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PLEISTOCENE NON-MARINE MOLLUSCA OF THE RICHARDSON LAKE 

DEPOSIT, CLARENDON TOWNSHIP , PONTIAC COUNTY, 

VUEBEC, CANADA 1 

GAIL GUY GIBSON 

Department of Geology , Oh io State Un i;rersi ty 

ABSTRACT 

The paleoe.::ology and the quanti ta ~:;:.ve changes 
in the non -mari n e molluscan assemblages from 
two marl sect ions in the Richardson Lake depo 
sit are descri bed. These changes and varia ~ 

tions in ·:: i t.hclogy and shoreline fe atures are 
used to ::-e·;cns truct the environmental condi -· 
tions pre·• ai h ng durin g marl deposi t ion and 
the de·relopment o f modern Richardson Lake . The 
marl secti ons g ::-ade abruptly downwa rd i:J. to 
Olamplai n Sea deposits and contain little ex
traneous mete r i !l besidesplantremains. Neith 
er section repre:;ent s a complete cycle of in
filling of a lake , the truncation being related 
to decreasing ws. ter levels in the Ottawa an d 
St. Lawrence River va!leys . Of the 27 spe·~ies 

of Mollu sca reco r d e d , 9 are post- dep csitic nal 
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:. n;raders ::. n the sections. The quanti ta ti ve 
changeB i n th e aquati;: species present in the 
sec t J. ons su gge s-;; ·vari ations in depth , tempera
ture , IID d pH o f the waters as well as in sub
strate -::onditio:ls . These changes are contrasted 
bet wee!!. th e two sections with regard tq their 
proximity to deep'!r areas of the lake and a 
moderating c l ~m~te. Comparison of these assem
blages w:. th Gthe:- Late Pleistocene and living 
mollusc an assemblages elsewhere in glaciated 
regions ofEastern North America indicates that 
the Mollu sc<. mig r ate in response to temperature 
changes : In t.h ::.s :ase the temperature is in
fluen c ed by the adv ~mce and retreat of the con
tinental glaciers . 
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INTRODUCTION 

Purpose of i n Jest ~ gat ~on 

This investigati on was undertaken to study 
t.he Plei s to cene Mollusca recovered from the 
marl deposit adj.a.:: ent to Richardson Lake, Cla
rendon Towr:sh :. p, Pcntiac · Coonty , ().lebec , Cana
da. Criti~al exami nation of marl obtained from 
two systemati:: ally : ollected stratigraph ic se~
tions and a quantiLative study of the mollus
can assemblage o f the marl le-d ·to r .econstruc
tion of the paleoenvironments · which obtained 
as the marl wo.s a::::umulated. Paleoecolo-gic~l 

interyretqt:.ons presented are made from the 

observed verti -::a l variation and aoondance of 
the most p r ominent species in the collections. 

An attempt is made here to relate the two 
closely adjacent and presumably · nearly synchro
nous fossil -records of Secti on G and Section 
GG to each othe1: and to fossil records of other 
marl deposits i n glaci ated regions of North 
America. In this way it may be possible to 
establish the re laticnship between the distri
bution of n on- ma rine Mollusca and the events 
resulting from Late Wis consin glaciation in 
northern United State.s and southern Canada . 

I 
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Location of Deposit 

The Richardson Lake marl deposit lies on 
land owned by George Olamberlain along the · 
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 l
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 wwter , 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 
marl section , and samples collected from stra
tigraphic columns in each pit. Ea~h 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 
thous .and milliliters of sample . 
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GEOLOGY OF TilE AREA 

Regional Geology 

The Richardson Lake marl deposit is situa
ted near the southern edge of the Canadian 
Shiefd in the ·southwestern portion of the Lw
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 2~ miles northeast of 
Richardson Lake . This outcrop is largely Gren
ville carbon a tes 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 Pou te 8~and 'the Portage
du-Fort road. In the area easL and north of 
Richardson Lake the bedrock qutcrops thrusting 
through . the Pleistocene-Rec.ent 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 i n age. For row (196 1, p . 101) would place the marine in-
mappable units he delinea t e s san d an d g ra ve l , imdati0n : at ~ . 11 , 000 to 12 , 000 C-14 years B. 
till , and clays . Th e deposi ts sur roundin g P . on dates derived from marine shells -. .l •:and 
Richardson Lake which Sabourin mapp ed as sand Terasmae (1965 , p . 36) indicates that the inun ~ 
and gravel are thought to have been deposited dation was comingtoa conclusion some 9 , 000 to 
by the Champlain Sea wh i ch encroach ed ove r t he 9, 500 C- 14 years B.P . or earlier . At this time 
Ottawa and St . Lawrence River va lleys fo ll ow- the St . Lawrence drainag!l was taking shape, 
ing th e waning remnants of t h e Wisc onsin ice probably occupying its pre~;ent configuratioll 
sheet . Th i s area and th e area t o the sou theast s ome 7 , 000 to 8 , 000 C- 14 years B.P . (Terasmae , 
along the Ot t awa Ri ver wer e part o'f a s tru c tu - 1965 , p . 38) . Needless to say , a wide range 
ral and topographi c low which appa r en tly in - of dates is c ited for these events , rut they 
fluenced ice movements and permi tted i nflu x of fa ll w_ith in_~ e_. ~\Yil!L.S!:ll!l .. r_i!,L p.erio.d . .oL.-time . ··-·····-· 
the" se-a~----~~bciur i-;) -Tf965 , -p·:-3TI ... rep~rts .. .. ~t.h iif .. ... -·- 'Th ~ -~g~-of the sudicial deposits surround-
nor th of the Ottawa River Vd l ey the ice mc·ved ing Richardson Lake and the adjacent lakes and 
neal'ly due south and that with in the '".- ll ey marshes is indicated to be Late Wisconsin by 
s tri ae indi cate a southeastward movr:men t. Gadd the studies consul ted in the preceding text , 
(196 38, Legend) repor t s a s in gle O.i '!' ection of which also provi des a background into which 
gl acial striae, alSo s outheastward , in h is the developmen t of the marl deposit may be 
studies of the Ch a l k River area , no rth of Pem - pl aced . The glacial deposits provided the rna-
broke, {)\tario . Wil son (1924, p .. 12 ) states teri al v.h i ch the waters of the Champlain Sea 
that in the Arnpriq r -Q.iyon area wh ich is s outh reworked in to bea ches and shall ow sandy sea 
and east of Richardson Lake there i s also a bottoms in this area . The uplifting land 
single southeastwwrd direction of stri ae . Ka r - drained the area leaving topography that ha11 
row (1961, pp. 100 , 101) states that after par - sq far developed only a youthful drainage pat-
tial deglaciation , theOttawa-St . Lawrence Low- tern. 
lands were invaded by marine waters which ad-
vanced as the ice retreated and formed the 
Champlain Sea . Gadd (19638, Legend ) repor t s 
that 111arine 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 Macoa& . De Geer (1892, p . 469) and 
later workers in the Ottawa - St . Lawrence val
ley have s 'tudied wave terraces and beaches be
lieved to be remnants of th~ Ch~mpiain Sea . 
They state that thehighest elevation from pre
sent sea-level attained by the Late Ple i stocene 
marine inundation was at least 690 fee t . Ev i 
dence that these terraces are ac tll.ally mari ne 
is in the form of imbedded marin e fossi l s , 
such as Macoaa. As the ice receded i nlets we r e 
opened which drained the ancestral Great Lakes 
into the Oamplain Sea, thus converting marine 
to brackish- and fresh-water conditions . ' The 
outlets 'v.hich came into existence are des i gna 
ted the North Bay-Mattawa and Fossmill outlets 
in the literature . Carbon 14 dates on materi 
al collected by Terasmae indi cate that the 
latter ou.tlet opened sane 9 000 to 10 . 000 C-14 
years B P . (Gadd , 1960, pp . 27 , 28) . I sos ta
tic uplift of the Ottawa-St . Lawrence re gion 
was undoubtedly occurring at thi s time , di s
placing the marine and brackish - wa t er environ 
ments and exposing the regi on to erosi on .· Kar-

Ri chardson Lake Are a 

For several miles in all directions from 
Ri chardson 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 _bo.1.1lde.rs.. & t i.n..o..ther lo{:ali- · 
ties there are numerous boulders and <;obbles 
in the sand. The boulders and cobbles as well 
a s most of the smaller material are of pPedo
minantly igneous and metamorphic origin and 
are similar to rock seen in outcrop to the 
north and west . The sedimentary components 
have an appearan ce 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 
se-grained, 
composed of 
ever , the 
quar t z . 

th e a rea i smostly medium - to coer
sub-angular to sub-rounded, and 
a complex suite of minerals . How
maj ori ty of the sand grains ar!! 

Th e topography of the a rea is rela ti Yl!lY 
flat or slightly rolling with a large number 
of depressions , many of wh i ch contain small 
lakes , ponds , or swamps and have internal dr~in
age . Richardson Lake is one of a series of 
four lakes and accompanying marshes occupying 
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an elongate , shallowly S-shaped depression a
bout lYz miles long. An unnamed c reek 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 sc rub as is a 
swamp at the east end of it which marks the 
western extremity of thi s 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 
there is a small swamp and perennial vegetation 
growing to the water1 s edge. The small lake 
to the north ofRichardson 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 accumu l ation of sand whi ch 
is washed in to the valley in large quanti ties , 
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 Olamber
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 i nches of sand 
and soil, or muck with between 3 in ches 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 , 4Yz feet , 8 feet , and 15 feet above the 
present level of Richardson Lake . The lowest 
terrace has a well-developed s od cover so that 
the water level must have been lowered to its 

present level a long time ago. The terraces 
are espe cially noticeable around the windward 
shores of the two lakes and the connecting 
marl deposit . The Ri chardson Lake marl depo
sit is split in to two po r tions by a low tli vide 
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 l arger portion be
ing in the swale toward the small lake (Fig . 
3). The 4\lz foot te r race probably represents 
the last time the entire v alley ' was covered 
with water and al s o the approaching termina
t ion of marl depositi on. At this water level 
the divide would ha ve been awash and the two 
lakes conne c ted , with about 2\lz feet of water 
covering the area of Sec tion G and s l i ghtly 
more over Section GG. The upper four samples 
of Section G show a dwarfing of the indi viduals 
in the assemblage as compared with the remain
der of the sect i on. This dwarfing may have 
been due to stagn a t i on · of the water. 

With the down- cutting of the outlet into 
the Ottawa Ri ver , wh i ch would coinci de with the 
lowering of water l e vels in the Ottawa-St. 
Lawrence Valley, the divide separating themarl 
deposit was breached and the water level low~ 

ered , probably i n . stages, to the present lake 
level. This lowering of the water level drain
ed the a rea between the two lakes, cut the 
erosion surface seen i n Sect~ on GG, and depo
sited the c oarse, roughly bedded sand uncon
formably above the marl J.n that secti on . This 
marked the termination of marl depos i tion and 
explains the fact that aquatic mollusks are 
found right up in to the grass in Secti on G and 
that no Pleistocene terrestrial species are 
present as in other lakes wh l. ch f i lled in ' nor
mally (Clowers . 1966 , Table 2 , p . 45 ). Much 
of the deposit , espe ci ally near the valley 
walls , is covered by sand eroded from the hills , 
in some places to depths approaching 3 feet. 
On the valley floor there i s an abrupt vegeta
tion change from moss and other moisture-lov
ing plants to good upland grass es . This vege
tation change marks the 2 foot thi ckness of 
the marl. 

The sand overlying the marl unconformably 
in section GG is coarse-gra i ned and lacks mica 
flakes whi ch are common i n othe r portions of 
the sand i n the surroun di ng h i lls . Within the 
sand is a band of a darker colored sand (Sect
i on GG) which upon c loser examination is finer 
grained, · of a more un i form size, and contains 
some mi ca . Th i s dark l ayer was cor r elated by 
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auger holes with the 16· inch 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 mu ck. 'lbe marl itself varies in 
purity due to components 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 r ather closely with these li
thologic breaks, especially in Sec ti on G. 

SY STEMATIC PALEO NTOLOGY 

Gener al Statement 

A summ;try of data pertaining to the species 
recovered from the Richardson Lake marl depo
sit is contained 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), He~rington (196~) , La Pocque (1963 , 
1964), and La Rocque (in press) . 

Class Pelecypoda 

Order Teleodesmacea 

Family Sphaerii dae 

Sphae ~i um lacust re (MUller) 1774 

Tell i na lacus t is MUller 1774, Verm. Terr. et 
Fluv . . vol. 2, p. 204. 

Cydas r-osaceum Prime 1851 , Proc . Boston Soc. 
Nat . Hist ., 4, p. 68. 

Muscul i um rosaceum Baker1928 , F. W. Mol l. 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. 27 , 28 . 

Muscul i um ~yckholt i Baker 1928, F.W . Moll . 
Wis . , pt . 2 , p. 359 , pl. 99 , figs. 6-9. 

Sphaerium lacust re Herrington 1962 , Rev . Sph . 
N. Am ., p. 19, pl. 2, fig. 1. 

lYPE LOCALITY. Europe, probably Denmark . 

DIAGNOSIS . Shell small to medium in size , 
valves thin , posteri or 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). 

E(X)LOGY. S. l acus t re :,a most abundant in 
small lakes and ponds , but is also recovered 
from larger lakes , r i vers, and streams . It is 
found in greatest abundance on muddy substra-

EXPLANATION OF FIGURES 1-6, OPPOSITE PAGE 

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 . 

Fig . 3. Sket ch map of t he Richardson Lake 
area with insert indicating the sites 
from which marl samples were obtained. 

Fig. 4. Stratigraphic variation of Gy r aulu s 
pa r vus (Say ) in the Richardson Lake de
posit. 

Fig . 5 . Stratigi"aPhic variat i on of Sphae 
rium n iti dum Clessin in the Ri ch ardson 
Lake deposit. 

Fig . 6. Stratigraphi c variation of Sphae 
r ium lacust e (M'ulle r) in the Ri ch ard
son Lake d~posit . 
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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 1n water with a 
determined pH of 6 . 4 to 7 . 46 and a fixed ca:r
bon dioxide ratio of between 9.3andl8.87 ppm. 

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

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

REMARKS . 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 there is considerable silt . 
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. 

Sphae ~i um ni ti dum C!ess i n 1876 

Cy cl as tenu i s Prime 1851, Boston Soc. Nat. 
Hist. , p. 161; unidentifiable fide Herring
ton 19 58 . 

Sphae ri um tenue Prime 1865 , Monogr. Am. Corbic ., 
p . 47 , fig . 44. 

Sphaer i um ni tidum Clessin 1876. i n Westerlund , 
Neue Binn enmoll . Sibir. , p . 102. 

Sphae ri um walke ri Sterki 1901 , Naut . , 14, p . 
141. 

Sphae ri um tenue La Rocque 1953 , Cat. Rec . 
Moll . Ganada , p. 117 . 

Sphae r ium n i t i dum Herrington 1958, Naut. , 72 . 
p . 10 . 

Sphae r i um ni t i dum Herrington 1962 , Re v. Sphae
riidae, p . 21, pl. 1, fig. 6. 

1YPE l.OCALI'IY . Siberia . 

DIAGNOSIS . Shell small , very thin valves , 
somewhat ci rcu 1 ar in outline; beaks su been tral , 
low; growth lines fine, uniformly spaced, dis
cernible over the beaks . (Modified from Her
rington , 1962, p . 21 ) . 

ECDLOGY. 'Requires co ld water , hence found 
only in deep w~ter , at considerable altitudes, 
or quite far north . (Herr i ngton , 1962 , p. 21). 

EXPLANATION OF FIGURES 7-16 , OPPOSITE PAGE 

Fig . 7 . Stratigraphic variation of Pisi d i
um c asertanum (Poli) in the Richardson 
Lake deposit . 

Fig . 8 . Stntigraphic variation of Pisi di
um compressum Prime in the Richardson 
Lake deposit . 

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

Fig . 10 . Stratigraphic variation of Val 
v ata lew i si Currier in the Ri chardson 
Lake deposit . 

Fig . 11 . Stratigraphic variation of He li
s6ma an ce ps striatum (F . C. Baker) in 
·the Richardson Lake deposit . 

Fig. 12. Stratigraphic variation of Fos s a
ri a ob r us s a de c amp i (Streng) i n the 
Richardson Lake deposi t . 

Fig . 13 . Stratigraphic variation of Heli 
so ma c ampanulatum (Say) in th e Ri chard 
son Lake depos i t. 

Fig . 14. Strat igraphic variation of Phy sa 
gy rtna Say in the Richardson Lake depo
sit . 

Fig . 15. Stratigraphic variation of Fe r 
riss i a pa r a lte la (Haldeman) in the Ri ch
ard so n Lake depos i t. 

Fig . 16. Stratigraphi c variation of Po -
menet us exacucus ( Say.) in the Ri cha rd
son Lake 4epos i t. 
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Herrington confirm11 older work i n which this 
sp.ecies was recovered from locations far north 
in Canada and Alaska (Dall , 1905, Baker, 1920, 
Baker and Cahn 1 1931, and Kindle , 1925 }. 

GFX>GRAmiC DIS1RUI!TION. Alaska ; Canada , 
1n Quebec , Ontario, Newfoundland, and the 
Northwest Territories; south into Washington , 
Utah, Michigan, New York , and Ma ine; Eurasia. 

GEOLO(aC RANGE . aefore Clowers ( 1966, p. 
35 ) no fos sii record of this s pecies was known 
i n No rth America. 

P.L'·.t\RKS. This species 1s rare i n t h • depo 
sit, occurring sporadically in Lh P se~ t: on of 
Pit GG. This sectio11 is adj acent t o Richard
son Lake (Fig. 3) which in the pas t was deeper 
and more extensive than at pr esent as is indi
cated by the wave benches hi gher a long the 
present shores. Clowers (1966, pp. 35, 36) 
reported S. nitidua from the Box Marsh marl 
deposit in Ontario. 1he presence of t h is spe
cies is indicative of a much cooler clima,te 
than at present o~ a much deepe r body.ofwater . 
The absel\ce of this species in Section G argues 
for greater d~pth andconsequently colder water 
at Secti on GG. The presence cf S . n ~ tid~m sup
ports the evidel\ce suggested by the presenc e 
of Promenetus ex~cuous in the depos it. Al
though rare, thi!! species shows preference for 
sand substrate (Sample GG-66- 18) and rather 
solid mud bottoms (Samples GG-66-T, GG-66-6). 

Sphaer~ua sulca~um (Lamarck ) 1818 

Cyc las sulcata Lamarck 1818 , Anim. sans Vert., 
5, p. 560. 

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

ECX>LOGY . Tay lor (1960, p . 46) states that 
S. su lc atum ' . . .. 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 fil ling in wi th marl . Herrington has 
found that this s pecies is almost invaria,bly 
associated wi th P ~ sidi um ccmp ressum . 'Small 
lakes , also edd1es in rivers and creeks. It 
has apreferen c e for soft sand with vegetation; 
never in swamps or ponds.' (Herrington , 1%2, 
p . . 29) . 

GEOGRAFHIC DISTIUBJTION. This species has 
been reco7ered from as far north as James Bay , 
On taric and other glac:. a t ed portions of Canada. 
In the United State s S . su l·at um seems to be 
limited in southward extent to glac iated areas. 
(Herrington , 1962 , p. 29). 

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

REMARKS . In the Ri cha r dson Lake marl depo
sit thi~ spe d es is rar e and is found in the 
lower portions of both s ections , rapidly de
creasing in numba:s upward as the non-carbcn
ate sand and ve ge t ation decrease in fa vo r of 
nearly pu re ca rbonate depos ition. The s peci
mens recovered . are not as large as those re
corded lTt Herri ngton (1962, p. 28) from Carle
ton County , Ontari o. Th i s is likely to be due 
to properties of the en vi :.onment and not migra
tion as some la r ge r specimens o r adult forms 
would have been r ec overed along with the juve
nile form s. 

Pisi dt um case~t anum (Poli) 1791 

Sphae i um lineatua Baker 1928, Ib i d , p. 3!. 5,, / Cardi um cas e ;· tar..um Poli 1791 , Test. utr. Sicil. 
pl. 96 , · figs. 4-7. vel. l, p . 65 , pl. 16, fig . 1. 

Sphaeri. um sulcqtum Herrington 1962, Rev . Sphae- Pisidium abd i:~ um Bake r 1928, F.W. Moll. Wis., 
riidae N Am., p. 28, pl. 1, f i g. 1. pt. 2, p . 407 , pl. 103, figs. l- 5. 

TYPE LOCALITY, Lake George , New Yo rk. 

DIAGNOSIS. ~ell large , transve r sely o val, 
inflated , almost equiparti te , solid; growth 
lines pronounced, unevenly spaced; h i nge long; 
lateral teeth .short to medi um in length ; car
dinal teeth offset ante~iorly . (Modified from 
Herrington, 1962, pp . 28, 29 ). 

Pisidium neg l ectum Baker 1928 , Ib id., p. 390, 
pl. 105, figs . 7, 8. 

Pis~dium po! i tum Baker 1928 , Ib i d ., p. 400 , 
pl. 102, f i g . 19. 

Pisid i um rope :·~ Bake r 1928, Il~ i d . , p. 400, pl. 
102, figs . 23-25. 

Pi sidium case<tanum Herrington 
N. Am ., pp. 33 , 34, pl . 4 , 
fig. 7. 

1962, Rev. Sph. 
fig . 1; pl. 7, 
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TYPE LOCALITY. Sicily. 

DIA~OSIS. Shell with r ather long outline, 
of moderate · weight; beak s generally subcentral , 
not high; growth lines distinct , rather fine; 
periostracum moderately dull to slightly glos
sy; anterior endmoderately long lateral teeth 
distin ct, cardinals near anterior cusps. (Mo
dified from Herrington , 1962, p. 33). 

ECOLOGY. By far the most abundant of the 
Pisid i a, P . cas er tanum has become ad·apted to a 
wide variety of habitats ; bog ponds , temporary 
ponds , swamps, swamp-creeks , c reeks with con
siderable ~urrent, rivers , and l akes. (He r 
rington, 196 2 , p. 34). 

GEOGRAPHIC DISTRIBUTION. Almost cosmopoli
tan; Eurasia, Australia and New Zealand ; North 
and South America from the Arctic Circl e to 
Patagonia . (Herrington and Ta')'lor , 1958, p. 
14). 

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

REMARKS. 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 unt il near the 
middle of the section . In both sections the 
species demonstrates preference for rather soft 
muddy substrate with moderate vegetation . The 
invasi on of this species into the area of Sec 
tion GG may well correspond to a shall owing of 
the water , to depths preferred by P . caser ta 
num . This decrease in water depth is evidenced 
by the several terraces seen on the slopes a-

· bove the present lake level. 

Pi s i d i um comp ressum Prime 1851 

Pis i dium comp ressum Prime 1851 , Proc. Boston 
Soc. Nat. His .t . , 4 , p. 16;21,. 

Pis i dium compressum Baker 1928, F . W. Moll. 
Wis. , pt . 2, p. 370, pl. 100, figs. 9-13. 

