the lower half of the de
posit. Although it never represents more than 
10 percent of the population, its continued pres
ence indicates it was native to this habitat. 

Of the remaining species of freshwater and 
land gastropods , each represents about 2 percent 
or less of the population throughout the deposit. 
(See Table 7). 

The land snails Succinea avara and 
Vertigo tridentata are most numerous in 
unit 1 and were probably washed in with the silt. 

PLATE lll. Distribution of species in the White Lake deposit, Collections 27 to 22. For explanation 
of letters, see Plate II, p. 43. 
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TABLE 6. VERTICAL DISTRIBUTION OF SPECIES IN THE WAUPACA DEPOSlT. 1 

Coll. SL ss PC PV vs VT AI AU FD GP AC PE PA HS HC FP PG SA SL GN VR 

8 3.6 1.2 18.7 3.8 13.5 39.1 8.0 3.1 4.0 4.0 0.3 
9 3.4 0.4 18.4 4.9 0.1 10.0 37.4 0.3 0.1 10.7 8.9 2.0 2.5 0.4 

10 2.6 0.2 16.3 4.0 0.9 25.1 34.9 8.4 0.6 6.1 0.1 0.3 0.1 
11 8.5 0.4 7.7 5.1 2.7 26.6 36.8 8.8 0.5 4.9 0.1 0.3 
12 14.5 0.3 7.2 3.2 0.7 19.8 38.8 10.8 0.8 2.8 0.5 0.1 0.1 
13 - 20.9 0.2 5.6 1.9 0.1 18.9 40.7 0.1 8.3 1.3 1.4 0.1 0.5 0.1 
14 0.3 12.3 1.9 7.2 2.0 1.7 28.2 39.8 0.3 4.2 0.2 0.2 0.6 0.1 0.2 0.1 
15 0. 4 17.2 1.6 6.1 0.8 1.7 31.5 35.5 3.2 0.6 0.9 0.2 0.1 
16 0.1 17.1 0.7 2.5 1.5 0.5 34.5 33.3 8.8 0.2 
17 12.4 1.0 7.2 2.5 2.0 35.8 24.9 12.4 
18 0.1 15.5 9.3 0.1 10.1 5.1 10.2 19.3 23.8 5.7 0.4 0.2 0.2 
19 0.2 - 22.1 6.9 3.4 3.4 2.6 31.3 25.8 0.1 3.2 0.5 0.2 
20 0.2 18.7 5.7 5.4 11.8 6.8 22.8 25.1 3.3 0.2 
21 0.3 4.7 19.4 0.2 9.9 19.6 4.5 14.7 25.1 1.6 
22 0.5 1.7 18.5 1.1 4.1 19.7 18.6 33.9 1.6 0.1 0.2 
23 0.6 3.7 19.5 3.1 4.9 15.6 17.9 32.7 0.1 1.9 
24 0.5 2.0 16.9 4.7 6.9 8.9 24.6 31.6 3.9 
25 0.2 2.9 12.4 0.9 7.8 16.8 24.9 30.8 2.8 0.2 0.1 0.1 
26 3.7 14.8 6.6 10.1 - 30.1 30.2 0.2 3.1 0.4 0.2 0.1 

1. Explanation of abbreviations as for Table 3. 
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. TABLE 7. . VERTICAL. DISTRIBUTION OF SPECIES IN . THE HARMONY DEPOSIT. 1 

Coll. PC vs VT AI SP FO FD GP AC HS HC FP PG AH HP SA VR 

. 5 ,.. - 26.0 73.9 
6 0.1 1.2 26.5 72.1 0.1 
7 0.2 14.4 85,1 0.2 
8 0 .• 1 · 18.3 81.0 0.3 0.2 
9 - 30.4 69.0 0.4 0.1 

10 0.5 51.0 47,4 0.5 0.1 
11 . 0.2 - 56.8 42.9 
12 56,0 43.8 0.1 
13 0.4 - 46.0 53.2 0.1 0.2 
14 0.9 - 36.4 60.6 0.1 0.2 1.7 

' 15 4.2 - 41.0 53.0 0.2 0 •. 5 0.5 0.2 
16 7.9 0.1 0.1 36.6 53.4 0 .• 7 0.4 0,1 0.3 0.1 
17 4.2 0 .• 5 0.1 43.2 50.9 0.8 0.3 0.1 0,1 ~ 

18 ~.4 1.7 - . 39.2 48 .• 0 0.1 1. 0 .0.2 
19 6.2 - 48.9 43.2 1.6 
20 4.3 0.2 0.2 64.1 31.5 0.2 .. 
21 2.9 o. 2 0.1 0.1 58.2 ~8.3 0.3 .. 
22 2.7 0.2 0.2 - 71.5 24.8 0.4 
23 3.4 0.3 0. 8 72.3 22.2 0.6 0,2 
24 4.7 0.4 65.9 27.6 0.1 0.7 0,3 
25 3.1 0.2 1. 0 62.5 30.2 0.3 2.4 0.2 
26 5.8 0.8 0.8 53.8 34.2 - 0.2 2. 6 1. 6 
27 3.9 0.5 74.4 20.0 1, 2 0.2 
28 3,4 3.4 76.4 15.5 0.3 .o. 9 
29 3 .• 0 65.0 31.0 

1. Explanation of abbreviations as for Table 3. 
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PALEOECOLOGY 

General Statement 

One of the most important aspects of this study 
_ is the p;lleoecology or determination of former 

environment. This can be accomplished best 
. when a large number of well preserved speci ~ 

mens .are used which repr.esent essentially all of 
the individuals in the section. The former en~ 
vironment can not be confidently reconstructed 
using just one or two species, but must be re 
constructed from data gathered from the majo~ 

rity of the assemblage. .In using data from an 
.assemblage, .accurate quantitative information 
must be obtained in order to give each species 
its proper perspective. 

