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ABSTRACT

The palececology and the quantitative changes
p gy q g

in the non-marine molluscan assemblages from
two marl sections in the Richardson Lake depo-
sit are described. These changes and varia-
tions in lithcology and shoreline features are
used to reccnstruct the environmental condi-
tions prevailing during marl deposition and
the development ¢f modern Richardscn Lake. The
marl secticns grade abruptly downward into
Champlain Sea deposits and contain little ex-
traneous materi2! besidesplant remains. Neith-
er sectior represents a cocmplete cycle of in-
filling of a lake. the truncation being related
to decreasing water levels in the Ottawa and
St. Lawrence River valleys. Of the 27 gpecies
of Mollusca recorded, 9 are post-depcsiticnal
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:nvaders in the sections. The quantitative
changes in the aquatic species present in the
sections suggest variations in depth. tempera-
ture. and pH of the waters as well as in sub-
strate conditicns. These changes arecontrasted
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proximity to deeper areas of the lake and a
moderating climate. Comparison of these assem-
blages with other Late Pleistocene and living
mclluscan assemblages elsewhere in glaciated
regions of Eastern North America indicates that
the Molluscz migrate in response to temperature
changes. In this case the temperature is in-
fluenced by the advance and retreat of the con-
tinental glaciers.
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INTRODUCTION
Purpose of investigation cbserved vertical variation and abundance of

This investigation was undertaken to study
the Pleistocene Mcllusca recovered from the
marl depcsit zdjacent to Richardson Lake, Cla-
rendon Township, Pontiac County, Quebec, Cana-
da. Critical =xamination of marl obtained from
two systematizally collected stratigraphic sec-
tions and a quantitative study of the mollus-
can assemblzge cf the marl led to reconstruc-
tion of the palecenvironments which obtained
as the mar! was accumulated. Paleoecological
interpretations presented are made from the

the most prominent species in the collections.

An attempt is made here to relate the two
closely adjacent andpresumably nearly synchro-
nous fossil records of Section G and Section
GG to each other and to fossil records of other
marl deposits in glaciated regions of North
America. In this way it may be possible to
establish the relaticnship between the distri-
bution of non-marine Mollusca and the events
resulting from Late Wisconsin glaciation in
northern United States and southern Canada.
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Location of Deposit

The Richardson Lake marl deposit lies on
land owned by George Chamberlain
boundary between Lots 18 and 19. about % the
length of the lots from the northern range
line, in the seventh range. Clarendon Township,:
Pontiac County, Quebec, Canada.

Method of Investigation

This marl deposit was located with the aid
of Waddington’s Marl Deposits of the Province
of Quebec (1950) andcollections for this paper
were made during June 1966. The areal extent
of the deposit was determined by use of a 1-
inch soil auger and collection sites chosen
which would yield suitable marl sections. Se-
lection of collection sites was determined by
the level of ground water, accessibility, pro-
ximity to a small divide which effectively
splits the deposit, and thickness of the sec-
tions. A pit was excavated at each of two lo-
cations, from the surface to the base of the
mar]l section, and samples collected from stra-
tigraphic columns in each pit. Each sample, 1
foot by 1 foot by 2 inches thick, was labeled
and sealed in plastic bags to curtail loss of
moisture and induration of the sediment.

Laboratory work consisted of washing a 2000
milliliter volume of each sample through 10,
20, 30, and 50 mesh sieves and allowing the
retained material to dry. The residues from
the 10 and 20 mesh sieves were hand-picked to
remove all identifiable mollusk remains; the
shells were identified to species and counted
separately for each sieve size of each sample.
The data obtained were illustrated graphically
(Figs. 4 through 16) to facilitate interpreta-
tion of the results, An approximation of the
number of mollusks per unit volume of sample
was determined and is shown as specimens per
thousand milliliters of sample.
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GEOLOGY OF THE AREA
Regional Geology

The Richardson Lake marl deposit is situa-
ted near the southern edge of the Canadian
Shield in the southwestern portion of the Lau-
rentian Highlands. This part of the shield,
which has been designated as the Grenville
physiographic province by Bostock (1964, p. 14)
and Gill (1949, p. 64), has also been called
the Grenville subprovince by Wilson (1939).
The bedrock, heremostly covered by much young-
er unconsolidated sediments, is reported to
consist of crystalline limestone, injection
gneiss formed largely from intrusion of these
limestones by granites (Sabourin, 1965, p. 8),
gabbros andhornblende gneisses (Osborne, 1944,
Map). The closest outcrop of pre-Pleistocene
basement rock is about 24 miles northeast of
Richardson Lake. This outcrop is largely Gren-
ville carbonates which have been intruded and
metamorphosed by granites and their accompany-
ing solutions (Sabourin, 1965, Map). Sabourin
(p. 8) thinks that perhaps there are two lay-
ers of crystalline limestone as well as para-
gneisses beneath the area. Similar exposures
of crystalline carbonate rocks are exposed some
six miles west-southwest of the deposit near
the junction of Quebec Route 8'and 'the Portage-
du-Fort road. In the area east and north of
Richardson Lake the bedrock outcrops thrusting
through the Pleistocene-Recent cover are scat-
tered and isolated, and reflect the structural
trends of the region.

In this area the Pleistocene geology has
understandably been neglected in favor of hope-
fully moreprofitable studies on the igneous-
metamorphic rocks. Sabourin 11965) mapped an
area immediately to the east of the deposit
and designated the unconsolidated, surficial
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material as Pleistocene-Recent in age. For
mappable units he delineates sand and gravel,
till, and clays. The deposits surrounding
Richardson Lake which Sabourin mapped as sand
and gravel are thought to have been deposited
by the Champlain Sea which encroached over the
Ottawa and St. Lawrence River valleys follow-
ing the waning remnants of the Wisconsin ice
sheet. This area and the area to the southeast
along the Ottawa River were part of a structu-
ral and topographic low which apparently in-
fluenced ice movements and permitted influx of
“the sea. Sabourin (1965, p. 33) reports that
north of the Ottawa River Valley the ice moved
nearly due south and that within the valley
striae indicate a southeastward movement. Gadd
(1963B, Legend) reports a single direction of
glacial striae, alsc southeastward, in his
studies of the Chalk River area. north of Pem-
broke, Ontario. Wilson (1924, p. 12) states
that in the Arnprigr-Quyon area which is south
and east of Richardson Lake there is also a
single southeastwwrd direction of striae. Kar-
row (1961, pp. 100, 101) states that after par-
tial deglaciation, theOttawa-St. Lawrence Low-
lands were invaded by marine waters which ad-
vanced as the ice retreated and formed the
Champlain Sea. Gadd (1963B, Legend) reports
that marine conditions must have existed at
least as far up river as the Chalk River area
because of what he believes to be reworked ma-
rine deposits containing the fossil marine pe-
lecypod Macoma. De Geer (1892, p. 469) and
later workers in the Ottawa-St. Lawrence val-
ley have studied wave terraces and beaches be-
lieved to be remnants of the Champlain Sea.
They state that thehighest elevation from pre-
sent sea-level attained by the Late Pleistocene
marine inundation was at least 690 feet. Evi-
dence that these terraces are actually marine
is in the form of imbedded marine fossils,
such as Macoma. As the ice receded inlets were
opened which drained the ancestral Great Lakes
into the Champlain Sea, thus converting marine
to brackish- and fresh-water conditions. 'The
outlets which came into existence are designa-
ted the North Bay-Mattawa and Fossmill outlets
in the literature. Carbon 14 dates on materi-
al collected by Terasmae indicate that the
latter outlet opened some 9 000 to 10.000 C-14
years B P. (Gadd, 1960, pp. 27, 28). Isosta-
tic uplift of the Ottawa-St. Lawrence region
was undoubtedly occurring at this time, dis-
placing the marine and brackish-water environ-
ments and exposing the region to erosion. Kar-
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row (1961, p. 101) would place the marine in-
undatasén :att 11,000 to 12,000 C-14 years B.
P. on dates derived from marine shells a:land
Terasmae (1965, p. 36) indicates that the inun-
dation was coming to a conclusion some 9,000 to
9.500 C-14 years B.P. or earlier. At this time

the St. Lawrence drainage was taking shape,
probably occupying its present configuration
some 7,000 to 8.000 C-14 years B.P. (Terasmae,

1965, p. 38). Needless to say, a wide range

of dates is cited for these events, but they

The age of the surficial deposits surround-
ing Richardson Lake and the adjacent lakes and
marshes is indicated to be Late Wisconsin by
the studies consulted in the preceding text,

which also provides a background into which
the development of the marl deposit may be
placed. The glacial deposits provided the ma-

terial which the waters of the Champlain Sea

reworked into beaches and shallow sandy sea
bottoms in this area. The uplifting land
drained the area leaving topography that has

so far developed only a youthful drainage pat-
tern.

Richardson Lake Area

For several miles in all directions from
Richardson Lake the bedrock is overlain by un-
consolidated sand, gravel, and boulders. In
most places sand predominates and is well-
sorted, evenly bedded, and contains relatively
few pebbles or boulders.
ties there are numerous boulders and cobbles
in the sand. The boulders and cobbles as well
as most of the smaller material are of predo-

minantly igneous and metamorphic origin and
are similar to rock seen in outcrop to the
north and west. The sedimentary components

have an appearance similar to Ordovician lime-
stone outcrops to the east and observed to the
south of the area., south of the Ottawa River.
The sand in the area ismostly medium- to coar-
se-grained, sub-angular to sub-rounded. and
composed of a complex suite of minerals. How-

ever, the majority of the sand grains are
quartz.
The topography of the area is relatiyely

flat or slightly rolling with a large number
of depressions, many of which contain small
lakes, ponds, or swamps andhave internal drain-
age. Richardson Lake is one of a series of
four lakes and accompanying marshes occupying

fall within the same general period of time. - -

But in other lecali-- -~
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an elongate, shallowly S-shaped depression a-
bout 1% miles long. An unnamed creek drains
into the Ottawa River from the southwest shore
of Richardson Lake and is itself mostly a ser-
ies of interconnected marshes. Vegetation a-
round Spring Lake (adjacent to the southern
end of Richardson Lake) is dense scrub as is a
swamp at the east end of it which marks the
western extremity of this depression. Around
Richardson Lake grass grows along the shores
and the lake itself has a sand bottom except
-along the northern and eastern shores where
thereis a small swamp and perennial vegetation
growing to the water’s edge. The small lake
to the north of Richardson Lake has a sand bot-
tom, marshy borders, and is being filled in by
a delta of sand along the northwestern shore.
The low area is being filled in with vege-
tation and by the accumlation of sand which
is washed into the valley in large quantities,
especially during the spring thaws. This is

evidenced by a large gully some 21 feet deep .

by 19 feet across at its widest point near the
farmstead of George Chamberlain. The Chamber-
lains reported that the headward erosion of
this gully amounted to some 45 feet during the
course of one afternoon. The sand can be seen
forming a delta at the head of Richardson Lake.
Other less spectacular evidences of infilling
are visible around the valley.

Between Richardson Lake and the small lake
to the north marshy ground and swamps extend
along both sides of the connecting feeder stream
through which flows relatively clear water.
The marshes around the lakes and especially
between this small lake and Richardson Lake
are very acidic. The submerged portions of
vegetation and the bottom debris are coated
with rust-colored precipitate. Beneath these
swamps, between the lakes and at the north end
of Richardson Lake, lies the marl deposit. In
places the marl extends at least 20 feet below
lake level and is covered by 18 inches of sand
and soil, or muck with between 3 inches and 2
feet of water. Near Richardson Lake there is
a small divide of sand splitting the marl de-
posit (Fig. 3, insert).

Along the present shores of the lakes and
above the marshy areas are seen evidence of
previous lake levels in the form of terraces.
Four terraces are readily recognizable at 16
inches, 4% feet, 8 feet, and 15 feet above the
present level of Richardson Lake. The lowest
terrace has a well-developed sod cover so that
the water level must have been lowered to its
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present level a long time ago. The terraces
are especially noticeable around the windward
shores of the two lakes and the connecting
marl deposit. The Richardson Lake marl depo-
sit is split into two portions by a low divide
or saddle extending east-northeast and west-
southwest across the feeder stream near Section
GG (Fig. 3). This divide splits the deposit
into about 1/3 and 2/3, the larger portion be-
ing in the swale toward the small lake (Fig.
3). The 4% foot terrace probably represents
the last time the entire valley was covered
with water and also the approaching termina-
tion of marl deposition. At this water level
the divide would have been awash and the two
lakes connected, with about 2% feet of water
covering the area of Section G and slightly
more over Section GG. The upper four samples
of Section G show a dwarfingof the individuals
in the assemblage as compared with the remain-
der of the section. This dwarfing may have
been due to stagnation of the water.

With the down-cutting of the outlet into
the Ottawa River, which would ccincide with the
lowering of water levels in the Ottawa-St.
Lawrence Valley, the divide separating themarl
deposit was breached and the water level Iow=
ered, probably in stages, to the present lake
level. This lowering of the water level drain-
ed the area between the two lakes, cut the
erosion surface seen in Section GG, and depo-
sited the coarse, roughly bedded sand uncon-
formably above the marl in that section. This
marked the termination of marl deposition and
explains the fact that aquatic mollusks are
found right up intc the grass in Section G and
that no Pleistocene terrestrial species are
present as in other lakes which filled in nor-
mally (Clowers. 1966, Table 2, p. 45). Much
of the deposit, especially near the valley
walls, iscovered by sand eroded from the hills,
in some places to depths approaching 3 feet.
On the valley floor there is an abrupt vegeta-
tion change from moss and other moisture-lov-
ing plants to good upland grasses. This vege-
tation change marks the 2 foot thickness of
the marl.

The sand overlying the marl unconformably
in section GG is coarse-grained and lacks mica
flakes which are common in other portions of
the sand in the surrounding hills. Within the
sand is a band of a darker colored sand (Sect-
ion GG) which upon closer examination is finer
grained, of a more uniform size, and contains

some mica. This dark layer was correlated by
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auger holes with the 16 imch terrace. The
marl sampled in Section GG extends into the
lake and forms the bottom along the windward
or northwestern shore and is only sparingly
covered with muck. The marl itself varies in
purity due tocomponents of non-carbonate sand,
clay, and vegetation and the lithologic units
are designated principally on such variation.
It will be seen that the faunal or ecological
breaks coincide rather closely with these li-
thologic breaks, especially in Section G.

SYSTEMATIC PALEONTCLOGY

General Statement

A summary of data pertaining to the species
recovered from the Richardson Lake marl depo-
sit is cont@ined in this section. The account
includes an abbreviated synonymy, a short de-
scription of the important shell features, a
synopsis of available ecological data, distri-
bution, and geologic range in North America
for each species. Special emphasis is centered
on important associations and variations in
migration patterns in other Late Pleistocene
and Recent deposits.

Compilation of material for this paper was
facilitated by access to information and com-
parative material gathered by other workers in
Pleistocene non-marine Mollusca at Ohio State
University. Additional important references
consulted include: Baker (1928), Pilsbry (1946.
1948), Herrington (1962), La Rocque (1963.
1964), and La Rocque (in press).
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Class Pelecypoda

Order Teleodesmacea

Family Sphaeriidae

Sphaerium lacustre (Miller) 1774

Tellina lacusiris Miller
Fluv.. vol. 2, p. 204.

Cyelas rosaceum Prime 1851, Proc. Boston Soc.
Nat. Hist., 4, p. 68.

Musculium rosaceum Baker 1928, F.W. Moll. Wis.,
pt. 2, p. 358, pl. 99, figs. 19, 20.

Musculium jayense Baker 1928, F.W. Moll. Wis.,
pt. 2 -p. 353 pl. 99, figs. 2, 28.

Musculium -yckholti Baker 1928, F.W. Moll.
Wis., pt. 2, p. 359, pl. 99, figs. 6-9.

Sphaerium lacustre Herrington 1962, Rev. Sph.
sl S LS ) i S 59 A

1774. Verm. Terr. et

TYPE LOCALITY. Europe, probably Denmark.

DIAGNOSIS. Shell small to medium in size,
valves thin, postericr higher than anterior;
beaks slightly toward anterior; growth lines
moderately fine to fine; anterior end rounded,
posterior almost straight; hinge very long;
lateral teeth slim but distinct, cardinal teeth
weak. (Modified from Herrington, 1962 pp. 19,
20).

ECOLOGY. S. lacustre is most abundant in
small lakes and ponds, but is also recovered
from larger lakes, rivers, and streams. It is
found in greatest abundance on muddy substra-

EXPLANATION OF FIGURES 1-6,

Fig. 1. Sketch map of southeastern Canada
and northeastern United States with a
box indicating the approximate location
of Figure 2.

Fig. 2. Map of south-central Pontiac Coun-
ty, Quebec; showing the location of
Richardson Lake in Clarendon Township,
and its relationship to theOttawa River
drainage.

OPPOSITE PAGE

Fig. 3. Sketch map of the Richardson Lake
area with insert indicating the sites
from which marl samples were obtained.

Fig. 4. Stratigraphic variation of Gyraulus
parvus (Say) in the Richardson Lake de-
posit.

Fig. 5. Stratigrgphic variation of Sphae-
rium nitidum Clessin in the Richardson
Lake deposit.

Fig. 6. Stratigraphic variation of Sphae-
rium lacustre (Miller) in the Richard-
son Lake deposit.
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tes. Mowery's summary of the habitat of S.

lacustre (1961, p. 7) relates that it is found
in swamps, ponds, lakes or streams on a firm

bottom of fine deep or hardpacked mud, fine
gravel, and hard clay. in water up to 0.6 m.
deep. It has been collected in water with a
determined pH of 6.4 to 7.46 and a fixed car-
bon dioxide ratio of between 9.3 and18.87 ppm.

GEOGRAPHIC DISTRIBUTION. Nova Scotia in-
to the Northwest Territories, south to the Gulf
Coast and Atlantic Seaboard.

GEOLOGIC RANGE. This common Late Pleisto-
cene and Recent species has been recorded by
Taylor andHibbard (1955, p. 12) from Illinoian
deposits of Kensas and the form ryckholti has
been recovered from Early and Middle Pliocene
sediments of Kansas and Oklahoma.

REMABKS. A relatively abundant and an es-
pecially fragile species, S. lacustre shows a
great deal of fluctuation in both sections.
The species is most prominent near the base of
Section G where
mixed with the coarser sand and in samples 5
and 6 of Section GG which from examination of
the sediment may have been a comparatively sol-
id mud bottom.

there is considerable silt.

STERKIANA

Sphaerium nitidum Clessin 1876

Cyclas tenuis Prime 1851, Boston Soc. Nat.
Hist.. p. 161; unidentifiable fide Herring-
ton 1958.

Sphaerium tenue Prime 1865, Monogr. Am. Corbic.,
p. 47, fig. 44.

Sphaerium nitidum Clessin 1876, in Westerlund,
Neue Binnenmoll. Sibir., p. 102.

Sphaerium walkeri Sterki 1901, Naut., 14, p.
141.
Sphaerium tenue La Rocque 1953, Cat. Rec.

Moll. Canada, p. 117.

Sphaerium nitidum Herrington 1958, Naut., 72.

p. 30
Sphaerium nitidum Herrington 1962, Rev. Sphae-

riidae, p. 21, pl. 1, fig. 6.

TYPE LOCALITY. Siberia.

DIAGNOSIS. Shell small, very thin valves,
somewhat circular in outline; beaks subcentral,
low; growth lines fine, uniformly spaced, dis-
cernible over the beaks. (Modified from Her-
rington, 1962, p. 21).

ECOLOGY. ‘Requires cold water, hence found
only in deep water, at considerable altitudes,
or quite far north. (Herrington, 1962, p. 21).

EXPLANATION OF FIGURES 7-16, OPPOSITE PAGE

Fig. 7. Stratigraphic variation of Pisidi-
um casertanum (Poli) in the Richardson
Lake deposit.

Fig. 8. Stratigraphic variation of Pisidi-
um compressum Prime in the Richardson
Lake deposit.

Fig. 9. Stratigraphic variation of Valvata
tricarinate (Say) in the Richardson Lake
deposit.

Fig. 10. Stratigraphic
vata lewist
Lake deposit.