Pis idium compressum Herrington 1962 , Rev . 
Sphaeriidae N. Am ., p. 35 , pl. 5, fig. 2; 
pl. 7, fig . 14 . 

TYPE LOCALITY . Fresh Pond, nea r Cambridge, 
Massachusetts. 

DIA~SIS. Shell. medium si ze d , he avy, shape 
varies f r om sho r t and h i gh to moderwtely long ; 
beaks prominent , far back , narrow and with 
ridges ; growth lines coa rse to modera t ely fine. 
(Modi fied from Herrington , 1962 , p . 35) . An
terior cusp of left valve parallel to dorsal 
margin , no t twi s t ed ; shell tapers ventral l y in 
end view; hinge about % shell length; ante 
rior en d rounded ; shell lack s hea vy ridges ex
cept occasional nea rly s t rai ght ri dges on beaks; 
anterior and posteri o r ends with non-parallel 
slope. (Modifi ed from La Rocqu e, in press } . 

ECDLOGY. P . comp ~osum is found in many ha
bitats hut prefers n vers and small c reeks 
(Sterki 1916 , p . 447 ) ; Herrington (1962 , p. 
34) reports the spe ci es most c ommon i n shallow 
water , wi t h sand subs tr a te and vegetation , but 
that it has been collecte d f rom depths of sev
eral mete r s ; Tay l or (1 960 , p. 47) states that 
this form inhabits on l y perenn i al waters with 
some cu r rent and ne, er swamps or pon ds; Rey
no lds (1 959 , p. 47 / s tate s that the spe ci e s is 
a hur!·owing form , fe eds on detritus and plank
ton, and inhabi ts t hose en vi ronmen ts with a 
firm substrate. It ha s been co l lec ted from 
water with a determi ne d pH o f between 7.0 and 
8. 73 , and a , fixed carbon di oxi de ratio of he
tween 9.3 an d 30 . 56 ppm. 

GEOGRAPHIC DISTRIBJTICl'L Cosmopolitan in 
North Americ a.; as far nor th as Great Sl ave 
Lake , Northwest Terri tori es , south to Mexi co. 
Baker (1928, p. 371) quo t es Sterki as saying 
the spec:es is more common in t he Eas t t han in 
the West. 

GEOLOGIC RANGE. Th i s s pec i es 1s known from 
the Midd le Plio cene to the Re cent. 

REMAPKS . P. c omp :rssum is generaJ.l y less 
abundant i n the Ri ch a r ds on Lake deposit than 
rep orted by Clowers (1966 ), hu t occurs t h rough
out. both sec tions . The val ves of specimens in 
Sec tion GG ar e generally s ome what small er and 
thicker than those recovered f rom Sec tion G. 
This s pe cies achieves max i mum a bundan ce in por
tions of ea ch sec t i on which by the present c om
pac tnes s and s truc ture may h ave p r ovi ded r ela
ti vely firm mud bot toms to the lake. In Se c
t ion G thi s spe cies is mos t abundant n ear the 
middle of the s e c t i on i n an area o fnea rly pure 
marl and only moderate vegetation. In the up
per portion a de c reased , hut relatively con-
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stant population see med toha ·re existed th r ou gh 
time. Perhaps the depth o f wa t er was decrea3ed 
considerably . as the sediments m~intai~ f a.ir ly 
consistent characteris-ci c s, except for t he su 
perimposed soi l zon e. In Section GG P. "r.m
pressum is mos t common in sedi ments s imilar to 
those in Secti on G, only her~ it is i n th e up
per portion of the s ection. Agai n , wa te r depth 
in conne c tion with t h e dow:.cu t t1n g of the cut
let may haye been the ;-:-ime factor as Ta bl~ 3 
shows relatively co~stant pe rcentages bo t h a 
bove and be low the max imum. 

Class Gss tropoda 

O~d~r Ctenobranchia ta 

Fami ly Valvat:. da e 

Va b ata lewiS! O.n ie r 1868 

Valvata st ;· iat a Lewis 1856, Proc . Ac-- d Nc.t. 
Sci. Phib.., p. 269 (non Ph i lipp i, 18 36) 

Valvata lew::s·: Cu r rier 1868, List Mc.J.l . :f 
Mich ., K~nt Sci. Inst. , M:.. s ~ . Publ., no . i, 
p . 9. 

Valvata !ew ~si Bake r 1928, F. W~ ·Moll . WJ.s., 
pt . 1, p. 26, pl . 1 , fig~ . 28-30. 

Valvata l.ow ~s;. lewisi La Rocque :'.953, Ca<:. . 
Rec . Moll. Cmad ~, p 263 

'IYPE LOCALI1Y. Lit tle Lakes. New Yc·rk. 

DIAG\TOSIS. Shel l turb1na •~e fngil -"; 'i bo.Jt 
3~ \\horls , r egul arly c onvex diame ':'.e r rap::: dl.y 

· increases, ngu~arly striated ; sutu .~es der-ply 
.impressed ; spi r e somewhat depressed , flattened 
apex; fine s pi r'l.J. lines disa ppe ar on seccr.,d 
\\horl; growth line s fine ; aperture ci r cu '. ar; 
lip simple; umbi l icus wide , de ep, exhibit:.ng 
inner margins 'J f whorls. (Mcdi fied f : om B~ke r. , 
1928, p. Z7 ) . 

E<DLOGY . Th is Epecie:> has been :o J.lect~ d 
mainly in lskes from shall c, .v water c,f i.~S -3 
than 1 meter dep th, on and i n masses of •2 ge
tation with s ubstrates of sand and mud. 

GEX>GRAPHIC DISTIUilJTION. CaMd a, "he Ma -::
kenzie Ri ver are a south i nto the no rthe ;:n Un
ited States , e'l.s twa C'd to the Atl antic Se:: bcud. 

GEOLOGIC RANGE. Leona r d (1950, p . l:) h~s 
recorded V. iew i s~ f ::-om Ya rmou th · sedimer. ts . 

Late r (195?. , p . 8 ) he as::;igned it a n :nge of 
L:1 t e Kan an .;:n d Early Yarmouth to Re cent . 

REMARKS . V. l ew is: correspond s well with 
the descri. pt:.ons gi ven by Bake r. It i s r're 
i n the fudtard son Lak e marl depo ~;it, but cr . 
C'cH S in t he basal portio'n of ea ch section m d 
exh i bi ts !! neg.;! ti ve correlation with V. 7-- a
r'. n:tt1. I n bo th sec tions this spe ::ie s i:c re
s,J;r.icted . to thJit portio~;~ )Ybi.ch contqi.ns non.
cubcna te and and abundant plant emai ns de 
c reasing upwards in abundance with the de-::rease 
cf n on- car bonate s and and benthic ve getHlon . 
1h:i. s spe -:i es is cne of the key i nd i :;otors of 
ervi ronment of the an c estral lake in th is !. o-:'a
t :.on. 

Cy~lcstcma !: t:a :·inata Say 1817 Jou r. A~.;.. d. 
Nat. S"' . Phil a. , vol. 1, p . 13. 

V·~ l vata ai'• nar.a Bake :- 1928, F. W Moll . 
\Vis., p c . 1, p. 1', pl. 1, figs. 1-3 . 

Vclvata t -;: a .n'Zta tnc a-ina ta L <~Ro ~que '953, 
Ca t . Hec . Moll. Canada, p . 264. 

V:! l V7! a ,. -' ~ a ·• nata Hibbard and T'1y~o r -. 960 , 
Mu s . P3. l eont . , Uni ·•. Michigan , vel. 16, p. 
79 p l V, figs. 14, 15. 

'IYPE LOCALI 1Y. Del" war e River. 

DIAG'IOSIS . Sh ell_ turbinate . th in . tr3n du
cent ; about ·~ ::-api d l y en!.arg1:ng whorl s; Eilt
t3ned be we-~:~ ::arina.e; 3 distinct , s harp ':i:'i

IM.e on lcrge body whor!, one at shou l der. , c ne 
on periphery , cne ::n ba s e , enc irclir.g deep, 
funnel.- sh >ped um bilicus ; sli ght as:ending <ape 
from t: arina to suture ::muppe:r s u r fac e o f wh c r!.; 
sp~re e 1.t>va ted, bu t apex dep ressed ; ape rture 
c'. rcuJ.ar scrnewha t. angula ted by carinae ; li p 
si mp l e s h>irp <.: ont:.'.nu, us . (Modified f rom Bo•
ker :.928 pp. :1., 12). 

ECOL(X;Y. I r. Wisconsin , Bake r \1928 _ p. ~4; 
f -:und V. t -ica--: nat:::. in shallow water cr to 
dep th s e xceedJ.n g 9 meters. Th is s pec1ec; is 
f ound with or without vegetation in both s•.rer..m.1 
an d l ak e,s ·.IIi th mud, sand, grave l, -'.Dd oa::-e
r ock bottc. m., 

GEX>GRAPHIC DISTRIIlJTICN . Mackenzi ~ RPer 
and Great Sl ave L3ke south and east intc New 
England a.'ld Vi r gi nia; west into Iowa . 
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GEOLOGIC R<\NGE. V. tricari na ta 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 (lll) 
form of Valvata is the only carinate form re
covered. Whittaker (1921 , pp . 73 , 74) noted 
that V. tricarinata 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 is ve ry pro
minent in the upper half of each se cti n·, · the 
abundance in Section G seemingly ant1 c1pating 
that of Section GG . The portions cf the sec
tions in which this form is abundant are those 
in which the vegetati on w~s sparse to moderate 
and with a substrate composed entirely of car
bonate muds . It is lacking in the basal sam
ples of each section where non-carbonate s and 
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 mol!'e slowly than the water over 
Section G. 

Family Amnicolidae 

Amnicola limosa (Say) 1817 

Palud i na l i mosa Say 1817 , Jou r. Acad . Nat. 
Sci . Phila . , vel. 1, p . 125. 

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

Amni cola l i mosa lil!'osa La Rocque 1953 , 'Cat. 
Rec. Moll. Canada , p . 267 . 

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 whorl s round
ed , slightly shouldered; body whorl globose; 
aperture mostly basal , subround-ovate , some
what angled at ~op; base of shell rounded, (Mo
dified from Baker, 1928 , pp . 93 , 94 , and Berry , 
1943 , p. 23) . 

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 Char a, Potamoge ton, 
Vallisne ri a , and El odea . These plants are not 
consumed as food , rut harbor rich colonies of 
diatoms on which the mollusk feeds . (Berry , 
1943 , p. 26) ' 

GEOGRAFHIC DIS1RIBJTICN. A. l i mosa is , ·1iound 
in Manitoba , south to Texas; in New England 
and New Jer sey , we s t into Utah . 

GEOLOGIC 
from 

RANGE. 
Late 

This species has been re
Pleistocene sediments and cove red 

living 
creeks, 

rep res en ta ti ves are common! y found in 
r ivers , and lakes . 

REMARKS . A . li mo a is rare in the Richard
son Lake marl deposit, yet Clowers (1966 , p . 
41) found i t to be very abundant in the Box 
Marsh deposit and Whittaker (1921 , p . 73) noted 
the conmon occurren ce of this species in marl 
depos its in the Ottawa River Valley . This spe 
cies occurs sporadically in the upper and mid
dle porti ons of Section GG in the interval 
that lacks si gnific ant non-carbonate sand con
tent . If indeed this species is associated 
with the above ment ioned 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 
speci es may also be the result of migration 
patterns. 

Order Pulmonata 

Family Lymnaei dae 

Lymnaea s tagnali s (Linnaeus) 1758 

Hel i x stagna lis Linnaeus 175~, Syst . Nat. , ed . 
10 p . 774. 

Lymnaea s t agnal is Baker 1911, Lymn . N. and<l M. 
Am . , p. 136 : synonymy . 

TYPE LOCALITY. Europe . 

DIAGNOSIS . 
case ante rior 
whorls , rapidly 

Shell elongate to oval, ventri
end , thin; apex smooth; 6 to 7 

i n c reasi ng , last whorl large , 
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2/ 3 leng th of enti re shell ; spire long , po i nt
ed, acute; su tu res distinct, not great l y i m
pressed; umbilicus closed or nearly s o; ap e r
ture broad l y o·va te , la rge . 

E<DLCXJY . L . st agna lis i s generally found 
in permanent , relati ve l y shallow, quiet water 
approaching stagnation , a s ponds , lakes , and 
backwaters of ri vers. It is always associated 
with thick vegetation either floa t ing or at
tached , p re ferabl y on mud substrate, soft . Baker 
(1928 , p . 203) records this spe cies from mud 
bottoms in 1.5 me t ers of water . 

GEOGRARUC DIS'IRIB.JTI<Ji . This species and 
its varieti es as recorded by Baker (1928) c an 
be described as cir cumboreel ; in North Ame ri ca 
north of the 40th pa rallel of latitude . 

GEOLOGIC RANGE. Records i ndicate th a t th i s 
species rangeu f rom at l eas t th e Late Pl ei s t o
cene to the Rec ent . 

lf:MAR{S . L . s t agna l is i s very rare in the 
Richardson Lake marl deposit and the s pecimens 
are small brok en f o rms . No li ving repre ::; en t a
ti ves of the s peci e s were obser•1 ed a l on g the 
lake sho r es or i n themarsh ~ich does not mean 
that there a re no t s ome li ving in the lake . 
Clowers (1 966) and Roy (1964) reported a scar
city of Pleis t ocene forms, but that it was ab
undant i n presen t, closely adjacent lake , 
stream, and marsh a reas. Although there was 
considerabl e ve geta tion in the lake during marl 
depositi on th e re may not ha ve been the quanti
ties 'tha t woul d support a population of th i s 
species at the collecting localiti es . The bro
ken specimens indi ca te that they were probably 
washed into the a r ea from adjacent, mo re ho s 
pitable l oc a lities . Perhaps this species , a 
long wi th Amn tco la limo s a, which also prefers 
abundant vege tation, lived elsewhere in the 
lake and th is a re a was at the edge of the ir 
local range due to the lack of vegetation . 

S t agn icol a sp . 

Stagnicola Leach 1819, proof s heets , pp . 141 , 
145 . 

Stagni col a Baker 1928 , F.W. Moll . Wis . , pt . 1 , 
p . 210 . 

1YPE LOCAL I 1Y . Europe. 

DIAGNOSIS. Shell elongated, narrow, who rl s 
gradually in c reasing; · nume rou s c rowded growth 

! ·i ne s crpsse d by elevated · spiral lines ; whorls 
to a bou t 7 , fla t tened or rounded, body whorl 
compn s1ng about ~ length of shell; sutures 
s omewh at i ndented ; aperture varies from long
ova te t o round-ovate; umbilicus narrow to clo
sed . 

ECOLOGY . The Stagnicolae generally inhabit 
l arge r bodies of wa t er, such as lakes , ponds, 
streams , or pools ; a few species thrive in ill
aerated wa ters. Preference to types and quan
ti t i es o f ve getation , type of substrate , depth 
of water and cu rrent varies from species to 
spe cie s . 

GEOGRAPHIC DISTRIBUTION . This genus is cir
cumborea l , occurri ng in the Old World as well 
as i n North Ame r ica . 

GEOLOGIC RANGE . Records of this genus ex
t end f r om 3.t leas t the Kansan to the Recent. 

REMARKS . S t agri ico la (probably S . palustris) 
1s r a r e j. n the Ri chardson Lake deposit , oc
cur r ing singl y , as small , broken spires in a 
few o f t he bas al samples of both sections . 
Thi s occurr en ce 1s 1n the sandy portions of 
each section whi ch also contains remains of 
wh 3.t may have been benthic vegetation . The 
condition o f th e shell remains indicates that 
they were probabl y washed into the collecting 
area. 

Fossari a obrussa decampi (Streng) 1906 

Li mn aea de s i dios a var. decampi Streng 1906 , 
Nau t., val. 9 , p . 123 . 

Ga l ba o b ~ u ss a dec amp i Baker 1911 , Lymn . N. and 
M. Am ., p. 289 , pl . 32 , figs. 15-22 . 

Fos sari a o b;·uss a de campi Baker 1928, F. W. 
Moll . W:.. s., pt . 1 , p. 229 , pl. 18, figs. 
30- 33; pl. 16, fig. 12 . 

Fo s sa:-i a cbrussa dec ampi La Rocque 1953 , Cat . 
Re c. Mol l . Can ada, p . 285 . 

1YPE LOCALI1Y. Brook's Lake , Newaygo Coun
ty , Mi chigan . 

DIAGNOSIS . Shell small to medium sized , o
blong, somewha t inflated, subconic , rather so
l i d ; abou t 5 whorl s, spire whorls convex , all 
who r l s marked l y shouldered near suture , body 
.whorl grea t ly' : fla.ta.eneddnmiddJe; spire sh&rt, 
about~ length . of shell, broadly conic , tur
reted, su w r e.s deeply impressed; aperture long 
and nar r ow, somewhat elliptical, rounded below 

J 
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and forming prominent 
than ~ length of shell. 
1928 , p. 300) . 

shoulder abo ve, more 
(Modified from Baker , 

ECDLciiY. Probably lives along margins of 
small bodies of water and on mudflats and 1n 
debris . 

GEOG~i!C DISTFUBUTION. Great Lakes drain
age ; Maine west into Wisconsin; northern Mich 
igan south to north e rn Illinois. 

GEOLOGI C Rt~GE . Living representatives of 
this speri~ z have been collected from loca
tion s j,. Manitoba, Wisconsin , and Mich igan. It 
is also common in Pleistocene deposits oi. th e 
Wisconsin and post-glacial marl deposits in 
Ontario. (\\hi ttaker , 1921, p. 62). 

REMAR<S. The fonn ciecampi h as the charac
teristically prominent shou lder and flattened 
aperture described ·by Baker (1928, p . 300) . No 
typical F. obrussa, as described by Baker 
(1928, pp. 293, 294) were found in theRi chard
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 section. 
He attributes this tomigration , so perhaps the 
species had not been able to reach th!'l area of 
Richardson Lake that was sampled . The form 
dec;ampi is prominent in both sections, becom
ing generally more plentiful upward . It is 
most arundant in that portion of the section 
which contains a slight admixture of non-car
bonate sand and silt and moderate vegeta~ion 

and least abundant in the nearly pure carbon 
ate mud portion of the sections . 

Baker (1928, p . 294) suggests that the form 
decampi probably occupies the same habitat. as 
the species ob.russa, rut 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 iJ:~flu
enced by some variation in environment . In 
this deposit only the o~e form was recovered 
and there was little variation in the shell 
characteristics which would suggest that it 
belongs to a separate sp·ecies and is not an 
end member of a widely varying species . 

Family Planorbidae 

Armiger crista (Linnaeu s) 17 58 

Nautilus crista Linnaeus 1758 , Syst. Nat. , ed . 
10, p . 709 . 

Gyrau lus (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 cri~ta La Rocque 1953, Cat . Rec. 
Moll. Canada, p, 293. 

1YPE LOCALI1Y. Europe. 

DIAGNOSIS . Shell very small , depressed . 
ultra- dextral . fragile ; sculpture of cq,arse 
growth lines enqi!lg in conspicuously costate 
periphery ; fine , crowded spiral lines; about 
2~ who rls , rapidly increasing :i,n diameter , 
flatly rounded below . costae as low ridges pn 
both upper and lower surfaces ; flattened ·spire; 
umbili cus wide , open to apex; aperture ovate . 
(Modified from Baker , 1928, p . 3~) . 

ECDLOGY. In shallow, quiet waters qf small 
lakes with silty or muddy bottoms and contain
ing abundant vegetation . 

GEOORAlliiC DIS'IRIIJJTION . Holarctic; North 
America , from Maine west into Alberta , south 
to California, celjtral Utah, and states north 
of the Olio River. Recorded from Pleis .tocene 
deposits as far south as Texas. 

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

REMARKS. A. cris ta is represented by a sin
gle s p.ecimen in . the lower portion, of Section 
GG. goy (1964) reported this spe<;ies from lo
calities in Wisconsin which were in front of 
the moraines marking the farthest extent of 
the last Wisconsin ice advan~e in that region. 
1he occurrences in Wisconsin are rare and spo
radic and indicate a ra.ther small population 
and a much cooler climate than at present . ~e 
possibility exists that in the Richardson Lake 
deposit the water was t 0o deep at the collect
ing poi nts for this species to survive and when 
the depth decreased the · temperatures were too 
warm. 

Gyraulus parvus (Say) 1817 

Pla,nor bis parv us Say 1817 .. Nicholson's Encycl. ,· 
ed. l, voL. 2, pl. 1, fig . 5. 

Gy raulu s parvus Baker 1928 , F. W. Mol! . Wis . , 
pt . 1, p. 374 , pl. 23 , figs . 27-31 , 39. 

Gy raulus parvus Baker 194~ , Moll , Fam. Planor
bidae, pp . 74, 270 , 330 , 336. 
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Gyraulus p arvu ~ L.-u Rocque 1953 . Cat . Rec . Moll. 
Canada, p. 294 . 

·Gyraulus pa rvu s Hibbard and Taylor 1960, Mus . 
Paleont . , Univ . Michigan , vol. 16 , p. 100 , 
pl. VI, figs. 2, 3, 5, 6 , 11 , 12, 15. 

Gyraulus p:zrvu:; Taylor 1960 .. U.S.G.S . Prof. 
Paper 337 , p . 58. 

1YPE Lcx::ALI1Y. Delaware River, near Phila
delphia , Pennsy l vani a . 

DIAGNOSIS . Shell discoidal , ultra-dext>al , 
depressed , rounded periphery; growth lines o
blique , crowde d, fine; about 3~ whorls, r api d
ly enlarging, rounded below periphery , some
what fla~tened above on body and spire whorls; 
flat spi~e, nu cl ear and second whorl depressed 
below body wh o r l ; st.~tli~es deeply impressed; 
basally con .;:av<l , umbilical region wide, shal
low; apertu re long- ovate, oblique or nearly i n 

· same plane as body whorl. (Modified from Leo
nard, 1959, pp 60·, 61) . 

EC<LOGY . G parvus is most commonly found 
in small, quie t water bodie~ on mud, sandy mud , 
sand, gravel, or boulder substrates; on logs 
and vegetation, at depths of one foot to four 
feet. Abundant -regetation in pro·t·e.cted places 
appears to be the most desirable habi tat al
though th is speci es is widely dis·tributed and 
occurs in many vari ed habitats throughout its 
range and a real extent. 

GEornAil!IC DIS1RIIIJTIOO. North Ameri ca eas t 
of the Rocky Mountai ns from Florida to nor thern · 
Canada and A~aska . 

GEOLOGIC RANGE. Hibbard and Taylor (1960, 
p. 100) give · this species a range of Middle 
Pliocene to l•e cen t . This species is . common in 
aquatic sediments of the Nebraskan, Aftonian, 
Sangamon, and Wi sconsin . 