In. the study of Pleistocene paleoecology a 
great deal of information can be obtained from 
living species and assemblages~ All of the spe~ 
cies represe.nted in this study have living repre ~ 

sen~atives~ of the same species or v'ery close re~ 
latives. It can be reliably assumed mat a spe~ 
cies in the past required the· same type of habitat 
that its living representatives do at present. In 
a quantitative study, the Spf;Cies that occur most 
abundantly in a given collection are considered 
to have been. native to the environment in which 
they lived. Those that are uncommon _are pro ~ 

b,ably intruders from .another environment which 
may be in close proximity,. and those that .are 
rare .are probC~-bly intruders which were brought 
into the environment by some outside agent. 

. Each deposit was sampled at 2~inch intervals 
except the Mountain deposit which was sampled 
at 8-inch intervals. It was shown in the chapter 
on the composition of faunas that both the num
ber of shells and the percentages of species can 

change markedly in. such small intervals. These 
changes for the most part are not due to changes 
in lithology. so it might be assumed that they 
are due to slight changes in environment. 

In the following pages an attempt has been 
made to reconstruct the paleoecology of each 
deposit. A synopsis was then made for the area 
covered by this report by comparing the fi.ve de
posits. The comparison attempts to bring out 
any similariti.es or differences that might occur 
which would reflect a change in environment for 
the whole area. 

Whi te Lake Deposi t 

The White Lake deposit is lacustrine ·and con
sists of marl, peat, and sand. The lacu'Strine ori
gin of these sediments is proved by the abundance 
of fresh water Mollusca. The alternating layers 
of marl and peat in the section indicate that the 
lake environment was not stable throughout its 
existence, but th.at it fluctu.ated from a shallow 
swampy environment in which peat accumulated 
to a deeper open water environment in which the 
marl was deposited. The lowest 8 inches of the 
deposit is a well-compacted peat which contains 
no shells. This was probably formed under very 

. swampy conditions in dense vegetation. (See 
plates 11 to VI). 

The first shells appear in collection 32, also 
a peat, but one that was deposited under shallow 

. water. The species that first appear abundantly 
in the deposit .are Pisidium nitidum,, Val~ 
vata tricarinata, Amnicola limosa, 
A. lusuica, and Gyraulus parvus, all 

. PLATE. IV. Distribution of species in the White Lake deposit, collections 21 to 16. For explana ~ 

tions of letters, see explaqation of Plate II, page 42. 
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capable of living in shallow water with abundant 

vegetation. The number of shells i.n this lowest 

fossiliferous unit was quite small. In collection 

31, the first marl unit, the quannty of shells in 

creased sharply and this was due. largely to an in

crease in Amnicola lustrica which makes 
up 73 percent of the individuals. Most of the 
other species are rather uncommon except Pi · 

sidium variabile. (See Plate II). The en 

vironment at this time was probably shallow, 

quiet water with abundant vegetation. A. Ius-

t ric a continues to dominate through the marl 

of units 4 and 5, while the other species remain 
uncommon except for V. tricarinata which 

increases to 24 percent in collection 28. The 

environment apparently remained the same as 

in unit 3, shallow quiet water with vegetation. 

The peat of unit 6 indtcates that the lake be

came very shallow and dense in vegetation with 
a halt in the marl deposition. The percent of 

A. 1 us t r i c a increases slight! y while the per
cent of P. nitidum and P. variabile in

crease significantly. The other species remain 

uncommon and the quantity of shells decreases 

sharply. Marl deposition is resumed in umr 7 

with the deepening of water. The percent of A. 

I us tr i c a increases to 90 and the abundance of 

the two species of Pis i diu m decreases. (See 

Plate Ill). The great abundance of A. 1 us tr i ·· 

c a must indicate a very favorable environment 

for this species; abundant vegetation rich india

toms, in water approximately 2.4 to 3. 0 meters 

in depth. The quantity of shells returns to nor

mal abundance. Unit 8 is a return to the peat 

of shallow water environment with no Slgnih

cant changes in the mollusks. The sand of unit 

9 was probably washed or blown into the lake 

from the nearby sandy ridges. This probably 

took place when the lake was shallow because 

the sand contains no shells, and the only shells 

in the collection are found in the small patches 

of peaty clay that occur in the sand. No signi

ficant changes in percentages of the species 

accompany the change in lithology, so it can 

probably be assumed that the shells are from the 
unit below. 

Above the sand are 3 units of marl, collec

tions 23 to 8, indicating a return to a normal la 

custrine environment. The quantity of shells in

creases sharply from the low in collections 25 

and 24. A change in the percentages of species 

begins to take place here. From unit 10 upward 

the percentage of A. 1 us tr i c a begins to de
crease, while the percentages of P. n1tidum, 
V. tricarinata, A. limosa, F. obrus

sa decampi, andG. parvus alsoincrease 

in number. All of these spectes p1efer shallow 

quiet water with vegetation similar to the en

vironment that prevatlt:'d in unit 4. Jr. unit 11, 

A. lustnca declines sharply and G. pa1-
vus and P. variabile increase. The marl 

in this unit is very c layey indicating an 1nOux 

of mud accompanied by an increase in vege ta

t ion. Throughout unit 12, the other species 

continue to inc rease in number, while A. l us
tr i c a decreases. Most of the speCies present 

in this unit p1cfer a shallow water envuonment. 

Although there is a signi fie ant decrease in A. 

1 us tr i c a, it is accompanied by an increase in 

A. lim osa which prefers the same habitat. 

The one species thai might indicate a change is 

V. tr i carina t a ; it can live in shallo¥: water 

but prefers a deepe.r wa tl!r habitat. This docs not 

mean a great deepening but pos~ibly from;: m :l 

feet to 7 01 8 feet. 