Fig. 11. Stratigraphic variation of Heli-
soma anceps striatum (F. C. Baker) in
the Richardson Lake deposit.

variation of Val-
Currier in the Richardson

Fig. 12. Stratigraphic variation of Fossa-
ria obrusse decampi (Streng) in the
Richardson Lake deposit.

Fig. 13. Stratigraphic variation of Heli-
soma campanulatum (Say) in the Richard-
son Lake deposit.

Fig. 14. Stratigraphic variation of Physa
gyrina Say in the Richardson Lake depo-
sit.

Fig. 15. Stratigraphic variation of Fer-

rissia parallela (Haldeman) in the Rich-
ardson Lake deposit.

Fig. 16. Stratigraphic variation of Pro-
menetus exacucus (Say) in the Richard-
son Lake deposit.
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Herrington confirms older work in which this
species was recovered from locations far north
in Canada and Alaska (Dall, 1905, Baker, 1920,
Baker and Cahn, 1931, and Kindle, 1925).

GEOGRAPHIC DISTRIBUTION. Alaska; Canada,
in Quebec, Ontario, Newfoundland, and the
Northwest Territories; south intc Washington,

Utah, Michigan, New York, and Maine:; Eurasia.

GEOLOGIC PRANGE. Before Clowers (1966, p.
35) no fossil record of this species was known
in North America.

Pi4ARKS. This species is rare in the depo-
sit, occurring sporadically in the sectzon of
Pit GG. This section is adjacent to Richard-
son Lake (Fig. 3) which in the past was deeper
and more extemsive than at present as is indi-
cated by the wave benches higher zlong the
present shores. Clowers (1966, pp. 35, 36)
reported S. nitidum from the Box Marsh marl
deposit in Ontario. The presence of this spe-
cies is indicaiivg of a much cooler climate
than at present or a much deeper body cfwater.
The absence of this species in Section G argues
for greater depth andconsequently colder water
at Section GG. The presence cf S. nitidum sup-
ports the evidence suggested by the presence
of Promenetus exacuous in the deposit. Al-
though rare, this species shows preference for
sand substrate (Sample GG-66-18) and rather
solid mud bottoms (Samples GG-66-T, GG-66-6).

Sphaerium sulcetum (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, Ibi:d , p. 315, -

pl. 96, figs. 4-7.
Sphaerium sulcatum Herrington 1962, Rev. Sphae-

riidae N Am., p. 28, pl. 1, fig. 1.

TYPE LOCALITY, Lake George, New York.

DIAGNOSIS. Shell large, transversely oval,
inflated, almost equipartite, solid; growth
lines pronounced, unevenly spaced; hinge long;
lateral teeth short to medium in length; car-
dinal teeth offset anteriorly. (Mcdified from
Herrington, 1962, pp. 28, 29).
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ECOLOGY. Taylor (1960, p. 46) states that
S. sulcatum ‘.... has a preference for a soft
bottom in fairly still waters, in eddies of a
creek or river, along shore in lakes, and even
in lakes filling in with marl. Herrington has
found that this species is almost invariably
associated with Pisidium ccmpressum.’ *Small
lakes, also eddies in rivers and creeks. It
has apreference for soft sand with vegetation;

never in swamps or ponds.’ (Herrington, 1962,
p- 29).
GEOGRAPHIC DISTRIBUTION. This species has

been recovered from as far rorth as James Bay,
Ontaric andother glaciated portions of Canada.
In the United States S. sulcatum seems to be
limited in southward extent to glaciated areas.
(Herringten, 1962, p. 29).

GEOLOGIC RANGE. S. sulcatum has been re-
covered from Pleistocene sediments of the Ne-
braskan as well as from Recent molluscan assem-
blages.

REMARKS. In the Richardson Lake marl depo-
sit this species is rare and is found in the
lower portions of both sections, rapidly de-
creasing in numbers upward as the non-carben-
ate sand and vegetaticn decrease in favor of
nearly pure carbonate depcsiticn. The speci-
mens recovered are not as large as those re-
corded by Herrington (1962, p. 28) from Carle-
ton County, Ontario. This is likely to be due
to properties cf the envircnment and not migra-
tion as some larger specimens or adult forms
would have been recovered along with the juve-
nile forms.

Pisidium zase-tanum (Poli) 1791

Cardium casertanum Pcli 1791, Test.utr. Sicil.
¥ol. 1, p. 865 pl. 16, Bg 1.

Pisidium abditum Baker 1928, F.W. Moll. Wis.,
pr. 2, p. 40¢ plo 108 ags. 125

Pisidium neglectum Baker 1928, Ibid., p. 390,
pl. 105, figs.'7, 8.

Pisidium politum Baker
pl. 102, fig. 19.

Pisidium roper: Baker 1928, Ibid., p. 400, pl.
102, figs. 23-25.

Pisidium casertarum Herrington 1962, Rev. Sph.
N Am, pp. 33, 34, pl. 4, fig 1; pl. 7,
fig. T.

1928, Ibid., p. 400,
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TYPE LOCALITY. Sicily.

DIAGNOSIS. Shell with rather long outline,
of moderate weight; beaks generally subcentral,
not high; growth lines distinct, rather fine;
periostracum moderately dull to slightly glos-
sy; anterior endmoderately long lateral teeth
distinct, cardinals near anterior cusps. (Mo-
dified from Herrington, 1962, p. 33).

ECOLOGY. By far the most abundant of the
Pisidia, P. casertanum has become adapted to a
wide variety of habitats; bog ponds, temporary
ponds, swamps, swamp-creeks, creeks with con-
siderable current, rivers, and lakes. (Her-
rington, 1962, p. 34).

GEOGBAPHIC DISTRIBUTION. Almost cosmopoli-
tan; Eurasia, Australia and New Zealand; North
and South America from the Arctic Circle to
Patagonia. (Herrington and Taylor, 1958, p.
14).

GEOLOGIC BANGE. This species, common in
sediments of the Wisconsin, has a range of Pli-
ocene to Recent.

REMABKS. P. casertanum is the most common
of the pelecypods in the deposit. In both sec-
tions it becomes more abundant upward, but not
invading the area of Section GG until near the
‘middle of the section. In both sections the
species demonstrates preference for rather soft
muddy substrate with moderate vegetation. The
invasion of this species into the area of Sec-
tion GG may well correspond to a shallowing of
the water, to depths preferred by P. caserta-
num. This decrease in water depth is evidenced
by the several terraces seen on the slopes a-
bove the present lake level.

Pisidium compressum Prime 1851

Pisidium compressum Prime 1851, Proc. Boston
Soc. Nat. Hist., 4, p. 164.

Pisidium compressum Baker 1928, F.W. Moll.
Wis . pt. 2 p, 376, pl. 100, Figs: 9-13.

Pisidium compressum Herrington 1962, Rev.
Sphaeriidae N. Am., p. 35, pl. 5, fig. 2;
plo q,  fypai 14,

TYPE LOCALITY.
Massachusetts.

Fresh Pond, near Cambridge,
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DIAGNOSIS. Shell medium sized, heavy, shape
varies from short and high to moderwtely long;
beaks prominent, far back, narrow and with
ridges; growth lines coarse tomoderately fine.
(Modified from Herrington, 1962, p. 35). An-
terior cusp of left valve parallel to dorsal
margin, not twisted; shell tapers ventrally in
end view; hinge about % shell length; ante-
rior end rounded; shell lacks heavy ridges ex-
cept occasional nearly straight ridges on beaks;
anterior and posterior ends with non-parallel
slope. (Mcdified from La Rocque, in press;.

ECOLOGY. P. compressum is found in many ha-
bitats but prefers rivers and small creeks
(Sterki. 1916, p. 447); Herrington (1962, p.
34) reports the species most common in shallow
water, with sand substrate and vegetation, but
that it has been collected from depths of sev-
eral meters; Taylor (1960, p. 47) states that
this form inhabits only perennial waters with
some current and never swamps or ponds; Rey-
nolds (1959, p. 47, states that the species is
a burrowing form, feeds on detritus and plank-
ton, and inhabits those environments with a
firm substrate. It has been collected from

. water with a determined pH of between 7.0 and

8.73, and a  fixed carben dioxide ratio of be-
tween 9.3 and 30.56 ppm.

GEOGRAPHIC DISTRIBUTION. Cosmopolitan in
North Americz; as far north as Great Slave
Lake, Northwest Territories, south to Mexico.
Baker (1928, p. 371) quotes Sterki as saying
the species is more common in the East than in
the West.

GEOLOGIC BANGE. Th:is species is known from
the Middle Pliocene to the Recent.

REMARKS. P. compressum is generally less
abundant in the Richardson Lake deposit than
reported by Clowers (1966), bucoccurs through-
out. both sections. The valves of specimens in
Section GG are generally somewhat smaller and
thicker than those recovered from Section G.
This species achieves maximum aburdance inpor-
tions of each section which by the present com-
pactness and structure may have provided rela-
tively firm mud bottems to the lake. In Sec-
tion G this species is most abundant near the
middle of the section in an area ofnearly pure
mar] and only moderate vegetation. In the up-
per portion a decreased, but relatively con-



12 STERKIANA

stant population seemed tohave existed through
time. Perhaps the depth of water was decreszsed
considerably. as the sediments m2intain fairly
consistent characteristics, except for the su-
perimposed scil zone. In Section GG P. -~cn-
pressum is most common in sediments similar to
- those in Section G, only hers it is in the up-
per portion of the section. Again, water depth
in connection with the downcutting of the cut-
let may have been the rrime factpr as Tsble 3
shows relatively constant percentages both a-
bove and below the maximum.

 Class Gastropoda
Ozdar Ctenobranchiata
Family Valvatidze
Vaivata lewisi Currier 1868

Valvata striata Lewis 1856, Proc. Ac=zd Nzt
Sci. Phila., p. 269 (non Philippi, 1836)
Valvata lewic: Currier 1868, List Mcll. -f
Mich., Kent Sci. Inst., Misc. Pebl., ne. 1,

- gl 8
Valvata lewisi Baker 1928, F. We Moll. Wis.,
pt. 1, p. 26, pl. 1, figs. 28-30.
Valvata lewisi lewisi La Rocque 1953, Cat.
Rec. Moll. Canadz, p 263
TYPE LOCALITY. Little Lekes, New Yerk.
DIAGNOSIS. Shell turbinate fragile; abeut
3% whorls, regularly convex diame“er rapidly
‘increases, rsgularly striated; sutures deeply
.impressed; spire somewhat depressed. flattened
apex; fine spiral lines disappear on seccrnd
whorl; growth lines fine; sperture circular;
lip simple; umbilicus wide, deep, exhibiting
inner margins of whorls. (Modi fied from Baker,
1928, p. 27).

EQLOGY.  This =pecies has been -ollected
mainly in lskes from shallow water of less
than 1 meter depth, on and in masses of iege-
tation with substrates of sand and mud.

GEOGRAPHIC DISTRIBUTION. Canada, the Macz-

kenzie River area south intc the northe-n Un-

ited States, eastward to the Atlantic Sezbourd.

GEOLOGIC RANGE.

recorded V. lecwis:

Leonard (1950, p. 11) has
from Yarmouth - sediments.
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Later (1952, p. 8) he assigned it a rsnge of
Late Kancan and Early Yarmouth to Recent

REMARKS. V. lewisi cerresponds well with
the descriptions given by Baker. It is r:re
in the Richardson Lake marl deposit, but cc-
curs in the basal portion of each section and
exhibits = negative correlaticn with V. - 4.
rinata. In both sections this species iz re-
stricted to. that portion which contains non-
carbonate sand and abundant plant remains de-
creasing upwards in abundance with the de-sreaze
of non-carbonate sand and benthic vegetation,
This species is cne of the key indizators of
evvironment of the ancestral lake in this loca-
tzon.

Vilvate tricarinate (Say) 18317

Cyclestoma tricarinata Say 1817 Jour. Aczd.
Nat. Sci. Phila., vol. L N s

Vzlvata iricarinate Baker 1928, F. W. Moil.
Wil e 2 p 31 ‘ple T figs. 1=3.

Volvata t-7ca-inata tricarinata LaRo:zque 1953,
Cat. Rec. Moll. Canada, p. 264.

Valvata 7ricaringte Hibbard ard Tavlor 1960,
Mus. Paleont., Uniw, Michigan, vcl. 16, P
79. pl. V, figs. 14, 15,

TYPE {OCALITY. Delaware River.

DIAGNOSIS. Shell turbinate. thin. tranzlu-
cent; about 4 rapidly enlarging whorls; flat-
t:ned be wesr carinae; 3 distinct, sharp cari-
nae on large body whorl, ome at shculder. cne
on periphery, cne con base, encircling deeg,
funnel-shiped umbilicus; slight ascending =lope
from carina to suture onupper surface of whorl;
spire elevated, but apex depressed; aperture
cireular scmewhat angulated by carinae; lip
simple sharp. continu,us. (Modified from B:-
ker - 1928 /pp. 11, 19}

ECOLOGY. In Wisconsin, Baker (1928 P45
fcand V. tricorinats in ‘shallow water or to
depths exceeding 9 meters.  This species is
found with or without vegetation in both s¢resms
and lakes with mud, sand, gravel, znd bare-
rock bottoms

GEOGRAPHIC DISTRIBUTION. Mackenzi= Ri-er
and Great Slave Lake south and east intec New
England and Virginia; west into Iowa.
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GEOLOGIC BANGE. V. tricarinata has been
recorded by Taylor (1960. p. 32) from Pleisto-
cene sediments of the Nebraskan and Wisconsin.
It is a common fossil in the Wisconsin. Liv-
ing representatives are widespread and abun-
dant in contemporary assemblages.

REMARKS. In the samples studied the (111)
form of Valvata is the only carinate form re-
covered. Whittaker (1921, pp. 73, 74) noted
that V. tricarinaeta is one of the most abundant
species found in marl deposits of the Ottawa
River Valley. In this deposit the species is
present in nearly all samples, but isvery pro-
-minent in the upper half of each section, the
abundance in Section G seemingly anticipating
that of Section GG. The portions c¢f the sec-
tions in which this form is abundant are those
in which the vegetaticn was sparse to moderate
and with a substrate composed entirely of car-
bonate mads. It is lacking in the basal sam-
ples of each section where non-carbonate sand
is prominent. This species shows a negative
correlation with V. lewisi. The anticipation
in abundance in Section G over Section GG may
be related to a warming trend in water tempe-
rature, Section GG being adjacent to deep, cold
water warming more slowly than the water over
Section G.

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, fags. 1-6.

Amnicola limosa limose La Rocque
Rec. Moll. Canada, p. 267.

1953, [Cat.

TYPE LOCALITY. Delaware and Schuylkill riv-

ers, Pennsylvania.

DIAGNOSIS. Broadly conic in shape, inflat-
ed; about 4% whorls, regularly increasing, a-
pex blunt, part of second whorl encircles nu-
clear whorl then descends, later whorls round-
ed, slightly shouldered; body whorl globose;
aperture mostly basal, subround-ovate, some-
what angled at top; base of shell rounded, (Mo-
dified from Baker, 1928, pp. 93, 94, and Berry,
1943, p. 23).
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ECOLOGY. This species has a wide range of
habitats, occurring in creeks, rivers, and
fresh- and brackish-water lakes. It is gener-
ally. found in dense beds of Chare, Potamogeton,
Vallisneria, and Elcdea. These plants are not
consumed as food, but harbor rich colonies of
diatoms on which the mollusk feeds. (Berry,
1943, p. %),

GEOGRAPHIC DISTRIBUTION.A. limosa is ‘found
in Manitoba, south to Texas; in New England
and New Jersey, west into Utah.

GEOLOGIC RANGE. This species has been re-
covered from Late Pleistocene sediments and
living representatives are commonly found in
creeks, rivers, and lakes.

REMARKS. 4. limosa is rare in the Richard-
son Lake marl deposit, yet Clowers (1966, p.
41) found it to be very abundant in the Box
Marsh deposit and Whittaker (1921, p. 73) noted
the common occurrence of this species in marl
deposits in the Ottawa River Valley. This spe-
cies occurs sporadically in the upper and mid-
dle portions of Section GG in the interval
that lacks significant non-carbonate sand con-
tent, If indeed this species is associated
with the above mentioned algae, this may be
evidence to speculate that the area of the de-
posit was at  the time of marl accumulation an
open body of water with some current and lack-
ing dense beds of algae. The scarcity of this
species may also be the result of migration

patterns.
Order Pulmonata
Family Lymnaeidae
Lymnaea stagnolis (Linnaeus) 1758

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

Lymnaea stagnalis Baker 1911,
Am., p. 136: synonymy.

Lymn. N. andd M.

TYPE LOCALITY. Europe.

DIAGNOSIS.
cose anterior
whorls, rapidly

Shell elongate to oval, ventri-
end, thin; apex smooth; 6 to 7
increasing. last whorl large,
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2/3 length of entire shell; spire long, point-
ed, acute; sutures distinct, not greatly im-
pressed; umbilicus closed or nearly so; aper-
ture broadly ovate, large.

EQOLOGY. L. stagnalis is generally found
in permanent, relatively shallow, quiet water
approaching stagnation, as ponds, lzkes, and
backwaters of rivers. It is always associated
with thick vegetation either floating or at-
tached, preferably cnmud substrate, soft. Baker
(1928. p. 203) records this species from mud
bottoms in 1.5 meters of water.

GEOGRAPHIC DISTRIBUTION. This species and
its varieties as recorded by Baker (1928) can
be described as circumboreel; in North America
north of the 40th parallel of latitude.

GEOLOGIC RANGE. Records indicate that this
species ranges from at least the Late Pleisto-
cene to the Recent.

REMARKS. L. stagnalis is very rare in the
Richardson Lake marl deposit and the specimens
are small broken forms. No living representa-
tives of the species were observed along the
lake shores or in themarsh which does not mean
that there are net some living in the lake.
Clowers (1966) and Roy (1964) reported a scar-
city of Pleistocene forms, but that it was ab-
undant in present, closely adjacent lake,
stream, and marsh areas. Although there was
considerable vegetation in the lake during marl
deposition there may not have been the quanti-
ties that would support a population of this
species at the collecting localities. The bro-
ken specimens indicate that they were probably
washed into the area from adjacent, more hos-
pitable localities. Perhaps this species, a-
long with Amnicola limosa, which also prefers
abundant vegetation, lived elsewhere in the
lake and this area was at the edge of their
local range due to the lack of vegetation.

Stagnicela sp.

Stagnicola Leach 1819, proof sheets, pp. 141,

145.
Stagnicola Baker 1928, F.W. Moll. Wis., pt. 1,

p- 210. :

TYPE LOCALITY. Europe.

DIAGNOSIS. Shell elongated, narrow, whorls
gradually increasing; numerous crowded growth
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lines crossed by elsvated spiral lines; whorls
to about 7, flattened or rounded, body whorl
comprising about % length of shell; sutures
somewhat indented; aperture varies from long-
ovate to round-ovate; umbilicus narrow to clo-
sed.

ECOLOGY. The Stagnicolae generally inhabit
larger bodies of water, such as lakes, ponds,
streams, or pools; a fewspecies thrive in ill-
aerated waters. Preference to types and quan-
tities of vegetation, type of substrate, depth
of water and current varies from species to
species. )

GEOGRAPHIC DISTRIBUTION. This genus is cir-
cumboreal, occurring in the Old World as well
as in North America.

GEOLOGIC BRANGE. Records of this genus ex-
tend from at least the Kansan to the Recent.

REMARKS. Stagnicola (probably S. palustris)
is rare in the Richardson Lake deposit, oc-
curring singly, as small, broken spires in a
few of the basal samples of both sections.
This occurrence is in the sandy portions of
each section which also contains remains of
what may have been benthic vegetation. The
condition of the shell remains indicates that
they were probably washed into the collecting
area.

Fossaria obrussa decampi (Streng) 1906

Limnaea desidiosa var.
Naut., wvol. 9, 'p. 323!

Galba obrussa decampi Baker 1911, Lymn. N. and
M. Am., p. 289, pl. 32, figs. 15-22.

Fossaria obrussa decampi Baker 1928, F. W,
Moll Ws. | pk 1, . Y2290 pl." 18, figs.
30-83; pl. 16, fig. 12,

Fossaria cbrussa decampi La Rocque 1953, Cat.
Rec. Moll. Canada, p. 285.

decampi Streng 1906,

TYPE LOCALITY.
ty, Michigen.