REMARKS. A small percentage of the total 
mature shells identifi ed to the genus Gyraulus 
possess a we! 1 angula ted body whorl correspond
ing to forms illustrated and described by Baker 
(1928, p. 382 } as G. a!tissimus. A complete 
series of f o rms was found demonstrating the 
graqation from marke'dly angulated to well 
rounded body whorls. Few i mmature specimens 
had any angu la tions and by breaking the body 
whorl of mature angulated specimens at regular 
intervals, th e angulation is seen to give way 
to a rounded body whorl . This is probably a 

genetic variation which· manifests itself during 
late growth stage s and may be evidenced by the 
s mall number o f angulated forms as compared to 
the total numbe r of individuals in the samples. 
Roy (1964 , p . 28 ) and Clowers (1966 , p . 45) 
noted s imi l a r anguhtions of the body whorl of 
mature Gy r au Lus. All specimens were identified 
as G. parvus. lhis species makes up the majo
rity of the mo l luscan assemblage in most sam
ples and shows a gradual decrease in numbers 
upward i n both sections. 

Helisom a anceps striatum (Baker) 1902 

P l ano r b:.s b :. c a. •· inatus · striatus Baiter , 1902, 
Naut . , vol . 15 , p . 120. 

Plano> bi s ant r osus s t r iatus Walker 1918 , Syn
opsis and Cat. , p . 96. 

Helisoma an t ro s a s t ri ata Baker 1928 , F. W. Moll. 
Wi s . , p t . l , p . 328 pl. 19, figs. 28-31. 

Helisoma an =ep s .stri atum La Rocque 1953 , Cat. 
Rec . Mol l . Canada, p. 288. 

TYPE LOCALI 1Y . Coldspring Park , Milwaukee , 
Wisconsin ; Pl e:.s tocene . 

DIAGNOSIS . Shell nearly planispiral , about 
3~ v1horl s , do r sal and ventral carinae distinct, 
cord- like, e le-,ated; dorsal carina approxima
tely ce te -red on upper surface of body whorl; 
body whorl we ll-rounded; small, deepumbilicus , 
smoothly concave width less than one-half of 
she l l diame t er; surfac e sculpture of heavy 
spiral lines , becoming distinct ridges in sev
eral s pecimen s and thickenings of shell at 
points of g-row th quiescence; aperture higher 
than wide , nearl y i n plane of body whorl , lu
nate , bell -shaped in i mmature specimens . 

ECOLOGY . Baker (1928 , p . 328) states that 
H. artce.p :; s t r :'. a t um is a lake species·, · capable 
of li ving in cc ld waters of ice fran t lakes 
formed immediately after the ice retreated. 
This varie t y or form is found in marl, silt , 
and pea.ty ma rl; studies indicate that it lived 
in shallow fresh-water lakes containing abun
dant vegeta tion . 

GEOGRARIIC DISTRIHJTIOO. Known from depo
sits of Pl e i sto cene age in Wisconsin and Mich
igan , eR;;t i nt.o Quebec, south into Illinois, 
Indiana , and Ci1 i o ; Recent forms have been re
corded wi th in thearea northofthe Great Lakes. 
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GEOLOGIC RANGE . Described from Late Wis
consin deposits and perhaps from older sedi
ments as well. Living forms have 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 :j.n Sec
tion G than in Section GG \ffiich may be due to 

.changes in the water . temperature adjacent to 
the deeper porti on of' the lake . · Perhaps over
turn in the deep : lake affected the Section GG 
and not Secti on G. This species shows its 
greatest abundances in parts of the section s 
which are slightly silty (nqn-ca rbona te) or 
where the mud bottom was fairl y solid . This 
·species demonstrates very well by the s ize of 
jndividuals the changes in the environment 
through time . 

Helisoma campanulatum (Say) 1821 

Planorbis caapanulatus Say 1821 , Jour. Acad . 
Nat . Sci. Phila ., vol . 2, p. 166 . 

Helisoma campanulatum Baker 1928, F.W. Moll . . 
Wis ., pt . 1, p. 345 , pl . 21, figs. 1. 2 . 4, 
5 , 8. 9 , 13 , 14. 

Helisoma campanulatum LaRocque 1953 , Cat . Rec . 
Moll . Canada, p . 292 . 

1YPE LOCALI1Y. Cayuga Lake , New York. 

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

ECXLOGY .. H. campimulatum 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
ti ties of vegetation. 

G'.OG\ARiiC DIS1RIEUTIOO . Vermont west to 
North Dakota, south· ini:.o <llio and Illinois , 
north into the Mackenzie River drainage . 

REMARKS. H. campanulatum comprises a minor 
part of the mollu!iJcan · sample taken from the 
Richardson Lake deposit and occurs in quanti-

ties similar to thqse recorded by Clowers {1966 , 
p . 49) , Shallom (1965, p . 42) and Roy (1964 , 
p . 39 , ~U. 46 , 47 ex cept Mountai n deposit) . 
'Mlere 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 !Dost plentiful in the 
lower half of the sec t ion where there is non
carbonate si 1 t and sand mixed with the marl or 
the non-carbonate fraction is predominant . In 
Section G this species is only presen·t in the 
middle o f the section · wh ich is composed o£ marl 
with son:e silt content. Here the only forms 
recovered were mature specimens so perhaps 
there is some correlation o f migration with 
water temperature as well as dep th and vegeta
tio~ which may be illustrated by the decline 
in abundance seen in Section GG above sample 
12. 

Promene t us exac uous (Say) 1821 

Plano rbi s exacuous Say 1821, Jour . Acad . Nat . 
Sci . Phil a. , vol. 2 , ·p . 168 . 

Menetus exacuous Baker 1928 , F. W. Mol l . Wis ., 
pt. 1, p. 361 , pl. 23, figs . 1-5 . 

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

TYPE LOCALI1Y . Lake Champlain , New York, 
Vermont, and ~ebec . 

DIAGNOSIS . Shell ultra -dex t r al, greatly de
pressed, with an ' acute periphery ; about 4 
whorls , rapidly increasing in diameter; flat
tened spire; sutures imp ress ed ; umbilicus deep , 
rather narrow ; apertu re ovate, oblique to body 
whorl. (Modified from Baker , 1928, p. 361). 

ECCX..OGY . Baker (1928 , pp . 362 , 363) found 
this species on mud flats in quiet water from 
a few em . deep to 0 .6 m. deep . In quiet , mar
shy places , on logs and at the edges of clear 
cold w11ter streams . ·Leonard (1 959 , p . 67) re
lates that P. exaculllus was f ound living on ve 
getation tin the ·cool waters of a pond . 

GEOGRA.fl!IC .DIS1RIBJTICN. North America, 
east of the Rocky Mountains, from Mexi co to 
the Macken~ie Ri ver area and Alaska . 

GEOI.roiC ~GE. A common , though not abun
dant , fossil in Wi sconsin sediments , P. exacu-
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ous 1 s gi ven a range of Sangamon to Recent by 
Hibbard and Taylor (19,60 , p . . 107) . 

ftMARKS. This species is found mainly in 
the bottom half of both sections rut occurs 
sporadically throughout the stratigraphic in 
terval. It seems to be the mpst aoondant in 
those sample s containil)g considerable vegetable 
remains and cl ay - sized particles which fill in 
the areas between predominantly non-carbonate 
sand-sized grains . The greater percentages of 
this species occurring in Section 00 as com
pared with Section G are interesting in that 
the samples of Section G contain leas ::; vegeta
tion and have higher non-carbonate sand con
tents than tho se from similar positions in Sec
tion GG. Als o the location of Section GG faces 
the windward shore of preser..t day Richardson 
Lake. 

The conti nu i ty 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 thos e mentioned above . Roy (1964, 
Fig. l, p. 6) indicates that his specimens were 
collected from lake deposits closely adjacent 
to the Mountai n Moraine · and on the side · from 
which ice advanced. Roy's samples may indicate 
cool environments along the moraine . Bas ed 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 un til the termination of marl deposi
tion. 

Family Ancylidae 

Ferri ssia parallela (Haldeman) 1841 

Ancylus para L!elus Haldeman 
2, p. 3. 

Ferrissia pa rallela Baker 
Wis. , pt. 1 , p. 395, pl. 

1841, Monogr., pt . 

1928, F. W. Moll. 
29, figs. 1-5. 

1YPE LOCALI'IY. New England. 

DIAGNOSIS. Shell cap- like, narrow, elongate 
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. 

ECOLOGY . According to Baker (1928 , P ·. 397) 
F. paral le la is !1\0St conrnon in quiet wirters 
ranging from 0 . 3 to2meters in depth . · The 
species is c ommonly· rec~vered from ponds and 
lakes where it lives in the vegetation , gener
ally near the surface. 

GEOGMilUC DISTRIBJTI<N . Nova Scotia and 
New England west to . Minnesota; Manitoba south 
to Rhode Island, central New York , northern 
Olio , and Indiana . 

GEOI..OGIC RANGE. This limpet has a range of 
Pliocene (Taylor, 1960 , p. 61) to Recent , and 
is conrnon 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. lilt, not : in 
a similar interval of Section G. F. parallela 
becomes less abundant upward as the carbonate 
content of the fine fra~tions 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 

Phy s a gyrina Say 1821 

Physa gy rina Suy 1821, Jou'r. Acad. Nat . Sci . 
Phila. , vol. 2, p . 171. 

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

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

1YPE LOCALI'IY . Bowyer Creek , near Council 
Bluffs, Iowa . 

DIAGNOSIS. Shell sinistral, large , ovoid
subcylindri cal, 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. 

ECOLCGY . A speci es cha~acteristic of.quiet, 
shallow, slow- mov.ing .bodies of wwter , especi
ally on mud substrate. 
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GEOGRAPHIC DISTRIBUTION . United States eas t 
of the Mississi ppi Rive r with inroads into Tex
as; Onta rio and Quebec northwal'd to t he Arctic 
regions . 

GEOLOGIC RANGE. Taylo r (1 960 , pp. 32, 39) 
reports this species from deppsi t s of Nebras
kan age . It i s commonly found in La te Pl eisto
cene and Recent assemblages . 

REMAH<S. P . gyrina is much more ccrrmon in 
section GG th an 1n Section G (Fig. 14) . In 
both pi ts rhis speci es is less promi nent near 
the b as e, where there is abundant Ye getation 
and sand substrate , and becomes mere nume::-ous 
upward. Samples 7 through 16 in Section GG "re 
relatively pu re calcareous mud with .l. ow ':cmod
erate vegetation content, where as a similar in 
terval in Se .:: t i on G contains mo.!'e dark --~olcred 

sediments an d ali ghtly more vegetatioE. The 
description of this interval in t hese sections 
is similar to th at described by ClaHer.>' C 966, 
Fig. 11, p. 51) who reported this apecies as 
the most ab1.mdant in an apparently similar i n
terval from the Box Marsh deposit . Size ra!'J.ge 
and average sizes are also simila c to t he s pe
cimens recove ;:-ed by Clowers . 

Terrestrial Ga stropoda 

Order Pulmonata 

Family Succinei dae 

Suc cinea gr osveno ri Lea 1864 

Succinea l i nea ta Binney 1857 P r oc . Acad . Nat. 
Sci. Ibila ., p . 19; not S. oval:: s var . A. 
l i neata D.eKay, 1844. 

Succinea gros venori Lea 1864 Proc. Acad Nat. 
Sci. Ibila., p. 109 . 

Succinea g:-eerii Tryon 1866 , Am . Jour . Con ch .. 
vol. 2, p . 232, pl. 2(17 ), fig. 8. 

Succinea gro svenor i Pilsbry 1948, Land Moll. 
N. Am . , vo1. 2, pt . 2, p . 819 , f igs . 444 , 
452 i' j . 

Succ i nea g r-osve nor i L11 Rocque 1953, Cat. Rec . 
Moll. Canada, p. 329. 

1YPE LOCALI1Y. 'Santa Rita Valley, Ka."lsas? ' 
(Pilsbry, 1948, p. 821 ). 

DIAGNOSIS . Shell rather short , fragile, i n
flated, strongly convex whorls, we ~ l i mpressed 

sutures and oc •:3.s ional co arse sculpture; rare 
i nte r rupted · and ir regular spiral impressions 
on peri phery. (Modified from Pi lsbry , 1948 , p . 
821 ). 

ECOLOGY as now understoo~ tolerates 
an as tonishingly wi de range of prac tically all 
external :ondi ticns. It occurs from the warm , 
humid Gulf CORst to semi-arid areas in the 
'Gtea t Pla i ns an d mountain states, and in Brit
ish Ame rica it extends north within the border 
of the Northwest Territories.' (Pilsbry , 1948 , 
p . 821). 

GEOGRl\RIIC DISTRIHJTICN. Northwest Terri
to6 e::;, Alberta, Saskatchew!lll, Mani toha , · Onta
rio ; aou th intG Fl orida and Arizona . 

GEOLOGIC RANGE. A widespread though rare 
form, Leona:;:d (l952 p. 24) gives it a range 
of Blan can t o Re cent . 

REMAH<S. This species is represented by a 
single spec~men i n s amples 4, 15 , and 17 in 
Sectio n GG, wh ich woul d indicate that there 
was an environment close by into which this 
terrestri <:.l ga3t rcpodhadmigrated and prosper
ed. 'The lack of th is species in the upper ::,am
pies of both sections su ggests that the envir
onment had .: hanged or shifted from what it was 
at that Lime. 

Succi nea. o·iJal t s Say 1817 

Suc cinea oval is Say 1817' Jour. Acad . Nat. Sci . 
Ibila. , vo!. 1. p. 15. 

Suc cinea oval.is Pis l bry 1948 , Land Moll. N. 
Am. ' vol. 2, pt . 2, p. 801 , figs. 430-433. 

TYPE LOCALITY. Philadelphia , Pennsylvania . 

DIAG'JOSIS . Shell oval, in flated , thin; fine 
growth lines; about 2~ whorls , the last great-
1y inflated; ape rture ovate, % length of shell. 
(Modified from Pilsbry, 1948 pp. 802 , 803) . 

ECOLOGY . Generally recovered from low 
ground near streams , often on annual vegeta
t i l)n a short dis tance above the ground, or be
neath logs, s..:;one s, and forest litter. 

GEOGRAFHIC DISTRIHJTION. Newfoundland and 
Jame s &y west i nto No!·th Dakota and Nebraska; 
south into Alabama and North ·Caroli na. 
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GEOLOGI C RANGE. Leonard (1950 , p. 24) de
signate s the range o f S . ova l is as Yarmouth tp 
Recent . 

REMARKS. This spe cies i s represented by 
single o ~ cl'r ::-ences i n the top three samples o,f 
Secti on G and ir- as s oc iated with other Recent. 
or li viag terre stn~.i. St-P~ie s . The absence of 
S. oval' .. > in othe. P" ·-~ vns of both sections 
would indi. cate rJ, · :; either the envi ronment was 
i nhcspi tabl e , tL " the spe::i es had not· migrated 
thi s fa :~, r. ha t it h<:~d not been transported 
i n to t ~ . _: 1.., t1: en vi ~'cnmen t. 

Fam~cy ~upillidae 

Pupa ~on !- a~ t ~ S~y 1822 , J our. Acad. Nat . Sci . 
Phil a., ve l. 2, f· 37 4 . 

Leuc o ch ~l a con~ ::'~~t a C~l l 1900, Descr. Cat . 
Mol l. Indi5n :~ . F· 398, p! . . 6, fig. 10, text 
f ig. l 2 . 

Bi f i da-i a cor.·:-a:c~~ Billups 1902, Nautilus, 
vo l. 16, p . 51. 

Gastrocop ·~ a ~ or.. ·;;·act a P i:. sbry 19 48, Land Moll. 
N. Am ., 'lc.l. 2, pt. 2, p. 880 , fig . 474: 9-
12. 

1YPE LOCALI1Y. O:coquP..n , Vi rginia . 

DIACN)SI S . Shell c'~ate-con i c in outline, 
rimate , bleish -mi~ky i n :o!or , t ranslucent; ~

bout 5)1; who::l s, mark,::d by f i ne growth striae, 
last half of body who r l st;,·aigbtened, pinched 
at base , lov1 ro•m ded r i dge ex:J.sts behind peri
stome ; apertu re rounded- triangula r , expandecl; 
anguloparieta! lameila S-shaped; columellar 
lamella large, deeoply pb.::ed; c c.llus • in .front 
near ma rgin; two pal.; ·.r. a l folds, upper small, 
lower large, al s o deep l y p laced . (Modified 
from Pi lsbry, 1948, p. 88 1) . 

EOJLOGY. G . .:: cn t ::'.:Lc t a inhabits a varl,_ety 
of en vi ronmen ts i ncludi n g s tream floodplains 
and slopes, :.n legs ~nd debris on floo~s of 
hardwood f ore.s t s , an d ~imes tone bluffs wherever 
there is suffi -:i en.t mcit:tu r e . 

GEOGRAlliiC DIS1RIIlJTIOO. Eastern Ganada 
and United States: Maine, Ontario and Manitoba , 
south to Flor:;, d,;: and Mexico; Jamaica tintro
duced) . 

Ver ti go ovata Say 1822 

~e.rtigo ovat!Z Say 1822, Jou r. Acad . Sci. Phila . , 
vol. 2 . p. 375. 

Vertigo ova t a Pils bry 1948, Land Moll. N. Am. , 
vol . 2, pt. 2, p. 952 , text fig . 513 : 1-3, 
4 7. 

Vertigo O!iata Oughton, 1948, Zoo geogr. Study 
Ontari o , p . 62 . 

Vertigo ovat a La Ro cque 1953 , Cat . Rec . Moll . 
Canada, p . 335. 

Vert i go ova t a Hibbard and Tay l or 1960 , Mus. 
Paleont . . Univ. Michigan , vol . 16 , p . 135, 
pl. 11 , fig . 8 . 

1YPE LOCALI1Y. Philadelphia , Pennsylvania . 

D~AGNOSIS . Shell ova te in outline , about 5 
v.horl.s , amber colo red , spire convexly conic , 
apex obtuse ; vm orls increase rapi dly i n size , 

. body whorl mu!:h the largest with strong crest 
behi~d apertural lip; sutures impressed; pari
eta l lamella 1-Jng and strong, columellar lamel
la strong; angular lamella small; basal fold 
well-developed; upper and lower palatal folds 
strong . 

ECOLOGY . V. ovata has high m0isture requi-
· rem.ents and is ~ommonly found in moist envir

onments as provi ded by shaded s lopes nea;:-st reams 
~d shq~es of ponds. It is found in and under 
.pl.ant debris . . leaves , grasses , logs , sticks, 
mos s , and ~n swampy meadows . 

GEOGRAPHIC DIS1RIBUTION. Labrador west i n
to Sri tish Columbi a and north to Alaska; south 
to Fl orida , Me nco, an d the West Ind j.es . 

GEOLOGIC RANGE . Two Tertiary oc ~urren ces . 

Ear l y Pliocene La verne local fauna , and Middle 
Pliocene fu is Ranch local fauna both from Bea

.v~r Coun ty , Oklahoma , provide the earliest 
kn.own reco rds of th i s living species . 

REMAJU{S. Rep res en tati ves of thi s s peci es 
r~covered from the t op sa;nple of Secti on G still 
retai n thei r cclor and h ave undoub t edly been 
bu ri ed. no more t han a coup!.e of years . This 
riccurren ce would suggest that these terrestri al 
sna ils ei ther h ad net mi grated into the area 
until q~cent_y o r tha ~ their habita t was far 
enough frc;n . th e deposit to pre clude their be
ing carried i nt the area of collection . 
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Eu conulu s fulvus (~ller ) 177 4 

Helix fulva M\!ller 1774 (part ) . Hist . Venn . 
Terr . et Fluv . . vol. 2 , p. 56 . 

Eu conulus fu lvus Pilsbry 1946 Land Moll . ·· N. 
Am. , vol. 2, pt. 1 . p. 235 . 

'IYPE LOCALI1Y . Fr jdrichsdal , Denmark. 

DIArnOSIS . Shell small, flatly coni c, 
slightly con ve x ou tlines, cinnamon colored , a
bout 5 whorh ; who rls slightly con vex , sutures 
inden t ed; ap ex obtuse , rounded; base of body 
whorl convex, periphery is slightly an gulated; 
aper Lu re ellipti cal , umbilic~s small . 

ECOLOGY. Most al:nndan t in floodplain areas 
borderi ng s treams , ·living under loose bark and 
decaying deb ris in hardwood forests. Amon g 
damp lea ves in well-shaded places. (Pilsbry , 
1946, p . 236). 

GEOOPAPHIC DIS1RIBJTIOO . A Ho"l:arc tic fcxm , 
but wanti ng in the South Atlan tic and Gulf 
Coast States · from Te~as to South Carol i na. 

GEOLOGIC RANGE . A common fossil i n Wiscon 
sin deposits, E. fulvus ranges from Mi ddl'.l Pli
ocene to '"'eqmt . 

REMARKS . Four specimens of E. fu l~u~ were 
re cove red from the top three samples of Section 
G whi ch is an open area covered with annual 
grass and moss vegetation typica l of lew, con
tinuous ly damp , alkali~e soils . 1he specimens 
still retai ned their colt~.r e,nd may be regarded 
as being dead for no more than a couple of 
years . At present there are a few small s t ands 
of hardwood and ·scrub vegetation i n th e depres
sions and low places around the area . Perhaps 
this type of vegetation became establi s- hed in 
the area in geologically recent times an d th is 
speCi es did not migrate until after the flora 
was established, thus accounting for onl.y Re 
cent specimens being recovered. 

Retinella i ndentata (Say) 1822 

Hel ix i nden tata Say 1822, Jour . Acad . Nat. Sci. 
Phila., vol. 2, p . 372. 

Vitrea i nden t ata Dall 19qs , Har riman-Alaska · 
Exped ., val. 13 , p. 39 . 

Ret i nella indentata Pilsbry 1946 , Lan d Moll. 
N. Am ., val. 2, pt . 1, p. 288, fig . l 46a . 

Retinella i ndentat a La Rocque 1953 , Cat . Rec. 
Moll. Canada, p. 313. 

1YPE LOCALI1Y . 'Harrigate and New Jersey' 

DIAGNOSIS . &~ell depressed . highly pol
ished 4 whorls with regular , sub-equidistant 
impressed axial striae continuous to umbilicus; 
aperture rather la rge , lip simple; umbilicus 
very small. (Modi fied from Say , quoted by 
Pilsbry , 1946, p. 289). 

ECOLOGY. Inhabits m11ny localities , chiiefly 
damp woodlands; also in quarries , sandy out
wash pla ins, along rail road tracks , pine for
ests , and. cliffs and bluffs along creeks , in 
tlte grou~d debris . 

GE<XiRAllilC DIS1RIBJTirn . North· America , 
from Canida (49° nor th latitude) south to 
northe rn 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 
1s widesprea d today. 

REMARKS . R. i ndent.at a is represented by 
single spec imens i n samples2and 14 in Section 
G. From · the synopsis of the ecology of this 
species it is evident that it prefers relative
ly hil ly conditions and large rock fragments 
as a habi tat. Th ese conditions are for the 
most part absent in the Richardson Lake area . 

Retinel!a :-hoadsi (Pilsbry) 1899 

Vi trea ;··hoadsi Pil s bry 1899, Nautilus , vol. 
12 , p. 10 .'. . 

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

Ret i ne lla rhoadsi Pilsbry 1946 , Land ·Moll . N. 
Am . , vol. 2 , pt . l, p. 286 , fig . 145 . 