From the marl of unit 12 there is a change to 

peat in unit 13. This, however, may have been 

accumulated in deeper water than the other units 

PLATE V. Distribution of species in the White Lake deposit, collections 15 to 10. For explana

tion of letters, see explanation of Plate II, p. 42. 
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of peat. The decline in numbe.r of shells is less 
and the deeper water species V. tr i carina t a 
reaches its greatest abundance here. The other 
species are not affected too greatly. Marl is a
gain deposited for a short time in unit 14 before 
the lake comes to an end in unit 15. There are 
no significant changes in unit 14, the rwo spe
cies of Am n i co 1 a increase slight! y and G. 
par v us decreases. Again, this indicates shal
low water with vegetation. The open water of 
the lakes was probably cut off by encroaching 
vegetation which covers the marl everywherE. as 
a black peaty muck. 

The type of lithology and the species present 
indicate that this deposit was a small shallow 
pond or lake. The section studied was close to 
the edge of the lake. Marl was depomed when 
the water was a few meters deep and peat when 
the water was only a few inches deep. The spe· · 
cies present indicate an environment of shallow 
quiet water with moderate to dense vegetation. 
The pH of the water in the lake was between 7 
and 8 because the species A m n i c o 1 a 1 us tr i " 
c a, V a 1 vat a t ric a r in a t a, and G y r a u 1 us 
parvus can not generally tolerate water wirh a 
pH below 7. The bottom conditions were soft, 
particularly when the marl was being deposited. 
The sediments indicate that the depth of water 
fluctuated a number of times and that the lake 
ended when vegetation took over and swampy 
conditions prevaUed. The swamp gradually 
dried up and a faest grew over the area. 

Spur Lake Deposit 

The marl of Spur Lake was deposited in a la
custrine environment probably very similar to 
the one that exists there today. Although Spur 
Lake has shrunk somewhat, it is still about 80 

percent of its original size. (See Figure 3). A
bout half of the marl in the deposit is now ex
posed and the other half 1s under water. Marl 
deposition continues in th~:; lake. The marl is 
homogeneous throughout and is all included in 
one unit. Only the top 36 1nches of the section 
was sampled and studied. 

The quantity of shells from collection 18 to 
collection 5 is quite low but it does steadily in
crease through this interval. Only rwo species 
can be considered native in the 7 lowest collec·· 
tions, Pisidium casertanum and Gyrau
lus parvus. (See Plates Vll to IX). G. par
vus is the more abundant, averagmg berween 
55 and 65 percent of the individuals. Its habitat 
is that of small quiet bodies of water with abun · 
dant vegetation. The depth of water was pro
bably about 1 to 2 meters. P. case r l an urn 
can live in the same habitat and is often found 
in small lakes in quiet water. In the same in
ten·al V. sincera and F. obrussa de · 
campi appear to be muuders from a nearby 
habitat. They both occur m small numbers, but 
V. sin cera is a deep water species from about 
3 meters or more and f. o b r us sa de c a m pi 
is a shallow water and mud flat species. (See 
Plate Vll). It appears that the marl between col
lections 18 to 12 was deposited in water about in
termediate in depth, 1 to 2 meters, with mode
rate vegetation. The occurrence. of V. sincera 
means that it is an intruder from the deepe.r part 
of the lake and that F. obrussa decampi 
is an intruder from the shallow part of the lake 
near shore. Both of these species are. gone. how
ever, before the end of this interval. 

From collection 11 to the top of the deposit 
other species become more common. V. t r i .. 
carina t a increases from 2. 2 percent in col
lection 12 to 14 percent in collection 11, to ap
proximately 25 percent near the top. (See Plate 

·~ 

PLATE VI. Distribution of species in the White Lake deposit. collections 9 to 4. For explanation 
of letters, see explanation of Plate II, p. 42. 
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VII). This sharp increase then gradual increase 
toward the top indicates that the water was pro 
bably slowly getting deeper. A decrease in this 
intervalisshownby G. parvus and P. ca
sertanum which might also indicate a slight 
deepening of water. The species of Am ni co
l a are late comers to this environment and do 
not become common until the last 4 collections. 
F. obrussa dec am pi, which is nearly absent 
in the middle of the section, reappears near the 
top. The presence of A m n i c o 1 a 1 us tr i c a 
and F. obrussa decampi would imply that 
the water was not too deep, probably only 2 or 
3 meters, as in the lower pjlrt of the section. If 
an increase in depth caused the increase in num
ber of V. tricarinata, it appears to have be
come somewhat more shallow again in the top 
six collections. This is possible because V. 
tricarinata can live in the same habi'tat as 
G. parvus which is still the most abundant spe
cies in the deposit. 

One of the most important species in terms of 
ecology is Helisoma anceps striatum. 
This species was quite common in 
the lake up to collection 4. (See Plates VII to 
IX). The importance of the form stria tum 
is that it is characteristic of cold waters. It has 
been found living in a few cold water lakes of 
Minnesota and Wisconsin, but farther south it is 

· known only in the fossil state. F. c. Baker 
(1935, p. 271) records this species from North 
Star and Little North Star lakes in northern Min
nesota. He states that "The race is more abun
dant in the north and its presence as a fossil far 
ther ~outh probably indicates colder water then 
than now. " The near absence of this form in 
the top 4 collections may indicate warmer water 
at this time due to a climatic change. Other 
evidence that might indicate a warming trend is 

the great increase in number of shells in the top 
4 collections. It would thus seem that the depth 
of water, bottom conditions, and vegetation, 
probably remained fairly constant throughout the 
time when the marl was deposited, but that the 
climate became warmer as evidenced by the dis
appearance of H. anceps striatum and the 
great increase in abundance of the other species. 

The number of land snails in the deposit tends 
to increase toward the top. These species were 
undoubtedly washed in from the area around the 
shore of the lake. 

In summary, the marl of this deposit was pre 
cipitated in a small lake such as is now present 
at the site. The water was probably one to 2 
meters in depth. There may have been a slight 
increase in depth in the middle of the section 
with a corresponding decrease near the top. The 
bottom was soft with moderate vegetation. The 
water was cold through most of the history of the 
lake but became warmer towards the end. 

The species present indicate that the pH of 
the water was between 7 and 8. 