Brook’s Lake, Newaygo Coun-

DIAGNOSIS. Shell small to medium sized, o-
blong, somewhat inflated, subconic, rather so-
1lid; about 5 whorls, spire whorls convex, all
whorls markedly shouldered near suture, body
whorl greatly flattenedinmiddle; spire short,
about % length of shell, broadly conic, tur-
reted, sucures deeply impressed; aperture long
and narrow, somewhat elliptical, rounded below
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shoulder above, more
(Modi fied from Baker,

and forming prominent
than % length of shell.

1928, p. 300).
ECOLOGY. Probably lives along margins of
small bodies of water and on mudflats and in

debris.

GEOGRAPHIC DISTRIBUTION. Great Lakes drain-
age; Maine west into Wisconsin; northern Mich-
igan south to northern Illinois.

GEOLOGIC RANGE. Living representatives of
this species have been collected from loca-
tions in Manitoba, Wisconsin, and Michigan. It
is also common in Pleistocene deposits of the
Wisconsin and post-glacial marl deposits in

Ontario. (Whittaker, 1921, p. 62).

REMARKS. The form decampi has the charac-
teristically prominent shoulder and flattened
aperture described by Baker (1928, p. 300). No
typical F. obrussa, as described by Baker
(1928, pp. 293, 294) were found in theRichard-
son Lake deposit. Clowers (1966, p. 51, Fig.
10) reports F. obrussa as appearing in the
middle of the Box Marsh section and becoming
more abundant toward the top of that secticn.
He attributes this tomigration. so perhaps the

species had not been able to reach the area of

Richardson Lake that was sampled. The form
decampi is prominent in both sections, becom-
ing generally more plentiful upward. It is
most abundant in that portion of the section
which contains a slight admixture of non-car-
bonate sand and silt and moderate vegetation
and least abundant in the nearly pure carbon-
ate mud portion of the sections.

Baker (1928, p. 294) suggests that the fomm
decampi probably occupies the same habitat as
the species obrussa, but the evidence of Clow-
ers’ sections implies that they are most like-
ly separate species or perhaps extremes in va-
riation of the same species which are influ-
enced by some variation in environment. In
this deposit only the one form was recovered
and there was little variation in the shell
characteristics which would suggest that it
belongs to a separate species and is not an
end member of a widely varying species.

Family Planorbidae

Armiger crista (Linnaeus) 1758

Nautilus crista Linnaeus 1758, Syst. Nat., ed.
10, p. 709.
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Gyraulus (Armiger) crista Baker 1928. F. W.
Moll. Wis., pt. 1, p 385 text fig. 164.
Armiger imbricatus Baker 1945. Moll. Fam. Pla-

norbidae, pp. 47. 50.

Gyraulus crista La Rocque 1953. Cat. Rec.
Moll. Canada, p. 293.
TYPE LOCALITY. Europe.
DIAGNOSIS. Shell very small, depressed.
ultra-dextral fragile; sculpture of coarse

growth lines ending in conspicuously costate
periphery; fine. crowded spiral lines; about
2% whorls, rapidly increasing in diameter,

flatly rounded below. costae as low ridges on
both upper andlower surfaces; flattened spire;
umbilicus wide, open to apex; aperture ovate.

(Modi fied from Baker, 1928, p. 358).

ECOLOGY. In shallow, quiet waters of small
lakes with silty or muddy bottoms and contain-
ing abundant vegetation.

GEOGRAPHIC DISTRIBUTION. Holarctic; North
America, from Maine west into Alberta, south
to California, central Utah, and states north
of the OChio River. Recorded from Pleistocene

deposits as far south as Texas.

GEOLOGIC RANGE. Its general range is from
Middle Pleistocene to Recent with specimens
being recovered from Kahsan, Sangamon, andWis-
consin deposits in North America.

REMABKS. A. crista is represented by a sin-
gle specimen in the lower portion of Section
G3. PRoy (1964) reported this species from lo-
calities in Wisconsin which were in front of
the moraines marking the farthest extent of
the last Wisconsin ice advance in that region.
The occurrences in Wisconsin are rare and spo-
radic and indicate a rather small population
and a much cooler climate than at present. The
possibility exists that in the Richardson Lake
deposit the water was too deep at the collect-
ing points for this species tosurvive and when
the depth decreased the temperatures were too
warm. :

Gyraulus parvus (Say) 1817

Planorbis parvus Say 1817. Nichelson’s Encycl.,
P it R ) e S e S J
Gyraulus parvus Baker 1928, F. W. Moll. Wis.,
pt. I, p. 34 pl. 23, tigs. 27:31, 39
Gyraulus parvu: Baker 1945, Moll, Fam. Planor-

bidae, pp. 74, 270, 330, 336.



16 STERKIANA

Gyraulus parvus La Rocque 1953. Cat. Rec. Moll.
Canada, p. 294. i

Gyraulus parvus Hibbard and Taylor 1960, Mus.
Paleont., Univ. Michigan, vol.. 16. p. 100,
ol Vb figs. Ros80 506 11,012,015

Gyraulus parvus Taylor 1960, U.S.G.S. Prof.
Paper 337, p. 58.

TYPE LOCALITY. Delaware River, near Phila-
delphia, Pennsylvania.

DIAGNOSIS. Shell discoidal, ultra-dextral,
depressed, rounded periphery; growth lines o-
blique, crowded, fine; about 3% whorls, rapid-
ly enlarging, rounded below periphery, some-
what flattened above on body and spire whorls;
flat spire, nuclear and second whorl depressed
below body whorl; sutures deeply impressed;
basally concavz, umbilical region wide, shal-
low; aperture long-ovate, oblique or nearly in
- same plane as body whorl. (Modified from Leo-
nard, 1959, pp. 60, 61).

ECOLOGY. G. parvus is most commonly found
in small, quiet water bodies onmud, sandy mud,
sand, gravel, or boulder substrates; on logs
and vegetation, at depths of one foot to four
feet. Abundant vegetation in protected places
appears to be the most desirable habitat al-
though this species is widely distributed and
occurs in many varied habitats throughout its
range and areal extent.

GEOGRAPHIC DISTRIBUTION. North America east
of the Rocky Mountains from Florida tonorthern
Canada and Alaska.

GEOLOGIC RANGE.
p. 100) give: this

Hibbard and Taylor (1960,

species a range of Middle
Pliocene to tecent. This species is common in

aquatic sediments of the Nebraskan, Aftonian,

Sangamon, and Wisconsin.

REMARKS. A small percentage of the total
mature shells identified to the genus Gyraulus
possess a well angulated body whorl correspond-
ing to forms illustrated and described by Baker

(1928, p. 382) as G. altissimus. A complete
series of fcrms was found demonstrating the
gradation from markedly angulated to well

rounded body whorls. Few immature specimens
had any angulations and by breaking the body
whorl of mature angulated specimens at régular
intervals, the angulation is seen to give way
to a rounded body whorl. This is probably a
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genetic variation whichmanifests itself during
late growth stages and may be evidenced by the

small number of angulated forms as compared to

the total number of individuals in the samples.

Roy (1964. p. 28) and Clowers (1966, p. 45)

noted similar angulations of the body whorl of
mature Gyraulus. All specimens were identified
as G. parvus. This species makes up the majo-

rity of the molluscan assemblage in most sam-

ples and shows a gradual decrease in numbers
upward in both sections.

Helisomz anceps striatum (Baker) 1902
Planorbis bicarinatus striatus Baker; 1902,
Naut., vol. k5 p. 128,
Planorbis antrosus striatus
cpsis and Cat., p. 96.
Helisoma antrosa striatae Baker 1928, F.W. Moll.
Wis., pt. 1, p. 328 pl. 19, figa. 28-3).
Helisoma anceps striatum La Rocque 1953, Cat.

Rec. Mel!l. Canada, p. 288.

Walker 1918, Syn-

TYPE LOCALITY. Coldspring Park, Milwaukee,

Wisconsin; Pleistocene.

DIAGNOSIS. Shell nearly planispiral, about
3% whorls, dorsal andventral carinae distinct,
cord-like, elevated; dorsal carina approxima-
tely centered on upper surface of body whorl;
body whcrl well-rounded; small, deepumbilicus,
smoothly concave width less than one-half of
shell diameter; surface sculpture of heavy
spiral lines, becoming distinct ridges in sev-
eral specimens and thickenings of shell at
points of growth quiescence; aperture higher
than wide, nearly in plane of body whorl, lu-
nate. bell-shaped in immature specimens.

ECOLOGY . Baker (1928, p. 328) states that
H. anceps striatum is a lake species, capable
of living in ccld waters of ice front lakes
formed immediately after the ice retreated.
This variety or form is found in marl, silt,
and peaty marl; studies indicate that it lived
in shallow fresh-water lakes containing abun-
dant vegetation. ;

GEOGRAPHIC DISTRIBUTION. Known from depo-
sits of Pleistocene age in Wisconsin and Mich-
igan, east zinto Quebec, south into Illinois,
Indiana, and Ohio; Recent forms have been re-
corded within the area north of the Great Lakes.
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GEOLOGIC RANGE. Described from Late Wis-
consin deposits and perhaps from older sedi-
ments as well. Living formshave been collected
from northern Wisconsin and Minnesota.

REMARKS. H. anceps striatum is common in
the Richardson Lake deposit. It seems to have
a more constant population through time in Sec-
tion G than in Section GG which may be due to
changes in the water temperature adjacent to
the deeper portion of the lake. Perhaps over-
turn in the deep 'lake affected theSection GG
and not Section G. This species shows its
greatest abundances in parts of the sections
which are slightly silty (non-carbonate) or
where the mud bottom was fairly solid. This
species demonstrates very wel! by the size of
individuals the changes in the environment
through time.

Helisoma campanulatum (Say) 1821

Planorbis campanulatus Say 1821, Jour. Acad.
Nat., Sci. Phila., vel. 2, p. 166.

Helisoma campanulatum Baker 1928, F.W. Moll..

Wis., pt. I, p. 345 pl. 21, figs.' 1, 2, 4,
5.8,09, 113, 14,

Helisoma campanulatum La Rocque 1953, Cat. Rec.
Moll. Canada, p. 292.

TYPE LOCALITY. Cayuga Lake, New York.

DIAGNOSIS. Shell ultra-sinistral, discoid-
al, rounded; 4-5 whorls, subcarinate alove.
rounded below; sutures deeply impressed; spire
very flat, first whorls depressed slightly be-
low later whorls; umbilicus relatively small,
deep, exhibiting about 2)% volutions; aperture
lunate, expanded.

ECOLOGY. H. campanulatum is generally found
in water less than 1 meter deep in lakes, mar-
shes, and the quiet water along stream shores.
(Baker, 1928, p. 346) The substrate is rock,
sand, or mud, the latter two with large quan-
tities of vegetation.

GEOGRAPHIC DISTRIBUTION. Vermont west to
North Dakota, south into Ohio and Illinois,
north into the Mackenzie River drainage.

REMARKS. H. campenulatum comprises a minor
part of the molluscan' sample taken from the
Richardson Lake deposit and occurs in quanti-
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ties similar to those recorded by Clowers (1966,
p- 49). Shallom (1965, p. 42) and Roy (1964,

p. 39, 40, 46, 47 except Mountain deposit).
Where there are only one or two specimens per
sample these are invariably large, mature spe-
cimens. Only where several specimens occur
together are juvenile forms present. In Sec-
tion GG this species is most plentiful in the
lower half of the section where there is non-
carbonate silt and sand mixed with the marl or
the non-carbonate fraction is predominant. In
Section G this species is only present in the
middle of the section which is composed of marl
with some silt content. Here the only forms
recovered were mature specimens so perhaps

there is some correlation of migration with
water temperature as well as depth and vegeta-
tion which may be illustrated by the decline
in abundance seen in Section GG above sample
12.

Promenetus exacuous (Say) 1821

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

Menetus exacuous Baker 1928, F. W. Moll. Wis.,
pt- 1, p.T361, pli 23, figs, ‘145,

Promenetus exacuous exacuous La Rocque 1953,
Cat. Rec. Moll. Canada, p. 292.

TYPE LOCALITY.
Vermont, and Quebec.

Lake Champlain, New York,

DIAGNOSIS. Shell ultra-dextral, greatly de-
pressed, with an acute periphery; about 4
whorls, rapidly increasing in diameter; flat-
tened spire; suturesimpressed; umbilicus deep,
rather narrow; aperture ovate, oblique to body

whorl. (Modified from Baker, 1928, p. 361).

ECOLOGY. Baker (1928, pp. 362, 363) found
this species on mud flats in quiet water from
a few cm. deep to 0.6 m. deep. In quiet, mar-
shy places, on logs and at the edges of clear
cold water streams. -Leonard (1959, p. 67) re-
lates that P. exacuous was found living on ve-
getation in the cool waters of a pond.

GEOGRAPHIC DISTRIBUTION. North Amertica,
east of the Rocky Mountains, from Mexico to
the Mackenzie River area and Alaska.

GEOLOGIC RANGE. A common, though not abun-

dant, fossil in Wisconsin sediments, P. exacu-
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ous is given a range of Sangamon to Recent by
Hibbard and Taylor (1960, p. 107).

BEMARKS. This species is found mainly in
the bottom half of both sections but occurs
sporadically throughout the stratigraphic in-
terval. It seems to be the most abundant in
those samples containing considerable vegetable
remains and clay-sized particles which fill in
the areas between predominantly non-carbonate
sand-sized grains. The greater percentages of
this species occurring in Section GG as com-
pared with Section G are interesting in that
the samples of Section G contain lesss vegeta-
tion and have higher non-carbonate sand con-
tents than those from similar positions in Sec-
tion GG. Alsc the location of Section GG faces
the windward shore of present day Richardson
Lake.

The continuity of specimens of P. exacuous
in succeeding samples is much better than that
recorded by either Roy (1964) or Clowers (1966)
and the Richardson Lake deposit seems also to
contain a higher percentage of species than
either of those mentioned above. Roy (1964,
Fig. 1, p. 6) indicates thathis specimens were
collected from lake deposits closely adjacent
to the Mountain Moraine and on the side' from
which ice advanced. Roy’s samples may indicate
cool environments along the moraine. Based on
this single species, cool or cold early stages
in the development of Richardson Lake area were
followed by a warming trend to the present or
at least until the termination of marl deposi-
tion.

Family Ancylidae
Ferrissia parellela (Haldeman) 1841

Ancylus parallelus Haldeman 1841, Monogr., pt.

2 P 3
Ferrissia parallela Baker 1928, F. W. Moll.

Wis., pt. 1, p. 395, pl. 29, figs. 1-5.

TYPE LOCALITY. New England.

DIAGNOSIS. Shell cap-like, narrow, eleongate
longitudinally, lateral margins nearly straight,
widening slightly anteriorly, ends well round-
ed; anterior slope longer than posterior slope,
slightly convex; posterior slope straight to
concave; apex anterior and to the right of cen-
ter of the shell, sub-acute.
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EMLOGY. According to Baker (1928, p. 397)
F. parallela is most common in quiet waters
ranging from 0. 3 to 2 meters in depth. The
species is commonly recovered from ponds and
lakes where it lives in the vegetation gener-
ally near the surface.

GEOGFAPHIC DISTRIBUTION. Nova Scotia and
New England west to Minnesota; Manitoba south
to Bhode Island, central New York, northern
Chio, and Indiana.

GEOLOGIC RANGE. This limpet has a range of
Pliocene (Taylor, 1960, p. 61) to Recent, and

is common in Wisconsin deposits.

REMARKS. This species is rare in the Rich-
ardson Lake deposit; it was recovered from the
bottom five samples of Section GG, but notl!in
a similar interval of Section G. F. parallela
becomes less abundant upward as the carbonate
content of the fine fractions of succeeding
samples increases from less than 20 percent to
nearly 100 percent of the fines. Plant remains
are prominent in all fractions in this inter-
val and decrease upward.

Family Physidae
Physa gyrina Say 1821

Physa gyrina Say 1821, Jour. Acad. Nat. Sci.
Phila., val. 2, p. 111,

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

Physa gyrina gyrina La Rocque 1953, Cat. Rec.
Moll. Canada, p. 298.

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

DIAGNOSIS. Shell sinistral, large, ovoid-
subcylindrical, rather thick, sculpture of
coarse growth lines; 5 to 6 whorls, the body

whorl comprises % total shell length, slightly
inflated or compressed; spire acute, rather
long, pointed; whorls rounded, somewhat shoul-
dered sutures impressed; aperture generally
more than half length of shell, comma shaped.

ECOLOGY. A species characteristicofquiet,
shallow, slow-moving bodies of wwter, especi-
ally on mud substrate.
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GEOGRAPHIC DISTRIBUTION. United States east
of the Mississippi River with inroads into Tex-
as; Ontario and Quebec northward to the Arctic
regions.

GEOLOGIC RANGE. Tayler (1960, pp. 32, 39)
reports this species from deposits of Nebras-
kan age. It is commonly found in Late Pleisto-
cene and Hecent assemblages.

REMABKS. P. gyrine is much more commen in
section GG than in Section G (Fig. 14). In
both pits this species is less prominent near

the base. where there is abundant vegetation
and sand substrate, and becomes mcre numerocus
upward. Samples 7 through 16 in Section GG are
relatively pure calcareous mud with low tomcd-
erate vegetation content, whereas asimilar in-
terval in Section G contains mcre dark-cclcred
sediments and slightly more vegetation. The
description of this interval in theses secticns
is similar to that described by Clowers (1966,
Fig. 11, p. 51) who reported this
the most abundant in an apparently similar in-
terval from the Bax Marsh deposit. Size range
and average sizes are also similar tc the spe-
cimens reccvered by Clowers.

Terrestrial Gastropoda
Order Pulmonata
Family Succineidae

Succinea grosvencri Lea 1864

Succinea lineata Binney 1857 Proc. Acad. Nat.
Sca, Phila., p. 195 mot 8. ovalis var. A.
lineata DeKay, 1844.

Succinea grosvenori Lea 1864 Proc. Acad. Nat.
Sci. Phila., p. 109.

Succinea greerii Tryon 1866, Am. Jour. Conch..
val, 2, p. 232 pl.12(17), fig 8.

Succinea grosvenori Pilsbry 1948, Land Moll.
N: Am. . vol. 2, pt. 2, p. Bi9, figs. 444
452 3. 3.

Succinea grosvenort La Rocque 1953, Cat. Rec.
Moll. Canada, p. 329.

TYPE LOCALITY. ‘Santa Rita Valley, Kansas?’
(Pilsbry, 1948, p. 821).

DIAGNOSIS. Shell rather short, fragile, in-
flated, strongly convex whorls, well impressed

species as
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sutures and occasional coarse sculpture; rare
interrupted-and irregular spiral impressions
on periphery. (Modified from Pilsbry, 1948, p.
821).

ECOLOGY. ‘... as now understood, tolerates
en astonishingly wide range of practically all
external conditicns. It occurs from the warm,
humid Gulf Comst to semi-arid areas in the
Great Plains and mountain states, and in Brit-
ish America it extends north within the border
of the Northwest Territories.’ (Pilsbry, 1948,
p. 821)

GEOGRAPHIC DISTRIBUTION. Northwest Terri-
tories, Alberta, Saskatchewan, Manitoba, Onta-
rio; scuth ints Florida and Arizona.

GEOLOGIC BANGE. A widespread though rare
form, Leonard (1952 p. 24) gives it a range
of Blancan tc Recent.

REMARKS. This species is represented by a
single specimen in samples 4, 15, and 17 in
Secticn GG, vwhich would indicate that there
was an environment <close by into which this
terrestrizal gastrcpod hadmigrated and prosper-
ed. The lack of this species in the upper sam-
ples of both sections suggests that the envir-
onment had changed cor shifted from what it was
at that time.

Succinee ovalis Say 1817

Succinea ovalis Say 1817, Jour. Acad. Nat. Sci.
Paila., vol. L. p. 15

Succinea cvaiis Pislbry 1948, Land Moll. N.
BAm., vol. 2, pt.. 2, p. BOL, figs 430-433.

TYPE LOCALITY. Philadelphia, Pennsylvania.