Ret i ne!la choads i La Rocque 1953 , Cat . Rec. 
Moll . Canada . p. 313. 

Retinel la rhoads i Taylor , 1960 , U.S . G.S . Prof . 
Pape r 337, p 81. 

1YPE LOCALI1Y . Wh ite Pond, Warren County , 
New Jersey. 

DIArnOSIS . Shell simil ar to that of R. in
den ta ta but differing in having a ·· wider umbi
licus , showing the penultimate whorl within; 
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axial groo ves mo ~e numerous . 
(Modifi ed frcm Pils b ry , ! 946 

therefore closer. 
p . 286 ) . 

ECOLOGY This .> pecies has been rec overed 
from damp hardwo o d f ore sc;s, s wampy areas around 
sprin gs , and st1·eam Ecc.dplain s. 

GEOGRAPHIC DIS11U!JJTTIJ'l Maine , Vermont , 
New York , On tari o, and 1,: :hi. gan; south to West 
Virgini a North Cq·r.c·hn :., M<! ryland , and Dela
ware. 

GEOLO<.'.i:C HA.NGE . T&.yl~..- (1960 . p . 81) records 
thi s sp~· ces fer t h e Rex::'2:J.d loca] fauna o f 
Pl ic ::eP-": a ge ; Tayler ,.r·d H:. bbEd (1955, p . 12) 
r ecord it from th e S 1ng~mGr- of K>1nsas . It has 
a relati v .~ l y wide p re>:.~n'; d"'y dis tribution. 

REMARKS . Severa! :- j)I"e:o eP.tatives of this 
species were r~:oYe~cd f:r.o m t he · upper four 
samples of Se<:tio.1 G a'::>n g with othe r Recent 
terrest rial form s. Its p 't::os eJ,ce in four con 
tiguous sErmp les would i::: dica te a fa vorable en
vironmen -c naa r thecoll e..:. t l ng l o.cality • fo r some 
time previc'.!s to th e d ra::.n ing o f th-e area and 
that the spe:::i e s moved ir- tr" the immedia t e area 
rathe r · qu ickly after the d raining . This spe
cies should be -~ :)mp:;::ed w:. th R. i ndentata, whi ch 
is supposed ly closely r .elA.ted but i nhabits mo~e 
rugged topography end th e··:efore is not a s abun
dant in the dep osi t . 

Zon·;'· o ~d es ni t i du .i (MUl.ler ) 1774 

Helix n iti da MU •. l er 1.7 74 , H~s t . Verm . Terr . 
etFlu v ., val. 2, p. 32. 

Zonitoides ni t i du s Dc. ll 190 -5 , Har riman-Alaska 
Exped ., vel . !3 , p . 42 . 

Zonito ides n i.tidu ~ Piln hr y l 946, Land Moll . N. 
Am ., val. 2, pt . l , F· 476 , fig. 259. 

Zonitoides n :.t£du.• L~ Rcqu e 1953, Cat . Re-:: . 
Moll . Canada , p . 316. 

TYPE LOCALI'IY . F~idr i~h Gberg , Denmark. 

DIAGIIOSIS . Shell ::.mbiL.cate, umbilicus VS 
diamete r of she E; a bout 4Y. who rl s gradually 
expanding, convex; s1!t1!res i nden:ed; growth 
lines fine, weak, ! ~e king on embryonic whorls; 
base smooth , transl u-:: ent; aperture lunate. 
(Modified from Pilsbry, ". 946, p. 447 ). 

ECOLOGY . Gene:-& E y 
stream: floc dpla i.n s , an d 

fcund near water as on 
ma~gin s of ponds , 

streams. and marshe s , mainly on alkalic ter-
:rai:a s. (Ough ton , 1948 , pp. 89 . 94) . 

GIDGRAFHIC DISTRIHJTIOO' . Holarctic; 
Alask a south i nto California , Utah, South 
kota, Ark,msa~ Tenness ee , and Maryland . 

from 
Da-

GEOLOGIC RANGE . Pil s bry (1946 , p . 447) 
quotes F . C. Baker i n establishing a range of 
Sangamon to R~cen t , based on a few specimens . 

REMARKS Z . n ·: t i du s is represented by only 
one spe -:::men i n ~he Richardson Lake marl depo
sit, whi ch wa s r-ecovered from sample 1 in Sec
tion G. Thi s s pe-::imen retains its color as do 
the o t her hvi::1g terrest rial gastropods recov
ered in the same s ample · and is not representa
tive of th e "!n •ri 7onments which prevailed at 
this lo .:: ali ty du rin g marl deposition . From the 
evidenc e c f the terraces a suitable environment 
was not av~ilabl e un til after the waters rece
ded and the mad deposit was uncovered. 

Family Li macidae 

De;·o ·; eras ep . 

De r .ne ;·a s Ra£ine s qu e 1820 Annals of Nature , 
val . l , p. 10. 

De roce:-ac Pilsbry 1948 , Land Moll . N. Am. , val. 
2 , pt. 2, p. 535 . 

'IYPE . L i ma;; g :•ac i lis Rafinesque (=Limax 
l ae :~it. Mii ~ler. 

DIACNOSIS . Shell oval , very shallow cap
like , concen ~r::.c'll: y s tri ate ; nucleus off cen
ter , to l eft of middle of posterior margin. 

ECOLOGY . Liv:i. n g representatives of this 
genu s i nh abit m&ny en vi ronments from deciduous 
forests t.o hou s e basements, nearly everywhere 
the re is l!l<:i sture. 

GEOGRAPH IC DISTRIHJTION. Cosmopolitan; Pa
learctic reg::.ons and both Americas. 

GEOLOGIC RANGE. Hibbard and Taylor (1960 , 
p. 20 ) r e port scme represen ta ti ves of this li v
ing genu s f r om Upper Pliocene or Lower Pleis
tocene deposits c f Kansa s. 

Rep res entatives of the genus are 
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yery rare in t he Ri chard on Lake deposit , be
ing found only i n the upper portions o f Secti on 
G with othe r Recent terres trial gastropods. 
The very na ture o f the shell make ;; i ~; an eas i ly· 
overlooked and mis i dentified fo ss il and care
ful study could extend its kn own range farth e r 
b11ck in geologi c time. 

COMPOSIT ION OF FAUNA 

Gene ral Statement 

The non-mari n e Mollusc a colle c t e d from the 
Richardson Lake marl deposit , Quebec Can ada 
consist of 27 spe c:!. es. The maj ority o f the se 

species are typical lake forms and have been 
recovered in similar associations from . marl 
deposits elsewhere. There are five sphaeriid 
clams , 13 ctenobran chiate , and nineteen pu-lmo 
nate gastropods in the samples recovered from 
the two ses tions. 

A qu antitative analysis of the mollusks from 
the samples collected was made to determine the 
relati ve 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 de c reasing water depth as supplied by shore
line features. 

The assumption is made that the most abun-

TABLE 1. Number of Mollu f:k s pe r Thousand Milliliters of Sediment 

Sample 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Li t hologi ::. 
Unit s 

Sec t i on G 

Unit 1 
** :',.: ****** 

Un i t 2 

Uni t 3 
* * ... * ***** 

Unit 4 

Uni t 5 
** **** ** * 
Unit 6 

Litho log-.:. c 
Units 

Se r:: tion GG* 

Unit 5 

.l.}l}~ $-.9. 

Unit 7 

Un it 8 

Numbe r of 
Spec i mens 
Sec tion G 

630 
780 
950 
960 

1140 
1200 
1870 
960 
550 
650 
790 
530 
430 
260 
400 
900 

1000 
530 

2U.O 

Number of 
Spe ci es 

Sec t i on G 

14 
12 
12 
8 
9 
8 
9 
9 
9 
9 
9 
8 
7 
8 
8 

12 
E 
12 

Number of 
Specimens 
Section GG 

1050 
1380 
1720 
1770 
970 

2060 
1090 
2660 
1290 
2320 
3130 
1580 
1220 
1300 
1130 
1930 
920 
540 

* Top fou r units o f Section GG were unfoss i li ferous ~and and are 
not included i n t hi s t a ble. 

------------------------------- -----

Number of 
Species 

Section GG 

12 
9 

10 
13 
12 
11 
11 
11 

9 
9 

11 
13 
11 
12 
14 
15 
15 
13 
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dant species 'ire 3.u tochthonous an d that the 
minor elements 9.re all ochthonous forms. Thi s 
assumption mu s t )>e modified :s~mewhat as m'iny 
species are more prol i fi e or naturally more 
abmdan t than other species. Therefo <e, con 
tinuity through :;e"eral scmples of both mature 
and juvenile form s of minor mollus c an eJ.em-onts 
is also considered i.nd ic ti " '=' of au ta c h thonous 
forms, albeit wi th gre•lt oare . It i s also noted 
that the mine-r ~ :ement.s of tl¥e assemb!.age in
dicate con sid;o;·a bly more .:on .::e rning the enYi 
ronment th 9n rno:st of ·che mz.jor .; cmpon <;n t ·;. The 
possibili ry that the small nu mbers of the mino:r. 
elemen ts may be due tc er. · i r cnrnental Lic t crs 
approaching th e1.r tcleran:e limits mu s t not be 
disregarde d. 

Table 1 lists the app"'cx i. mat~ numeri .: .'!.l ·ib
undance of mollu s ks per thc:!aand m:'.~ !.:'.!.it•:rB 
of sediment as taken fran: each >3 mp :. e . 

Sample s were collected from ~:he top ·· to t he 
bottom of each pit sec cic:.: an d the samples r.c r.e 
numbered -::orrespondingl y from the tcp co the 
base in al l f i gu res , ta bles, and meas u re c sec
tions. Figure s 4 ch r·cugh 16 are graphi c plots 
of percentages from Tables 2 and ~ of the most 
significant s pe:.::ies . Th'e !J -:' p lo t s Qre prese.nted 
to prov.ide ·a means of vi sually evaJ.uqtir..g the 
relative abundar-c e of ea:h spe:.::i es in ea ~h 

sample, of demon s~r ~ t~ng the v e ~ ti~al di stri
bution of the i mpvrta.nt up e·~i es i n the section , 
and of provi din g a :n ~ ans -,f comp arin g mollu s k 
assemblages , th rough time, from varic:w d ·c:p c, 
sits . The la tter is of .!.itde use at the pres
ent as insuffi cient d ·3t '-! are availab ie as to 
the ecology and adapt'ibilityofind~Yi du&l s pe 
cies, paleoenvironmen ts ~n which they ~xi,ne d , 

the section s f ~om · wh i::h they were ~oll. ec ted, · 
!lnd correl a t ion in the s t -:i.-:tect sen::;e between 
deposit s. 

Ri cha r dsor.. Lake Mar]. Ot,pos :t 

Of the ~wen ty- se ven spe c .. es :repres er. ted in 
the depos it, nine are terr esto::i al fo :-ms whi:h 
for 'the most p art 3re ~cnfined ·:o the t 'lp p <H'-

tion of Section G; SeYer. ara p;rominent lake 
dwelling s pe::ies oc:u ::-in g t hrou ghout b::th sec
tions; seven ar e mi no:: .>.u to: h t hon cus s pecieu, 
but important !.n ecolog~:al determinations; 
and the remaining fou r species are in terlopers 
into the are a from ,;dj ,.·;ent en"!i rcnme.."!ts. Th e 
most plentifu l spe .::ies i.n t his deposit are Gy-

:-J.u.'. u :; p2 "11 U .; , P '::-'. d ~ um c ase :-tanum, Valvata 

t: i. ·: a · ·' n 'lt ~ , F:; ~~: a ... ,~ o b :·u ~s a de campi, and He 
l.isoma .. 'ln · ' P ' · t .. i atum (Tables 2 and 3). The 
remdinde :, though less abundant , generally of
fer more det>_~: ed informa tion concerning the 
changi:1.g en •: -onmen ts of the lake through time 
than do the mo ::-e abundant , nearly cosmopolitan 
spe-:::.es. 

Thi n assem bl age represents some of the or
gan isms wh i.-:h exi:ste d a t or near the points of 
::olle.; tion during theti.mP. interva l represented 
by th e ac0umuh ticn of sediment in the sections 
sampl~d . I t ·.an be said that the greatest va
'!'iety o f m::>l·-..nk~ is fcu nd in the lower third 
of s~::: ti.cn GG, i h<.J"e which several species ei
the ':' d2.sapp':'a':' o':' "'!'~ dec reased drastically in 
number to the t::p o f that section (Tables 1 and 
1 1. In s':t1 or: G th e greatest variety of mol
lusk .s 1s f cur d ~ n th P. topmost samples , but 
th is numb.:··: :~;' sw-,J. ! ed by the presence of sev
en.! p "-!s'.'n. t chv tl' :::rep; tria l forms . The lower 
third t: -:ne h Cil f o f Se c tion G then has the 
wi dez t ;·"·;·i"'Y :· f Pleistocene forms in this 
So'"' ti ·~. n (T, b ],P.'' l o .. n d 2 I' 

Sec tion GG ml'.y b·:l divi ded in to two broad 
uni :;;; on the ba'l·. s o f fossil mollusks; the top 
few S>.n:plt>'l perh < .. p .~ reprcsen~ing a transition 
to a third U!1 ;'. t. Sec tion G may also be split 
into two •m:. t s. mu ·:h more clearly than Section 
GG , W!. t h th e ~.;errestr~ al gastropods superim
posed on t hE se .: t i on after marl deposition 
ceased. 1hf' b;:eak betveen what is here termed 
hur.al o:-:·e.'cl~gi-_..l 1mits i s ve ry di stinct and 
iR duP. t o s<;.b -•.n. t.E·, ··egetati on , and other un
known e ·..,ol c gu::al p <. ramete rs . This faunal or 
e :: olog~ca ~ zon.n;'_on net 0nl y conforms with li
tho logir. : h anges in the secti ons , but can be 
rec( gni~ed ir.. tht' to tal number of specimens per 
thou .>an d mi!.hL ter 3 cf sediment (Table 1) and 
thF; ch!.!;. g·, ir" re: l ati·r.,. sizes of the individuals 
of E. gi'.'er. s perie'l th>:oughout a section. 

Se ·:ticn G m_y "'l~o be divided as follows: 
:oar:1pJ e s 16 t:;h rcugh 19 a:s one unit (see also 
::;tt"J.ti g raphi ' Se·:tion G) with the overall smal
~est spe::::.men s:.ze; 'H.mples 8 through 15 'of 
larger s:x~;d 3pec:imens and fairly uniform num
bem; s-.rnpl"" 5 th>:cugh 7 with a di stinct li
tho .. o gi.cal d:. fff: rf;n<:·e , mu·: h larger sized indi
,,idual. •: , g~e a t ? !' numbe rs , but no increase in 
varie t y o f : v ·-:·. es ; samples l through 4 repre
sent an en ,i.r-c!'.ment simil ar to that · indicated 
by nample !• 8 th rc ugh 15 , with similar sized 
s pe : in:en :J .. 
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Section GG may be divided f11unally or ec o
logically as follows : a unit containing samples 
12 through 18 showing greatest speciation which 
decreases as the 1i thology chan8-e~ and also has 
the · smallest overall size ofindividuals in the 
section; a unit composed of samples 1 through 
11' 'shows a general decreas~ in number of speci
mens upward with slightly more variation in 
species near the top , ' size remaining relati vely 
constant and somewhat larger than ~ose of the 
bottom unit . Prominent breaks in the trend of 
specimen number s (Table 1) are seen at samples 
·G-5·,- ·G~U. and G-16, which are probably due to 
ecological fac tors not readily observable in 
the sediments . 

The important species, ecologically, in 
these two secti cns arenot necessarily the most 
numerous forms. The most a bun dan t ·and mos t 
continuous forms apparently have wide ranges 
of tolerance to environmental changes and are 
thus well sui ted to belong t~ pionee'r as well 
as successional communities. 

Gyraulus pa:-vus is the most plentiful spe
cies in the lower portions of both sections 
and demonstrates a ~~eady decrease in numbers 
upward in the respec.ti ve sections , At the in
tervals mentioned above in Section G there a re 
slight 'f!u c tu a ti~ns in numbers (Fig. 4) . G. 
parvus comprises as much as 75 percent of some 
samples, rut as little as 15 percent O·f others 
and is overall 'inore abundant in Section GG than 
in Section G. The similarity . of pe.rcentages 
at the top of both sections may indicate that 
the environmentofthe entire lake w·a·s becoming 
more nearly the same. 

Pis i d i um casertanu11 is nearly . as al:undant 
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 ~he .top of the section . In 
Section GG thi s species appears continuously 
from the middle of the se~tion 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 . 

Fos s aria obruss a decaapi and Hel isoma anceps 
striatum appea r continuously throughou t . both 
sections and demonstrate roughly negative cor
relation . In the lower half of both sec tions 
the form de camp i shows considerable fluctua
tion in nu~bers, but in the upper half of the 
section s there i s surpris~ng uni~ormi ty (Fig. 
12). In Section GG the form st r iatum ·shows two 
sharp increa.ses (Fig. 11) which may: be due to 

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 pomprise 30 to 40 percent of the 
composite assemblage through time . 

Valvata tri ca:-inata is rare in the lower 
third of Section G and the lower two thirds of 
Section GG, but then is continuously represent
ed in both se~ tions 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). 

Sphae ri um n iti dum occurs sporadically 
throughout Sec tion GG , marking the abrupt 
changes in the genera! 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 maximumofthree percent of any par
ticular sample and are important 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 decrease.s 

· to less than two percent in the middle third 
of the secti on. The lack of this species in 
Section G may indicate that there was insuffi
cient current in this protected area of the 
deposit . 

lfe remaining species , some compr1s1ng re
lati vely large and some relatively minor per
centages of indiv~dual 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-

BREVIA TIOOS FOR 001H TABLES ARE EXPLAINED 00 

PAGE 26) . 
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PALEOECOLOGY 

Ri chardson Lake Mar 1 Deposit 

The Pit Sec tions and samples from auger 
i)oles . random!y . drilled throughout the deposit 
show that whitish gray to tan marl predominates 
in the strati graphic interval in which it· oc
curs. In some places the marl is covered by 
peat, muck, and wa.ter and ·in other places by 
sand in disconformable contact . The marl grades 
ldtarply and quickly into dark gray mud · and sand 
at the base of each section. rut only near the 
top of Section G and · in Unit 5 of Section GG · · 
ia the marl i nterrupted by distinct non-car
bon~te 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 secti ons the number of specimens per 
unit volume flue tuates from sample to sample , 
rut remains fairly constant overall or with 
only a slight numerical increase upward in the 

•respective sections. Th.is 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 th·e ,· depres sion. The measured sections de
scribed are as foHows: 

Stratigraph ic Se cti on G of the Richardson Lake 
Depos i t (Figure 3) 

Measured 
Units 

Thickness 
(inches) 

1 Topsoil , gray to black , pre-
dominantly sphagnum moss as sur
fa ce · vegetation; minor coarse 
non - carbonate sand of varied min-

3 

4 

5 

e ::· al ·content; clayey; sharp ir
regular :::on ta .:: t with · white marl 
in soil; aqu atic m.ollusks arun-
dant, Samples G-1- G-4 (part). 7 . 5 

Marl, wh i te , very b1o~ky in 
struc ture plant roots and or
gll.ni c debris prominent; i rregu
lar medi um-gray layers of fine 
silt . less than 25 percent of 
total; less than 10 percent non
carbonate san d; mollusks arun-
dant . Samples G-4 (part) - G-6 . 4 . 5 

Marl , light tan with pink 
cast; very clayey , not blocky 
like un i t 2; rootlets and organic 
debri s :::ammon, especially in 
lcwer pa r t; minor non-carbonate 
sand app a rentinlower part; mol
lusks a bun dan t . Samples G- 7, 
G-8. 4.0 

Marl , tan darker .and more 
clayey than unit 3, massive; up
per contac t gradational; top 6 
inches cor. tains considerable 
plant debri s and is more silty 
and clayey; lower 9 incbes ·more 
sandy (n on- carbonate); mollusks 
les s promi nent m . lowe~ part of 
this ur..i t. Samples G-9 - G-16 
(pa r t). 15.0 

Clay :md , mud , medium to dark 
gray , slightly sandy at top , 
grades sh a rply downward into bat
tleship gray non-carbonate sand; 
plant debris especially common 
near top; yellowish pelecypod 
shells prominent. Sample~ G-16 
(part ) , G- 17 , G-18. 5 . 0 

EXPLANATICW OF ABBREVIATICWS FOR TABLES 2 AND 3 

AC- Armi ger crista, AL- Amnico.Za limosa, ID- De roc e :->:L;; sp., EF- Euconulus fulvus, 
FO- Fo ss ar i a obrussa de campi, FP- Ferrissia parall e la, GC- Gas trocoptci contracta, 
<P- Gyraulus parvus, HC- Helisoma anceps striatum, LS - Lymnaea ' stagnalis, PA- Pt
sidium casertanum, PC - Pisidium compressum, pE - Promen etus exacuous, PG - Physa gy-

.·rina, RI - Ret i nella indentata, RR- Retinella rhoadsi , SG- Succ inea grosvenori, SL 
- Sphae ri um lacust re, SN - Sphae ri um nitidum, SO - Succ i nea ovalis, SP - Stagnicola 
sp·., SS - Sphaeri um ,sulcatum, VL - Valvata lewi~ i. VO ·· Ve;- ti go ovata, vr - Valvata 
tricar inata, ZN - Zon itoides nitidus. 
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TABLE ~. VERTICAL DIS17UBUI'Ia¥ OF SPECIES* IN SECTia¥ G, RiaiARD:n; LAK~ MARL DEPOSIT 

C~enobranchiata •• r•••••••••••• •*• •••• • Pulmon a t a••• •••• ••• •• ••••• ••••••• ·· 
Sam-.. 
ple vr VL AI. lS SP FO GP HS HC AC PE PG FP SG 

1 17 . 0 9 .6 26 . 5 1.5 9. 1 0 .2 
2 23 . 0 7. 5 33 . 0 2. 7 
3 20.5 0.1 8 . 7 37 . 2 3.5 
4 21.8 10 .8 34 . 7 3.6 
5 23 .5 11 1 33 .6 4. 3 0. 1 . 