Mountain Deposit 

The Mountain deposit represents an accumu
lation of marl and peat that was deposited in a 
lacustrine environment. The marl contains abun
dant shells of fresh water mollusks which indi
cate lacustrine origin. The 4 lowest units are 
all marl of varying purity which were deposited 
in a lake environment. The top 2 units are peat, 
unit 5 fossiliferous and unit 6 unfossiliferous, 
which show that the lake became filled with ve
getation until swampy conditions prevailed, ap
parently for a long time. This deposit was sam
pled at 8-inch intervals. 

PLATE VII. Distribution of species in the Spur Lake deposit, collections 18 to 13. Each figure 
represents the percentages for the species present in the collection whose number follows the figure 
number. Speciesarerepresentedbyletters: a-Gyraulus parvus,b-Pisidium caserta
num, c- Valvata tricarinata, d- Pisidium varia bile, e- Fossaria obrussa de
campi, f - Amnicola lustrica, g- Helisoma anceps striatum, h- others. 
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Collection 12 in unit 1 is represented by a 
very pure white marl with little vegetation, in 
which the first shells appear. The species in the 
lowest unit represent a rather complete assem
blage. (See Plates X and XI). The most abun- ·· 
dant species is V. tricarinata which makes 
up about 30 percent of the individuals. P. ca
se rtanum and G. parvus are each about 
15 percent, and F. obrussa decampi and 
H. an c e p s s tria tum each make up about 
10 percent of the total. The kinds and abun
dance of species indicate that the former lake 
was fairly shallow, 1 to 2 meters, contained 
sparse vegetation on a soft bottom, with cold 
water . 

From collection 11 in unit 1 to collection 6 
in uni t 3, the ab undance of V. tr i carina ta 
declines while P. c ase r tan u m increases. G. 
p a r vus remain s approximately the same 
throughout, butbothF. obru s sa decampi 
and H. an cep s s tr i atu m decline. The 
quantity of V. si nc era, which is common 
near the bottom of the deposit, decreases up
ward. The change in the percentages of indi
viduals seems to indicate that the water was 
becoming somewhat more shallow. (See Plate 
XI). The vegetation increased until i t was mo
derate. The water probably was becoming 
warmer as evidenced by the decline in H. an
ceps striatum. The bottom was quite soft. 

Near the top of unit 3, in collections 5 to 3, 
the water was shallow and vegetation grew mo
derately. The site of the section appears to be 
near sh<re because F. o b r us s a d e c a m p i 
increases rapidly here implying very shallow 
water and mud flats, All of the other species 
present are quite capable of living in this en
vironment. Ph y sa gyri n a, which occurs 
commonly in this deposit, is often found on 

vegetation, such as the underside of lily pads. 
The change of environment which accompa

nied the transition from marl to peat between 
. ~nits 4 and 5 did not have any great effect on 
the relative percentages of the species present. 
(See Plate XI). It did , however, have an effect 
on the total number of individuals, for there was 
a great decline from 4000 to 1150 shells per 1000 

milliliters of sediment. During the deposition of 
material in unit 5, the water was very shallow, 
probably less than a meter, and the vegetation 
was abundant. As the lake filled with vegetation 
and sediment a bog environment took over in 
which the mollusks could not survive. 

The marls of the Mountain deposit were laid 
down in a small shallow lake. The depth of water 
at the site of the sampled section probably ranged 
from about 0. 5 to 2 meters. The bottom was 
soft and the amount of vegetation increased as 
the lake became older. The mollusks that lived 
in the lake preferred water that was neutral or 
slightly alkaline , pH between 7 and 8. 

Waupaca Deposit 

Seventeen species of fresh water mollusks oc
cur in the Waupaca deposit indicating that the 
sediment was deposited in a lacustrine environ
ment. The most abundant species, of the 11 
that occur in the lowest collection, are G y r au
lus parvus, Fossaria obrussa decam
p i, Pis i d i u m v aria b i 1 e and A m n i cola 
limos a. (See Plate XII). The two species F. 
o b r us sa d e c am pi and G. par v us are the 
most abundant, each making up about 30 percent 
of the individuals. Both of these species require 
shallow water, the former shall ow water and a 
mud flat environment, and the latter shallow 

PLATE VIII. Distribution of species in the Spur Lake deposit, collections 12 to 7. For explana
tion of letters, see Plate VII. 
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waterwithsomevegetation. P. variabile 
is a species with a wide range of habitats but 
prefers quiet water in soft sediments, whereas 
A. limosa likes quiet shallow water with 
some vegetation. 

The species G. parvus remains abundant 
throughout unit 1, ranging from 25 to 40 P,Cr
cent. (See Plate XII). This persistence in num
ber implies that the environment remained favo
rable for the species, that is, shallow water with 
vegetation. It is important to note that Dennis 
( 1928, p. 27) thought that depth of water may 
be a limiting factor. G. parvus is generally 
found in shallow water or on vegetation near the 
top of the water. He also observed that oxygen 
may be another limiting factor since G. par
vus is always found with vegetation that tends 
to increase the oxygen content of the water. 

The amphibious snail F. obrussa decam
p i is abundant in unit 1, adding further evidence 
that the water was shallow. The deeper water 
species V. since r a occurs in the lower part of 
the unit but probably as an intruder from a deep
er part of the lake. In the middle of unit 1, 
collections 20 to 17, P. varia b i I e decreases 
suddenlyandP. casertanum mcreases. (See 
Plate Xlll). There was no lithologic change here, 
nor do any of the other species reflect any other 
.environmental change. It may be that P. c a -
s e r tan u m just increased to the point that it 
took over the position formerly occupied by P. 
varia bile. 

In collection 18 there was a decided increase 
in the number of shells. This change is also 
shown by some of the gastropods. F. o b russ a 
decampi decreases from 31 percent to20 per
cent, A. lustrica increases from 2.6 percent 
to 10 percent and V. tricarina ta increases 
from 3. 4 percent to 10 percent. (See Plate XIII). 
These seem to mean an environmental change. 