DIAGNOSIS. Shell oval, inflated, thin; fine
growth lines; about 24 whorls, the last great-
ly inflated; aperture ovate, % length of shell.
(Modified from Pilsbry, 1948 pp. 802, 803).

ECOLOGY . Generally recovered from low
ground near streams, often on annual vegeta-
tion a short distance above the ground, or be-
neath logs, stones, and forest litter.

GEOGRAPHIC DISTRIBUTION. Newfoundland and
James Bay west into North Dakota and Nebraska;
south intoc Alabama and North Carolina.
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GEOLOGIC RANGE. Leonard (1950, p. 24) de-
signates the range of & owalis as Yarmouth to
Recent.

BEMARKS. This species is represented by
single oceurvences in the top three samples of
Section G and is associated with other Recent
or living terrestrizl spe.ies. The absence of
S. cvalis in other periions of both sections
would indicate th-t either the environment was
inhcspitable, ©l:0 the species had not migrated
this far, < hat it had not been transported
into th . _qu:tic envircnment.

Famziy Pupillidae

Gastrocopta contracta (Say) 1822 S

Pupa contracta Szy 1822, Jour. Acad. Nat. Sci.
Phila., vol. 2, p. 374.

Leucochila coniracie Call 1900, Descr. Cat.
Moll. Indiana, p. 398, pl. 6, fig. 10, text
fig ' 1.

Bifidaria conirgctz Billups 1902, Nautilus,
vol. 16, p. "BL.

Gastrecopta coniracta Pilsbry 1948, Land Moll.
N Am., wol. 2, pt. 2, p. B8O, fig 474: 9-
12,

TYPE LOCALITY. O:coquesn, Virginia.

DIAGNOSIS. Shel! c¢vate-conic in outline,
rimate, bluish-milky in zolor, translucent; a-
bout 5% whorls, matksad by fine growth striae,
last half of bedy whorl straightened, pinched
at base, low rounded ridge exists behind peri-
stome; aperture rounded-triangular, expanded;
anguloparieta! lameilz S-shaped; columellar
lamella large, desply placed; callus:'in fromt
near margin; two psalaval folds, upper small,
lower large, alsc deeply placed. (Modified
from Pilsbry, 1948, p. 881;. !

EQLOGY. G. zentracia inhabits a variety
of environments including stream floodplains
and slopes, ir legs and debris on floors of
hardwood forestz, and limestone bluffs wherever
there is sufficient mcisture.

GEOGRAPHIC DISTRIBUTION. Eastern Canada
and United States: Maine, Ontario and Manitoba,
south to Filoridz and Mexice; Jamaica (intro-
duced).
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Veriigo ovata Say 1822

Vertigo ovata Say 1822, Jour. Acad. Sci. Phila.,
vol. & ' p. 375,

Vertigo ovata Pilsbry 1948, Land Moll. N. Am.,
wobitZ. pti 2 p. 952, texk g 513 11-3
4.1,

Vertigo ovata Oughton, 1948, Zcogeogr. Study
Ontario, p. 62.

Vertigo ovata La Rocque 1953, Cat. Rec. Moll.
Canada, p. 335.

Vertige ovata Hibbard and Taylor 1960, Mus.
Paleont., Univ. Michigan, vol. 16, p. 135,
pli Y1l fig. B.

TYPE LOCALITY. Philadelphia, Pennsylvania.
DIAGNOSIS. Shell ovate in outline, about 5

wvhorls, amber colored, spire convexly conic,
apex obtuse; vhorls increase rapidly in size,

_body whorl much the largest with strong crest

behind apertural lip; sutures impressed; pari-
etal lamella longand strong, columellar lamel-
la strong; angular lamella small; basal fold
well-developed; upper and lower palatal folds
strong.

ECOLOGY .

V. ovata has high moisture requi-

“rements and is commonly found in meist envir-

onments asprovided by shaded slopes neazstreams
and shores of ponds. It is found in and under
plant debris leaves, grasses, logs. sticks,
moss, and In swampy meadows.

GEOGRAPHIC DISTRIBUTION. Labrador west in-
to British Columbia and north to Alaska; south
to Florida, Mexico, and the West Indies.

GEOLOGIC PANGE. Two Tertiary occurrences.
Early Pliocene Laverne local fauna, and Middle
Pliocene Buis Ranch lccal fauna both from Bea-
earliest
known records of this living species.

_ REMARKS. Representatives of this species
recovered from the top sample of Section G still

retain their ccior and have undoubtedly been

buried nc more than a couple of years. This
occurrence would suggest that these terrestrial
snails either had nct migrated into the area
until recently or that their habitat was far
enough from the deposit to preclude their be-
ing carried intc the area of collection.
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Euconulus fulvus (Miller) 1774

Helix fulva Miller 1774 (part), Hist. Verm.
Terr. et Fluv,, vol. .2, p. 56,

Euconulus fulvus Pilsbry 1946 Land Moll. N.
Am.. vol. 2, pt. 1. p. 235.
TYPE [OCALITY. Fridrichsdal, Denmark.

DIAGNOSIS. Shell small, flatly conic,
slightly convex outlines, cinnamon colored, a-
bout 5 whorls; whorls slightly convex, sutures
indented; apex obtuse., rounded; base of body
whorl ccnvex, periphery is slightly angulated;
aperiure elliptical, umbilicus small.

ECOLOGY. Most abundant in floodplain areas
bordering streams, living under lcose bark and
decaying debris in hardwood forests. Among
damp leaves in well-shaded places. (Pilsbry,
1946, p. 236).

GEOGPRAPHIC DISTRIBUTION. A Holarctic form,
but wanting in the South Atlantic and Gulf
Coast States from Texas to South Carolina.

GEOLOGIC RANGE. A common fossil in Wiscon-
sin deposits, E. fulvus ranges from Middle Pli-
ocene to Recent.

REMARKS. Four specimens of E. fulwvus were
recovered from the top three samples of Section
G which is an open area covered with annual
grass and moss vegetation typical of low, con-
tinuously damp, alkaline soils. The specimens
still retained their colqr and may be regarded
as being dead for no more than a couple of

years. At present there are a few small stands -

of hardwood and scrub vegetation in the depres-
sions and low places around the area. Perhaps
this type of vegetation became established in
the area in geologically recent times and this
species did not migrate until after the flora
was established, thus accounting for only Re-
cent specimens being recovered.

Retinella indentata (Say) 1822

Helix indentata Say 1822, Jour. Acad. Nat. Sci.
Phals., wvol. 2, /p. 372,

Vitrea indentata Dall 1905, Harriman-Alaska
Exped., vol. 13, p. 39.

Retinella indentata Pilsbry 1946, Land Mcll.
N. Am., vol. 2, pt. 1, p. 288, fig. 146a.
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Retinellﬁ indentata La Rocque 1953, Cat. Rec.
Moll. Canada, p. 313.

- TYPE LOCALITY. ‘Harrigate and New Jersey’

DIAGNOSIS. Shell depressed. highly pol-
ished. 4 whorls with regular. sub-equidistant
impressed axial striaecontinuous to umbilicus;
aperture rather large, lip simple; umbilicus
very small. (Modified from Say, quoted by
Pilsbry, 1946, p. 289).

ECOLOGY. Inhabits many localities, chiefly
damp woodlands; also in quarries, sandy out-
wash plains, along railroad tracks, pine for-
ests, and cliffs and bluffs along creeks, in
the ground debris.

GEOGRAPHIC DISTRIBUTION. North: America,
from Candada (49° north latitude) south to
northem Alabama; from Maine west to Kansas.

GEOLOGIC RANGE. Baker (1920, p. 389) has
described this species from deposits of Yar-
mouth, Sangamon, Peorian, and Wabash age; it
is widespread today.

REMARKS. R. indentata is represented by
single specimens in samples 2and 14 in Section
G. From the synopsis of the ecology of this
species it is evident that itprefers relative-
ly hilly conditions and large rock fragments
as a habitat. These conditions are for the
most part absent in the Richardson Lake area.

Retinelle rhoadsi (Pilsbry) 1899

Vitrea rhoadst
12, p. 103,

Retinella (Glyphyalops) rhoadsi rhoadsi Baker
1930, Proc. Acad. Nat. Sci. Phila., vol. 82,
p. 207.

Retinella rhoadsi Pilsbry 1946, Land Moll. N.
Am. vol. 2, pt. 1, p. 286, fig. 145.

Retinella rhoadsi La Rocque 1953. Cat. Rec.
Moll. Canada, p. 313.

Retinella rhoadsi Taylor, 1960, U.S.G.S. Prof.
Paper 337, p 81.

Pilsbry 1899, Nautilus, vol.

TYPE LOCALITY. White Pond, Warren County,
New Jersey.

DIAGNOSIS. Shell similar to that of R. in-
dentata but differing in having a wider umbi-
licus, showing the penultimate whorl within;
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therefore closer.

p. 286).

axial grooves mors numercus.

(Modified from Pilsbry, 1944

ECOLOGY. This species has been recovered
from damp hardwood forests. swampy areas around
springs, and stream flocdplains,

GEOGFAPHIC DISTRIBUTION. Maine, Vermont,
New York, Ontario, and M. :higan; south to West
Virginia. North Caroiini, Maryland, and Dela-
ware.

GEOLOGIC BANGE. Taylcr {1960, p. 81) records
this species for the Rexrcad local fauna of
Pliczene age; Taylcr and Hibbard (1955, p. 12)
record it from the Singasmon of Kansas, It has
a relatively wide precen® day distvibution.

REMARKS. Several r.precentatives of this
species were rzcovered from the ' upper four
samples of Section G along with other Recent
terrestria! forms. Its presence in four con-
tiguous samples would indicate a favorable en-
vironment near thecollecting locality for some
time previous to the draining of the area and
that the species moved irtc the immediate area
rather quickly after the draining. This spe-
cies shculd be compared w.th R. indentata, which
is supposedly clesely relsted bat inhabits more
rugged topography and thevefore is not as abun-
dant in the deposit.

Zonitcides nitidus (Miller) 1774

Helix nitida Miller 1774, Hist. Verm. Terr.
et Fluv.;, wol. 2, p. 32.

Zonitoides nitidus Dall 1505, Harriman-Alaska
Exped., wvcl. 13, p. 42.

Zonitoides nitidu: Pilsbry 1946, Land Moll. N.
Am., vol. 2, pk.: 1, p. 476, fzg. 259,

Zonitoides niiidus La Reogue 1953, Cat. Rec.
Moll. Canada, p. 316.
TYPE LOCALITY. Fridrichsberg, Denmark.
DIAGNOSIS. Shell umbilicate, umbilicus 1/5

diameter of shell; about 44 whorls gradually

expanding, indented; growth

lines fine, weak, lacking on embryonic whorls;

base smooth, transiucent; aperture lunate.

(Modified from Pilsbry, 1946, p. 447).

convex; StLures

f:und near water ason
of ponds,

ECOLOGY. Generally
stream: flocdplains, and margins
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streams. and marshes, mainly on alkalic ter-

rains. (Oughton, 1948, pp. 89. 94).

GEOGRAPHIC DISTRIBUTION. Holarctic; from
Alaska south intc California, Utah, South Da-
kota, Arkansas Tennessee, and Maryland.

GEOLOGIC BANGE. Pilsbry (1946, p. 447)
quotes F. C. Baker in establishing a range of
Sangamon to Becent, based on a few specimens.

REMABKS  Z. nitidus is represented by only
cne specimen in the Richardson Lake marl depo-
sit, which was recovered from sample 1 in Sec-
ticn G. This specimen retains its color as do
the other living terrestrial gastropods recov-
ered in the same sample and is not representa-
tive of the =nvironments which prevailed at
this locality during marl deposition. From the
evidence cf the terraces a suitable environment
was not available until after the waters rece-
ded and the mar! deposit was uncovered.

Family Limacidae
Dercceras sp.
Deiroceras Rafinesque 1820 Annals of Nature,
wolo 1, i pll 10,
Dercceras Pilsbry 1948, Land Moll. N. Am., vol.
2 pta 2, pi 538, '

"TYPE. Limax gracilis Rafinesque (=Limax
laevis Miller.

DIAGNOSIS. Shell oval, very shallow cap-
like, concentrically striate; nucleus off cen-

ter, to left of middle of posterior margin.

ECOLOGY. Living representatives of this
genus inhabit many environments from deciduous
forests to house basements, nearly everywhere
there is mcisture.

GEOGRAPHIC DISTRIBUTION. Cosmopolitan; Pa-
learctic regions and both Americas.

GEOLOGIC RANGE. Hibbard and Taylor (1960,
p. 20) report scme representatives of this liv-
ing genus from Upper Pliocene or Lower Pleis-
tocene deposits cf Kansas.

REMABKS  Representatives of the genus are
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very rare in the Richardson Lake deposit, be-
ing found only in the upper portions of Section
G with other Recent terrestrial gastropods.
The very nature of the shell makes it an easily
overlooked and misidentified fossil and care-
ful study could extend its known range farther
back in geologic time.

COMPOSITION OF FAUNA

Genera!l Statement

The non-marine Mollusca collected from the
Richardson Lake marl deposit, Quebec Canada
consist of 27 species. The majority of these
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species are typical lake forms and have been
recovered in similar associations from marl
depositsz elsewhere. 'There are five sphaeriid
clams. 13 ctenobranchiate. and nineteen pulmo-
nate gastropods in the samples recovered from
the two sections.

A quantitative analysis of the mollusks from
the samples collected was made to determine the
relative abundance of each species in each sam-
ple and its vertical and chronological distri-
bution in the two sample areas. The abundance
of each species is related to the lithologies
in the separate sections and to the evidence
of decreasing water depth as supplied by shore-
line features.

The assumption is made that the most abun-

TABLE 1. Number of Mollucks per Thousand Milliliters of Sediment

Sample Litholegiz Lithclogic Number of Number of Number of Number of
Units Units Specimens Species Specimens Species
Section G Section GG* Section G Section G Section GG Section GG
1 630 14 1050 12
2 780 12 1380 9
3 Unit 1 950 12 1720 10
4 it 960 8 1770 13
5 Unit o 1140 9 970 12
6 K R kK 1200 8 2060 11
7 Unit 3 it 5 1870 9 1090 11
8 ER RS T 960 9 2660 ].1
9 550 9 1290 9
10 650 9 2320 9
11 790 9 3130 11
12 Unit 4 530 8 1580 13
13 430 vl 1220 11
14 260 8 1300 12
15 o 400 8 1130 14
16' it JRit.6. 900 11 1930 15
17 : ; 1000 12 920 15
g Heran s B 530 11 540 13
19 Unit 6 e 8 2110 12 -- --

not included in this table.

Top four units of Section GG were unfossiliferous sand and are
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dant species are autochthonous and that the
minor elements sare allochthonous forms. This
assumption must be modified scmewhat as many
species are more prolific or naturally more
abundant than other species. Therefore, con-
tinuity through szeveral samples of both mature
and juvenile forms of minor molluscan elements
is also considered indicative of autochthoncus
forms, albeit with great care. It is also noted
that the mincr =i.cments of the ascemblage in-
dicate consid:_ ably meore concerning the envi-
ronment than most of the meior components. The
possibili ty that the small numbers of the minor
elements may be due tc envircnmental factors
approaching thsir tolerence limits must not be
disregarded.

undance of mcllusks per thouzand milliliters
of sediment as taken from each ssmple.

Samples were collected from the top.te the
bottom of each pit seccicx and the samples are
numbered zorrespondingly from the tep to the
base in all figures, tables, and measured sec-
tions. Figures 4 through 16 are graphic plots
of percentages from Tables 2 and 2 of the most
significant species. These plots are presented
to provide 2 means of visually evaluating the
relative abundance of =2a:h =species in each
sample, of demonstrating the vertical distri-
bution of the important species in the section,
and of providing 2 means 5f comparing mcllusk
assemblages, through time, from various dzpo-
sits. The latter is of little use at the pres-
ent as insufficient data are available as to
the ecology and adaptability ofindividuzl spe-
cies, palecenvironments in which they =xisted,
the sections from which they were zollected,
and correlation in the strictest sense between
deposits.

Richardson Lake Mar! Deposit

Of the twenty-seven species represerted in
the deposit, nine are terrestrial forms whizh
for the most part are ccnfined o the top par-
tion of Section G; sever ar: prominsnt Jake
dwelling species ccourring threvghout both sec-
tions; seven are minor zutochthonous species,
but important in ecolecgical determinaticns;
and the remaining four species are interlopers
into the area from adjucent environments. The
most plentiful species in this deposit are Gy-
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raulu: parwvws, Pisidium casertanum, Valvata
tricacinats, Foovaria obrussa decampi, and He-
lisoma ancsps striatum (Tables 2 and 3). The
remainder. though less abundant, generally of-
fer more det:iled information concerning the
changing en:-caments of the lake through time
than do the more abundant, nearly cosmopolitan
species.

This assemblage represents some of the or-
ganisms which existed at or near the points of
zollection during the time interval represented
by the accumul:ticn of sediment in the sections
sampled. It -an be said that the greatest va-
riety of maol’usks is found in the lower third
of Section GG, above which several species ei-
ther disappsar or are decreased drastically in
rumber te the topaf that section (Tables 1 and
3). In s:=:tior G the greatest variety of mol-
lusks 1s fourd in the topmost samples, but
this numb:sv s swelled by the presence of sev-

erizl present dzy tervestrial forms. The lower
third tc cne half of Section G then has the
widest ety =f Pleistocene forms in this

senticn 1 znd 2).

Secticn GG mey be divided into two broad
unit: on the basis of fossil mollusks; the top
few szmples perhips representing a transition
te a third unit. Section G may also be split
into two units, much more clearly than Section
GG, with the terrestrial gastropods superim-
posed on the section after marl deposition
ceased. 'The bresk between what is here termed
faunal crecclegi-al units is very distinct and
is due to substrate, vegetation, and other un-
known ecolegical parameters. This faunal or
ecological zonztion not only conforms with li-
thologic changes in the sections, but can be
recognized in the total number of specimens per
thousand millil:ters cf sediment (Table 1) and
the ch avive sizes of the individuals
of = giver speries throughout a section.

Se-tien G mey =zlso be divided as follows:
samples 16 thrcugh 19 as one unit (see also
stratigraphi - Section G) with theoverall smal-
lest specimen size; szmples 8 through 15 of
larger sized sperimens and fairly uniform num-
bers; sumplas 5 thrcugh 7 with a distinct li-
thological d- fference, much larger sized indi-
viduale, greatar numbers, but no increase in
variety of species; samples 1 through 4 repre-
sent an envirenment similar to that indicated
by samples 8 thrcugh 15, with similar sized
specimens.
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Section GG may be divided faunally or eco-
logically as follows: a unit containing samples
12 through 18 showing greatest speciation which
decreases as the lithology changes and also has
the smallest overall size ofindividuals in the
section; a unit composed of samples 1 through
11 shows a general decrease innumber of speci-
mens upward with slightly more variation in
species near the top, size remaining relatively
constant and somewhat larger than these of the
bottom unit. Prominent breaks in the trend of
specimen numbers (Table 1) are seen at samples
G-5, G-11, and G-16, which are probably due to
ecological factors not readily observable in
the sediments.

The important species, ecologically, in
these two secticns arenot necessarily the most
numerous foms. The most abundant and most
continuous forms apparently have wide ranges
of tolerance to environmental changes and are
thus well suited to belong to pioneer as well
as successional communities.

Gyraulus parvus is the most plentiful spe-
cies in the lower portions of both sections
and demonstrates a steady decrease in numbers
upward in the respective sections. At the in-
tervals mentioned above in Section G there are
slight fluctuations in numbers (Fig. 4). G.
parvus comprises as much as 75 percent of some
samples, but as little as 15 percent of others
and isoverall more abundant in Section GG than
in Section G. The similarity of percentages
at the top of both sections may indicate that
the environment of the entire lake was becoming
more nearly the same.

Pisidium casertanum is nearly as abundant
as G. parvus in Section G where it increases
upward to approximately the middle of the sec-
tion then exhibits a slight decline, with some
fluctuation toward the .top of the section. In
Section GG this species appears continuously
from the middle of the segction and increases
upward to become one of the prominent species
in the upper part of that section. This may
be an indication of the warming of the entire
lake.