A.',•'..: - · ,·~·-· . . ... .. .... . . ~ 6 28 .5 11 .8 25 . 3 7.9 o, 1 
7 24. 5 6 . 1 23.7 7 ·. 5 0. 2 0 .1 
8 20.1 3.8 24 . 9 4. 1 0 . 1 0 .1 
9 4. 5 8 . 4 40 .2 8.9 0 .1 0 . 1 

10 0.6 17 0 2 35.6 9.9 0 .1 0.1 i 

11 "0]1 0, 1 ll . 5 32 .6 8 .6 0.2 . . 
12 0.6 14. 6 37 . 3 4.0 0. 1 
13 1.6 19 . 7 40 . 2 1. 6 
14 20 . 2 45.5 4.9 0.8 
15 12 . 3 60 . 4 6 . 3 8 . 5 1.0 
16 0.1 2.2 0. 1 7. 9 68 . 3 2.8 8 . 1 0 .7 
17 3. 9 0.1 0. 3 8 .6 48 . 9 1.1 4. 3 0.1 
18 1.5 1.9 9.9 29 . 3 0.4 5.7 1.5 
19 0. 2 5.1 0. 1 4. 9 44. 3 0 .9 3.0 0.1 

•••• •• ••••• Pu m o n a t a********** *** ** •s p h a e r i i d a e•• •• 

so GG 00 EF vo RR RI ZN SL SN ss PC PA 

i 0. 2 1.5 0. 2 0 . 2 0 .9 0. 2 2.7 39. 2 
2 0.2 0 .7 0.1 0. 4 0.1 0.1 10.0 22.~ 
3 0.1 0 . 1 0.2 0 .1 0. 2 1.6 27 . 7 
4 0. 1 0 .1 0.9 28 .0 
5 0. 1 0. 3 1.6 25 .6 
6 0 . 3 1.1 25 .0 
7 0.1 2. 1 35 . 7 
8 0. 5 1.6 44 .8 
9 0. 3 3. 2 34. 3 

10 1. 3 4. 7 30.6 
ll ' . 2. 5 5.0 39 . 4 
12 1. 5 7. 4 34 . 5 
13 1. 8 8 . 3 26 . 9 
14 0. 4 0. 4 5.7 22.1 
15 0 . 5 1.3 4. 3 . 
16 0.7 0 .6 8 . 3 
17 9.6 22 . 2 0. 4 0 .8 
18 0 . 1 23 . 2 27 ; 8 2. 1 2. 4 
19 16 . 1 25 . 4 0 .3 0. 4 

* Fi gures are the percentages for a gi ven species of the total number of speci mens in 
a given sample . 
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TABLE 3. VERTICAL DISTRIHJTION OF SPECIES* IN SECTI~ GG, RICH~ LAKE MARJ, DEf'(lSIT 
'I )t' .. \, 

Ctenobranchiata ············ •*** ** * p u 1 m o n a 
t ~ ,**•······················ SAM-

PLE vr VL AL LS SP FO G' HS HC AC PE PG FP SG 

1 30.8 0.2 12.2 27 . 7 9.2 0/ 1 0.2 0, 6 0.6 
2 23.7 14. 3 22 .8 ' 7. 9 0 . 1 
3 28 .7 0 . 2 10.4 21.0 9.0 O. l 0.3 
4 20 .6 0.1 8.4 15 .6 9.7 0.1 0 . 1 1.5 0 .1 
5 9 . 5 0 1 0.7 9 .5 19.4 13 .6 0.4 2.5 
6 1.0 0.1 7 .8 34 .4 2L9 0.2 4.5 
7 0 1 9.0 49 7 15 . 9 0.6 3.6 
8 0. 5 5 7 57 ' 2 9. ,0 0 .6 9.9 
9 L6 13.7 44 6 LO 0.5 4 .3 

10 0. 5 15.4 58' 1 3. 3 0 .9 12 . 1 
~1 0. 2 14. 4 71.7 0 . 5 0.6 0.2 9.3 
12 0.1 O.l 0. 1 12. 1 70.9 1.4 1.9 1.0 9 . 3 
13 0 . 1 9 .1 66.7 3.8 2.0 2. 5 11. 4 
14 0.2 0. 2 9.0 62. 1 10.9 1.6 2. 7 8.9 0.2 
15 0.1 0.2 11. 9 57 .6 15 .7 1.9 1.9 6.8 0 . 2 0.1 
16 0 . 5 0 . 2 0 . 2 8 .0 60 . 4 14 .8 0.9 0. 1 2.7 8.4 0.4 
17 0.1 1 . 3 0.1 7 , 2 66 . 2 11. l 1.'3 1.6 5.1 0 .2 0. 1 
18 0 . 2 1.0 4.6 7 4.8 6.0 0.9 1.5 2.6 0. 2 

·~···"*'****** p u 1 m o n a t a * * **• ~~· •••~• ••••••• sph~er~idae•••••,••• 

00 GG 00 EF vo m RI ZN SL SN ss PC PA 

1 0 . 4 1.5 16.5 
2 0. 4 0. 1 1. 5 . 29 . 2 
3 0 .2 1.8 28 .8 
4 0.5 0.4 1.3 41.6 
5 11 . 3 1.7 7 . 2 23 . 1 
6 4.7 1.0 3.9 28 .6 
7 2.6 0. 3 0 . 2 1.7 16 .9 
8 5.6 0.5 0 . 2 1.1 9.7 
9 2.3 4. 2 20.4 

10 6.4 2. 1 1.2 
11 !.6 0. 5 0 .6 0 . 1 
12 2. 1 0.3 0.1 0.6 
13 3.5 0. 3 0.1 0.5 
14 3.9 0.1 0.2 
15 2.8 0. 2 0.2 0 .4 
16 2.6 0 .2 0 . 2 0. 4 
17 . 4.4 0.6 0 . 1 0.6 
18 6.2 0. 2 1.3 0.5 

• Figures are the percentages for a given species of the t otal number of specimens in 
a given sample. 
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6 Sand . medium to dark gray 
medium- t o c oarse- grained , peb
bles end :obbles relatively :am
mon ; compleY. suite of minerals ; 
about 60 percent quartz grains; 
sand extends a min i l!Rlmof72 in
ches below c:lay. Sampl.e G-19 

Total 

2 . 0 

38.0 

St ratig:-aFh · 3e~t:~n GGcf the R!.cha ···d.J on Lake 
Dspc2it (Fi gu-e J; 

Measured 
Units 

Thickness 
( inches) 

1 

2 

3 

Top ;o il, da k gray i ~h brown 
to bl ac k near surf1:e; ·; ery sandy, 
medi um- t o fi ne · grained; fP-w pee
sized pebble::; ; lower contact ir
regul ar, ;;h a rp; no moEus ks , 

S:md , medium gray tc brown; 
f ine- grai ned; lcwerconta .::: t sharp; 
irregu lar; no mollusks. 

Sand, light grs.yish brown; 
fine - t o medium- grained; no mo l 
lusks . 

Sand , da J:k grayish brawn with 
con side r able day and · silt .:on
ten t; medium- to fine- gra ined; 
lower ; on t a: t h i ghly irregular, 
sharp ; no mollusks. 

5 Marl , white to light tan; 
roots prominent, especiaUy at 
12 ,;md 19 in :hes below upper con
tac ~;; ;, t 20 and 25 inches are 
1/ 8 in h bands o f da r k rus ·ty
brown muddy silt; upper po.rtion 
con tains abund~t plant debri s, 
dec rea~in g downward, extraneous 
limes t one pe bbl es; mol!. usk. abun
danc e vanf:s through interval. 

8.5 

1.0 

3.5 

Samples GG-l throu gh '*~ 15 . 16.0 

6 Cl ay, b l a ck, very slightly 
sil t y ; pe lecypods most notice
able . Samp le GG-16 (part). 

7 Clay , medi um to light gray , 
mu ch p ls.n t material; bottom two 
'in '::hes grades d0wnwa:r,d i nto g ::-ay 

1.0 

8 

sand s i.milar to that in Section 
G; mollusks common. Samples GG-
16 (parti , GG- 17 , GG-18. 

Sand . medi um gray coarse- to 

med~um-grained; pebbles and cob
bl .- s :ommcn ; ::cmplex mineral su
ite; extends more than 60 inches 
do\mwa r d ; no mollusks in portion 
s ampled . 

Total 

6.0 

53.0 

The f a .:t th a t many of the s pe : ies re covered 
are rep :. esenced i n nearly every sample i n one 
or both se:tion ~ i ndi cates that ei ther the la
cust::-ine en vircnmen~ was re!. atively stable 
throughouc the dnrat:. on of marl deposition or 
that these same spe:i e s had wide ranges of 
tole ran.:::e and were adaptable t o many environ
men t 'J. Con "£ rsel. y, c th e r forms are present in 
only cer~:iin po~ t~cr.s of a ~e c tion or sections, 
whi ch poin '~s t( their be i ng more s pecialized 
or "pproa ·.h:.n g thel.imits of their enYironment . 
The comp-.si t e pi ( tu-:e suggests de c reasing water 
dep th, :l:'. r.a t ~ · W>i::'t!l:.ng, re~atively ,;mall chan 
ges in ~he ,;,mcun c o f ·"ege ta t~cn except near 
the base of the se ~ ti ons, and de c reasing mol 
~usk dl.·' ·~r&icy wi t h time . Si n :e neitherof 
the twc sec cir.n ~ .{•impled rep res en ts a complete 
nfil ling s equen-~e c f a marl lake , limited di
ersi ty c r limited s pe .: iati on may be expec ted 

as the en •rircnmental ch an ges preserved are li
mi tP.d by th e du ra ':ion of .sedi mentati on . 

Spe ,:~e~ c·: cur::-ing t h roughout the two sec
tions i. n some ,. bu.ndan ~e ar e Fos sa-i a obru ~fa. 

de ca.mp 1, Gy ,·au !u : p a."JUS, He l.:.soma an .~ep s st :-i
atum, and P".s <d ~ um "a u::·! anum The continuous 
pres ence of thes e species in the s ec tions of 
thi " depo s it md i n dep.os~ ts studied by Clow
ers (1966) md Roy C.964 ) sugge s ts an adapta
bility ":.c ·H::-ia":. icns i n the envi ronment. These 
species a r-e apparent~y part of the pioneer ~om

mun i ty an d a:-:-e present 1n the uppermost sam
ple s in Colton Lak e whi ~h Clowe rs (1966i states 
probably had a considerably different en viron
ment from t ha t t'e presented i n the bottom of h is 
section . Change~ i n their percentages mark 
points o f di%ppea ran ce of other species, as 
in the ! e wer th i. rd of each s ec t icn, or anoma
lies in the en vironment whi ch are not readily 
observable i n the sediments as in the upper 
porti on o f Se ::~::. o l!. G ( Tables 1 and 21. 

In a d i ;r.u ;,si.on o f Se.:: ticn G, the strati
graphi c in ter·,,.l msy be divided i nto two units 
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on thebas i s o f both faunal and lithologic cha
racters , again di sregording the Recent terres
trial gaG tropods :rec o7ered near the top o £ the 
section. Unit 1 contains s amples G-1 through 
G-15 and Unit 2 contains samples G-16 through 
G-19. Thi s di vi sian based on litho logy and 
diversi ty of species is easily re cognizable . 
although slight ch'anges i n the en vironment 
throughout Unit l may be noted by fluctuation 
of the pe rcer.tagils of the species (Table 2) . 
In Unit 2, wi t h the exception of Gyraulus par
vus, the long rar. ging s pe cies Fos s ar i a obrusr a 
decampi, He L eoma anceps s t ri atum, P isi. d i um 
casertanum , and P ·i s ~d i um compress um are not as 
a bun dan t a s :ornpared to their occu rren:: e s in 
Unit 1 ( Figs . 7, 8, 11, 12 ) . Gyraulu s pa r ~us 

may be less depen den t on substrate condi t ion s 
than are t he c. ther s pecies because it h as been 
found l i ving on su bmerged aquati c vegeta ti on . 
Four other s peci es , Va lvat a lewisi., Stagn icol a 
sp. , P;-omenc ~ u $ e:cacucus, and Sphaer i um s u ic a
tum are gene rally present only in Unit 2 and 
occur in sn all per-:en tages. Valvata lew-:.si is 
commonly r ecc ·tered from s andy substrates as is 
Sphaer i um su !: at um, whereas Pr omenetus ex-:t .· u 
ous is an i ndic ator c £ c old or deep waters . 
From th is, cn e can su ;:-rni s e that the water level 
stood a1: perh aps· the 15-foot terrace, givin g a 
depth of abc c: t 12 feet over Section G, tha t 
the subst ic ate was firm, and that the water was 
much coole r than a t present, and quiet . The 
sudden chenge in pe:-::entages and the disappe ar
ance of species at Lhe unit boundary (S~mples 
G-16 , G- 1 5) ind i. cate o: s udden alteration of 
condition s such !l:J a \'1 abrupt lowering of the 
water leve l .. Si nc e this area was somewhat pro 
tected by the di '!:. de from the wind and wave s 
acting on the deeper lake, the en vi rcnrnents 
near Sec t ic n G were in f!uenced more by. solar 
radiation a.'ld ¥at~r depth than were the envi .. 
ronrnents at sec t i on GG. Uni t 1 represents a 
time of r elati vely stable environmental condi
tions, wi t h s ome minor fluctuations as suggested 
by the abrupt nurneri.~al and size increase of 
Valvata t r> a .-~ nata at the horizon · of Samp les 
G-8 and G- 9 ~nd the de cline of Fossa :-ia ob;-us 
sa decamp ~ and Pisid i um compressum . I£, as 
~ittaker (1922 , p. 150 ) suggests, marl being 
deposited ~:o da.y show~ 50 percent shri nkage on 
drying, the sub s tra1:e may not have been f i rrn 

enough to support benthoni c forms such as Pis'..
dium comp ;-e<num and Foss ar i a obrussa de camp i.. 
On the oth e r h and , V. tr ica:-inata was either 
capable of livin g on soft bottoms or inhabited 
the aquatic vegetation above the bottom . Abo 'Te 

the level o f s~rnple 9, v. t .-:~ ari.na ta becomes 
one of the d omi nant s pe::i es of the assemblage 
f rom Uni t l. lle\~s~ma -~ampanu l atum , from the 
di·rision based on th ;: f auna and the lithology , 
was one oi t h e. interlopers into the area of 
c ollecti on , app ea~:~n g i n the middle of Unit 1 
as a few adu l t s pec i nen s. This species has 
been re co:,>ered rn a:. nly f rom firm substrate and 
from vegeta tion gro wi ng en soft bottoms . In 
t hi s case th e spe -~ i~ :' p ro bab!'y lived on vege
tation grGwingor. the so ft marl substrate which 
sugges ts some sli ght inct-ease in the quantity 
of vegets tion du rin g che i n terval represented 
by samples G- 6 thr"u gh G- 10 . With only adult 
spe:imens p-resent. i t may be assumed that they 
rn1 grate d £ ron some n e9.:-by area. Samples G-1, 
G-2 , and G- 3 !'epre::ent t h e last deposition of 
marl while the lakP. le•reJ. s tood between the 8-
foot a:J d the 4.5-fcot te r rac es , most probably 
nearer the lR.t ter. D.! ring the deposition of 
the abo ve mentioned samp les there was an over
all de r.reas~ i n t he size e.nd number of indi vi
duals. Va. 1 •1ata :'">a- i n!lt.a, Fcssaria obrussa 
d,~camp i , C,-y :- au .'. u, ,· p ar:•u ; , an d Helisama anceps 
.<t: ·'. ~ t um de crease d :~ n t'el.ati v e abundance where
as the pe :e-::ypods increased slightly in nurn
be n , . Th rcughcut t he ec t ion the respective 
specieR e:ppear t::: de velop only to a ce rtain 
rnax:..rnu rn s::..r.c , bu.t th P. proportion of small or 
perhap:l dwarf.,_d frn rns tc large individuals var
i es through t h e .<>e s t?.on . In Un i t 2 most spe
c i rne:-~s are s rna!.l. wi. th on ly a f ew large forms , 
whe -:-eas i n Unit -~ t he "ast majori ty of speci
men s are 1.a.rge. In s.,mpl.es G-' 4 , G-5 , and G-6 
the si~es ••re ~cmewhi.t g::eater than those from 
r.he r emai nde ;:- o f th e. se-:: t i on, lacki ng dwarfed 
form s ent i.~e l.y. Some Bddi tiona! data on the 
pH an d f i.A'e d ~arbon dioxi de ratio of the water 
may h el.p t.c explain some of the variati ons in 
the assemb ~. a ge . Mc,~::i:'!cn (1932, p . 371 ) states 
that Fo ~::o.1·i::. oo. •.t ::: .-: o. d ~c o.mp i c an exist only 
within t he pH 1 '!. rni t s of 7. 42 and 7 . 7 . In the 
discuss::.on of Systemati c Paleontolo gy i t was 
note d th at Sphae :· i.unt 1, a~ ust;-e ha s been recov
e ;:·e d horn w"- te r with a P.H o f between 6 . 4 and 
7. 46 and a f ixed ~arbon di oxide ratio of be
tween 9.3 ar.d 18 . 87 ppm. ; P".si d~um compressum 
_L orn wste:· wilh a pH o f between 7.0 and 8 . 73 
and a fixe d carbcn d: oxi de ratio of between 
9. 3 end 30 . 56 ppm. App l ying these data to 
f i gure s 4 -16 cne .:: m:;. see that the en vi ron men ts 
of the l ake bu tt" rn ~h e.nged from acidic near 
the bas e of the .sec tion to alkaline, then back 
,-_o a::i di:: n e!>.r rh e t op of the section. The 
quest~_on a rise:; as t o the effec t of t emperature , 
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" fixed carbon d i ox :. d e l i mi ts cf rh e vari ous o r -
ganisms . 

· Section GG may b e divi d ed en th e bas is of 
litho logy an d f ~·1 n a i n co 3 uni t s , bu t · nc t a s 
defin itively a s s~c tion. G. Uni t l i s made up 
of samples GG-l th rou gh GG- 1 2, Un i t 2 i s made 
up of samples GG- : 3 t hrou gh GG-16 . m d Un i t 3 
includes samples GG-) 7 and GG- 18 . Th ::. s se : tion 
wa s me asured an d -::olle-: ced on the no i·thwesc or 
windward shore 1F:i g . 3) of Richa rdson Lake 
where th e wide e··:p anse -: f wa t~r and th e win d 
had grea t e r :uflu en ~ e ':.han i n t h e area c f Se-::
tion G. Here t h e l ong-ran gi ng fn :rmq i n -:: !ude 

-"·- --- Fo ss a r ~ u ob -u ss a d<:~::mp 1- , Gy ··au :. u ~ p a ··nl <~ , H~ 

l i s orr.a an : ep .l st- ~ a ·: um, Phy .a gy ".n·:J., Spho.e o:. um 
l acus t r e , P i <:1 d wm .;OntF -e.; u"'• and P·.-;· d :. um 
cas e r tanum , wh ::. , h f or t hem0 t; par t ->h :>i/ l i :; t;la 
variati on i n number: o fin di7l dua:,(l with !:..th e 
logi c c;hange :~ . St1::-t: ng wich Un i t 3 , wh i .:h is 
separated main l y on li t hol ogi :: •ra: r:i. ".l cion, n o 
faunal chan ge i'! no1-ed between 1 t and Un it; 2 . 
Gy r au!us pa rvu s : omp r i. s e 9 6 5 t o 75 pe:~ ~ent c f 
th e assembl a ge of Un it 3, t h e r emainder be i n g 
made up of 15 o th e r s peci es. App !i::-en c~Y th i 3 
is the prefe r re d h a bi t at o f G. pa -- 'Ju >, amor.,g.s t 
the vegeta t i on , in a t leas t :: c c~ wa r;e r s , an d 
on finn sandy su bs t r ates, o:r th e env<~onr.1ent 

may have bee-n "'-PP ro 9. chi n g the to,l er an .~e limi t s 
of the o t he r s pe ~i es, and =on sequen ~l y they 
are not ahmdan t The n ext ur.i. t ·{Unit 2> i s 
delineate d on th e ba s is c f th P. f oss i l an d -;eg
etation conten t o f the se ·~ tion a s we:! as l i 
thology . It is t o · be no t ed 1:h a L s e 1:e :ral s pe 
cies occur i n Units 2 and 3 , bu t n o t i n Un i t 1 ; 
Val v ata lew c,:?£ , S +agn i .:; o .\ a sp. , P .·c m.er~~t us e x a
cuous , Fe rn ,q : a pa · a i I. e ~ 'l . an d Spho.: -· um s u ! 
catum. . Thi s po rtion o f the s e c t i on ccntai n s 
much more s il t, non - carbonate d ay, an d c a r bo
naceous mat ter ch an doe s a simi l a r in t e rva l i n 
Section G and grades more gradu a lly upwa r d in 
to marl. Th : s f a ,· t be .: ame app a":'ent dur :'. ng l a 
boratory wo r k . As i n Sec t ion G1 the s e sp ~ ci. e s 

suggest wa t er mu ch cooler than at p r -:!s ent , 
perhaps wi t h ~on si de rable d ep t h , firm s o.ndy 
bottoms , and a bun dan t vege t a t.:i. on . Un i t 1 i s 
similar t o Un i t i in Sec t i on Gin ch a t Gy ·-auluJ 
parvus de c reas e s upwa r d an d Va ~'Ja t z. t- t : a.--:nata 
bec omes a domi n ant fonn i nilie uppe·r po r tions 
of the in t e rval . PLE:·· d -:um. -~·as ~~ tan urn a lso be
comes less p lenti f u l u pwa r d wh i. ·~h i s C-onsi s t ent 
with the l oweri n g o f t he we, t ;- r l evel and t h e 
increase i n t empe r a t ure . Being adjacent t o 
deeper waLer su b jec t; to wi nd an d wave a : ti on 
tended to counte r ac t va r ia t i on s in -:espon s e t o 
shallower wa t e r by bri ngi n g up ~o lder wa t e r 
from the de p t h s . P··omene t us ~xacucus app e a -~ s 

i n bo t h se ~- cion s , but e ven though it is :< morec 
a bmde.n t i n Se ~ tion G, i t extends higher in 
Section GG. As t h i s s pecie s is indi cative of 
co ld , qu iet wwte r s (Bake r , 1928 . pp . 362 , 363) , 
its prcmwen ce i n .~ ec tion G may be due to qui
ete r waters , whe r eas the longer vertical ex
tent i n Se ~ ti on GG may be i n response to up
well in g o f co lde r wa t e r s from the d~pta .ss of 

rhe l ak e . From Table s 2 and 3 one may surmise 
tha t th e form He 1 ·:soma ancep s s t '"i atum is able 
to with s t and s ). i gh t ly wa nner en vi ronmen t s than 
P. exa : uor.Ls , ru t no t as wann as pre s ent , as no 
l i ving :-e p r es enta t ive s we r e r eco vered from the 
l ak e. Sphae ···.um 11 i t i dum , another co l d or deep 
water s peci e -, o ~ :u rs on l y i n Sec t i on GG, per
hap s J. nd~ ·~ a ti n g a more re s t ri :: ted upper tempe 
r a ture limi t t h ar. the fo r m " tria tum., but not 
as p r onoun : e d a s P . e xa.:: uou ,, or Va l v ata lewi si 
whi ch ha 'e si milu occurren -::e s . V. t ri c ar inata 
c.pp a r e nt !.y is 1ll-equipped to l i ve well in 
wate r a s deep or a s ccld as that requi r ed by 
He 1-i s cma. ?n ::ep s d ;·:'. at um. , rut ne i ther is found_ 
i n rh e l ake at preGen t . I t i s apparent that 
the en 7i r .:nmenta!. l i mi ts of vari ou s organisms 
ove rlap , but the se organ i sms are not necessa
r ily in di re Gt -:- ompeti ti on . They inhabit dif
f eren t e : o!.cgi -::al n iches, living on different 
r, re a:s o f the bot .;;om and feeding from different 
s ources . 