The most probable one is an increase in depth of 
water from about 1 meter to 2 to 3 meters. F. 
obrussa dec am pi, which prefers shallow 
water, declines with the depth increase while 
the 2 species that would prefer slightly deeper 
water, A. lustrica and V. tricarinata, 
increase. In collection 17, the percentages re
turn to what they were in collection 19, indica
ting a return to more shallow water. 

There is no mdica tion of a warming trend in 
unit 1, for H. anceps striatum becomes 
more abundant upward in the section. The num 
ber of species of land snails increases toward the 
top of unit 1, indicating that they lived near the 
edge of the lake, most like! y in wooded environ
ment, where they could be washed into the water. 

The marl of unit 2 contains more plant mat 
ter than unit 1, meaning that the vegetation in 
the lake was becoming more dense. This did not 
affect the mollusks to any large extent except 
in collection where V. t ric a r in at a becomes 
more abundant as the marl grades into peat of 
unit3, and F. obrussa decampi becomes 
much less abundant where the peat prevails. 

The extinction of the lake occurred when ve
getation took over and the deposit became a bog. 
Units 4 and 5 represent unfossiliferous organic 
bog accumulations. A bog exists over much of 
this site today. 

The history of this lake closely resembles that 
of the lakes already described. It was generally 
of small size and shallow. The bottom was soft 
as marl was being deposited through much of the 
life of the lake. Vegetation was sparse in the 
early phases, but became more abundant as the 
lake grew older until it completely dominated 
and bog conditions prevailed. The living condi
tions of the species present indicate that the 
pH of the water was between 7 and 8. 

PLATE IX. Distribution of species in the Spur Lake deposit, collections 6 to 1. For explanation 
of letters, see Plate VII. 
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Harmony Deposit 

The Harmony deposit represents an unusual 
situation in which only two species make up 
from 85 to 100 percent of the population through
out. (See Plates XV to XIX). The abundance 
of fresh water Mollusca indicates that the sedi
ments were deposited in a lacustrine environ
ment. The lowest unit is a calcareous silt in 
which the shells are rather sparse. The number 
of shells increases slightly with the change from 
the silt of unit 1 to the marl of unit 2. The 
shells continue to increase in number upward in 
the marl until they are moderately abundant 
near the top. 

The only two common species in the deposit, 
and the only two that can be considered indige
nous throughout, are F. obrussa decampi 
and G. p a r v us. The persistence of these spe
cies in the section indicates that the environment 
of the lake remained uniform during its exist
ence. The lake was small in size as shown by 
the limits of lacustrine sediments. The water 
was shallow with a moderate amount of vegeta
tion. The lake was probably surrounded by an 
extensive mud flat for F. obrussa de campi 
prefers a habitat in shallow water or just out of 
the water on a mud flat environment. G. par
vus also prefers the shallow water environment. 

Only one species of clam, P. casertanum, 
occurred in the lake. This species is adaptable 
to many habitats.and could exist in this shallow 
water environment. The land snails occur in 
unit 1 almost exclusively, and were probably 
washed in with the silt from a surrounding wooded 
environment. In the marl unit they are rare. 
Aplexa hypnorum occurs as a rare species 
and was found only in this deposit. It is gener
ally found in temporary pools and swales and in 

a swampy environment. It appears that this spe
cies was washed into the lake from temporary 
pools that may have existed around the perimeter 
of the lake. 

Throughout the life of the lake, the environ
ment was most favorable to the two common spe
cies, F. obrussa decampi and G. par-
v us . The relations between these two species 
do not remain constant. In the silt of unit 1 F. 
obrussa dec am pi is by far the more abun
dant. After the change from silt to marl, there 
is a definite change in the percentages of these 
two species. Between collections 22 and 21 the 
percentage of G. parvus increases from 25 
percent to 38 percent and that of F. o b russ a 
de campi drops from 71 to 58 percent. From 
collections 18 through 13, G. par v us is more 
abundant. In collections 12, 11, and 10 F. 
o b russ a dec am pi again becomes abundant. 
In the top five collections, however, G. par-
v us is the more abundant by a wide margin. 
(See Plate XVIII). Significant changes such as 
those outlined above imply changes in environ
ment. These changes need not be great but on
ly enough to change the habitat in favor of one 
species or another. In this case only a small 
change in depth of water might be enough to 
bring this about. Assuming that the lake had 
low mud flats, then a rise in water level of only 
a meter might change the position of the shore
line by 10 feet or more. This change of shore
line will tend to decrease the number of F. o-
br uss a decamp i which lives near and on the 
edge of a lake, and increase the relati'Ve num
ber of G. parvus at the site of the section. 
The shifting of shoreline might account for the 
change in percentages of the two species involved. 

The limits of pH under which F. obrussa 
de campi can exist are between 7.42 and 7.7 

PLATE X. Distribution of species in the Mountain deposit, collections 12 to 7. Each figure re
presents the percentages of the species present in the collection whose number follows the figure 
number •. Species are represented by letters: a- Valvata tricarinata, b- Gyraulus par
vus, c- Pisidium casertanum, d - Fossaria obrussa dec am pi, e- Amnicola 
limosa, f- Helisoma anceps striatum, g- Helisoma campanulatum, h- Physa 
g y r i n a, i - others. 
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(Morrison, 1932, p. 371). G y r a ul us par-
v us is generally restricted to a pH above 7. 
Because both of these species occur commonly 
throughout the life of the lake it can be assumed 
that the pH of the water was about 7. 5. 

The highest fossiliferous unit is a dark clay. 
The number of shells falls off sharply in the tran
sition from the marl to the clay. The clay 
marks a period when mud, probably derived 
from the SLD'rounding till, was being deposited 
in the lake. Swampy conditions prevailed after 
the clay deposition and these still persist today. 