Fossaria obrussa decampi and Helisoma anceps
striatum appear continuously throughout both
sections and demonstrate roughly negative cor-
relation. In the lower half of both sections
the form decampi shows considerable fluctua-
tion in numbers, but in the upper half of the
sections there is surprising uniformity (Fig.
12). In Section GG the form striatum -shows two
sharp increases (Fig. 11) which may; be due to
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colder water conditions in the deeper lake as
compared to the relatively stable temperature
conditions which probably existed in the shal-
lower area about Section G. These two forms
or subspecies comprise 30 to 40 percent of the
composite assemblage through time.

Valvata tricarinata is rare in the lower
third of Section G and the lower two thirds of
Section GG, but then iscontinuously represent-
ed in both sections with a striking increase
in number of specimens upward. V. lewisi, al-
though a minor species, shows negative corre-
lation with V. tricarinata and appears in the
lower third of both sections then decreases
rapidly upward in the sections with the change
in lithology from predominantly non-carbonate

sand to predominantly carbonate mud (Figs. 9
and 10).
Sphaerium nitidum occurs sporadically

throughout Section GG, marking the  abrupt
changes in the general trend of numbers of spe-
cies (Fig. 5; Table 1). Ferrissia parallela
and Promenetus exacuous, also minor elements
of the assemblage, appear continuously through
several samples in the lower portions of each
section (Figs. 15 and 16). These three species
comprise a maximumof three percent of any par-
ticular sample and areimportant ecological in-
dicators.

Physa gyrina is a prominent component of
Section GG but nearly lacking in Section G
(Fig. 14). It shows a fluctuating increase in
the lower third of Section GG, then decreases
to less than two percent in the middle third
of the section. The lack of this speciesin
Section G may indicate that there was insuffi-
cient current in this protected area of the
deposit.

The remaining species, some comprising re-
latively large and some relatively minor per-
centages of individual samples serve mainly to
emphasize the previously mentioned lithologic,
faunal or ecological, and numerical changes in
the sections, or the superimposed terrestrial
conditions after marl deposition had ceased.

(FOR TABLES 2 AND 3, SEE PAGES 27 AND 28; AB-
BREVIATIONS FOR BOTH TABLES ARE EXPLAINED ON

PAGE 26).
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PALEOECOLOGY
Richardson Lake Marl Deposit

The Pit Sections and samples from auger
holes. randomly drilled throughout the deposit
- show that whitish gray to tan marl predominates
in the stratigraphic interval in which it oc-
curs. In some places the marl is covered by
peat, muck, and water and in other places by
sand in discon formable contact. The marl grades
sharply and quickly into dark gray mud and sand
at the base of each section but only near the
top of Section G and in Unit 5 of Section GG
is the mar] interrupted by distinct non-car-
bonate layers. However, some non-carbonate
sand was noted in the marl, but not as distinct
beds. The marl contains lacustrine molluscan
remains which, with the exception of Recent
- terrestrial forms in the superimposed soil zone
in Section G, prevail throughout both sections.
In both sections the number of specimens per
unit volume fluctuates from sample to sample,
but remains fairly constant overall or with
only a slight numerical increase upward in the
‘respective sections. This fluctuation is pro-
bably related to the rates of sedimentation
and the changing environmental conditions con-
nected with the variations in water depth re-
corded by the exposed terraces on the slopes
of the-depression. The measured sections de-
scribed are as follows:

Stratigraphic Section G of the Richardson Lake
‘ Deposit (Figure 3)

Measured Thickness
Units (inches)
1 Topsoil, gray to black, pre-

dominantly sphagnum moss as sur-
face vegetation; minor coarse
non-carbonate sand of varied min-
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eral content; clayey; sharp ir- -

regular contact with  white marl
in soil; aquatic mollusks abun-
dant. Samples G-1 - G-4 (part).

Marl, white, wvery blocky in
structure plant roots and or-
ganic debris prominent; irregu-
lar medium-gray layers of fine
silt, less than 25 percent of
total; less than 10 percent non-
carbonate sand; mollusks abun-
dant. Samples G-4 (part) - G-6.

Marl. 1light tan with pink
cast; very clayey, not blocky
like unit 2; rootlets and organic
debris common, especially in
lewer part; minor = non-carbonate
sand apparent inlower part; mol-
lusks abundant. Samples G-7,
G-8.

Marl. tan, darker and more
clayey than unit 3, massive; up-
per contact gradational; top 6
inches cortains considerable
plant debris and is more silty
and clayey; lower 9 inches more
sandy (non-carbonate); mollusks
less prominent in lower part of
this urit. Samples G-9 - G-16
(part).

Clay and mud, medium to dark
gray, slightly sandy at ‘top.
grades sharply downward into bat-
tleship gray non-carbonate sand;
plant debris especially common
near top; yellowish pelecypod
sheils prominent.  Samples G-16
(part), G-17, G-18.

EXPLANATION OF ABBREVIATIONS FOR TABLES 2 AND 3

1.5

4.5

4.0

15.0

5.0

AC - Armiger crista, AL - Amnicola limosa, DO - Deroceras sp., EF - Euconulus fulvus,

FO - Fossaria obrussa decampi, FP - Ferrissia parallela,

GC - Gastrocopta contracta,

GP - Gyraulus parwvus, HC - Helisoma anceps striatum, LS - Lymnaea stagnalis, PA - Pji-
sidiun casertanum, PC - Pisidium compressum, PE - Promenetus exacuous, PG - Physa gy-
‘rina, BRI - Retinella indentata, RR - Retinella rhoadsi, SG - Succinea grosvenori, SL

- Sphaerium

lacustre, SN - Sphaerium nitidum, SO - Succinca

ovalis, SP - Stegnicola

sp., SS - Sphaerium sulcatum, VL - Valvata' lewisi, VO - Vertigo ovata, VT - Valvata

tricarinata, ZN - Zonitoides nitidus.
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TABLE 2.

VERTICAL DISTRIBUTION OF SPECIES* IN SECTION G, RICHARDSON LAKE MARL DEPOSIT
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VERTICAL DISTRIBUTION OF SPECIES” IN SECTION GG, RICHARDSON LAKE MARL DEPOSIT

TABLE 3.
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6

Sand. medium to dark gray
medium- to coarse-grained, peb-
bles and zcbbles relatively com-
mon; ccmplev suite of minerals;
about 60 percent quartz grains;
sand extends a minimumcf 72 in-
ches below =lay. Sample G-19

Total

2.0

38.0

Stratigraph. Zection GGef the Richardson Lake

Depcsit (Figure 3,

Measured Thickness
Units {inches)
1 Topsoil, dark grayish brown

to black near surface; very sandy,
medium- to fine-grainsd; few pea-
sized pebbles; Jower contact ir-
regular, sharp; nc mollusks.

Sand, medium gray tc brown;
fine-grained; lowerzentact sharp;
irregular; no mollusks.

Sand, light grayish brown;
fine- to medium-grained; nc mel-

lusks.

Sand, dark grayish brown with
considerable clay and silt zcn-
tent; medium- to fine-grained;
lower contsct highly irregular,
sharp; no mollusks.

Marl, white to light tan;
roots prominent, especially at
12 and 19 inches below upper con-
tact; st 20 and 25 inches are
1/8 inch bands of dark rusty-
brown muddy silt; upper portion
contains abundant plant debris,
decreasing downward, extranecus
limestone pebbles; mollusk abun-
dance varies through interval.

Samples GG-1 through €6-15.

Clay,
s1ley;
able.

black, very slightly
pelecypods most notice-

Sample GG-16 (part).

Clay, medium to light gray,
much plant material; bottom two
inches grades downward into gray

8.5

1.0

3.5

4.0

16.0

1.0
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sand similar to that in Section
G; mollusks common. Samples GG-
16 (paruj, GG-17, GG-18. 6.0

8 Sand. medium gray coarse- to
med_um-grained; pebbles and cob-
blss common; ccmplex mineral su-
ite; extends more than 60 inches
downward; no mellusks in portion
sampled.

Total 53.0

The fact that many of the species recovered
are represented in nearly every sample in one
or both sscticns indicates that either the la-
custrine envircnment was vrTelatively stable
throughout the duration of marl deposition or
that these same species had wide ranges of
tolerance and were adaptable tc many environ-
mentz. Conversely, cther forms are present in
only certain po~tion: of a section or sections,
which poin“s tc¢ their being more specialized
or appraathing the limits of their environment.
The composite picture suggests decreasing water
depth, :limsatz- wamming, relatively small chan-
ges in the :mcunt cof wegetaticn except near
the base of the sections, and decreasing mol-
lusk diversicy with time. Since neither of
the two secticne ssmpled represents a complete
infiiling sequence c¢f a marl lake, limited di-
versity c¢r limited speciation may be expected
as the envircomental changes preserved are li-
mited by the duration of sedimentation.

Species oocurring througheut the two sec-
tions in some abundance are Fossaria obrusse
decampi, Gyraulu: parvus, Heliscma anceps stri-
atum, and Pis:d:um ~a:z 7anum. The continuous
presence of thess species in the sections of
this deposit 2nd in deposits studied by Clow-
ers (1966) and Roy (1964) suggests an adapta-
bility %c varia%tions in the environment. These
species are apparently part of the pioneer :zom-
munity and are present in the uppermost sam-
ples inCclton Lake which Clowers (1966) states
probably had a considerably different environ-
ment from that represented in the bottom of his
section. Changes in their percentages mark
points of disazppearance of other species, as
in the lecwer third of each secticn, or anoma-
lies in the environment which are not readily
cbservable in the sediments as in the upper
portion of Section G (Table: 1 and 2).

In a dis-ussion of Secticn G, the strati-
graphic interval may be divided into two units
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on thebasis of both faunal and lithologic cha-
racters, again disregarding the Recent terres-
trial gastropods recovered near the top of the
section. Unit 1 contains samples G-1 through
G-15 and Unit 2 contains samples G-16 through
G-19, This divisicn based on lithology and
diversity of
although slight changes in the environment
throughout Unit 1 may be noted by fluctuation
of the percentages of the species (Table 2).
In Unit 2, with the exception of Gyraulus par-
vus, the long ranging species Fossaria obrusca
decampi, Hel.:oma anceps striatum, Pistdium
casertanum, and Pisidium compressum are not as
abundant =2s compared to their occurrences in
Unit 1 {Figs. 7, 8, 11, 12). Gyraulus parvus
may be less dependent on substrate conditions
than are the sther species because it has been
found living on submerged aquatic vegetation.
Four other species, Valvata lewisi, Stagnicola
sp., Promencius ezacucus, and Sphaerium suica-
tum are generally present only in Unit 2 and
occur in small percentages. Valvata lewisi is
commonly reccvered from sandy substrates as is
Sphaerium sulcatum, whereas Promenetus exacu-
ous is an indicator of cold or deep waters.
From this, one can surmise that the water level
stood at perhaps the 15-foot terrace, giving a
depth of abcut 12 feet over Section G, that
the substrate was firm, and that the water was
much cooler than at present, and quiet. The
sudden change in percentages and the disappear-
ance of species at rhe unit boundary (Samples
G-16, G-15) indicates sudden alteration of
conditions such a5 an abrupt lowering of the
water level. Since this area was somewhat pro-
tected by the divide from the wind and waves
acting on the deeper lake, the envircnments
near Secticn G were influenced more by solar
radiaticn and water depth than were the envi-
ronments at section GG. Unit 1 represents a
time of relatively stable environmental condi-
tions, with scmeminor fluctuations as suggested
by the abrupt numerical and size increase of
Valvatae trica-inate at the horizon of Samples
G-8 and G-9 and the decline of Fossaria obrus-
sa decampi and Pisidium compressum. If, as
Whittaker (1922, p. 150) suggests, marl being
deposited todzy shows 50 percent shrinkage on
drying, the substrate may not have been fimm
enough to support benthonic forms such as Pis:-
dium compressum and Fossaria obrussa decampi.
On the other hand, V. tricarinata was either
capable of living on soft bottoms or inhabited
the aquatic vegstation above the bottom. Above

species 1is easily recognizable.
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the level of Sample 9, V. tricarinata becomes
one of the dominant species of the assemblage
from Unit 3. Heltccma campznulatum, from the
division based on thz fauna and the lithology,
was one of the interlopers into the area of
collection, appearing in the middle of Unit 1
as a few adult specimens. This species has
been recsvered mainly from firm substrate and
from vegetation growing cn soft bottoms. In
this case the species probably lived on vege-
tation growingon the soft marl substrate which
suggects some slight increase in the quantity
of vegetstion during the interval represented
by samples G-6 thrsugh G-10. With only adult
specimens present it may be assumed that they
migrated frcm some nearby avea. Samples G-1,
G-2, and G-3 represent the last deposition of
marl while the lake lavel stood between the 8-
foot and the 4.5-fcot terraces, most probably
nearer the latter. :ving the deposition of
the above mentioned zamples there was an over-
all decrease in the size and number of indivi-
duals. Valvata -ira-inata, Fossaria obrussa
decampi, Gyraul'v: parvus, and Helisoma anceps
strictum decreased in relative abundance where-
as the pelecypods increased slightly in num-

bers. Threughcut the section the respective
species cppear tc develep only to a certain
maximum size, but the proportion of small or

perhaps dwarfsd forms tc large individuals var-
ies through the section. In Unit 2 most spe-
cimens are smel! with only a few large forms,
whereas in Unit | the wvast majority of speci-
mens are large. In samples G-'4, G-5, and G-6
the sizes are scmewhat greater than those from
the remainder of the section, lacking dwarfed
forms entirely. Some sdditional data on the
pH and firxed carbon dioxide ratio of the water
may help tc explain scme of the variations in
the assembiage. Morsrison (1932, p. 371) states
that Foscoric cobrussa decompi can exist only
within the pH limits of 7.42 and 7.7. In the
discussion of Systematic Palecntology it was
roted that Sphaerium lacustre has been recov-
ered from water with 2 pH of between 6.4 and
7.46 and a fixed :arbon dioxide ratic of be-
tween 9.3 and 18.87 ppm.; Pisidium compressum
from water with a pH of between 7.0 and 8.73
and a fixed carben dioxide ratio of between
9.3 and 30.56 ppm. Applying these data to
figures 4-16 cne can see that the environments
cf the laks bottm changed from acidic near
the base of the section to alkaline, then back
co acidiz nesar the top of the section. The
question arises as to the effect of temperature,
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fixed carbon diox:ide limits cf the various or-
ganisms.

Section GG may be divided cn the basis of
lithology and fauna intc 3 units, but nct as
definitively as Saction G. Unit 1 is made up
of samples GG-1 through GG-12. Unit 2 is made
up of samples GG-13 through GG-16. =nd Unit 3
includes samples GG-17 and GG-18. This seztion
was measured and ccllected cn the northwest or
windward shore (Fig. 3} of Richardson Lake
where the wide expanse of water and the wind
had greater iunfluence than in the arsz cf Sec-
tion G. flere the long-ranging forms include

“"Fossaria obrussa decampi, Gyraulus pa-vus, He

lisoma anceps striatum, Phy.ogy-ina, Sphae ium
lacustre, Pisidium comp-es.um, and P-s.dium
casertanum, which for themcst part show licels
variation in number: ofindividuais with 1:the-
logic changes. Starting with Unit 3, which is
separated mainly on lithologic variation, ne
faunal change i: noted between it and Unic 2.
Gyraulus parvus comprises 65 to 75 perzent cf
the assemblage of Unit 3, the remaindzr being
made up of 15 other species. Apparently this
is the preferred habitat of G. parvu:, amengst
the vegetation, in at least 2ccl waters, and
on fim sandy substrates, or ths environment
may have been appreaching the tolerance limits
of the other spe:ies, and consequently they
are not abundant The next unit (Unit 2; is
delineated on the basis cf the fcssil and veg-
etation content of the section as wall as li-
thology. It is to be noted that several spe-

cies occur in Units 2 and 3, but notinUnit 1;
Valvata lewssi, Stagnicoia sp., Premenztus exa
cuous, Ferrissia parallela, and Spha::- um sul

catum. This portion of the section centains
much more silt, non-carbonate clay, and czarbe-
naceous matter than does a similar interval in
Section G and grades more gradually upward in-

to marl. This fact became apparent during la-
boratory work. As in Secticn G,  these species
suggest water much cocler than at present,
perhaps with considerable depth, firm sandy
bottoms, and abundant vegetation. Unit 1 is

similar teUnit 1 in Section G in that Gyraulus

parvus decreases upward andVzlvats i-iza-inata

becomes a dominant form in the upper porticns

of the interval. Picidium casertanum alsc be-
comes lessplent:ful upward which 23 ccnsistent
with the lowering of the wat:r level and the
increase in temperature. Being adjacent to
deeper water subject to wind and wave attion
tended to counteract variations in response to
shallower water by bringing up colder water
from the depths. Promenetus <xzacucus appea”s
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in both se-tions, but even though it is:morec
abundant in Section G, it extends higher in
Section GG. As this species is indicative of
cold, quiet wwters (Baker. 1928 pp. 362. 363).
its preminence in section G may be due to qui-
eter waters. whereas the longer vertical ex-
tent in Section GG may be. in response to up-
welling of colder waters from the deptbssof
the lake. From Tables 2 and 3 one may surmise
that the form He'lisoma anceps st-iatum is able
to withstand slightly warmer environments than
P. exa-ucus, but nct as wamm as present, as no
living representatives were recovered from the
lake. Sphae-~.um nitidum, another cold or deep
water species, oxcurs only in Section GG, per-
haps ind:cating a more restricted upper tempe-
rature limit than the form striatum, but not
as pronounted as P, ¢xacuous or Valvata lewisi
which have similar occurrences. V. tricarinata
epparently is 1ll-equipped to live well in
water as deep or as ccld as that required by
Heliscmo onceps ctriatum, but neither is found
in the lake at present. It is apparent that

. the envircnmenta! limits of various organisms

cverlap, but these organisms are not necessa-
rily in direct competition. They inhabit dif-
ferent e-clcgical niches, living on different
sreas of the botiom and feeding from different
sources.

The Richardson Lake marl deposit thus fol-
lowed = course of sccumulation not unlike the
development of other deposits. In this case
the changss ir the fossil assemblage with time
can be zorrelated with terraces around the
cslopes above the present lake level and these
same terra-=s may be employed to clarify the
truncated se-tions. The lake water was cold
and deep cver the areas of collection during
the early part of the development of the marl.
This is shown by cold or deep water mollusks
appearing in the bzsal units of the sections;
Unit 2 of Secticn G and Units 2 and 3 in Sec-
tion GG. These dcminantly benthonic forms and
burrowers requiring firmbut notsolid substrate
include Promeneius exacuocus, Sphaerium sulca-
tum, Sphaz-ium nitidum (only in Section GG),
and Valvata lewisi. Ferrissia parallela, al-
though oz-urring with this group inSection GG.
is not known to be a deep or cold water spe-
cies. It generally lives on submerged vegeta-
tion near the surface and was probably rafted
into this ares on floating vegetation and lod-
ged against the headlands and divide. During
this invervsl the water level probably stood
at the 15-foot terrace which is the highest
recognizable shoreline feature noted. Sample
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15 of Section G and Samples 11 and 12 of Sec-

tion GG mark an abrupt change in the lake en-

vironment at the collecting localities. This

change is more readily noted in Section G than

in Section GG. Section GG, being closer to the
deeper portions of the lake, shows less drastic

faunal changes due to the neutralizing effect
of cold bottom water on surface wamming and
decreasing water depth. Above samples G-15,

GG-11, and GG-12 the interval is designated as

Unit 1 in both sections. This interval repre-

sents the time of marl deposition during which

the water level dropped from the 15-foot ter-

race to the 4.5-foot terrace and finally the
area was drained. During the time represented
in thisinterval the water temperature increased
as the depth decreased and an optimum level or
temperature was reached where there was a pro-

liferation of individuals of large size. This

is represented by Samples G-4, G-5, and G-6 of
Section G and Samples GG-1, GG-2, and GG-3 of
Section GG. The author believes that the water
level stood at the 8-foot terrace during this
time. This terrace is not as distinct as the
others so it may have been a temporary strand
as compared to the duration of the water level

marked by the other terraces. Nevertheless
the species present in this interval are long
ranging types of larger than usual relative
sizes. Samples G-1, G-2, and G-3 of Section G
represent the time of lowest lake level during
the deposition of marl in the deposit. During
this interval the water level receded to the
4.5-foot terrace whoseelevation indicates that

the divide would have: been either above water
or slightly awash and the area around Section
G relegated to a semi-isolated lagoon (Fig. 3,

insert). The water in the isolated area pro-

bably became somewhat stagnant at this level,

causing a decrease in abundance of large indi-

viduals belonging predominantly to lake types.