The R::. ;;hards on Lake mar l deposit thus fol
!. owe d a c ou r se c f sccumu l ati on not unlike the 
de velopment o f o th er deposi .t s. In this case 
the ch an ges ::.n. th e f os s i l as s emblage with time 
cg,n be :Gc-re late d wi th te r r ac es around the 
d opes a bc ve t he pres en t l ake leve l and these 
s ame t e rra -.;\;:; - m?.y be emp!:o;y ed t o clarify the 
trunca t ed s e ~ t ions . The l"ake wate r was cold 
and deep e ver th e a r e as of collec t i on during 
·th e e arly p 3r t of rh e deve l opment of the marl. 
Th i -s i s sh own by c old o r de ep wa ter mollusks 
appe a r i n g i n the b&Ra l un i t s o f · the sec tions; 
Uni t 2 of Sec ti on G and Uni t s 2 and 3 in Sec
t ion · GG . The s e dcmi n ar. t :!.y ben thon i c fonns and 
burrowe r s r.e qu::. r ::. ng Enn but not sol i d substrate 
i n clud e P ·cmenetus exa .-. uou s , Sphae r i um su i ca
tum, S ph.ae-- ;. um n it ~du.m (on l y in Section GG) , 
and Va ·. :zta 1 ew ~ si. Fe .-riss.i a par a l l e l a, al 
though o ·~.:u rri n g with t h i s group in Section GG, 
i s n o t known to be a deep or cold water spe
Cl e s . I t gen erall y li " es on suhnerged vegeta
t ion n ea r the s u r f a ce and was probably rafted 
into t hio; 'i re ·;. on floa t i ng vegetati on and lod. 
ged again s t t h e h eadl and s an d divide . ))!ring 
thi s i. n 7e r ·, ,'il th e wa t e r level probably stood 
at th e 1 5- foot te r race which is t he highest 
r eco gn i:t!>ble sho J:e E ne feature noted . Sample 
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15 of Section G and S•amples 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 G:i , being closer to the 
deeper portions of the · lake , shows less drastic 
faunal changes due to the neutralizing effect 
of cold bottom w·a:ter on surface warming and 
decreasing water depth . Above samples ·~-15 , 

GG-11, and GG-12 the interval is designated as 
Unit 1 in both s.ections. 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 this interval 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 
s 'ection 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 . lliring 
this interval the water level receded to the 
4 . 5-foot terrace ..dloseelevation indicates that 
the divide would have : been either above water 
or slightly awash and the area around Sec·tion 
G relegated to a semi-isolated lagoon (Fig. 3, 
insert) . The water in the is,olated 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 
e:;, 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 res1,1l ted 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 

combined with wave a:tion. The results · are a 
sharp highly i r r egul.ar contact between whitish 
gray marl and coarse roughly-bedded sand . A 
dark band of sand within t he coarser material 
can be tra ced by auger holes to the 16-inch 

' terrace . After the dra i nage of the area around 
Section G, terrestrial vegetation invaded the 
new surface. Mosses and other moisture-ioving 
plants were followed by grasses , and soil hor
izons were de veloped. Some t i me after drain
age of the a r ea terres trial gastropods migra- -
ted into thenewly access~ble habitat and their 
rem1;1ins occur only· in the topmost samples in 
the soil zone . The condi tion of the shells 
shows that these terres tria l species are not 
more than a few years old . 

Correlation o f similar en vironments between 
these two pits is probably correla tio11 in its 
strictest sense, as time . Units 2 and 3 in 
Section GG are equ!-ralent to Unit 2 in Section 
G. Unit 1 in Sec t i on GG is not complete when 
compared with Uni t 1 o f Section G, as the equi
valent to the t op th:o:ee samples of Section G 
has been eroded away in &ction GG . 

AGE AND CORRELATION 

At present the re is no prac tical method of 
pin-pointing the age o f marl deposits such as 
this. Radioc arbon dates gi ve the best results, 
b.t t are too expens i " e to be included in this 
study . None of the mo~lusks is considered a 
good guide fo s sil fer subdividing Late Pleis
toqme time, and pollen studr es werenotunder
taken . Thus the age of the deposit can only 
be determined i n relati on t o events wi thin the 
history of the region. 

The marl in the Ri ch ards on Lake deposit is 
separated f rom the under ~ying sand by a few 
inches of dark gray mud whi ch is completely 
gradational be t ween the gray sand below an'd 
the whitish-tan marl abo ve. 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 th e time the waters of the 
Olamplain Sea ret rea ted and the beginning of 
the early stages of Ri cha r dson Lake , as the 
vertical gradation from brown , tan , and gray 
sand to mud and marl shows no si gnifi cant in 
terruption . The last remnants o f the Champlain 

...-.-. .... 



• 

NO . 25, MAR(Jf i 967 STERK I ANA 33 

Sea were cf rel a t ive ly fresh water, probably 
due to the newly opened North Bay-Mattawa and 
Fossmill · outlets draining th e a11ces tral Grea t 
Lakes. This al so provi ded a mi graticm route 
by which the f resh~wate r mollusks ipva ded the 
region so qu i::kly a fter a ma r ine l nundat;ion . 
With the continued lowe ring of the wat;er in 
the Ot tawa-St . Lawrenc e Lowland . th e area a
round Richardsor. Lak e be;:: ame ·dry land wi th only 
the low pl ace s holdin g water and developing 
their own srr.al.l c ::-ai na ge sys terns. Tha't' th'i ·~ 
deposit is n c-~ Re::ent is seen in the well de
veloped soil t one in Sec tion G and the consid
erable ch icknes .s c f sand .wit h .. a soi l zone com
parable to th at ir. S·e:: t i on · G ly i ng uncon.fonn
ably over the marl i n Sebtion 00. 'Ml:i t take r 
(1922, p . 150 ) <;:.mp!ed p!"esen t day marl and 
found that it ex..h.ibi ted about 50'Jierc en t shri nk
age when dried. 1he marl i n this deposit de - · 
monstrated very little shrinkage when dried . . 

The uncon so!id!ite d san d and gravel surround ~ 

ingthedeposi t fo r a dis tanee · of ~;evetal ,' miles 

was mapped by Sa bou ::-in (1965 ) . and des i gn ated 
as Pleistocene - Recent undi fferentia ted . De· 
Gee·r (1892 ) and ·\nany later workel's h ave c on 
sidered this area t o be pa rt of a more o r le·ss 
continuous s e ri e s of aban doned bea.::hes and 
shallow sea bottom deposits a etri rute d to. the 
Olamplairi Sea . The sea i n vaded · the Ott·awa - St . 
Lawrence Vall ey f ollowing the· · re lii'ea t i ng.·:Wis' 
consin ice sheet and extended at l eas t a s far 

. upri ve 1: as the Olalk Ri ve r Area ('Gadd, 1963B, . 
Legend). Si n ce the r egion h a d j ust been gla
ciated the bedrock wa s covered ' wi th a subs tan
tial thi ckness of · glaci al deposi .lls (Olapman 

· and Putnam , 1949 ). Th is gla.:ial debris pro 
vided the material re ;11orked' i nto the now ele
vated marine , shore, and nea r~sho re features 
by the OJ. amp lain Sea . 

Karrow (1961, p . 101) place s t'h e marine i n 
undation of the Ottawa Valley re gi on at 11, 000 
to 12 , 000 C- 14 years B. P . Thi s inundation . is 
in part contemporaneous with the Two Creeks 
interstadial of the Wiscon3in glacia·t i cln ( Ter 
asmae, 1959, p . 334). Te rasmae (1965 , p. 38 } 
also indicates th at the con dli~i'(J'n .oJ. th~ i n
undation was s ome 9 ; 000 to 9 , 500 C- 14 yea rs 
If. P . and that th e St . Le.w rence drainage 9/l"•ah-i.~'. 

ably occupied its pr e sent c·onfi gura t i on some 
7,000 to · 8 , 000 C- 14 years B: P. 

The Ri chardson Lake ~arl dep0sit can be 
dated as post-Olampla'in Sea andp.OSil-Two-{:reeks 
in this area . If a corre lati on could be drawp 
between the occurren ce of poll en zones and the 

.mollusk as sembl age, th e time o-f marl depos i-

tion may ha ve cor r esponded with what Terasmae 
(1959 , p . 335, f i g . 1} calls Zones IV, V, and 
VI , wh ich ended approxi mately 7 500 C-14 years 
·B. P. and ar~ sai d t c represent cold climate 
following the ma r i ne inundation . 

Stric t correlation of deposits such as this 
i s nearly i mposs i ble as they are conunonly iso
la.ted from each other and . exact radiocarbon 
date s are generally unavai-lable . Roy (1964 , 
pp . 144-147 ) conc,ludedthatthe marl siteswhich 
he studied in Wi sconsin may have been contem
poraneous , a t least i n part , and that those de" 
pos i t s rest on Ca ry and Valders outwash . The 
C!l.ry and Valders glacia tions bracket Two Creeks 
time so the Olamplai n Sea episode was probably 
pa rti ally coinci dent with Cary glaciation . The 
Ri -:h a·rdscn Lake deposi t may then be equi valent 
with tho se whi .::h Roy desc ribed as over! ying 
Valde rs c·u twash . Cl owers (1966, p. 56) sets 
s imi l ar t ime l i mi t s for the Box Marsh deposit; 
pos t-Olamplain Sea ( 9 , 500 C-14 years B.P.) to 
abou t 7 , 000 C-14 yea rs B. P. , or until the ter
mi nation of she cold period following the ma
rine inunda -c5.on described by Terasmae on the 
basis of pollen . Comparison of graphic plots 
of Phy ~ a gy :·ina; , Va h ata t ;-icar inata, and Gy
;- ;:w l us p a":JU S with those of Clowers (1966 , p. 
51 ) shows that the en<i ronmental succession in 
Richards on Lake wa s similar to that re·c.orded 
i n th·e· mi dd!e thi rd of the Box Marsh section. 
Thi s s1 mi l arity should not be construed as 
me ani ng a s trict correlation of the t'M> depo
sits. 

CONCLUSIONS 

' Th e mo.llu.SU.n as semblage recovered from the 
Richardson Lake ma rl deposit contains 27 spe 
ci es o f whi : h 9 are Recent terrestrial forms 
not belon ging to the Pleistocene conununi ties 
whi ch 1.nh abi ted the lake. The fresh - water mol
· lus can rema i ns are not uniform.ly distributed 
throughou t the sections . sampled, which is a 
measure o f the migration of benthoni c environ
ments i n respon se to variations in water level 
and tempera ture . The dec reasing water level 
with time was pr obably associated with the wan-

. ing remn ants of the Olamplain Sea or isos.tatic 
up li ft of the land. The climatic changes were 
i n response to the i nfluen ce of th'e ·Late Wis
consin ice as well as the climat~: - moderating 

effect of the Olamplain Sea . 
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Mollusca occur in the lowest samples of both 
sections . Below this the s and contains very 
small percentage s of silt and clay sized par
ticles , no plant remains, and no ·mollusks. ·-.. A,
quatic mollusks were then present, in. both sec
tions, during t he· ti!m4Hi"!::erbo,~a,ll.e: seiiimen ts were 
being dep'os ited . · The' water was initi ally 11 
to 15 feet deep in the areas of the sampled 
sections, and with the lowering of the water 
level in th'e Ott)!Wa-St . · Lawrenc e ·' Valley, , was 
lowered in stages as shown by the h i gh terraces 
on slopes adjacent to the present lake . The 
shallowest water during marl deposi t~on was 2 
to 3 feet over Section G. At this dep'th, 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 wate r ci r culation completely . How
ever, the quantity of vegetati on remai ned re
latively constant throughout: .the duration of 
sedimentation wi th some i ncreased gr owth as 
suggested by the appearance of Heli s oma campa
nulatum in the middle of Sec tion G. 

The clima te was mu <::h cooler than at present 
as shown by the cool water fo rms He l i soma an 
ceps s't ri a t um and P is i d i um n ~ t i dum, hit warmed 
somewhat toward the end of the interval repre
sented by the mad section . The presence of 
Promenetus exacuous in the basal portions of 
each section suggests a cold peri od duri ng the 
early part of the lake development . As the 
climate warmed , this spe ci es disappeared and 
other members of the as sembla ge prefe r r i ng cool 
waters prospered. Wi th continued c limatic 
warming even the cool wa ter elements demons
trate decreased populations and at present the 
prominent Plei stocene forms a re conspi cuously 
ab;ent from Richards on Lake . Occupy i ng similar 
ecological niches iri the present l ake are spe
cies recovered fr<m1 Pl'eis to cene ·.deposits far
ther south which were c ontemporaneous with 
that of Richardson Lake. 

The time of marl deposition is thus post
Cllampl ain , Sea, post- Two Cr eeks and may ·be · equa
ted with cold c limate pollen zones'"IV;-·· V, and 
VI (Terasmae, 1959, p . . 335; 1960, p . 18 ) whi ch 
have been gi ven C-14 s ge r ange s of about 9. 000 
C-14 ,years B: P . toi' , 5oo·C-14 years B' P . 

The geographic di stributi on s of speci e s re
covered from this d~posi tas well ' as those be 
longing to species absent here , but cof!~ c ted 

from s i mil'ar aepo:oi· ts , suggest bands or · zones 
of mollu scan life whi ch more or less follow the 
climati c iso therma l lines . Therefore, with the 
advance and r etreat of the continental ice 
sheets , the zones of li fe that are dependent 
on tempera t u re flu c tuate or are compressed and 
expanded in a ·~~ughly north-south direction . 
The marl s e c ti on in Ri chardson Lake records a 
relati vely ' short period of time and this mi-

· gration pattern is not we ll developed or well ' 
demonstrated i n the deposit . The mollusk as-

. semblage re covered does however represent the 
pi oneer commun i: ty i n the lake, living repre
senta tives of wh ich species are today found in 
aqu eou s en vi ronments fa r ther north . Species 
of th·e· eon-t emporary mollusk fauna of Richard
son Lake would then be expec ted to be recovered 
from Plei s to cene o r post-Pleistocene deposits 
farthe r sou t h and indeed they are . 

Thu s by sys tema ti cally follo.wing the north
ward or southward ad-ran ee o f fresh-water mol
lusks through a suffi ci ently long period of 
time, a seri es o f Pl eis tocene and post-Pleis
tocene i sothe rma l lines could be constructed 
on a map , re·veal i ng the extent of the tempera-

. ture i nfluenc e and s omething of the repopula
tion potential of Lhe mollusks in deglaciated 
areas . Likewise, the amount of compression and 
expansion o f the ae life zones in time may be 
determined . 
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RECENf PUBLICATIONS 

DAVID 

Department of Geology, 

New publications have been listed or re
viewed in various past numbers of S1ER<IANA 
(2:12, 4;28, 12:8 , 14:44, and 21:2); however , 
these did not appear as regular featU'res; We 
now intend to make this section a regular part 
of the series, if not a part of each number. 
Papers appearing in joumais and series, such 
as Nautilus, Malacologia, Proceedings of the 
Aaerican 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 

AGJAYO, C. G. (1965) Sobre el Status de Vero 
nicella portoricensis (MOllusca PUlmonata) . -
Cari~bean J. Sci., 5(1-2): 25-28 , 2 figs. The 
land slug V. portoricensis is removed from syn
onymy and considered a good species. 

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

van BEN1HEM JUTTING, W.S.S. (1965) Non-mar
ine Mollusca of West New Guinea Part · 4, · Pulmo
nata, 2. --Nov~ Guinea , Zool ., 32: 205- 304, 
10 figs . , map. (Map of localities; 8 new spe
cies and 4 new subspecies). 

RJOOI , J . B. and NATARAJAN , R, , .(!965) Cyto
logic~! studies of Taiwan freshwater pulmonate 

BICKEL 

Ohio State University 

that might normally escape casual inspection 
by malacologists will be stressed . The list
ings will in no way be ccmplete surveys of new 
l~terature but only selected items noted by 
people working with mollusks at the Ohio State 
University and the Ohio State Mlseum . Annota
tions will be a brief des c ription 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 . -- &11. 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 
~lugs) of Michigan. -- Mus. Zool. Univ . Mich ., 
Circ. 5: 1-19 , 46 fig~ . (Line · drawings; illus
trated section on terminology) . 

DANCE, S . P . (1966) Shell collecting an il
lustrate·d · history . --Univ . Calif. Press, Berk
eley , 344 p ., 35 pls . , · 31 text figs . $10.00. 
Includes propqrtiona te 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 IJ.JR:H , J . B. (1%5) A new · spe
cies of freshwater limpet , . gen\I ,S. Fe rr.issia, 
from Japan . -- Venus : Jap ,· J. Malacol'. 24(1): 
1-7, 19 figs . (Fer i-i ssia japon ic a, p. 2, figs. 
1-8) . 

HARR'i, H. W. (1966 ) Land snails of Ulithi 
Atoll, Caroline Islands: a st\ldy of snails ac
~identally distributed by man , --Paci fic Sci., 
20(2) : 212-223, 16 figs. (Line drawings of 
shells) . 

HEARD, W. H. and HJR:H , J. B. (1966) Key to 
the genera of freshwater pelecypods (mussels 
and clams·) of · Michi.gan . - - Mus . Zool., Univ . 
Mich . , Circ . 4: 1-14, 48 figs. (Lin-e drawings) . 

HUN1ER, W, R. ; APLEY , M. L., IJ.JH<Y, A. J. and 
MEADOWS. R. T. (1967 ) Interpopulation variations 
in calcium metabolism in the stream limpet; 
Ferrissia ' rivu l ar~s (Say) . Science, 155 
(3760): 338-340, 1 fig. 

RAUP, D. M. ( 1966) Geo metri c analysis of 
shell coiling: general problems . -- Jour . Pa
leon t . , 40 (5): 1178-1190. 

van ffiG1EREN AL1ENA, C. 0 . (1964) Notes on 
l>Ome Surinam land snails .-- ZooL , Med·. 40 (18): 
139-141. 

SOL.Fll ,- A, (1964 ) A collec tion of non-marine 
mollu s ks from Sabsh , Malay sia . -- Sabsh Soc. 
Jour . 2(1-2): 1-40, 5 f i gs . (New species: Ari
ni a i nexpectans , p . 16 ; fig . II , 15; Opisth'o
stoma ha ili, p . 18 .. fig . III , 19). 

SOLEM , A. (1964) New records of New Caledo
niarr nonmarine mollus ks and an analysis of the 
introduc ed · mol lusk s . - -Pacific Sci . 18(2): 
130-137 . 

1UniiLL, S . J . , LAIRD, W. M. , and FRYE, C .I. 
(1964) Fossil "mo llusc an . fauna · from the upp-er 
teHa6e . of the ' Camionbldl · Aiver; Grant .County; 
Ncirth I»kota. -- Pro.c·. North 'Dakota:Acad:·-'-Sci. ; 
!8: q 40 n 56, 5 f i gn . (Includes a: i lis t .:. o£ .Mol ... ' 
ilus .c a and .dj..sqw i on of paleoecology) . 

WEBER', W. A. · (1965 ) Theodore DruAlison Cock
erell , 1866 - 1948 . - - Un iY. Colorado Studies, 
Ser. Bi bliogr ., l : i. -124. (Biography , port
rait, and bibliog raphy ) . 

1he JERSEY SHELLER, vol . l , no. 1, 1966. 
Distrihi ted to membe i:s o f the Garden State 
Shell Club (dues $3 . 00 per year) . (Contains 
i terns on non--marine as well as marine mol
lusks) . 

TIJ1HILL, S . J. , LAIRD, W. M. , and KRESL, R.J . 
(1964) Fo s silife r ou s ma rl. beneath Lower Camp
bell (glaci al Lake Agas si .z) Beach sediments.-
Proc . Nor th Dakota Acad. Sci., 18: 135-140, 3 
figs . (Li s t of Mo !. lusca and brief discussion 
of pa leoecology ). 

i· 

NOTE 

THE THREE UNNUMBERED PAGES FOLLOWING THIS ONE MAY BE INSERTED 
IN STERKIANA 24, AFTER PAGE 28. THESE ARE THE FIGURES (1- · ~31) 
ACCOMPANYING THE REPRINT OF BINNEY (1. 865 ) 'LAND AND FRESH ., WA ·
TER SHELLS OF NORTH AMERICA, PART III' WHICH WAS COMPLETED IN 
STERKIANA 24 , DECEMBER 1966. 

A . L. 
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NOTE ON THE LI~GU AL DE},"TITIO:N OF T_HE 
STREPO:\IATID1E. • 

As lingual dentition has been ado:ete.d as a very 
important cha.racter (somewhat hastily, I think) in 
the' classification of the .Mollusca, it may be w~ll to 

-a.scertain how far it ma.y he corroborative with other 
. differences in 'the genera of North American Strep

omaticlce. Troschel, in his magnificent work "Das 
Gebiss der Schnecken," divides the lJfelanians into 

·several groups, of which the following contain Amer-
_ican species : · 

. .Ancyloti. . The pec~iarity o_f the dentition of !he 
fOrms belongmg to this group 1s that the Rh.acludian 
tooth is broader than long, , rounded be lund, . and 
8wollen out before ( ausgebuchtet). The laterals 
have a rhombic form with the outer posterio·r angle 
somewhat drawn out, and the inner Uncini always 
possess a smaller quantity of denticulation~ than the 
outer ones. The jaw exhibits numerous small scales 
which appear of a polyponal, mostly hexagonal for~. 
· In this group ·are mcluded Ancylotus, lJfelama 

de:p_ygis ( Goniobasis), Gyfotoma and Io. 
We copy the figure given by Troschel :-

Fig. 17. .Ancylotus prcerosus. 
" 18. " ·costatus. · 

· u 19. " dissimilis. 

Fig. 20. .Jielania depygis. 
" . 21. Gyroto'rna tn•oidea. 
" 22. Io spinosa. . - ~ . 

· 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. ~deed Troschel 
acknowled<Tes that he can find no difference of suffio 

•l'~m American Journal ot Conchology, 11, lU, lS~G. 

·: . 
.o 

1iii 

cient importance for the separation of .JJielania depy- C/1 

gis, or of Gyrotoma• from Ancylotus. ~ 
Pachyc~i~i. There is. in thi5 group also a . ~ 

marked distmctness of form. As ,~·e haYe excluded ~ 
this genus from the family Strepomatidw on consid- > 
erations entirely con(!hological, it is very interestin<T . ~ 
to find in t~e dentition differencc3 quite as marked ~ 
as those existing in the shell. To show the very 'S'l 
peculiar form of the Rhacl'}rlian tooth, "·e COEY from ~ 
Troschel the follow~ng for ccmp::rison :- ~ 

Fig. 23. Pac1Lycln1us lcevissimus. ::X: 
Fig. 24. " Schiedeanus, • 

~ It is CUriouS, however, and shO'\\S how little 
· dependence can be placed on· any one character in 
the grouping of Mollusca, to find Pirena and jJfelan
opsis placed by this author together '\\ith Paclly
chilus, on account of their almost identical dentition, 
when they differ so much in concholocrical char
acters and in geographi~al distribution. 

0 

Dr. William Stimpson, nearly two · years since, 
published a paper _in the "Americ~n 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 Io, Anculosa, 
a.pd Goniobasis. TP.e individuals of these three very 
distinct genera were not found ·to differ one fl:om 
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 lf. t~e ~oft parts were un~tinguishable . . 