Synopsis of Northeastern Wisconsin 
Deposits 

A comparison of the five northeastern Wis
consin deposits shows that the environment was 
somewhat similar in each deposit. All of the 
sites are extinct lakes, except Spur Lake in ·which 
water still exists. Each of the lakes had fairly 
shallow water with sparse to abundant vegetation. 
The water of the lakes was neutral to slightly al
kaline, ranging in pH between 7 and 8. There. 
There are indications, such as the JXesence of 
Helisoma anceps striatum, that the 
water was colder than at present, during much 
of the existence of lakes, but may have become 
warmer later on in their history. 

To make the most accurate determination of 
past environments, it would be desirable to find 
a living assemblage similar to the fossil assem
blage. The data obtained from the living assem
blage could then be reliably applied to the fossil 
assemblage. This is possible for Pleistocene as
semblages because most of the species are still 
living. F. C. Baker (1935) published an account 
of land and freshwater Mollusca from North Star 
Lake in northern Minnesota. In his description 
of the mollusks found in the lake , he cited sev-

eral examples of assemblages similar to the ones 
in this paper. 

On the west shore of the north bay of North 
Star Lake Baker (1935, p. 263) found mollusks 
in 2 to 3 feet of water on a sandy silt and mud 
bottom. The vegetation was Char a, Pota
mogeton, Vallisneria, Scirpus, Lem
na, Nymphaea, Castalia, and Myrio
p h y 11 u m. The Am n i co 1 a and V a 1 v a t a 
were obtained by sweeping the Char a, the 
Sphaerium and Pisidium in the mud bot
tom, and the Ph y sa and H e 1 is om a in ve
getation. His complete list is as follows: 

Sphaeriidae: 
Pisidium, 2 species 
Sphaerium sulcatum 

Freshwater gill-breathing Gastropods: 
Amnicola limosa 
A. lustrica "decepta" 
Valvata tricarinata 

Freshwater lung-breathing Gastropods: 
Gyraulus parvus 
Helisoma anceps striatum 
H. campanulatum 
H. trivol vis "macrostomum" 
Lymnaea stagnalis jugularis 
Physa gytina 

No data on abundance were given. 
This assemblage, with a few exceptions, is 

very similar to 4 of the na:theastern Wisconsin 
deposits, White Lake, Spur Lake, Mountain, 
and Waupaca . The exceptions are the absence 
of Foss ari a and the presence of He lis om a 
trivolvis " macrostomum" in the living 
assemblage. It is interesting to note that the 
habitat of the living assemblage from North Star 
Lake is similar to the general paleoecology of 
the 4 extinct lakes as determined from fossil data. 

PLATE XI. Distribution of species in the Mountain deposit , collections 6 to 1. For explanation 
of letters, see Plate X. 
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From the small Little North Star Lake, Baker 
(1935, p. 266) records an assemblage that occur
red near the south end. Here the water was shal
low, about 3 feet deep, and the bottom was 
muck. The vegetation present was Typha, 
Scirpus, Potamogeton, Nymphaea, 
Castalia, Lemna, and Char a. The list 
of species is as follows: 

Sphaeriidae: 
Pisidium (2 species) 
Sphaerium securis 

Freshwater gill-breathing Gastropods: 
Amnicola limosa 
A. lustrica "decepta" 
Val vata tricadnata 

Freshwater lung-breathi.ng Gastropods: 
Fossaria obrussa dccampi 
Gyraulus deflectus obliquus 
G. parvus 
Helisoma anceps striatum 
H. tri volvis "macrostomum" 
H. campanulatum 
Physa gyrina 
Promenetus exacuous 

Land Gastropods: 
Oxyloma retusa 

No abundance data were given. 
This assemblage is similar to all 5 assem

blages of this report. It would be safe to as
sume that the 5 fossil assemblages probably 
lived in an environment very much like the 
two described above. It might also be safe to 
assume that the climate in northeastern Wiscon
sin when the 5 lakes were in existence is simi
lar to that of northern Minnesota today. 

Tuthill et al. (1964, pp. 350- 361) discuss 
a comparison of a Late Wisconsin fossil mollus 
can fauna from the Missouri Coteau of North 

Dakota with a li vir:g mol h scan fauna from Long 
Lake in north central Minr.esota . Their conclu
sions are that since the two faunas are so similar, 
the climate of tht! North Dakota site was like 
that of the Minnesota lake today. The important 
point, howev~.r, is that the y state "The geology 
of the Coteau indicates tf•t: presence of a buried 
band of stagnant glac~cc 1ce a few hundred feet 
thick (30 miles wtd t: at many places) concurrent 
with the ZCI') i. th of the r:wlluscan in!labitation." 
Th.i.s SIJgges ts that the mollusk.~ we.re able to ex
ist d;~spne tht' n<':ar proximity of glacier ice be
cause thP. tce was hea vily covtore.d with drift. 

This same ty.(k of muation could have oc 
curred in northea~tern Wiscomin dur :ng the Val
ders retreat. It m·,·.c:.us that the. mollusks could 
survive a short distance from the glacier front 
during advance and then r ~:populate the area im
mediately after glaci al :etteat even though sta
gnant ice remained. It is por..>ible that one or 
more of the 4 deposits, White Lake, Spur Lake, 
MountaiH, or Waupa~a could have been in ex
istence during the Valder~ giactat ion. 

An exanunation of T'lbks 3 to 7 will show 
which species fim populated .the 5 deposits. 
Each is a telativdy small mollusk which proba 
bly indicates ease of dispPrsaJ.. Only 30 species 
occur in the 5 deposi ts. Th is is an incomplete 
populati.on for su.:.h a large area. Over 100,000 

shells were cxamin.zd which should pre.sent a 
broad picture of the moll~can fauna. Obvious
ly many species art: abseat which today live in 
northeastern Wisconsin. A total of 307 species 
of fresh water Mollusca have been recorded for 
the state(Roy, 1963). Many of these species 
would not be expected Ll northeaste:·n Wisconsin, 
nor in the particular ecologic conditions repre
sented by the 5 depocits. There are, however, 
notable absences. 