At the same time Pisidium compressum and Pisi-

dium casertanum showed good numerical increas-

es, which is consistent as these forms are com-

mon in just such situations today.

Further lowering of the water level in the
Ottawa-St. Lawrence Valley resulted in down-
cutting on the outlet of Richardson Lake and
draining of the lake from the 4.5-foot terrace
level to its present level. The divide was
breached at this time and the area round Sec-
tion G was drained, bringing marl deposition
to a halt. A portion of the marl to the east
of the divide (Fig. 3) was eroded at this stage
by the drainage from the small lake, probably
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combined with wave action. The results ‘are a
sharp highly irregular contact between whitish
gray marl and coarse roughly-bedded sand. A
dark band of sand within the coarser material
can be traced by auger holes to the 16-inch
terrace. After the drainage of the area around
Section G. terrestrial vegetation invaded the
new surface. Mosses and other moisture-loving
plants were followed by grasses. and soil hor-
izons were developed. Some time after drain-
age of the area terrestrial gastropods migra-
ted into thenewly accessible habitat and their
remains occur only @  the topmost samples in
the soil zone. The condition of the shells
shows that these terrestrial species are not
more than a few years old.

Correlation of similar environments between
these two pits is probably correlation in its
strictest sense, as time. Units 2 and 3 in
Section GG are equivalent to Unit 2 in Section
G. Unit 1 in Section GG is not complete when
compared with Unit 1ofSection G, as the equi-
valent to the top three samples of Section G
has been eroded away in Section GG.

AGE AND CORRELATION

At present there is no practical method of
pin-pointing the age of marl deposits such as
this. Radiocarbon dates give the best results,
but are too expensive to be included in this
study. None of the mollusks is considered a
good guide fossil for subdividing Late Pleis-
tocene time, and pollen studies were notunder-
taken. Thus the age of the deposit can only
be determined in relation to events within the
history of the region.

The marl in the Richardson Lake deposit is
separated from the underlying sand by a few
inches of dark gray mud which is completely
gradational between the gray sand below and
the whitish-tan marl above. Below the marl
and mud, the sand grades from gray into brown
and tan downward. These are the same colors
observed below the soil in the surrounding
hills. 'There apparently was no break in sedi-
mentation between the time the waters of the
Champlain Sea retreated and the beginning of
the early stages of Richardson Lake, as the
vertical gradaticn from brown, tan, and gray
sand to mud and marl shows no significant in-
terruption. The last remnants of the Champlain
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Sea were cf relatively fresh water, probably
due to the newly opened North Bay-Mattawa and
Fossmill outlets draining the ancestral Great
Lakes. This alsc provided a migraticn route
by which the fresh-water mollusks invaded the
region so quickly sfter a marine inundation.
With the continued lowering of the water in
the Ottawa-St. Lawrence Lowland. the area a-
round Richardson Lake became dry land with only
the low places holding water and developing
their own small crainage systems. That this
deposit is ncc Recent is seen in the well de-

veloped =0il zone in Section G and the consid- °

erable thickness of sand with a scil zone com-
parable to that in Seztion G lying unconform-
ably over the marl in Sebtion GG. Whittaker
(1922, p. 150) szmpled present day marl and
found thatit exhibited about 50percent shrink-
sge when dried. The marl 'in this deposit de-
monstrated very little shrinkage whan dried.:
The unconsolidzted sand and gravel surround-
ing thedeposit for a distance of several'miles
was mapped by Szbourin (1965) and designated
as Pleistocene-Rscent undifferentiated. De
Geer (1892) =and many later workers have con-
sidered this arez to be part of a more or less
continuous series of abandoned beaches and
shallow sea bottem deposits attributed to the
Champlain Sea. The sea invaded: the Ottawa-St.
Lawrence Valley following the retreating Wis-
consin ice sheet and extended at least as far

-upriver as the Chalk River Area (Gadd, 1963B,

Legend). Since the region had just been gle-
ciated the bedrock was covered with a substan-
tial thickness of glacial! depcsits (Chapman

-and Putnam, 1949). This glacial debris pro-

vided the materizl reworked into the now ele-
vated marine, shore, and near-shore features
by the Champlair Sea.

Karrow (1961, p. 101) places the marine in-
undation of the Ottawa Valley region at 11,000
to 12,000 C-14 years B, P. This inundation is
in part contemporaneous with the Two Creeks
interstadial of the Wisconsin glaciation (Ter-
asmae, 1959, p. 334). Terasmae (1965, p. 38)
also indicates that the conclusion of the in-
undation was some 9,000 to 9,500 C-14 years

B. P. and that the St. Lawrence drainage pmab<'-

ably occupied its present configuration some
7,000 to 8,000 C-14 years B.P.

The Richardson Lake marl deposit can be
dated as post-Champlain Sea andpost-Two-Creeks
in this area. If a correslation could be drawn
between the occurrence of pollen zones and the
mollusk assemblage, the time of marl deposi-
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tion may have corresponded with what Terasmae
(1959, p. 335, fig. 1) calls Zones IV, V, and
VI, which ended approximately 7 500 C-14 years

‘B. P. and are said tec represent cold climate

following the marine inundation.

Strict correlation of deposits such as this
is nearly impossible as they are commonly iso-
lated from each other and exact radiocarbon
dates are generally unavailable. Roy (1964,
pp. 144-147) concluded that the marl sites which
he studied in Wisconsin may have been contem-
poranecus, =t least inpart, and that those de-
posits rest on Cary and Valders outwash. The
Cary and Valders glaciations bracket Two Creeks
time so the Champlain Sea episode was probably
partially coincident with Cary glaciation. The
Richardson Lake deposit may then be equivalent
with these which Roy described as overlying
Valders cutwash. Clowers (1966, p. 56) sets
similar time limits for the Box Marsh deposit;
post-Champlain Sea (9,500 C-14 years B.P.) to
about 7,000 C-14 years B.P., or until the ter-
mination of the cold pericd following the ma-
rine inundation described by Terasmae on the
basis of pcilsn. Comparison of graphic plots
of Phy:a gyrina, Valvata tricarinata, and Gy-
raulus pa~vus with those of Clowers (1966, p.
51) shows that the environmental succession in
Richardson Lske was similar to that recorded
in the middle third of the Box Marsh section.
This similarity should not be construed as
meaning = strict correlation of the two depo-
sits.

CONCLUSIONS

"The mol luscan assemblage recovered from the
Richardson Lake marl deposit contains 27 spe-
cies of which 9 are Recent terrestrial forms
not belonging toc the Pleistocene communities
which inhab:ited the lake. The fresh-water mol-

luscan remainsz are not uniformly distributed
throughout the sections sampled, which is a
measure of the migration of benthonic environ-
ments in response to variations in water level
and temperature. The decreasing water level
with time was probably associated with the wan-
ing remnants of the Champlain Sea or isostatic
uplift of the land. The climatic changes were
in response to the influence of the Late Wis-
consin ice as well as the climate-moderating
effect of the Champlain Sea.
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Mollusca occur in the lowest samples of both
sections. Below this the sand contains very
small percentages of silt and clay sized par-
ticles, no plant remains, and no mollusks. A-
quatic mollusks were then present, in both sec-
tions, during thé timéscarbonate’ sediments were
being deposited. 'The water was initially12
to 15 feet deep in the areas of the sampled
sections, and with the lowering of the water
level in the Ottawa-St. Lawrence Valley,.was
lowered in stages as shown by the high terraces
on slopes adjacent to the present lake. The
shallowest water during marl deposition was 2
to 3 feet over Section G. At this depth, cir-
culation with the larger lake was negligible
and the aquatic environment was probably stag-
nant, at least near the bottom. The ecology
of the Sphaeriid clams suggests a fixed carbon
dioxide ratio of between 10 .and 20 ppm. The
quantity ‘of submerged, rooted aquatic vegeta-
tion was not great, that is, not dense enough
to impede water circulation completely. How-
ever, the quantity of vegetation remained re-
latively constant throughout the duration of

- sedimentation with some increased growth as

suggested by the appearance of Helisoma campa-
nulatum in the middle of Sectien G. :

The climate was much cocler than at present
as shown by the cool water forms Hel:isoma an-
ceps striatum and Pisidium n:tidum, but warmed
somewhat toward the end of the interval repre-
sented by the marl section. The presence of
Promenetus exacucus in the basal portions of
each section suggests a cold pericd during the
early part of the lake development. As the
climate warmed, this species disappeared and
other members of the assemblage preferring cool
waters prospered. With continued climatic
warming even the cool water elements demons-
trate decreased populations and at present the
prominent Pleistocene forms are conspicuously
absent from Richardson Lake. Occupying similar
ecological niches in the present lake are spe-
cies recovered from Pleistocene:deposits far-
ther south which were contemporaneous with
that of Richardson Lake.

The time of marl deposition is thus post-
Champlain Sea, post-Two Creeks and may be’ equa-
ted with cold climate pollen zones IV;-V, and
VI (Terasmae, 1959, p. 335; 1960, p. 18) which
have been given C-14 sge ranges of about 9,000
C-14 years B.P. tox7,500'C-14 years B:P.

The geographic listributions of species re-
covered from this déposit as well as those be-
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from similar depesits, suggest bands or zones
of melluscan life which more or less follow the
climatic isothermal lines. Therefore, with the
advance and retreat of the continental ice
sheets, the zones cof life that are dependent
on temperature fluctuate or are compressed and
expanded in a roughly north-south direction.
The marl section in Richardson Lake records a
relatively short period of time and this mi-
gration pattern is not well developed or well
demonstrated in the deposit. The mollusk as-

semblage recovered does however represent the

pioneer community .in the lake, living repre-
sentatives of which species are today found in
aqueous environments farther north. Species
of the contemporary mecllusk fauna of Richard-
son Lake would then be expected to be recovered
from Pleistocens or post-Pleistocene deposits
farther south and indeed they are.

Thus by systematizally following the north-
ward or southward advance of fresh-water mol-
lusks through a sufficiently long period of
time, a series cof Pleistocene and post-Pleis-
tocene isothemal lines could be constructed
on a map, revealing the extent of the tempera-

~ture influence and something of the repopula-

tion potential of the mollusks in deglaciated
areas. Likewise, the amount of compression and
expansion of these life zones in time may be
determined.
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WAHL, W.G., and FITZ OSBORNE, F. (1950) Ca-

watose Map-Area, Pontiac County, Quebec. --

Quebec Dept. Mines, Geol. Rept. 44, 37 p., 5
pls., map 820.
WHITTAKER, E.J. (1921) The Fossil Molluscan

Faunas of the Marl Deposits of the Ottawa Dis-
trict. -- Geol. Survey, Canada, Bull. 33, p.
59-77, pls:.-5-8, figs. a, b, la-23f.
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of McKay Lake, Ottawa. -- Trans. Roy. Soc. Ca-
nada, 3d ser., v. 16, sect. IV, p. 141-156, 1
map.
WILSON, M. E. (1924) Arnprior-Quyon andMani
waki Areas, Ontario and Quebec. -- Canada,

:Dept. Mines, Geol. Survey, Memoir 136, 152 p.,

12 pls., 17 figs. .

WILSON, M.E. (1939) The Canadian Shield. --
Geologie der Erde, Geology ofNorth America, I,
232'p.

ZIMMERMAN, J.A. (1960) Pleistocene Molluscan
Faunas of the Newell Lake Deposit, Logan County,
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figs.
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RECENT PUBLICATIONS

DAVID BICKEL

Department of Geology,

New publications have been listed or re-
viewed in various past numbers of STERKIANA
(2:12, 4:28, 12:8, 14:44, and 21:2); however,
these did not appear as regular features. We
now intend to make this section a regular part
of the series, if not a part of each number.
Papers appearing in journals and series, such
as Nautilus, Malacologia, Proceedings of the
American Malacological Union, Veliger, Baster-
ia, etc., that would normally come to the at-
tention of workers in non-marine mollusks will
often be omitted. Instead, papers from sources

AGUAYO, C.G. (1965) Sobre el Status de Vero-
nicella portoricensis (Mollusca Pulmonata). --
Caribbean J. Sci., 5(1-2): 25-28, 2 figs. The
land slugV. portoricensis is removed from syn-
onymy and considered a good species.

AGUAYO, C.G. (1966) Una Lista de los Molus-
cos terrestres y fluviales de Puerto Rico. --
Stahlia (Misc. Publ. Mus. Biol. Univ. Puerto
Rico) 5: 1-16.

van BENTHEM JUTTING, W.S.S. (1965) Non-mar-
ine Mollusca of West New Guinea Part 4, Pulmo-
nata, 2. -- Nova Guinea, Zool., 32: 205-304,
10 figs., map. (Map of localities; 8 new spe-
cies and 4 new subspecies).

BURCH, J. B. and NATARAJAN, R, (1965) Cyto-
logical studies of Taiwan freshwater pulmonate

Ohio State University

that might normally escape casual inspection
by malacologists will be stressed. The list-
ings will in no way be complete surveys of new
literature but only selected items noted by
people working with mollusks at the Ohio State
University and the Ohio State Museum. Annota-
tions will be a brief description of illustra-
tions or of the topic, if this is not evident
in the title.

We hope this addition will be of some help
and interest to our readers.

snails. -- Bull. Inst. Zool. Acad. Sinica, 4:
11-17, 2 figs. (Line drawings of shells and
chromosomes).

BURCH, J. B. and PATTERSON, C.M. (1966) Key
to the genera of land gastropods (snails and
slugs) of Michigan. -- Mus. Zool. Univ. Mich.,
Circ. 5: 1-19, 46 figs. (Line-drawings; illus-
trated section on terminology).

DANCE, S. P. (1966) Shell collecting an il-
lustrated history. --Univ. Calif. Press, Berk-
eley, 344 p., 35 pls., -31 text figs. $10.00.
Includes proportionate amounts of information
about non-marine collections; a guide to pres-
ent locations of famous scientific collections;
portraits of famous conchologists.

GOULD, S.J. (1966) Allometry in Pleistocene
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land snails from Bermuda: the influence of size
upon shape.--Jour. Paleont., 40(5): 1131-1141.

HABE, T. and BURGH, J. B. (1965) A new spe-
cies of freshwater limpet, genus Ferrissia,
from Japan. -- Venus: Jap. J. Malacol. 24(1):
1-7, 19 figs. (Ferrissia japonica, p. 2, figs.
1-8).

HARRY, H. W. (1966) Land snails of Ulithi
Atoll, Caroline Islands: a study of snails ac-
cidentally distributed by man. --Pacific Sci.,
20(2): 212-223, 16 figs. (Line drawings of
shells).

HEARD, W. H. and BUR(H, J. B. (1966) Key to
the genera of freshwater pelecypods (mussels
and clams) of Michigan. -- Mus. Zool., Univ.
Mich., Circ. 4:1-14, 48 figs. (Line drawings).

HUNTER, W. R., APLEY, M.L., BURKY, A.J. and
MEADOWS. R.T. {1967) Interpopulation variations
in calcium metabolism in the stream limpet;

Ferrissia 'rivularis (Say). <- Science, 155
(3760): 338-340, 1 fig.

RAUP, D. M. (1966) Geometric analysis of
shell coiling: general problems. -- Jour. Pa-
leont., 40(5): 1178-1190.

van REGTEREN ALTENA, C. O. (1964) Notes on

some Surinam land snails.--Zool: Med. 40 (18):
139-141.

*“nie inexpectans, p. 16, fig. II, 15;
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SOLEM; A, (1964) A collection of non-marine
mollusks from Sabsh, Malaysia. -- Sabsh Soc.
Jour. 2(1-2): 1-40, 5 figs. (New species: Ari-
Opistho-
stoma haili, p. 18. fig. III, 19).

SOLEM, A. (1964) New records of New Caledo-
nian nonmarine mollusks and an analysis of the
introduced mollusks. -- Pacific Sci. 18(2):
130-137.

TUMILL, S. J.., LAIRD, W.M., and FRYE, C.I.
(1964) Fossil 'molluscan ' fiuna~from the upper
terrace of the Cannonbzll River; Grant County;
North Dakota. -- Proz. North Dakota:Adad: :8ci.;
18:5140-156, 5 figs. (Includes ailistiof Mel-:
dusca and.discussion of paleoecology).

WEBER, W.A.- (1965, Theodore DruAlison Cock-
erell, 1866 - 1948. -- Univ. Colorado Studies,
Ser. Bibliogr., 1: 1-124. (Biography, port-
rait, and bibliography).

The JERSEY SHELLER, wol.
Distributed  to membets of the
Shell Club (dues $3.00 per year). (Contains
items on non-marine as well as marine mol-

lusks). -

1, no. 1, 1966.
Garden State

TUTHILL, S.J., LAIRD, W.M., and KBESL, R.J.
(1964) Fossiliferous marl beneath Lower Camp-
bell (glacial Lake Agassiz) Beach sediments. --
Proc. North Dakota Acad. Sci., 18: 135-140, 3
figs. (List of Mcllusca and brief discussion
of paleoecology).

NOTE

THE THREE UNNUMBERED PAGES FOLLOWING THIS ONE MAY BE INSERTED
IN STERKIANA 24, AFTER PAGE 28. THESE ARE THE FIGURES (1-231)
ACCOMPANYING THE REPRINT OF BINNEY (1865 °‘LAND AND FRESH-WA-
TER SHELLS OF NORTH AMERICA, PART III’ WHICH WAS COMPLETED IN
STERKIANA 24, DECEMBER 1966.
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NOTE ON THE LINGUAL DENTITION OF THE
 STREPOMATIDE.*

As lingual dentition has been adopted as a very
important character (somewhat hastily, I think) in
the classification of the Mollusca, it may be well to
-ascertain how far it may be corroborative with other
~ differences in the genera of North American Sirep-
- omatide. Troschel, in his magnificent work “Das

‘Gebiss der Schnecken,” divides the Melanians into
several groups, of which the following contain Amer-
ican species: 0y -

Ancyloti. The peculiarity of the dentition of the
forms belonging to this group is that the Rhachidian
tooth is broader than long, rounded behind, and
swollen out before (ausge%uchtet). The laterals
have a thombic form with the outer posterior angle
somewhat drawn out, and the inner Uncini always
possess a smaller quantity of denticulations than the
outer ones. The jaw exhibits numerous small scales
which appear of a polygonal, mostly hexagonal form.

" In this groug ‘are included Ancylotus, Melania
depygis (Goniobasis), Gyrotoma and Io.
e copy the figure given by Troschel :—

Fig. 17. Ancylotus preerosus.
« 18, %  costatus.

- 19, s  dissimilis.
It will be noticed, by an inspection of these
figures, that the differences in the form of the denti-

~ tion are so slight as to be of no value for the pur-
~ pose of separating the genera. Indeed Troschel
acknowledges that he can find no difference of suffi-

Fig. 20. Melania depygis.
¢ 21, Gyrotoma ovoidea.
¢« 22. Io spinosa. L

sFrom American Journal of Conchology, ii, 134, 18G6.

~ Fig.24, =

cient importance for the separation of Melania depy-
gis, or of Gyrotoma* from Ancylotus.

Pachychili. There is in this group also a
marked distinciness of form. As e have excluded
this genus from the family Strepomatide on consid-

erations entirely conchological, it is very interesting .

to find in the dentition differences quite as marked

a8 those existing in the shell. To show the very

eculiar form of the Rhachidian tooth, we copy from
roschel the following for comparison : —

Fig. 23. Pachychilus leevissimus.

Schiedeanus.

It is curious, however, and shows how little

" dependence can be placed on any one character in

the grouping of Mollusca, to find Pirena and Jelan-

ggzs placecf by this author together with Pachy-
lus, on account of their almost identical dentition,
when they differ so much in conchological char-
acters and in geographical distribution.