•lie curiously regrets that the nearly·allled genus Schizostoma, Lea, 
Ia UUOWil to him I 
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MONOG.RAPH OF STREPOMATIDlE. 

F•Jm.T STREPOMATID~i~, ! , . •)!: m.~r. 

Btrepomatidrz, IULD., Proc. Acad. Nat. Sci., Sept., 1863. 
Mela~ti!Jna,"L.ur., Extr. d'un Cours., 1812. Hist. Anim. sans. Vert., 

Yl, p. 163, 1822; edit. 2, vm •. p. 425, 1838. DESHAYES, Encyc. 
Meth.~ ru; PP· 431 IUld 553, 1832. REEVF., Zoo!. Proc., p. 16, 184J. 
Conch. Syst., ll, p. 119, 1842. SowEUBY, Conch. :rrran., ed. 2, p. 
181, 1842. C.A.TLOW, Conch. Nomenc., p. 185, 1845: 

Jlelanidrz (part), LATREILLE, Fam. Nat., 1825. L:u, :Proc. :Phllos. Soc., 
w, p. 164, 1843. 

Helanianrz (part), Sw.A.Ixso~. ~falacol., pp. 198, 340, 18<l0. 
Melaniadrz (part), GRAY, Syn. Brit. Mus., 1840. Zoo!. Proc., part 15, 

p. 152, 1847. TURTO~I'i! Manual, eel. 2, p. 79, 85. 
Melaniidrz (part), ADAliS, Genera, p. 203, 1854. 
Cmphasi11rz1 GILL, Proc. Acad. Nat. Sci., pp. 34, 35, Feb., 1863. 

IO. Lu. 
Io, Lu, Trans. Phil. Soc., lv, p. 122, 1831.• SOWF.RBY, Conch. Man. 

Jd ~lt., p. 161, 1842. Ddi:A.Y, ~Ioll., New York, p. 103, 1843. 
HSIULL.'niSO~, Indicia Gene rum ~Ialacozoorum, p. 562, 1846. 

ID (sp.),,Lea, GIUY, Proc. Zoo!. Soc., pt. 15, p. 153, 1847. JAY, Cata
logue, 4th edit., p. 211, 1852. H: and A. AD..uis Genera, i, p. 299; 
Cluiu, ~tan. de Concbyl., 1; p. 290, 1859. ANTIIOYT, Proc. Acad. 
:Nat: Sci., p. 69, 1860. REEVE, l\Ionog. Io, April, 1860. BIXNEY, 
Check List, June, 1860. BROT, Cat. Syst. des :M~Janiens, p. 291 

1862 •. 
Nelafusus, Sw .A.INSON, Jl.{a!acol., pp. 201, 3·U, 1840. Woonw .uu>, Manwl, 

p. 131, 1851. . 
.Fusu.t(sp.), S.a.T, Jour. Acad. Nat. Sci., 1st series, v, pt. 1, p. 129, 

Nov.,l825. 
J&lania (sp.), C.LTLOW and REEYE, Conch.:tiomenc., 1845. 

•Dateott!Ue pare or the Tolume, 1S3l, but the part conblninr llr. Le:J.'3llemoi.r 
wu prillted ud diatributed iD 1831. 

i.l'. w.Lrr. 1 

. J Ll.ND .lli'D FR£~ .. · SflELL~ 01:' ::\, -'• [P.A.RT IV. {I) 

Dacriptlon.-Shell Cu•ifonn; base cun•liculote; spire ele- . ~ 
'Y&ted; columella smooth !Uld conca;e.-Lea. z 

~.ss. 
Geographical DistnouUo1 -The ~ 

few species comprising this genus 

appear to inhabit exclusi>ely the 

w~ters of :Middle ::md East T·~n 

nessea and southwestern Virgi!ll a. 

Obser:.:~tions.-Mr. Lea bas re

cently described eight species which 

he proposes t.) consider a distinct 

group of Io, b et I cannot distinguish 

them from Pleu.rocera. The longer 

rase, sharp lip and fragile texture or 
most or thes~ species, show them 

to be immature shells, :tnd in sev·eral 

instances T had no difficulty in pronng them identical with 

mature shells described by :r.Ir. Lea as T1-ypanostoma (= Pleu· 

rocera), by means of series or specimens or different ages. 

Excluding these, twelve species have been described ; or 

which we propose to retain five, regnrding the others as syno

nymes. Many naturalists consider the ·genus to be restricted 

to one valid species, and cite the nearly uniform size of the 

- shells, their similar ornamentation 
1 
and restricted habita.t as 

proofs or the correctness or their opinion ; there appears to me 

io be & well-founded dinsion or the species into two gronps, 

the one containing s~elis whfch are smooth or obscurely tuber· 

cnlate, and the second those developing distinct spines. En· 
deavors have been made to connect Io jlu'Uialis and spinosa, . 

the respective types of the two gronps, by series of specimens~ 
but no jfuvialis has been fonnd with better developed protu· 

berances than the shell described by Mr. Ree;e as verrucosa, 

which is still a long way from the spinosa. In the young 

lhel1s the dift'erences are very much better shown than in 



··io. s 
mature individuals, and no one _would think or connecting the 
quite young of the two. 

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

ot Strepo~atidre in which the species resemble one another 

qUite· as closely as 'in Io; we may instance the close resem.: 

. biance .of .Angitrema armtge·ra and· Duttoniana; of verrucosa . · 
and lima; of geniculata, salebrosa and subglobosa; of .Anculosd 
~sa and tamiata; of' the species or Schizostoma; of the 

· heavj cylindrical Goniobases or North Alabama; and many 

lik~ ~t~ces will occur to those who have studied the family. 
~.Am_. Jour •. Conch., i, p. 41, 1865. 

IIi a ~uure included in the introductory portion of this work 

w111 be found the lingual dentition of a species of this gen~s, 
-Io 8pinosa, Lea (fig. 22). 
. .. ... 

. ' SYNOPSIS OF SPECIES. 

, .&._ . Shen amooth or somewhat tuberculated. 
. . L Io l't.tTVLU.tS, Say. 

M t.Mbro.a, L~a. 
Til 11nTUcasa, Beeve. 

2. Io ~NE~Uas, Anthony. 
· · Iolurida, Anthony. 

B. Shen spinose. 

.. _ 3. Io sm;oa.l, .Len. 
· Var.. Io crassa, Anthony. 

(Monstrosity) Io gtbbosa, Anthony. 
· V~. Io ·recta, Anthony. . 

· · · · Var. Io rhombica~ Anthony. · 

.· I. Io BKETtS, Anthony. · 
..• ·• - ~ ., ·.. . 1o qirostoma, Anthoriy. 

~. Io _ TmWT~•. Anthony. 

• 

. -~ 
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... SPECIES. 

A.. Bhen ~mooth or onlv sli1htly tuberculate. 

· L I. 1luvialis, S.!.Y. . 
.Piiutu JlurU:li l , S..LT, Jour. Acad. Nat. Sci., v, p. 129, Nov., 1825. CoY1uD, New 

l'reth·WateiShel.l.3, p.12, 1£13.& • 
Io}lurialil, Say, BD~EY , Check List, p. 12, Juoe, :~co . 
.t. JluriatilU, S:r.y, Woo ow .um, Manual, t. 8, f. 27. li...c"I..:-r, C·~nchological ~Iisc. 
, Kel&.DJa, L 8, f. 50. REEVE, :lfonog. Io, t. 1, f. 5. H. :;c ..1. • ..l.D.U!s. Genera, i,299. 

B:aoT, Cat. des M&niens, p. 29. BBOT, Ma!n.col. I:btt, ii, lH, 1860. 
l'karot:flf'TI]lllrialil, Say, R.u.m:JU.."'', Iconog. En eye., ii, p.B!. 

. Iojtuifar'IAil, LE.I., Phllos. Trans., lv, p. IZ2, t. 15, r. 31a, b; Observations, 1, p.132, 
C.IS,t.3Ta,&. R..I.~'!:L, Catalogue, p. II. TROOST. Catalogue Shells ot'Ten. 
-. CB::r::ora, Man. Conchyl., l,f.J977. DEK.lY, MoUnsc:l New York, p.l03, 
WJm.A:rt.ET, Cat. Shells U.S., p. 25. S..LT, Catalogue, 4th edit., p. 271. REEn:, 
Jloaoc. Io; t.l, t. 8. . 

Ill ~ LEA., Pbilos. Proceedings, ll, p. M, April, ISU; Pbilos. Trans., lx, p. · 
: lT; ObiH!rTations, h·, p. 17. '\VREA.TLET, Cat. Shells U. S., p. 29. BIY:~>'Er, 

<:beck LUt, No. ~l. · H • .t; A.. AD .&.liS, Genera, I, 299. 
)1, ~ REEvE, Monognph Io, f. I, !.2, April, 186a. BJWT, Cat. des Meb· 

llleaa,p... ' • 

~· ~.Ption.-'Shell fus iform, ollve-grecn or brownish; spire mach 

·~ pdually tnperlog ; volntlons nearly six, wrinkled !lCross, 

.. 

- and with · a series or elevated nn· 
l'lc.rr • dtilatlons on the middle ; suture 

' · consisting only of 411 Impressed 
line; aperture somewhat fusiform, 
-wlthlo whitish, more or less with 
dull reddish, 110d with se_vE!r~lllnes 

?f that color sometimes con1luent; 
labru?l on the Inner margin lm-
maculate, edge undulated; canal 
rounded at · tip; columella very 
concave. 

Length, ,1 8·10 Inches; aperture, 

~g.~ ot an inch} greatest breadth, 
· 19-20 ot an inch. 

· ... Dbaen:ation.t.-Professor Vanuxem found this curious and highly in-

en 

~ a 
> z · 
> 

~ 
teresting shell (Fig. 21) on the north fork of the Holston River, near ~ 
tle eon1!uence of a brook of salt water. From the name of the genus ::;: 

. ,. a might reasonably be supposed t<> be a marine shen, but it h:l.S never 

been d!sconred on the coast, and seems to be limited to a very sm~1 

> 
Q 

district of tlle- Holston River, in company with Unio cariosu•, 1uf>. ~ 

tcntu, Dobis, Melania •ubglobo•a, nobis, and no doubt other 4uviatUe ~ 
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shells. When th 1.!1.. ·, ·r bee.:> · ·3 kn o'~">' t· may anthorlz~ the 

formation of a new genus, but tL e: :tppt: haracter in the 

conformation or the shell that would readily dis tinguish it fi"om 

.EU.Tu.t.- Sav. 

Mr. Lea, upon instituting the genus Io, renamed .ftuvialts 
as fiuiformist 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 original 
name- an e:mmple worthy to be followed. .. 
. A young, very dark colored specimen of this species, Mr. Lea 
named Io tenebrosa. He now agrees with me in considering it 
to be a synonyi:ne of .ftutialis: . 
. The fullowing is the description, together with a figure from 
the type specimen, of · 

h ttnebrosa.-Shell t'ttstrorm, ruther thin, nearly black, smooth; 
· sPh:' conical; sutu~es scarcely impressed; whorls 

sf%. &ttelled • aperture irregularly pear-shaped;· with-
. lit pUrple. . · 

•·· '.ll'abila:.-Tennessee. 

. · ·Diameter, ·48 ; length, ·75 or an lnch. 

· 01isenlatio713.- A single specimen only was brought 
by Mr. Edgar from Tennessee. It is a small sp_eclmen, 

.r~r ... 

. and ma1 be immature. After a good deal or hesitation I have deter

mined to give ~t a place ~ong the species. It seems to me to be very 

dlstfnct in color. The channel is more curved to the left and back-
wud than 1n Mr. Say's speci~s. It has no truce or spines or tubercles, 

and~ dark all over. I do not know lf it ever occurs banded.- Lea. 
. 

The two accompanying fi..crures represent respectively smaller 
·and larger specimens than .Mr. Lea's type. The Fig. 29. 

fbll grown shell is very frequently entirely smooth, 
~w- ~. though it sometimes .develops a few nodules 

· ,, ~ ·upon the periphery, but these do not attain 
to the size of the " spines" which charac
terize Io spinosa, and I have not found, 
among numerous specimens, any that would 

. connect the two species. The color of .ftuviali8 
Taries.from yellow through .arious shades of light 
and dark green and brown to black. Some specimens are 

, . 

• 
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beautif'ally banded. The following description by ~Ir. Reet'e ~ 
II founded on a shell more than usually z 
noduled ; . the figure is a copy from his ~ 
plate. · .. ?' 

Io trernu:os~.-Shell tiJstrorm, greenlsh·oilve, ~ 
purple tinged and ba;;ded; whorls six, sloping, 

the .drst plicately crennla.ted, the rest tumldly 

nodcl-: .t t e periphery; columella attenD• 
ately elcLgatl!d. 

B al>itat.- ":'ennes3ee. 

Observations.- In t h.!s species, which Is or 
a greenish hue, \:he periphery or the whorls Is 

furnished with a. :row or swollen, _ wart-like 

nodules, the early ~i'horls of the shell belng 
rippled with smai1 concentric folds.-BeefJe. 

· s. r. fnermis, Almto:YY. 

Jb ~£1, A.."''mo'!IT, Proc. Acad. Nat. Sci., Feb. 1860, p. 70. Bnr.~EY, Check Lut, 
Ko. 401. :~ZEn:, Mono g. Io, t . 3. f . 21. 

JIJ ~Anthony, REEVE, l\Ionog. lo, t. 3, r. 20. 

. .Ducription.-Sbell conical, smooth, thick; 
composed ot 1:-8 .eattened whorls; suture very 
distinct; upper whorls slightly ccironated by 

·an obscure row or low spines, nearly con
cealed by the preceding wllorl; shell other

wise perfectly smooth, or only occasionally or 
obscurely nodulous on the body-whorl; lines 

ot crowth very strong and mach curved ; 
aperture pyriform, curved to the left, banded 
Within; columella twisted, callous, thickened 
above; slnus long and curved. 

Length or shell, 2 1-16 inches; ~eadth ot 
lhen, 1 lnch; length or aperture, 1 Inch. 
Breadth or aperture, ~ inch._:. Anthon?J. 

· Remarkable mainly for its plain, un
adorned exterior, and smooth epidermis; 

moderately elevated; 

ita colo~ also is lighter than " spinosf!- ,. or ".ftuviatilis." N 0 
spines are nsible on the body-whorl of this species gen_erally, 
but I hal"e a few specimens which may perhaps belong to. it, 



10. 7 

and which have a few obscure spines near t! ,(' ap ,:r•nr•· ·:. · 
are, however, little more than knob3. Some :.: m clred.:; of t 11 

species have come under my notice. Io lurida. was first "' 
·scribed by Mr. Reeve. It is only a dark vnriety of inennis. 
Indeed, Mr. Anthony himself writes to 

l".ig. 33. 
me to that effect. 
- . T~e following is the description and 
iigure 1i-om the type specimen of 

Io lurida. - Shell straightly fasl!orm; 
_ inrfd-purple within and without; whorls 

· innooth,unarmed, concavely impressed round 

the upper. part, tumidly glbboas round the 

. middle; columella sc:1rcely twisted. 
.:.Habitat.-:-Southem United States. 
· · OIJ~er~ations.- ·A smooth, straightly tusi
ibrin ~ _sheri, . or a dnll, lurid-purple color . : 

&hroughout.-Reeve. _ 

·._This-species is considered by many 
conchologists to be a variety of fluvialis: 
. it may J:>e so, bu~ the material before 
_me does not enable me to make a decision against its spe-

Mc· H. cifi~ weight, and I think decidedly 
that it is a_ good speci~s. 

3.. L spinosa, Lu . . 
Io qino~a, LJU, Philos. Trans., v, p.ll2, t. 

19, t. 79. Obs., 1, p. 22-1. TROOST, Cat. 
WKEA.TLET. Cat. Shelh U.S., p. 20. JJ..T, 
Cat., 4th edit., p. 277. BL-r..'"ET, Check 
LISt, No. 402. REEVE, Monog. Io, t. 1, 
f. 7. IIA..."fLET, Conch. Misc., t. 6, !. st. 

Io gibbo:ci, Anthony, REEVE, Monog. Io, t.3, 
!.17. . 

Io rtcta, Anthony, REEVE, Monog. Io, t.3,f.2t. 
Io rhombica, Anthony, B.EEl'E, Monog. Io, 

t. 3, L 16. 

Dw:ription. - Shell obtusely tur
reted, wide, horn-color, under the ep
idermis banded, famished with large 

spines; .whorls seven; mouth elon-
gate, one-halt the length or the shell. 

llabitat.- Holston River, Washington county, Vlrgi.nla. 

. . 

8 LAl(D A..~ FKESB:·WA..TER SHELLS OF N'. A. [PART IV. t 
. -

Oblm:atioM.-This species resembles very much the Io fu siformis 

(nobis), Fusus Jfuriatilis, Say, but may be distinguished by its large, 
transversely compressed spines, the fustjormis having some longltu

· dlnal tubercles. I am uot acquainted with any 1luviatile shell which 
has such _large spines (there being about seven on each whorl), nor 
any which has such a general resemblance to a marine shell. 

Pro~ Troost informs me that they are ro.re In the river, that they 

_:had bee~ obsen-ed in the graves or the aborigines; and as it was 
pnerally believed that these were "conch shells," consequently 

comlDg !rom the sea, it was urged that the inhabitants who possessed 

them must have come over the sea. It does not appear ~hat they had 

· been obsen-ed In their native element, though living at the very doors 

of the person who had remarked them in the tum all.- Lea. 
~. . 

ne accompanying figure is from a halt-grown specimen in 
·the Smithsonian Cpllection. In the shells de-l'l •. as. 
scribed by Mr. Reeve, quoted in the ·above syn-
onymy, I cannot recognize specific characters, 
although Io recta may pqssibly rank as a variety. 

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

:· -. Io gibl>o&a.- Shell ~toutly tu.slform, .ralvous; whorls 
. l"'ldely obliquely pllcated, ob-

_tasely tubercled in 'the middle," last whorl 

spirally pllcately rl"bed _around the lower 
Part, rib swollen, gibbous; · columella area-· 

a~Iy twisted, canal broadly etrllsed. · 
Habitat.-Southem United States. 
Ob.tervatioM.-The gibbous ridge which 

encircles the lower portion of the body

whorl or this species "~s not," writes Mr. 
Anthony, "a. mere accidental aberration; I 

have seen others like it."- Hee-r:e. 

. The extensive suite of' spinosa that 
I have examined pro>es that the gib· 
bous ridge is -" a mere accidental aber-
. ration,W being found in all stages of . 
development on specimens which are othemise distorted in ~ 

growth, as Mr • .A.nthoni's type, figured above, undoubtedly is. ~ 

• 
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. m f'tt!ta.- Shell somewhat elon;a.tely fusiform, _straight, rather 
eoUd, flllvous-olive, whorls ·concarely sloping 

around t !,., upper part, conspicuously tubercled 

~t the angle ; tubercles ra.ther small; colnmclla 
arcoately twisted; canal broadly appressed; 

&!)erture oblong; interior banded and stllined . 

~-·· 
with reddish· purple. -

., .,_ :. Bme. 

'Habitat.- Tennessee. 

Io rhombica.- She 11 

striately fusiform, ·ful. 

vous-ollve; e_ncircled 
with four bands or pur- . 

pie-brown; whorls con-

c::~.vely sloping, conspic

Flg.37. 

uously angled and tubercled in the middle; 

_ _ . . columeJia but llttle twisted; canal rather 
, _ · _ · abort, attenuatei.:r appressed. 
Eabitat.-Southeru United St!l.te.s. 

. -- ObunatioM.-The specimen which 1\fr. A.nthony 'has ·bere named 

·L rhombica, Is of more regular growth than L spinosa, with less twist 

in the columella, and the whorls are more concavely sloping . .:_Reet"e. 
. . 

- ~ r. brevis, A.NTnon-. 
.lo irenl, A.:!rrtlon, Proc. Acad. Nat. Sci., Feb., 1860, p. 89, B::inr:Er, Check List, 
.: · Ko. 399. bi':VB, Monog. Io, t. 1, t. '· 
1'o qWo~omtJ, ~YTRONY, Proc. Acad. Nat. Sci., J'Jg. 39. 

. . : · •eb-.1860, p. 70. BIYYEY, Check List, No.~. 
. . . . • Jb::lcv:a, !lonotr, Io, t. 1, t. 1. 

\ • p • • • • 

Description.- Shell c~nlc, ovate, ·horn
colored,- sphions i ·spines short, thlck, flv~ 

on ead wliorl; whorlS about seven; aper
ture- elliptical or pyriform, one-half the 
leugth·or the shell; colnmelb rounded and 

· alnuous nea.r the base, form log with the 

outer Up a broad, well defined ca.nnl at the 

base. 
:t.ength or shell, 2 ln.; breadth of shell, 

Jl.ln. Length · ot' aperture, 1 in. ; brea.dth 
ot"aperture, linch. 

t\ 
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. Balritat.-Tennessee. 

~atiOM.-.J.nother Of the short, he:tvy forms ln this genus; SO 

.JIIIllke the nonnal type of Io spinosa; wo think no one need co~onnd 
lt with any other species; its short, hP•J.vy, ft!!tte!led spines jutting 
ont like· so many miniature spear-head <>, and its peculiarly twisted 

'"i 

' ~ 
> z 
> 
z 
0 . 
t-) 
Cl1 col ... mella will readily characterize it. Tbe columella 1s also covered 

with a dense callous deposit, Increased In thickness at its upper part E:: 
and 'otten blo_tched with dllrk red at that. p :~int; irregular, ill-defined, 

I 
but broad bands are seen In the interior, of'i:e.1 f~.•'!tly visible on the 

epidermis. Appears to be a rather common specie" iu some localities, 
ot which I possess some hundreds of specimens.-Anthony. 

Dr. Brot considers this, and all the other species of Io iden-
ttC&t_ with I. jluvialis. . .· 

Mr. Reeve suspects the specific identity of Io brevis and 
lpiro:Joma, and I am convinced that the latter is only an aber
·ration or growth like I. gibbosa j it is, however, a very graceful 
and beautiful shell. 

· The following is the description, together with a ~gure from 
the type specimen, of _ ~ _ 

h apirost~a.- Shell conical , broadly ovate, horn-colored, spinous; 

apmes short, thick, seven to eight on each whorl; whorls about nine; 
- • · · · - aperture ovate, about halt' the length ot 

.-. · the shell; columella and outer lip much 

and regularly twisted, and forming a well
defined sinus at base • 

Length of shell, ll inches; breadth of 

shell, It in. Length or aperture, 15-16 ot 
an Inch; breadth ot aperture, ~ inch. 

Habitat.- Tennessee. 