The Naiades or large fresh water mussels are 

PLATE XII. Distribution of species in the Waupaca deposit, collections 26 to 21. Each figure 
represents the percentages for the species present in the collection whose number follows the figure 
number. Speciesarerepresentedbyletters: a - Gyraulus parvus, h- Fossana obrussa 
decampi, c- Amnicola limosa, d - Valvata tricarinata, e- Pisi .dium caser-
tanum, f Pisidium variabile, g- Helisoma an~eps striatum, h- Physa 
gyrina, i - Amnicola lustrica, j - others. 
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the most obviously missing group. This could 
be accounted for in a number of ways. (a) 
The environment of the deposits was not suit
able. (b) They were in the deposit but either 
were not found or were not preserved. {c) The 
deposits were isolated and the means of disper
sal of the Naiades did not enable them to reach 
the lakes. Of the three, a and b can probably 
be ruled out because the ecology was suitable 
and at least fragmentary remains should have 
been found if this group were present. The 
third, c, is probably most likely because the 
former lakes may have been isolated from water-

ways of dispersal, which could prevent fish, 
which are necessary as parasitic hosts of the Na
iades, from reaching them. 

Other notable mollusks which are absent but 
should be present are Campeloma, Bulim
nea, A cella, and the species Helisoma 
trivolvis. All of these are probably late ar
rivals in this area. As a general statement it 
might be said that the species represented in the 
5 deposits are those species which have a rapid 
rate of dispersal and the ability to withstand the 
cooler climate of the Late Pleistocene. 

AGE AND CORRELATION 

Exact determination of the ages of the 5 north 
eastern Wisconsin deposits is difficult. None of 
the species occurring in these deposits will serve 
as an index fossil for the Late Wisconsin toRe 
cent. The only fairly accurate age determina · 
tion that can be made is by the radiocarbon me 
thod. This was not done in this study because 
of lack of funds. · 

The ages can be determined, however, on 
the basis of relation to other sediments of known 
age. The deposiu all rest on glacial drift of 
either Cary or Valders age. This would mean 
that the deposits are either post-Cary or post· 
Valders in age. The White Lake deposit re sts 
on definite Cary outwash. The sites of the Spur 
Lake and Mountain deposits are probably on Cary 
outwash but it is possible that the outwash is Val· 
ders. The Waupaca deposit is located on a pit-

. ted outwash plain of either Cary or Valders age. 
Lake sediments of the Harmony deposit are lo
cated on Valders ground moraine. This would 
then limit the maximum age of the deposits to 
a time just after the deposition of the youngest 
sediment on which they rest. 

The length of time between the deposition of 
the drift and the formation of the lake and arri 
val of the mollusks is not known. For 4 of the 
deposits the contact berween the underlying 
drift and the lake sediment was observed. An 
8-inch unit of unfossiliferous peat separated the 
Cary outwash and the first fossiliferous unit in 
the White Lake deposit. This would indicate 
that there was a considerable length of time be 
fore the mollusks invaded the site. The area of 
this deposit was the first fiee of ice in Late Wis· 
consin time and it was probably not until some 
time later that the lake was formed. The 1ce 
stood at the Mountain moraine just west of this 
site for a considerable. length of time, so it is 
probable that the lake had formed and the mol
lusks lived there before the retreat of the Cary 
ice from northeastern Wisconsin . 

The contact between the drift and the lake 
marl of both the Mountain and Waupaca depo· 
sits is quite sharp, indicating that the lake was 
in existence immediately or soon after the last 
of the drift was deposited. Mollusks occur in 
these lowest marls. The contact between the 

PLATE Xlll. Distribution of species in the Waupaca deposit, collections 20 to 15. For explanation 
of letters, see Plate XII. 
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Valders ground moraine and the lowest lake se
diments of the Harmony deposit is also sharp. 
It would thus appear that these lakes came in· 
to existence soon after the ice retreated and 
that the mollusks inhabited them almost im· 
mediately. 

All of the deposits except Spur Lake are ex
tinct and are covered by bog or swamp deposits. 
It might be assumed, from the amount of peat 
and muck covering the former lake sediments, 
that the lakes have been extinct far a co!lSider· 
able length of time, probably a few thousand 
years. The age of the 5 deposits in northeastern 
Wisconsin, in the light of present information, 
is considered to be Late Wisconsin. 

There is no direct means of correlation among 
the 5 deposits of northeastern Wisconsin. It is 
very probable, though, that all 5 lakes existed 
together during part if not all of their lives. The 
presence of fairly similar faunas in the lakes 
would imply th!lt they were probably populated 
at about the same time. The species G yr au
lus parvus and Fossula obrussa de-
c a m p 1 occur in each lake in the lowest fos-

siliferous collection. The species of Am n i· 
co 1 a are common in 4 of the lakes. The pre
sence of these species in the lowest units indi· 
cates they entered the lakes as soon as they be
carpe habitable. 

The general distribution of species shows that 
the dispersal throughout the area d .. ing the time 
when the lakes existed was nearly complete. 
Eight species occur in all 5 lakes, 8 in 4 of the 
lakes, and 3 others in 3 of the lakes. (See Table 
1). As imponant as the species present are the 
ones that are absent. The most notable ones are 
the Naiad group, die genera C am p e 1om a, 
B u limn e a, Ace 11 a, a number of species of 
Stagnicola, and Helisoma trivolvis. 
All of these are JXesent in northeastern Wiscon
sin today. It is apparent that these species came 
into northeastern Wisconsin after the extinction 
of the 5 lakes. 

On the basis of the presence of some species 
and on the absence of the other species, it is as
sumed that all five lakes existed during the same 
general interval of the Late Wisconsin. 

CONCLUSIONS 

The five extinct lakes studied in northeastern 
Wisconlin yielded a total of 30 species of non
marine Mollusca. The maximum number of spe
cies occurring in any one lake was 21. (See Table 
1). Tbe distribution of the most common spe-
cies was quite uniform; 8 species occurred in all 
5.lakes and 8 other species occurred in 4 of the 
lakes. 