Dr. William Stimpson, nearly two years since,

‘published a paper in the ‘“American Journal of
Science and Arts, “On the Structural Characters

of the so-called Melanians of North America,” con-
taining the results of observations of the animals of
several of our species, including an Jo, Anculosa,
and Goniobasis. The individuals of these three very
distinet genera were not found to differ one from
another in any structural character, although readily

- distinguished from Oriental species. We will state .
~ the differences in their relative importance, as they

appear to us. 1st. By being oviparous, while the
latter are ovo-viviparous. - 2d. By the mantle-
margin being plain in the American, and fringed in
the exotic family. 3d. By difference in dentition,
To these may be added a sufficient conchological
difference to justify the separation into two families,
even if the soft parts were undistinguishable.

* He curlously relgrets that the nearly-allied genus Schizostoma, Lea,

" s unknown to him
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~ MONOGRAPH OF STREPOMATIDE.

Faymy STREPOMATID.E, ! . oeymax.

Strepomatide, Harp., Proc. Acad. Nat. Sci., Sept., 1863.

Melaniana, Lay., Extr. d’un Cours., 1812, Hist. Anim. sans. Vert.,
vi, p. 163, 1822; edit. 2, viii, p. 425, 1838. - DesmayvEs, Encyc.
Meth., iil, pp. 431 and 533, 1832. REEVE, Zool. Proc., p. 76, 1841,

~ Conch. Syst., ii, p. 119, 1842. Sowersy, Couch. Man., ed. 2, p.
187, 1842. Carrow, Conch. Nomenc., p. 185, 1845."

Melanide (part), LATREDLLE, Fam. Nat., 1825. Lxa, Proc. Philos. Soc.,
iii, p. 164, 1843.

Melaniane (part), Swarxsox, Malacol., pp. 198 340, 1840.

Melaniade (part), GRaY, Syn. Brit. Mus., 1840. Zool. Proc., part 15,
p- 153, 1847. TurToN'S Manual, ed. 2, p. 79, 85.

Melaniide (part), Apaus, Genera, p. 293, 1854.

Ceriphasine, GrLy, Proc. Acad. Nat. Sci., pp. 34, 35, Feb., 1363.

IO, Lea.

Io. Im, Tmns Phl!. Soc., iv, p. 122, 1831.* SOWERBY, Conch Man.
2d edit., p. 167, 1842. DxKavy, Moll., New York, p. 103, 1843.
mewsm Indicis Generum Malacozoorum, p. 562, 1846.

I (sp-), Lea, Gray, Proc. Zool. Soc., pt. 15, p. 133, 1847. Jar, Cata-
logue, 4th edit., p. 277, 1852. H. and A. Apams Geners, i, p. 299.
Cuexv, Man. de Conchyl., i, p. 290, 1859. ANTHONY, Proc. Acad.
Nat. Sci., p. 69, 1860. REeevEe, Monog. Io, April, 1860. BINNEY,
Check List, June, 1860. Brot, Cat. Syst. des Mélamens, D- 29,
1862. °

Bfelafusus, SwAINSON, Malacol., pp. 201, 341, 1840. Woonwm, Manual,
p- 181, 1851.

Fusus (sp.), Sax, Jour. Acnd. Nat. Sci., 1st series, v, pt. 1, p. 129,
Nov., 1825. -

" Mzelania (sp.), Catrow and ReevE, Conch. Nomenc., 1845.

*Date of title page of the volume, 1834, but the part containing Mr. Lea’s Memoir
was prioted and distributed in 1831.

L.F.W.B.IV. 1

& LAND AND FRE:..

SHELLS OF N. A. [PART IV.

Description.— Shell fusiform; base canzliculate; spire ele- .

vated ; columella smooth and concave.— Lea.

Geographical Distributio: — The
few species ccmprising this genus
appear to inhabit exclusively the

waters of Middle and East Ten-
nesse= and southwestern Virginia.

Observations.—Mr. Lea has re-
cently described eight species which
he proposes to consider a distinct
group of Jo, but I cannot distinguish
them from Pleurocera. The longer
fuse, sharp lip and fragile texture of
most of these species, show them

to be immature shells, and in several

instances T had no difficully in proving them identical with

mature shells described by Mr. Lea as Trypanostoma (= Pleu-

rocera), by means of series of specimens of different ages.
Excluding these, twelve species have been described; of
which we propose to retzin five, regarding the others as symno-
mymes. Many naturalists consider the genus to be restricted
_to one valid species, and cite the nearly uniform size of the
she!ls, their similar ornamentation'and restricted habitat as
proofs of the correctness of their opinion ; there appears to me
to be a well-founded division of the species into two groups,
the one containing shells which are smooth or obscurely tuber-

" culate, and the second those developing distinct spines. En-
deavors have been made to connect Jo fuvialis and spinosa,

the respective types of the two groups, by series of specimens,
but no fluvialis has been found with better developed protu-
berances than the shell described by Mr. Reeve as verrucosa,
which is still a long way from the spinosa. In the young
shells the differences are very much better shown than in

L96T HOUVIN ‘G2 *ON VNVDINALS .
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10, \ 8
mature individuals, and no one ‘would think of connecting the
quite young of the two. : ' s

Species.—There are very many groups in the other genera

of Strepomatide in which the species resemble one another
quite as closely as in Jo; we may instance the close resem-

blance of Angitrema armigera and Duttoniana 5 of verrucosa

and lima; of geniculata, salebrosa and subglobosa; of Anculosa
prerosa and teeniata; of the species of Schizostoma ;> of the
-heavy cylindrical Goniobases of North Alabama; and many
like instances will occur to those who have studied the family.
—4m. Jour. Conch., i, p. 41, 1865.

In a figure included in the introductory portion of this work
will be found the lingual dentition of a species of this genhs,
Do spinosa, Lea (fig. 22). i

; SYNOPSIS OF SPECIES.
) L_ _8hell smooth or somewhat tuberculated. -
. 1 Io FruviaLs, Say.
Io tenebrosa, Lea.
Io verrucosa, Reeye.
? :2. Io INERMIS, Anthony.
Io Jurida, Anthony.

B Shenl spinose.
8. Io sprvosa, Lea.
- Var. Io crassa, Anthony. :
: (Monstrosity) Io gidbosa, Anthony,
- Var. Io recta, Anthony. : .
Var. Io rhombica, Anthony,
_ . % o BREVIS, Anthony.
. Io spirostoma, Anthony.

._ : 3. Iomnru, Anthony.

4 LAND AND FRESH-WATER SHELLS OF N. A. [ PART IV,

SPECIES.
A. 8hell smooth or only slightly tuberculate.
1. I. fluvialis, Sa7.

Fusus flurialis, SAY, Jour. Acad. Nat. Sci., v, p. 129, Nov., 185. CONRAD, New
Fresh-Water Shelis, p. 12, 1831,

Jo fluvialis, Say, BINNEY, Check List, p. 12, June, ;0.

Jo fluviatilis, Say, WOODWARD, Manual, ¢. 8, £.27. .. rtcv Conchological Misc.
Melania, £.6,1.50. REEVE, Monog. Io,t.1,1.5. E.5 A. iDaws. Genera, i,299.
BzroT, Cat. des Mélaniens, p.29. Bror, Malacol. Diatt, ii, 114, 1860.

Plewrocera flurialis, Say, BALDENAN, Iconog. Encyec., ii, p. 8.

. 2o fusiformis, LEA, Philos. Trans., Iv, p. 122, £, 15, 1. 37a, b; Observations, i, p. 132,

€15, £.37a, 3. RAVENEL, Catalogue, p. Il. TROOST, Cataiogue Shells of Ten-
messee. CHENT, Man. Conchyl, i, £. 1977. DEEAY, MoHuasca New York, p. 103,
WHEATLEY, Cat. Shells U. 8., p. 28. Sa¥, Catalogue, ith edit., p. 277. REEVE,

Monog. Io; £.1,1. 8.

B tencbrosa, Lz, Philos. Proceedings, ii, p. 34, April, 1341; Philos. Trans., ix, p.

17; Observations, iv, p. 17. WHEATLEY, Cat. Sheils U. 8., p. 29. BINNEY,
Check List, No. 404. H. & A. ADAMS, Genera, i, 299.

> verrucosa, REEVE, Monograph Io, ¢. T, £.2, April, 1850. BRoT, Cat. des Méla-
niens, p. 29, ol i : 7

* Deseription.— Shell fusiform, olive-green or brownlish; spire much
danted, gradually tapering; volutions pearly six, wrinkled across,

and with a series of elevated un-
Fig. 27, dulations on the middle; suture
' " consisting only of an impressed
line; aperture somewhat fusiform,
within whitish, more or less with
dull reddish, and with sevéral lines
of that color sometimes confluent;
labrum on the inner margin im-
maculate, edge undulated; canal
rounded et' tip; columella very
concave.

Length, 1 8-10 inches; aperture,
19-20 of an inch; greatest breadth,

. 19-20 of an inch.
. Obsercations.—Professor Vanuxem found this curious and highly in-
uﬁsﬂng shell (Fig. 27) o the north fork of the Holston River, near
the confluence of a brook of salt water. From the name of the genus

" 1t might reasonably be supposed to be a marine shell, but it has never

been discovered on the coast, and seems to be limited to a very smal]
district of the Holston River, in company with Unio cariosus, sub-
tentus, nobis, Melania subglobosa, nobis, and no doubt other fluviatile
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i* may aunthorize the
~haracter in the

shells. When th  nhohit ot beco .3 know:
formation of a new genus, but ther: appe

conformation of the shell that would readxly distinguish it from

Fusus.— Say.

Mr. Lea, upon instituting the genus Io, renamed ﬁumalzs
as fusiformis, Lea, in accordance with a custom very usual
among naturalists, but very reprehensible. He has recently

" done Mr. Say and himself the justice of restoring the onglnal
name —an example worthy to be followed.
. A young, very dark colored specimen of this species, Mr. Lea
named Jo fenebrosa. He now agrees with me in considering it
to be a synonyme of fluvialis.
. The following is the description, together mth a ﬁcrure from
the type specimen, of

Io temebrosa.—Shell fusiform, rather thin, nearly black, smooth;
Fig. 28.

 spire conical; sutures scarcely impressed; whorls
six, flattened; aperr.ure irref'nlatly pear-shaped with-
_in parple.

_ Habitat.—Tennessee.

- ‘Diameter, -48; length, *75 of an inch.

Observations.— A single specimen only was brought

by Mr. Edgar from Tennessee. It is a small specimen,
and may be immature. After a good deal of hesitation I have deter-
mined to giveé it a place among the species. Itseems to me to be very
distinct in color. The channel is more curved to the left and back-
ward than in Mr. Say’s species. It has no trace of spines or tubercles,
md is dark all over. I do not know if it ever occurs banded.— Lca.

The two accompan_ym° ﬁgures represent respectwely smallet
'and larger specimens than Mr. Lea’s type. The Fis- 2.

~ full grown shell is very frequently entirely smooth,

ig. 50, though it sometimes develops a few nodules

‘ ‘wpon the periphery, but these do not attain

"to the size of the ‘‘ spines” which charac- [

terize Jo spinosa, and I have not found,

among numerous specimens, any that would

,eonnect the two species. The color of fluvialis

es.from yellow through various shades of light

a.nd dark green and brown to black. Some speclmens are

| o turida, Anthony, REEVE, Monog. Io, t. 3, £.20,

‘an obscure row of low spines, nearly con-

6 LAND AND FRESH-WATER SHELLS OF N. A. [PART IV,

beantifully banded. The following description by Mr. Reeve
is founded on a shell more than usually
noduled ; the ﬁgure is a copy from hls
plate.

To verrucosa.—Shell fusiform, greerish-olive,
purple tinged and basded ; whorls six, sloping,
the first plicately crenulated, the rest tumidly
podels: st the periphery; columella attenn-
ately elcugated.

Babitas.~ Tennessee.

Observations.~— In this specles, which is of
a greenish hue, the periphery of the whorls is
; farnished with a row of swollen, wart-like

. nodules, the early whorls of the shell being
rippled with small concentric folds.— Reeve.

2. Y. inermis, AxTHONTY.

1o tngrmis, A.'fmo'rr,l’roc Acad. Nat. Sci., Feb. 1860, p. 70. BINNEY, Check List,
No. 401. REEvVE, Monog. Io, t. 3, 1. 21.

.. Description.—Shell conical, smooth, thick; moderately elevated;
composed of 7-8 fattened whorls; suture very
distinct; upper whorls slightly coronated by

Fig. 2,

cealed by the preceding whorl; shell other-
wise perfectly smooth, or only occasionally or
obscurely nodalous on the body-whorl; lines
of growih very strong and much curved;
aperture pyriform, curved to the left, banded
within; columella twisted, callous, thickened
lbove'; sinus long and carved.

Length of shell, 2 1-16 inches; breadth of
shell, 1 inch; length of aperture, 1 inch.
Breadth of aperture, § inch.— Anthony.

- Remarkable mainly for its plain, un-
adorned exterior, and smooth epidermis ;
its color also is lighter than “spinosa” or “ fluviatilis.” No
spines are visible on the body-whorl of this species generally,
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and which have a few obscure spines near !> aperturs

10. 7

4% -

are, however, little more than knobs. Some hundreds of th
species have come under my notice. Jo luridz was first . -
scribed by Mr. Reeve. It is only a dark varisty of inermis.
Indeed, Mr. Anthony himself writes to Fig. 3.

me to that effect.

- The following is the description and
figure from the type specimen of

Jo lurida. — Shell straightly fusiform;
Inrid-purple within and without; whorls
_ smooth,unarmed, concavely impressed round

the upper part, tumidly gibbous round the
. middle; columella scarcely twisted. ;

- Habitat.— Southern United States.

. 'Observations.— A smooth, straightly fusi- '\

nmn shell, of a dull, lurid-purple color :

2 thmnghout.—Beeua.

This specxa is considered by many
conchologists to be a variety of fuvialis:
it may be so, but the material before

e does not enable me to make a decision against its spe-

g

cific weight, and I think decidedly
that it is a good species.

3. I. spinosa, Lea.

Jo spinosa, LEA, Philos. Trans., v, p. 112, t.
19, £. 719. Obs., i, p. 224 TROOST, Cat.
WHEATLET, Cat. Shells U. S,, p.29. Jay,
Cat., 4th edit., p. 277. BINXNEY, Check
List, No. 402. REEVE, Monog. Io, &. 1,
f.7. HanteT, Conch. Misc., t. 6, f. 51.

Io gibbosa, Anthony, REEVE, Monog. Io, t. 3,
[ A% v S

To recta, Anthony, REEVE, Monog. Io, £.3,£.21,

To rhombica, Anthony, REEVE, Monog. Io,
£.3, £ 18,

Description. — Shell obtusely tur-
reted, wide, horn-color, under the ep-
idermis banded, furnished with large
spines; whorls seven; mouth elon-

pto, one-lmlf the length of the shell.
Habitat.— Holston River, Washington county, Vlrginla.

8  LAND AND FRESH-WATER SHELLS OF N. A. [PArT 1V,

Obsercations.— This species resembles very much the o Jusiformis
(nobis), Fusus fluriatilis, Say, but may be distinguished by its large,
tl‘lnsverselyt compressed spines, the fusiformis having some longitu-

-dinal tobercles. I am not acquainted with any fluviatile shell which
has such large spines (there being about seven on each whorl), nor
any which has such a general resemblance to = marine shell.

_ Prof. Troost informs me that they are rare in the river, that they

had been observed in the graves of the aborigines; and as it was

génenl!y believed that these were “conch shells,” consequently
coming from the sea, it was urged that the inhabitants who possessed
them must have come over the sea. It does not appear that they had
" been observed in their native element, though living at the very doors
of the pcrson who ha.d remarked them in the tumnli.— Lea.

The nocompanying figure is from a half-grown specimen in

have seen others like it.”— Beere.

- The extensive suite of spinosa that
I have examined proves that the gib-
bous ridge i3 “a mere accidental aber-
ration,” being found in all stages of

‘the Smithsonian Collection.
scribed by Mr. Reeve, quoted in the above syn-
onymy, I cannot recogmize specific characters,

" although Jo recta may possibly rank as a variety.

The descriptions of the various synonymes are
appended, with figures from the type specimens.

In the shells de-

i gibbo:a.— Shell stoutly msiform, fnlvous whorls
rndclyobliquely plicated, ob-
tusely tnbérc!ed in ‘the middle, last whorl
spirally plicately ribbed around the lower
part, rib swollen, gibbous; columella arcu-
ately twisted, canal broadly effused. -
Habitat.— Southern United States.
Observations.— The gibbous ridge which
encircles the lower portion of the body-
whorl of this species ‘““is not,” writes Mr.
Anthony, “a mere accidental aberration; I

Fig. 36.

development on specimens which are otherwise distorted in
growth, as Mr. Anthony’s type, figured above, undoubtedly is.
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" Io rvecta.—Shell somewhat elongately fusiform, straight, rather
solid, fulvous-olive, whorls concavely sloping | f
around tle upper part, conspicuously tubercled
at the angle; tubercles rather small; columeclla
arcuately twisted; canal broadly appressed;
aperture oblong; interior banded and stained
- with reddish-purple. —
=« :- Reeve. S
‘Habitat.— Tennessee.
Io rhombica.—Shell
striately fusiform, ‘ful-
vous-olive, encircled
with four bands of pur-
ple-brown; whorls con-
cavely sloping, conspic-
uously angled and tubercled in the mlddle,
colnme}la but little twisted; canal rather
short, attenuately appressed.
E’abztat -Sontheru United States. il
* Observations.— The specimen which Mr. Anthony has here named
'1‘. rhombica, 13 of more regular growth than I spinosa, with less twist

l'!‘!!-

in the cqlumella, and the whorls are more concavely sloping.—Reeze.

4. T. brevis, AxtHONY.
In&evil, ANTHONTY, Proc. Acad. Nat. Sci., Feb., 1860, p. 69. er, Check List,
No.3%9. REEVE, Monog. Io,t. 1,1 4.
To spirosioma, ANTHONY, Proc. Acad. Nat. Scl., - Fig. 3.
Feb., 1860, p. 70. BINNEY, Check List, No. 403
- BEEVE, Monog, Io, t. 1, . 1.
De.vcrtption.—— Shell conic, ovate, -horn-
" colored, spinons; spines short, thick, five
on each whorl; whorls about seven; aper-
ture elliptical or pyriform, one-half the
length of the shell; columella rounded and ¢
sinuous near the base, forming with the
outer lip a broad, well defined canal at the
Length of shell, 2 in.; breadth of shell,
1% In. Length of aperture, 1 in.; breadth
of aperture, 1 inch. i

s

10 LAND AND FRESH-WATER SHELLS OF N. A. [PART IV.

_ Habitat.— Tennessee.

Observations.— Another of the short, heavy forms in thls genus, so
nnlike the normal type of Io spircsa; wo think no one need confound
it with any other species; iis short, heavy, fizttened spines jutting
out like so many miniature spear-heads, aad its pecaliarly twisted
columella will readily characterize it. The columella is also covered
with a dense callons deposit, increased in thickness at its upper part
and often blotched with dark red at that point; irregular, ill-defined,
but broad bands are seen in the interior, ofte: “inily visible on the

epidermis. Appears to be a rather common spe'f in some localities,

of which I possess some hundreds of speclmens --—.;ir.t?zony.

Dr Brot considers this, and a.ll the other specxes of Io iden-

tical with I. fluvialis.

Mr Reeve suspects the specific identity of Io brems and
tpirostama, and I am convinced that the latter is only an aber-

ration of growth like I. gibbosa; it is, however, a very graceful

and beautiful shell.
"The following is the description, together with e ﬂgure from
the type specunen, of

b apirostoma.-—- Shen conical, broadly ovate, hom—colored spinous 3
sp!nea short, th!ck seven to eight on each whorl; whorls about nine;
_aperture ovate, about half the lenvth of
.. the shell; columella and outer lip much
and regularly twisted, and forming a well-
_ defined sinus at base.

Length of shell, 1} inches; breadth of
shell, 1} in. Length of aperture, 15-16 of
an inch; breadth of aperture, § inch.

Habitat.— Tennessee.

Observations.— This is truly a most re-
markable species of this highly interesting
genus of mollusks; its difference from the
ordinary type of Io spinosa is too marked
to admit of its being confounded with
that, or indeed with any other species;
- its stout, ovate form, short, heavy spines, and, above all, the pecaliar
and graceful curvature of its outer lip, are prominent characteristics
‘and readily distinguish it.-

Among several thousand speclmens of Io in my possesslon, bnt
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three adult individuals of this species have been notlce&, although I
bave a dozen or more which seem to be immature forms of it; it may
therefore be considered as not only one of the most aberrant and
beaatiful forms of Io, but also one of the ra.rest.-— Anthony.