ObseTT/ations.- This is truly a most re
markable species or this h!ghly·illterestlng 
genus of mollusks; ~ts difference from the 
ordinary type ot lo spinosa 1s too marked 
to admit or its being confounded with 
that, or Indeed with any other species; 

· lts stout, ovate form, short, heavy spines, and, above all, the peculiar 

and pceflll curvature of its outer Up, are prominent characteristics 
and re~ny distinguish it •• 

> 
~ 
::X:: 

• .Amonr several thousand speclmeus ot Io In my possession, but en 
. I 
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three adult Individuals of this species have been noticed, although I 
!lave a dozen or more which seem to be immature forms of It; It may 
there(ore be considered as not only one of the most aberrant and 

beautiful forms or Io, but also one or the _rarest.- .J.Juhon~ 

I. ·L turrita, A..'!THOYY. 

.11 1f1rrUa, AJrnlo::rr, Proe. Acad. Nat. Sci .• Feb., lSGO, p. 6!1. Bcr.sn, Check 
. IJIC. No. to5. BEEv'!; Mono g. Io, t. 3, t. 1~. · 

· ·. ·Ducrlption.- Shell conic, elevated, horn-colored, spinous; spines 

rather ~hort and heavy, about seven on each 
whorl; whorls nine; aperture pyriform, ·about 
On~tb.ird .the length or the shell, and irreg• 

.11larly banded . within; columella rounded, 
"lll~tly twisted and !ormlng a short, narrow 
~at base. 

B'abilat.- Tennessee. 
Length of shell, 2~ inches; breadth of' shell, 

t In~ Length o~ aperture, ! loch; breadth 
ot aperture, 1-16 of an inch. 
·, Observations.-This is the most slender and 

· elongate species of this genus which has 

eome under my notice, and although a single 
. specimen_ only has yet been discovered, Its 

clalms .to rank as a species will hardly be 

qu~tfo~ed; . Its long, sleader form, stout, 
closely-set · spines, and small aperture will at 

J'lg.U. 

. once dlstlngufsh It from its congeners; two faint bands traverse each 
whorl, one of', which lies precisely In the plane of the splnes; lines 
~( growth v_ery distinct, nearly varicose~ · 

This species is farther remo>ed from Io jluvialis than any of 
the .others, and appears to be very distinct. Mr. Reeve's 

. figure 197>, or whi.ch I have. seen the original specimen, I 
woald refer to spinosa rather than turrita. Numerous speci

. ~e~ occur in the collection of Mr. Lea, who is well assured, 
also, or its specific weight. The illustration is from the 
type specimen. · · 
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· SPURIOUS SPECIES~ 

Io nodo~a, Lea. 
- Io robusta, Lea. 

Io f1Gria1H1il, Lea. 
· Io Spillmanii, Lea. 
Io modesta, Lea. 
Io t1iridula, Lea. 
·To gracilu, Lea. 
ro.~uu, Lea. 

. Mr. ¥a. proposes to consider the above a distinct group of 
10, but I cannot distinguish them from Pleurocera. The 
~nger !use, together with the sharp lip and fragile te::tture of 
most or 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 PleU1·ocera, by the compar-
ison or specimens in various stages of growth. . 
· · · Besides the above, numerous species of .!l.ngitrema, etc., 
hav~ been referred to Io ·by .F;uropean authors. 

:,-:aenu:; iNGITREMA, H..u.n~MAN:, 
•, ... 

bg{trema, H.u.DElfAN, Cover or No. 2, lionog~ Limniades, Jan., IS.U. 
~CildOma (sp.), Swalnson, H. & A. An.uts, Genera, I, p. 299, 185! • 

. ·motella, GRAY, Zool. Proc., pt. 15, p. 154, 1841. · 
io (sp.); I;ea, H. & A. An.uts, Genera, I, p. 299, 1851. Caxmr, !.Ian • 

. Conchyl., 1, p. 290, 1859. REEVE, Monog. lo, Aprll, 1860. BRO~, ~ 
.. . Syst. Cat. Mel., p. 29, 1862. !3 
LUAIUia (sp.), Haldeman, H. & A. AD.uts, Genem of Recent Mollusca, ~-

. ' .· > ' . I, p. 308, 1854. . · · z 
.Anculotus (sp.), Say, JAY, Cat. Shells, 4th edit., p: 216, 1850. > 
.Melania (sp.), AtrrBORs. ~ 

. Juga (sp:), CB&..'HT, l!an. de Conchyl. ;9 

Description,:_ Shell spinous; aperture subrhomboidal, with 

ari anterior sinus ; cQ!umella with a callous deposit anteriorly 

and posteriorly.-Hald. . 

-- ~ en 

" Geographical Distribution.-With two exceptions, the typical t;; 
species ot this genus nre confined In their geographical range ~ 

• 
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~ to Tennessee and Northern Alabama. These exceptions are 

L 11emtcosa and armigera, both of which extend n~rthward 
into Indiana, inhabiting the Wabash River.• 

·. Unlike the species of ]'leurocera, those of this genus are with 

one or two exceptions well defined and easily distinguishable 
. one from another. . .. 

SYNOPSIS OF THE SPECIES OF ANGITRE~U .. 

.A. ~-whorl With a coronal or tubercles, With frequently an inferior 
. .. :rcnr nYol'riDa parallel With it. 

' . . . 
. ···~ ~:, ..t. gmfculata, H.u.n. 3 . .A. nbglobo&a, Lu. 

· . .. : ·s. .,d. iakbro1a, CoNa. 4. .d. TU0fJU11i, LEA. . . . ~ . . 

· . : . :a.. ::Bod7·Whorl encircled above the aperture by two rows ot tubercles, or 
. · . .. -- ... ..-blah ~ iD.fttrior one ia the 111ore proJDill.ent. . . .. . ~ .; . .. . . .. . 

. . . _._ ~,,L .L .Tarczaa, _LZA. 
...... ~·- ..... . . 

' . ... . ·~ 

· . · . !1. . JlodT·whorl with a central row of tubercles. 

1". '.d. rota, RDVB. 9. .A. WTieatlqi, TRYON. 

... ~ . ' T.: . .d. czrmigeTCZ, S.a.Y. 10. .d. JtVgia, Su~ 
. a. . .d. Duuoniana, LE.t.. 

·. ~:::· >::·~"- .··<; .. . . 
_ · ~: llod7-whorl With numerous tube~es, in parallel rows. 

_..-. 

-~· . -u.:·· A.: l'lma. CoNa. lJ.,.A. wernieo~a; :Bu. 

/.i!.: -BoaJ1-teTaorl with a coronal of tubercles. 

·. L ..&.. geniculata, Ji.u.DJOUN. 

· .tlotana genictda!a, ILu.J>ElLL-r, Sappl. to No.1, Monog. ot Llmnla<les, Oct., 18!0. 
· · BDr!IJ:T, Check List, No. 299. · · 

..l.ftJ:Ulohu gm iculat .u, Halde_man, J.A.T, Cat. Shells, (th edit., p. 276. :H.ufi.BT, 
Concb. ~l1c., &.lS, t. U. REETE, .Moaog. A.ncnlotua, t, 1, t. 7, 

Ltplo:t:U gmkulal4, Haldeman, BROT, L ist, p. ~u. 

.tfQaria gmil:ulG, Lea, Wli:EULET, Cat. Shells U.s., p. 28 • ..&.DAxs, Genera, l, 308. 

•n 16 & earlolll t!lct that mauy of the tubercul&te and plicate l{leele. of 3tr~pom4tiu 
llllulblc tbe Wabub.IO rar 110rth of tbelr ,eorrapblcal ceutre. llr. I.e• latbrms me tb&t 
JJie- eartou cUsUlbutlou prenll.s wltb certaiD 1011tbena ~peeks or um-td&. 

• .. 
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.Duerlptiori..--SheU short and · ponderotl.S; body-whorl crowned 

J%• 4S. Fig. e.. J'Ic. "-

-A 
~ 

with a row or· conical tubercles; Iaoium with a callas above and 

below; aperture elliptic, with a sintl.S at each extremity • 

Length, t lnch. 
llabilat.-East Tennessee. 
06..,.,aff~n.t.-DI.1f'ers from Melania salebrosa, Conrad~ In having but 

-~ aingle row ot tub_ercles, and a mor~ abrupt shoulder.-llaldeman. 

· Genenilly but one row or tubercles is developed on this 
species, but occasionally a second and less prominent row is 

. 'fisl"ble. · 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! 
aud most ponderous species ofthe genus. _ 

Mr. Lea considers geniculata to be the same as salebrosa. 

' S. A. sale_brosa, CoYJW>. 

MdmliG 1Cltbf'o1a, CO~, New Fresh-Water Shells, p. lSI, t. '- t.:S, 183-l. Clm~-v, 
• S..p~ p. SA, t • ._ t. 13. DEK.A.r, .Moll.N. Y., p, 100. WBE.LTLI:T, Cat. Shells 

.. v. &., p. u. J.a.T, cat., tth edit., p. zn. 
·..l.rtctllotu lakbro&TU, Conrad , REEn:, .Monog. Anc., t.l, t. 6 (bad 4gure}. 
Iq1DzU lakbf'ota, Conr!ld, BROT, L ist, p. 25. 
J:i1Aaria .alcbro~a, Conrad, Btll'!fET, Check L lst, No. 303. AD..t.llS, Genera, 1, 30IL 

.·· . -Ducrlption.- Shell short suboval ; thick, ventricose, with a series 
' . . Of very elevated nodes Oil the shoulder of the 

. J'l6 • ._ l'la. "-
• body-whorl, and generally two series or smaller 

• 

· ~ nodes beneath; spire very short; apex mach · 
~~ . 

: ·. '- eroded; aperture about halt th.e length of the 
' - · - •:. shell, contracted; within purplish; .columella 

_ with a callus aboYe, and another near the 

bale. 
· · ~n.t.-This slngula.r shell approaches the gentl.S .Ancul_ottu ln · 

en 
- ~ 

::0 

i5 
> z 
> 
~ -
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form, but the · aperture Is that or a Melania. I foand it adhering to 
logs in the Tennessee River, at Florence, where it Is abandant. liy. 

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

. . . 
This species is allied to No 1, but may .be distinguished by 

its smaller ·size and mucll smaller shoulder, by its crowded 
tubercles, and by the constant presence of one or more inferior 
rows~. On the other hand it is closely allied with L. :tubglobosa, 
Lea. 'Like the former, it is a very abundant species. I think 
the locality in East Tennessee, quoted by Mr. Conrad, an error. 

a. .&.. subglobosa, LEA. 

.£U1ada mbglclxl10, LEA., Proc • .A.cad. Nat. Sci., p.IS5, Feb., 1S61. Jour. Acad. Sat 
8c:L, v, pt. 3, p. 261, t. 35, t. 10. Obs., ix, p. 83. 

· · Ducripti~n.- Shell tuberculate, snbglobose, · thick, yellowish hom· 

· color, double-band~d ;. spire · scarcely e:x:serted; J'llf. , 7. 

· ~totes . impressed; ·whorls five, the last very , .. '· 
large, towards the shoulder tuberculate; aper- · 
mre wge, rhomboidal, within white and double- '' ·>:.' 

banded, ·channelled at the base; columella very . 
,

J'Ip:.-&8. 

. 

. 

' 

much ihlckened above and below; outer Up expanded, acute at the 

ID&l1PJ1. . 
·. Operculum rather small, very dark brown, subovate, with the polar 

·. polnt within the lower 1ett edge. · 
. Habitat • ._ Tennessee; Prof. G. Troost. 
· Dhimeter, ;~ ; length, ·6G-inch. 

obs~atiOM.- Two specimens or this remarkably globose species 
have been ~ my possession for a lo.ng ttme. I had doubts of their 

. be!Dg only the young of .Melania (Liehasia) salebrosa, Conr., but they 

are sodllrereJtt from any young or that species which i have seen that 
I cannot now doubt their being entirely dlstlnct. I know of uo 

·species which has so obtuse a spire. In this it resembles A.nculosa, 

· ·· bat the well characterized columella forbids its being at all confounded 
with a.ny species of that genus . . The callus above and below Is UnUS• 

aally strong; below it amoants almost to a fold. One of the specimens 
Js fall grown, and has five turbercles on the shoulder of the outer hal! 
Ot 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 ot 
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tubercles. The last whorl Is so large that It nearly covers nll the 
others, leaving merely a point to mark the vertex. The two bands 
are well pronounced Interiorly as W\:•i as e :'eriorly.- Lea. 

Over fifty specimens of' this species r.re before me. They nre 
closely allied to salebrosa, but uniforL.liJ. much smaller, and 
generally wider. :eesides, the spire is .shorter, and but very 
few- of them exhibit a slight tendeJJ<.'.f towJrds tuberculation 
below the upper row. The whorls are 1.ot .::houlclered except 
in very old individuals. A very constant character of the 
species consists in the two broad, re>olving tnncls 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 fr~m the adult shells 
in appearance. 

4. ·A. Tuomeyi, LEo~.. 

LithiUia Tuorneyi, LE,\, Proc. Acad. Sat. S:I., p. 55, Feb., l86L Jour. Acad. Nat. 
Sci., v, pt. 3, c. 35. f . 68. Ob~ .• lx, p. 8' • 

...l.nculotru. Florentianus, Lea, REEVE, Mouog. A.uc., t. I, t. 4. 

D~scription.- Shell tnberculate, much infiated, rather thick, dark 
horn-color, spire obtusely conoidal; sutures impressed; whorls five, 

J'ig. ~
the last large, below the sutures obliquely tuberculate; 
apertare large, rho!llboidal, whitish within, obscurely 
banded, channellQd at the base; columella Yery much 
incn~ved, thickened above and below; outer lip ex-
panded, acute at the margin. 

Habitat.-North Alabama; Prof. Tuome,r. 
Diameter, ·64; length, 1·0-l Inches. 

~ . 1'11 

~ Obsen:ations.-.A. single specimen only was sent to me > 
by Prof. Tuomey. It was with L. imperialis, herein described. netng ~ 

1« inches In length and ·61 ~ diameter, it will be seen that :he 5 
proportions ditr:er. very_ much from that species • . It c:1nnot -be con- • 

1>:1 foanded with Lithaiia. semigranulosa, for that species Is alwa.ys mor~ tn 

r:Used in the spfre an<f studded with numerous rather small tubercles. E: 
It is mo~e closely allied to Lithasia salebl'osa, Conr., • but th:1t species . > 
has a lower spire, has larger and usually mor~ tubercles, nnd · these, ~ 

.:;. .... 
co . . . : = 

•)tr. T..ea considers L.•ale&,.o.•.s and L. ?tmfcvlata ·dentleal. It 1s with tlie l:ltter spe- 4 
des tbal tbe eomp..rlson u luttu<le.l tu be w.We. 

. .. 
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lt not vertic:1l, incline to the left, while those on Tuome!Jl are Irreg
ular and Incline very much to the right, the number on the specimen 
before me being five on h:1lf or the last whorl. It is closely allied ~o 
Lithas1"a Florentiana, nobis, but ditrers much in the tuuerc!es, in being 

. a heavier shell, less acuminate, in being thicker on the columella and 
open in the channel. The Tuomeyi Is much thicker !lbo>c :wei below 
on the columella, has the obscure b:1nd within, and the outer lip Is 
thickened llDd white inside the edge. 

This species and imperialis were accompanied by many specimens 
or umigranulosa !lDd Florentia11a. The exact h:1bitat was not rucu

Uoned. I have peculiar pleasure In dedicating this species to my 
friend, the late Professor Tuomey, whose able report on the geology 
ot South Carolina 11.nd Alabam11 has justly gained him so much repu
tation.- Lea. 

B. Body-whorl encircled above the aperture by ttiJO rows of tubercles, of 
taAieA the inferior one is most prominent. 

$. A.. · Jayana, Lu. 
.llelanlG Javrma, LEA, Philos. Proc.,ll, p.83. Philos. Trans., lx, p.,20. Obs.,lv, 

p. 2». WIIEA.TL£1"1 Cat. Shells U.S., p. 25. JAr, Cat. Shell3, 4th edit., p. 2j,, 
BDNBT, Check List, No.l3-1.. 

Jb JauaM, Lea, DllOT1 List, p. 29. Mal. Blatt., v, 11~, 1860. _ 
Jtelania rob-ulina, ~"THO~"Y, Bost. Proc., ill, p. 2ti3, Dec.ISSO. DI~~ET1 Check Li>t, 

No, a,. 
1o rotndina, Allthooy, REEVE, Monog. Io, sp. 15. CHEli17, MilD. Conchyl., l, r. 19i6. 

Description.- Shell tnberculate, subf'usirorm, thick, pale horu-color; 
. spire exsei:ted; sutures linear 

and curved, whorls rather 
convex; impressed ·in the 
middle, surrounded by a. 
doable series of tubercles; 
col~ella lncnrved, thickened 
above; aperture trapezoidal, 
whitish wlt~iti. 

Habitat.- Caney Fork, De
ltalb county, Tennessee. 

:rig. 51. J'i&". 50. 

Diameter, •78; length, i ·20 inches. 
Ob1U11aliou.- Dr. J;y h:ul two spe~imeus ot this species, nnd I 

. owe to his kindness the possession or one or them. It_very closely 
I.,.I'.'W".I.IV. I 

. ' 
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~ 
resembles the JI. annirJera (Say), In most of its characters, but may e 
at once be distinguished by the double row or tubercles,· the z 
armigera never possessing distinctly more than one row; 'below the > 
sutures, however, there are sometimes lmperrect tubercles, which SS 
are cnused by the protrusion or the tubercles of the superior whorl, ~ 
This protrusion also takes place in the Jayana, but. causes in it only 

::: a constant curvature in the llne11r suture. > 
The apex of the specimen is much eroded, and consequently I 11m g 

not sure or the number or the whorls, prob!lbly eight or nine. The ..,. 
aperture may be rather more than one-third the length or the shell,_ ~ 
and is acutely angular at the base, with rather a deep sinus. The 

calltis above causes a considerable sinus there. 
The operculum is dark brown, the radii ~onverglng _at the lower 

interior edge.-Lea. 

This shell and )fr. Anthony's .J.'ll. robulina are entirely iden
ticai in every respect, tbe species being a very constan.t one in 
all its characters, as I ain unable to select from a constderable 
uu~ber o( specimens any which exhibit variations from the 
type form. It is an exceedingly abundant species, and Vf!ry 
remark:xblc for its peculiar armature and the narrowed canal, 
sucro-esti>e of the !!enns Io. · · 1:)0 ~ 

The following is the description of 

Melania robulina.- Shell solid, ovately rhomboidal, co~neous, 

encircled with brown b:1nds; wborls six, be:1rlng a double $erles or 
nodule!!, the upper one Immersed in the suture ; aperture rhomboidal 

_ p~daced into a rostrum, callous behind. -
Babit~.-C~mberland River, Tennessee • 

.. . Long. 1 ; l11t. 5-8 poll. . . · · . 
-· -- obleT'I/ations.-Or the same size as M. armirJera, Sny, but dltrers In 
. coloration; the rostrum is much longer, arid the posterior series. or 
. tubercles ~u_ch more developed.- .Antho-n:~. 
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C. B~v·u:horl with a central roto of tubercles. 

8. A. rota., REEVE. 

Io rota, REE>E, Monog. Io, sp. 13, April, lSGO. :Baor, List, p. 29. 

Description.- 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 

th~ periphery with large, obliquely compressed 

tubercles; columella short, but llttle twisted: 

Fig. 52. 

Habitat.- U"nitcd States. 
- Obsenatiolts.- A solid, globosely turreted 

shell, prominently armed with tubercles, which 
are compressed obliquely into fans, like the 

fans ot' a water-wheel.- Recre. 

The figlue is copied from Ree-re. I 
have never seen this species, the type of 
which was in the collection of the late 
Hugh Cuming, Esq., London; it may be only a remarkable 
specimen of A. Jayana, Lea. 

7. A. armigera., SAY. 

.Melania.armigera, SAT, Jour. Acad. !<at. Sci., 1st ser., i!, p.178, Jan., 1521 :Bt:n."ET'S 
Reprint, p. 71, :B!~"XEY, Check List, No. 21. DEK.n-, Moll. N.Y., p. 93. JAY, 
Cat., •\th edit., p . 272. TROOST, C:1t. WHEATLEY, Cat. Shells U.S., p . 2t. C . .I.T· 

J:OW, Conch. Nomenc., p. 185. HASLET, Conch. ;\fisc. ~!elnnin, t. 1, C. 6Q. 

·:rotsrmigeia., Say, REEvE, Monog. Io, C.U. AD.uts, Genera, I, 299. 

Description.- Shell tapering, brownish horn-color; volutions about 

I'lg.II:Ja. , Fig •. 53. 
slx, slightly wrfnklcd; spire near 

th!" apex eroded, whitish; body· 
whorl with a revolving series ot' 

·about ' five or six distant, ·prom· 

tnent tubercles, which become 

obsolete on the spire, nnd are 

con.cealed by the revolution or 
the succeeding whorls, in con· 
sequence ot' which arrange-ment 

there is the nppe~rance ot' a sec
ond, smuller, and more obtuse 

subsutural series ot' tubercles ou the body-whorl; two or three obso-
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lete revolving reddish-brcwn lines; nr ;rture bluish-white wlthin; 

a distinct sinus at the base oi the columeli:L 

Habitat.-Ohio River. 
Length about one inch. 
Distinguished from other North American <:.pcc1es, by the armature 

ot' tubercles.- Sag. 

This beautiful and extensiYcly distrib·.t•-:d species is nllied 
only to L. Duttonia11a, Len (for dist; ::~::· 1·c characters see 
description of that species) ; from all otller>. it is Yery distinct. 
Besides the original locality, Jay and Tro0si:. gi \' e Tennessee, 
and l\Ir. Wheatley, KentucJ...·y, as its habitat. I have before me 
a series of the young shells presented to the Phi lad. A cad. Nat. 
Sciences, by :Mrs. Say, which were collected in the Waqash 
RiYer, Ind. 

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

8. A. Duttoniana., LF.A. 

Melania Duttoniana, LEA, rhilos. rroc., ii, p. 1!1. Philos. Trnns., vm, p . 189, t. 8, 
r. st. Obs., Ui, p. 2G. CATLOW. Conch. Nomenc., p. ISS. BIS:SET, Check List, 
No. ro. JAY, Cat. 'th euit., p . 2>3. 

Io Duttoniana, Len, REEVE, Monog. Io, f. 9. :BROT, List, p. 29. CRDiU, Man • 
Conchyl ., i, r. l9i,. 

Io faaciolata, REEVE, llonog. Io, f. U. 

Description.- Shell tubcrculate, fusiform, rather thick, yellowish, 

Ftg.N. Fig. 514. 
banded; spire ekvatcd, pointed at the apes; 

sutures irregularly lined; whorls seven, 

depressed aboYe.; aperture elongated, angu

. ~·· . lar nod ch:mnclled at the base, within 
~.::;. whitish. 

·:-;:·~· IIabitat.- Waters of Tenn. Duck River, 
.. ,. I, ·, • 

~-< :Mnury Co., Tenn. 

Diameter, ·5i; length, 1·09 inches. 

Obsen:ations.- This Is a. beautiful species. 
The most perfect sp<!cimcns arc remarkable for their fusiform shape 

and their long aperture, which }lrcscnts a cun·cd columella and 

extended sinus som~what like the genus To. The bands in some 

lndiYiduals arc numerous· nnd distinct, the largest being nearest the 

base. The tubercles form a row round the middle ot' the whorls ot 
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