Tbe paleoecology of each deposit was recon
structed from data obtained by a quantitative 
and qu.alitative study of the mollusks. The gen· 
eral ecologic conditioQI of each. deposit were 

similar. The water was fairly shallow from 0. 5 
to 3 meters in depth. The bottom was soft and 
vegetation grew in varying amounts, but was in 
general from moderate to dense. The water was 
neutral to slightly alkaline ranging in pH from 7 
to 8. Although this was the general character 
of the lakes throughout their existence, minor 
changes in the molluscan population reflected 
small changes that took place in the environment. 

The lithology of the depos1ts varied from marl 
to peat. The difference in lithology had a noti· 
ceable effect on the number of individuals. In 

PLATE XIV. Distribution of species in the Waupaca deposit, collections 14 to 9. For explanation 
of !etten, see Plate XII. 
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the marl the number of shells was much higher 
than in the peat indicating that the Mollusca 
preferred a habitat in which marl was bei.ng de
posited, to a habitat very dense in vegetation. 
The presence of peat also indicated that the 
water in the lake was very shallow. Dense ve
getation seemed to have little effr.ct on there
lative percentages of the species. 

Although a species may get into a gtver; la~e 
or pond there is no guarantee that it will persist. 
There is evidence of this in some of the d~po· · 

sits. In the Harmony deposit V. tricarir.a
ta and H. anceps striatum occur in the 
lower part of the section but do not occur in the 
upper part. Sphaerium lacustre, s. ~ul .. 
catum, and V. sincera are pre .~e:n for a 
short time in the Waupaca deposit. Th~~~ m
ttuders were brought into the lakP. from eJ .~ewhere 

or from another environment in the lak.e and 
could not survive for any long period of t1.me 
under the given conditions. The species that do 
not occur in the lower units but do occ.ur farther 
up in the section and persist through the remain
der of the section are probably late arri vals Into 
the la.Jse. 

The quantitative study of the ir.dividuals at 
small intervals reflected numerous significant 
changes in the percentages of the spcdes. These 
changes, while not connected with lithology, are 
impatant in terms of depth of water and distance 
to shoreline. The importance of this was brought 
out in the Harmony deposit where the percentages 

. of G. parvus and F. obrussa decampi 
changed throughout the section, probably indica:.. 
ting an increase in water depth and a shifting of 
the edge of the lake away from the site of the sec
tion. Without quantitative information the fossil 

. fauna has little significance for use in determin-
ing former environment, Although 21 species do 

occur in two deposits, only a few of ihese are 
native to a given environment. The~e occur 
most abundantly and are the ones on which the 
greatest signifi.cance should be placed when re
connructing an environment. 

There is evidence that many of the species 
that occurred in the lakes inhabited them almost 
immediate.ly afte~ they were forme.d. Evidence 
from the stratigraphy of the deposits indicates 
that the lakes formed very soon after the last 
glacial deposits we;F, laid down. From the two 
above statem~nts it ca:1 be concluded that the 
mollusks migrate-:! into northf'asrern Wisconsin 
shortly aft~r the r·~treat of the Late Wisconsin 
ice. It ~houid be 1oted, though, that the mol
luscan fauna :hat lived in the 5 lakes was not the 
total fauna that li'J~~ in r.orr.ht.astern Wisconsin 
today. 

The gtoup of mollusks that first arrived in the 
area after deglaciation was in general character
ized by small stze. Small s1ze probably indica
tes ease of dispersal. Most of these species can 
now live in areas farther ;'!Orth and are able to 
withstand the coo!~r climate. The Mollusca of 
importance that dJd not occur in any of the de
posit~ but that do now live in northeastern Wis
consin are L y m n a e a ~tag n a 1 is, B u 1 i m
aea megasoma, Acella haldemani, 
and. Helisoma trivolvis. Lymnaea 
stagnalls did occur rarely in the White Lake 
deposit but can not be conside.red native. These 
species represent some of the larger gastropods 
whi.ch were probably much slower in rate of dis
persal. They entered northeaste.rn Wisconsin dur
ing a second wave of migration, after the ex
tinction of the five lakes • 

Two of these species are important in terms 
ofmi.gration. Acella haldemani and 
Lymnaea stagnalis jug u 1 a r is live in 

PLATE XV. Figures 1 and 2, Distribution of species in the Waupaca deposit, collections 8 and 7. 
For explanation of letters, see Plate XII. Figures 3 to 6, Distribution of specit>.s in the Harmony de
posit, collections 29 to 26. Each figure represents the percentages for the s~cies present in the 
collection w.hose number follows the figure number. Species are represented by letters: a - G y 
raulus parvus, b - Fossaria ohrussa decampi, c - Pisidium casertanum, 
d, -others. 
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northeastern Wiscoll$in today. They have not 
been recorded for the Late Wisconsin in north
eastern Wisconsin. They have, therefore, ap
parently migrated there in recent times. 

These same two species, however, have been 
recorded for the Late Wisconsin in Ohio. Zim
merman ( 1958) and A ukeman ( 1960) recorded 
both A. haldeman! and L. stagnalis 
jugular is for the Late Wisconsin. Cornejo 
(1959) and Sheatsley(1960) recorded A. hal
de m ani. These two species are not known to 
be living in Ohio now. 

The two species show a definite migration to 

the north since the end of the Wisconsin age. It 
appears that the cause of their migration was the 
changing climate of the Late Pleistocene. They 
inhabited Ohio during a time when the climate 
was suitable and the climate farther ncrth was 
still too rigorous. As the environment became 
more suitable to the ncrth after the final retreat 
of the glaciers these species migrated north
ward. Ohio, by that time, had probably be
come too warm for their existence. Ohio during 
the last part of the Late Wisconsin was probably 
similar in climate to northeastern Wisconsin to
day. 
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