8. I. turrita, ANTHONY. ;
Io turrita, ANTBONY, Proc. Acad. Nat. Sci.. Feb., 1860, p. 69. BINNEY, Check
. List, No. 405. REEVE, Monog. o, t. 3, f. 19a. -
‘_"De:cription.-—Shell conic, elevated, horn-colored, spinous; spines
rather short and heavy, about seven on each
yliorl; whorls nine; aperture pyriform, ‘about
one-third the length of the shell, and irreg-
.ularly banded within; colamella rounded,
slightly twisted and forming a short, DArTOW
_ canal at base.
Habitat.— Tennessee.
Length of shell, 2% inches; breadth of shell
! tnch. Length of aperture, § inch; breadth
of aperture, 7-16 of an inch.
- QObservations.— This is the most slender and
" elongate species of this genus which has
come under my notice,' and although a single
lpeclmen only has yet been discovered, its
claims to rank as a species will hardly be
qnesﬂoned- its long, slender form, stout,
closely-set spines, and small aperture will at
" once distinguish it from its congeners; two faint bands traverse each
whorl, one of which lies precisely in the plane of the spines; lines
of growth veq distinct, nearly varicose.

Fig. 41

This species is farther removed from To jlumalzs than any of o

the others, and appears to be very distinct. Mr. Reeve’s
figare 19, of which I have seen the original specimen, I

would refer to spinosa rather than turrita. Numerous speci-

" mens occur in the collection of Mr. Lea, who is well assured,
also, of its specific weight. The illustration is from the

* type specimen.

12  LAND AND FRESH-WATER SHELLS OF N. A. [PART IV.

SPUBIOUS SPECIES.

Io nodosa, Lea.
- Jo robusta, Lea.
Jo variabilis, Lea.

- 1o Spillmanii, Lea.
Jo modesta, Lea.
o viridula, Lea.

-Io gracilis, Lea,

Io nobilis, Lea.

PLEUROCERA.

Mr. Lea proposes to consider the above a distinct group of
Io, but I cannot distinguish them from Pleurocera. The

* longer fuse, together with the sharp lip and fragile texture of

most of the shells, shows them to be immature, and indeed, as
already stated, I have had no difficulty in several instances in
identifying them with species of Pleurocera, by the compar—

ison of specimens in various stages of growth.
" Besides the above, numerous species of Angitrema, ete.,

have been referred to Jo by European authors.

*Genus AN GITREMA ﬁuvsum. ‘

Angizrema, Harpeyaxw, Cover of No. 2, Monoo Limniades, Jan., 1841.

Potadoma (sp.), Swainson, H. & A. ADaMS, Geners, i, p. 299, 1854.

- @otella, GraY, Zool. Proc., pt. 15, p. 154, 1847.

lo(ap ); Lea, H. & A. Apays, Genera, i, p. 299, 1854. CHEND, Man
Conchyl., 1, p. 290, 1859. Reeve, Monog. Io, April, 1860. Bnor,
" Syst. Cat. Mel., p. 29, 1862.

Lithasia (sp.), Haldeman, H. & A. Apays, Genera of Recent Monusca,
.1, p. 308, 1854. ;

Anculotus (sp.), Say, Jay, Cat. Shells, 4th edit., p. 276, 1850.

Aelania (sp.), AUTHORS.

1 J‘uga (sp.)» CHENU, Man. de Conchyl

Deacnptwn.—-—SheH spinous ; aperture subrhomboidal, mth
an anterior sinus; columella with a callous deposxt s.ntenorly
and posteriorly.— Hald. .

- Geographical Distribution.— With two exceptxons, the typxcal
species of this genus are confined In their geographical range

0
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" to Tennessee and Northern Alabama. These exceptions are
A. verrucosa and armigera, both of which extend northward
into Indiana, inhabiting the Wabash River.*

- Unlike the species of Pleurocera, those of this genus are with

one or two exceptions well deﬁned and easdy dxstmvuxshable

_one from another.

SYNOPSIS OF TH.E SPECIES OF ANGITREMA.

.L. Body-whorl wlth a coronal of tubercles, wll:h frequently an inferior
i row revolving parallel with it.

L. A geniculats, Harp. 3. A. subglobosa, Lea.
: '3. .J. dclcbma, Coxe. 4 A Tuomeyz, LEa.
B Body-vrharl encircled above the aperture by two rows of tubercles, of
S _mq»hhMmohmmumn&
B A. Jayana, LEa.
0. _B(;dy-whcrl 'ith.l central row of tubercles.
. 6. A. rota, REEVE. 9. A. Wheatleyi, TRYON.
. 7. A. armigera, Say. 10. 4. stygia, Sax.
&A.Duuoniana,l.n. i ; AN

D. Body-whorl with numerous tubo:clos, in parallel rows.
T 1L A lima, €CoNEB. © 12, A. werrucosa, Rav.

.A. v-Body-uhorl with @ coranal of tubercles.
L A. geniculats, Harpewax.

" Zithasia geniculata, HALDEMAY, Suppl. to No. 1, Monog. of Limniades, Oct., 1840,

BoNgy, Check List, No. 299
Anculotus geniculatus, Ealdeman, JAY, Cat. Shells, 4th edit., p. 276. HANLET,
' Conch. Misc., t. 5, f. 41. REEVE, Monog. Anculotus, t. 1, f. 7.
Leptoxis gemiculata, Haldeman, BROT, List, p. 24. '
Zithasia genicula, Lea, WHEATLEY, Cat. Shells U. 8., p. 28. ADAwS, Geners, i, 308,

It h a curfous fact that many of the tubercalate and plicate specles of Strepomatida
inhabit the Wabash, so far north of thelr geographical centre. Mr. Lea informs me that
the same curious distribation prevalls with certaln southern species of Unionidz.

14 LAND AND FRESH-WATER SHELLS OF N. A. [PART IV.
Description.— Shell short and ‘ponderous; body-whorl crowned
' ; . Tig4

with a row of conlca.ll tubercles; laoium with a callus above and
below; aperture elliptic, with a sinus at ga.ch extremity.

Length, § inch.

Habitat.— East Tennessee.

Observations.— Differs from Melania salebrosa, Conrad, in having but
t single row of tubercles, and a more abrupt shonlder.— Haldeman.

‘Generally but one row of tubercles is developed on this
species, but occasionally a second and less prominent row is

.visible. The whorls are more shouldered, and the tubercles

larger and less numerous than in L. salebrosa, Conrad. In
general form it approaches L. Tuomeyi, Lea. It is the largest
and most ponderous species of the genus.

Mr. Lea consxders gemculata to be the same as salebrosa.

- A A. salsbrosa, CoNRaD.
Melania salebrosa, CONRAD, New Fresh-Water Shells, p. 51, t. 4, 1.5, m CB!\‘U,

* _ Reprint, p. 24, t. 4, £. 13. DEEAY, Moll. N. Y., p. 100. WHEATLEY, Cat. Shells

_.U.8., p.25. JAT, Cat., 4th edit., p. 274.

Anculotus salebrosus, Conrad, REEVE, Monog. Anc., t. 1, 1. 6 (bad figure).

Leptozis salebrosa, Conrad, BROT, List, p. 25.

ZLithasia salebrosa, Conrad, BOYNEY, Check List, No. 303, Apaws, Geners, i, 308,

" -Description.— Shell short suboval; thick, ventricose, with a series
ot e &6, of very elevated nodes on the shoulder of the

il body-whorl, and generally two series of smaller

b eroded; aperture about half the length of the

shell, contracted; within purplish; columella

with a callus above, and another _Dmear the

; base. : S

" ' Observations.—This singular shell approaches the genus Anculotus in

nodes beneath; spire very short; apex much"

L96T HOYVI ‘Sz *ON VNVDIMALS

Ly



. ANGITREMA. pn 1

form, but the aperture is that of a Melania. I found it adhering to

logs in the Tennessee River, at Florence, where it Is abundant My

friend, Wm. Hodgson, Jr., found it also in the Holston River, in
Tennessee.— Conrad.

This species is allied to No 1, but may be dxstmcrmshed by
its smaller size and much smaller shoulder, by its crowded
tabercles, and by the constant presence of one or more inferior
rows.. On the other hand it is closely allied with L. subglobosa,
Lea. Like the former, it is a very abundant species. I think

the locality in East Tennessee, quoted by Mr. Conrad, an error.

3. A. subgloboss, Lea.
Zithasic subglobosa, LEA, Proc. Acad. Nat. Sci., p. 55, Feb., 1861. Jour. Acad. Nat
Seci., v, pt. 3, p. 261, t. 35, £. 70. Obs,, ix, p. 83.
" " Description.— Shell tuberculate, subglobose,' thick, yellowish horn-
 eolor, double-banded ; spire -scarcely exserted; EH
mtures impressed; whorls five, the last very a
hrge towards the shoulder tuberculate; aper- §
tare lnrge, rhomboidal, within white and double-
banded, channelled at the base; columella very
much thickened above and below; outer lip expanded, acute at the
* Operculum rather small, very dark brown, subovate, with the polar
- point within the lower feft edge.
B’nbimt.—'l‘ennessee Prof. G. Troost.
Dh.meter, -48 length, *60 inch.
- Observations.— Two specimens of this remarkably globose species
h:ve been in my possession for a long time. I had doubtsof their
" being only the young of Melania (Lithasia) salebrosa, Conr., but they
are so different from any young of that species which 1 have seen that
X cannot pow doubt their being entirely distinet. T know of no
“ species which has so obtuse a spire. In this it resembles Anculosa,
- bat the well characterized columella forbids its being at all confounded
wﬁ:ha.ny species of that genus. ' The callus above and below is unas-
nallystmng; below it amounts almost to a fold. One of the specimens
1s full grown, and has five turbercles on the shoulder of the outer half
of the last whorl, and near the edge there are three above those five.
The smaller one is little more than half grown, and has not as yet
formed any tubercles. The two broad bands are below the row of

16 LAND AND FRESH-WATER SHELLS OF N. A. [PARTIV.

tubercles. The last whorl is so large that it nearly covers all the
others, leaving merely a point to mark the vertex. The two bands
are well pronounced interiorly as weil as e ~*eriorly.— Lea.

Over fifty specimens of this species are before me. They are
closely allied to salebrosa, but uniforuiiy much smaller, and
generally wider. Besides, the spire is shorter, and but very
few of them exhibit a slight tendency towards tuberculation
below the upper row. The whorls are uct shouldered except
in very old individuals. A very constant character of the
species consists in the two broad, revolving bands of brown;
a few specimens, however, have instead four narrow bands
approximating in pairs, and two or three are of uniform color,
without bands. The young differ much from the adult shells
in appearance.

4. A. Tuomeyi, Lea.

Lithasia Tuomeyi, LEA, Proc. Acad. Nat. 8:i., p. 55, Feb., 1861. Jour. Acad. Nat.
Sci., v, pt.3, £.35. 1. 68. Obs.,ix, p.8".
Anculotus Florentianus, Lez, REEVE, Monog. Anc., t. 1, f. 4.

Description.— Shell tuberculate, much inflated, rather thick, dark
horn-color, spire obtusely conoldal; sutures impressed; whorls five,
the last large, below the sutures obliguely tuberculate;
aperture large, rhomboidal, whitish within, obscurely
banded, channelled at the base; columella very much
incarved, thickened above and below; outer lip ex-
panded, acute at the margin.

Habitat.— North Alabama; Prof. Tuomey.

Diameter, ‘64; length, 1-04 inches.

Observations.— A single specimen only was sent to me
by Prof. Tuomey. Itwas with L. fmperialis, herein described. Being
1-04 inches in length and -6% in diameter, it will be seen that the
proportions differ very much from that species. . It cannot.be con-
founded with Lithasia semigranulosa, for that spedies is always more
raised in the spire and studded with numerous rather small tubercles.
It is more closely allied to Lithasia salebrosa, Conr.,* but that specles
has a lower spire, has larger and usually more tubercles, and these,

®Mr. Lea considers L. salebrosa and L. geniculata -dentleal. It s with the latter spe-
cles that the comparison Is Intended to be made,

¥
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if not vertical, incline to the left, while those on Tuomeyi are irreg-
ular and incline very much to the right, the number on the specimen
before me being five on half of the last whorl. It is closely allied to
Lithasia Florentiana, nobis, but differs much in the tubercles, in bcix;g
_a heavier shell, less acuminate, in being thicker on the columella and
open in the channel. The Tuomeyi is much thicker above and below
on the columella, has the obscure band within, and the outer lip is
thickened and white inside the edge.

This species and imperialis were accompanied by many specimens
of semigranulosa and Florentiana. The exact habitat was not meu-
tioned. I bhave peculiar pleasure in dedicating this species to my
friend, the late Professor Tuomey, whose able report on the geology
of South Carolina and Alabama has justly gained him so much repu-
tation.— Lea.

B. Body-whorl encircled above the aperture by tiwo rows of tubercles, of :

which the inferior one is most prominent.

5. A. J’sya.na, LEA.

Nelani‘; Ja%ana, LEA, Philos. Proc., ii, p.83. Philos. Trans., ix, p.,20. Obs, iv,

P-20. WHEATLEY, Cat. Shells U. P-25. JAY, Cat. Sheu dth edit., p. 27

BINNEY, Check List, No. 154, o J iz e

Jo Jayana, Lea, BROT, List, p.29. Mal. Blatt., v, 115, mo

xeh;m robulina, ANTHONY, Bost. Proc,, iii, p. 263, Dec. 1850. BINNEY, Check List,
0. 230,

Io fobulim, Anthony, REEVE, Monog. Io, sp.15. CHENT, Man. COnchyL, i, f. 1976,

Description.— Shell tuberculdte, subfusiform, thlck pale horn-color;
spire exserted; sutures linear
and curved, whorls rather
convex; impressed in the
middle, surrounded by a
donb_le series of tubercles;
columella incurved, thickened
above; aperture trapezoidal,
whitish within.

Habitat.— Caney Fork, De-
Kalb county, Tennessee.

Diameter, *78; length, 1-20 fnches.

' Observations.— Dr. Jay had two spec[mens of this species, and I
owe to his kinduess the possession of one of them. It.rery closely

L. F. W, 8.1V, )

Fig. 51: . Fig. 50.

18 LAXD AND FRESH-WATER SHELLS OF N. A. [ParT 1V.

resembles the M. armigera (Say), In most of its characters, but may
at once be distingnished by the double row of tubercles, the
armigera never possessing distinctly more than one row; below the
sutures, however, there are sometimes imperfect tubercles, which
are caused by the protrusion of the tubercles of the superior whorl,
This protrusion also takes place in the Jayana, but causes in it only
a constant carvature in the linear suture.

The apex of the specimen is much eroded, and consequently I am
not sure of the number of the whorls, probably eight or nine. The
aperture may be rather more than one-third the length of the shell,
and is acutely angular at the base, with rather a deep sinus. The
callus above causes a considerable sinus there. -

L96T HOUVYW ‘92 *ON VNVDINALS

The operculum is dark brown, the radii converging at the lower .

interior edge.—Lea.
This shell and Mr. Anthony’s 2L robuhna are entuely iden-

tical in every respect, the species being a very constant one in

all jts characters, as I am unable to select from a considerable
number of specimens any which exhibit variations from the
type form. It is an exceedingly abundant species, and very
remarkable for its peculiar armature and the narrowed canal
suggestive of the genus Jo.

The following is the description of

Melania robulina. — Shell solid, ovately rhomboidal, corneous,
encircled with brown bands; whborls six, bearing a double series of
nodules, the upper one immersed in the suture; aperture rhomboidal

. produced into a rostrum, callous behind.

Habitut.— Cumberland River, Tennessee.

~Long. 1; lat. 5-8 poll.

Qbservations.—Of the same size as M. armigera, Say, but differs in
_coloration; the rostrum is much longer, and the posterior series of
tabercles much more developed.— Anthony. i

6¥
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C. Body-whorl with a central row of tubercles.

8. A. rota, REEVE.
Iorota, REEVE, Monog. fo, sp. 13, April, 1800 Bror, List, p. 20.

Dzscnptzon.— Shell globosely turreted, thick, ponderous, yellowish,
encircled at the base by a brown band, olive; whorls few, rudely con-
cavely sloping, faintly striated, encircled round
the periphery with large, obliquely compressed
tuhercles; columella short, but little twisted.
. Habitat.— United States.

Observations.— A solid, globosely turreted
shell, prominently armed with tubercles, which
are compressed obliquely into fans, like the
fans of a water-wheel.— Recve.

The fignre is copied from Reeve. I
have never seen this species, the type of
which was in thé collection of the late

Hugh Cuming, Esq., London; 1t may be only a remarkable ,

specmen of A. Jayana, Lea.

"I. A, armigéra, Say.

Melaniz armigera, SAY,Jour. Acad. Nat. Sci., 1st ser., ii, p. 178, Jan., 1821 BINNEY’S
Reprint, p. 71. BINNETY, Check List, No.21. DeKay, Moll. N. Y, p. 93. JaAry,
Cat., 4th edit., p.272. TROOST, Cat. WHEATLEY, Cat. Shells U. S., p.24. Car-
Low, Conch. Nomenc., p. 185. HANLEY, Conch. Misc. Melania, t. 7, £. 60,

"To armigera, Say, REEVE, Monog To, f.11. Apaus, Genera, i, 299

De:criptwn - Shell tnpering, brownish horn-color; volntions about

six, slightly wrinkled; spire near
the apex eroded, whitish; body-

| Fig.®.

‘about five or six distant, prom-
inent tubercles, which become
. obsolete on the spire, and are
concealed by the revolution of
the succeeding whorls, in con-
~ sequence of which arrangement
there is the appearance of a sec-
ond, smaller, and more obtuse
subsutural scries of tubercles on the body-whorl; two or three obso-

whorl with a revolring series of -

20 LAND AND FREST-WATER SHELLS OF N. A. [PART IV.

lete revolving reddish-brown lines; apcrture bluish-white withing
a distinct sinus at the base of the columella.

Habitat.—Ohio River.

Length about one inch.

Distinguished from other North American species, by the armature
of tubercles.— Say. i

This beautiful and extensively distribu‘cd species is allied
only to L. Duttoniana, Lea (for dist'ctve characters see
description of that species) ; from all others it is very distinct.
Besides the original locality, Jay and Troost give Tennessee,
and Mr. Wheatley, Kentucky, as its habitat. I have before me
a series of the young shells presented to the Philad. Acad. Nat.
Sciences, by Mrs. Say, which were collected in the Wabash
River, Ind.

This shell Prof. Haldeman has made the type of his subgenus
Angitrema. He has also (Icon. Encye., ii, p. 84) referred it
to Rafinesque’s genus Pleurocera.

8. A. Duttoniana, Lea.

Aelania Duttoniana, LEA, Thilos. Proc., ii, p. 15. Philos. Trans., viii, p. 189, t. 8,
£. 834, Obs,, iii, p.26. Catrow, Conch. Nomenc., ., P- 186. BINNEY, Check List,
No. 2. Ju, Cat. 4th edit., p. 273.

To Duttoniana, Lea, REEVE, Monog. o, f. 9. BROT, List, p. 29. CrHENU, Man.
Conchyl,, i, f. 1974. s

To fasciolata, REEVE, Monog. Io, f. 14.

Description.— Shell tuberculate, fusiform, rather thick, yellowish,
banded; spire elcvated, pointed at the apex;

_ sutures irregularly lined; whorls seven,

depressed above; aperture elongated, angu-

lar and channclled at the base, within
whitish.
ITabitat.— Waters of Ten.n. Duck River,

Maury Co., Tenn.

Diameter, -57; length, 1-09 inches.
Observations.— This is a beautiful species.

The most perfect specimens are remarkable for their fusiform shape

and their long aperture, which presents a curved columella and

extended sinus somewhat like the genus Jo. The bands in some
individuals are numerous and distinct, the largest being nearest the
base. The tubercles form a row round the middle of the whorls of

~ Fig. 54 ¥Fig. Sla.

0S8
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