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INTRODUCTION 

The several subspecies of Oncomelania hu
pensis, an amphibious snail inSoutheast Asia, 
are very important to parasitologists because 
they are the intermediate hosts of Schistoso
ma i'aP.onicum , the Oriental human blood fluke. 
In 959, the WHO Chronicle reported that 33 
million people in that region were infected 
with S. japonicum, and that 1,700 American 
soldiers became afflicted during the second 
World War. When this situation was recognized 
as a major health problem , researchers 1n the 
United States (e . g., Ward et al., 1947; Bau
man et al., 1948; DeWitt, 1952) attempted to 
culture several subspecies of 0. hupens is in 
order to enable· further studi es on the para
site . The importance of such research to the 
United States was increased when NIH labora
tory-reared Pomatiopsis lapidaria, aclose re
latJ.ve qf 0. h . huP.ensis but found in the 
eastern half of the United States, was success
fully exposed toSchistosoma JaP.onic 'um andcer
cariae emerged from theintermediate .host(Ber
ry and Rue, 1948) . 

Davis (1969) reported five distin.ct subspe
cies of 0 . hupens is, which are now isolated 
in the following four geographical regions: 
0. h . hupensis tChina) 0. h . nosophora (Jap
an) , 0. h. quadrasi (P,ilippines), 0. h. for
mosana (Formosa) and 0 . h. chiui (als'o in For 
mosa) . He also reported that the susceptibi
lity of each of these subspecies is .remarkably 
specific to the geographical 'str'ains' of S. 
jsponicum . In interpreting data obtained from 
these ·cultures, geneticsb morphology, e cology 
and geographi ca 1 dis t ri uti on . of the snai Is 
are important, and appear to be related to · 
discrepancies observed 1n the culturing of the 
various subspecies. 

For several decades, · investigatoJ"s have at 
temP.ted to culture Oncomelania in various 
kinas of vivaria . However, they have failed 
to produce these snails in numbers sufficient ' 
to provide material for extensive research 
programs involving the S . japonicum cycle . Ex
perimental studies of S . japonicum thus, have 
lagged far behind those of the other two wide
ly distributed human schistosomes, S. mansoni 
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and S . haematobium (Davis and Iwamoto, 1969). 
Among the many reasons for such a lag are: 

I. The prepatent period of S . japonicum 
in the Oncomelania snail is three monthsi 
this same period is only about one montn 
in the pulmonate snails Biompha Zaria and 
Bulinus that carry S . mansoni and S. hae
matob ium, respectively. 

2 . To raise Oncomelania from the egg to 
sexual maturity requires aboutthreemonths; 
the pulmonate snatls can be raised in a
bout one month. 

3. Egg7 laying f9r Oncomelania snails is 
not continuali· gu1te often theprocess ap
pears seasons (van der Schalie, 1970). 

4 . Susceptibility of Oncomelania to the 
various strains of S . japonicum is usually 
quite low, so that the average ranges be
tween 20 and 40% (van der Sclialie, 1972). 
The foregoing, differences indicate that lar-

ge numbers of snails must be made available 
for any thoroughly basic research program in
volving the_S. japonicum cycle. 

The vi v;1ria used for culturing Oncomelania 
' have been quite diverse. In studying the bi
ology of 0. h . nosophora, Sugiura (1933) dis
covered the first laboratory-laid eggs in a 
large, tall, clay flowerpot half-filled with 
damp soil and -P.laced in the ground under a 
sheltering roof. Ward et al. (1947), Vogel 

. (1948), and DeWitt (1952) all used aquaria 
supplied with various substrate--soil, sand, 
grav el, sticks and vegetation arranged as si
milarly as possible to conditions found in the 
natura habitat of Oncomelania. These viva ria 
were calledh by DeWitt , aquaterraria; Bauman, 
et al. (l94o) tested with battery jarsin a 

· like manner. 

In the late 1950's the snails were placed in 
various culture dishes containing mud, sand, 
and gravel , but they were smaller and shallow
er tlian those used earlier. Surprisingly~. in 
th~ smaller dishes more eggs were laid. nag
ner and Wong (1956). and Wagner and Chi (1959) 
initiated a clay floweriJot culturin g method , 
using Lots 5 to 6 in. (liam. and 1.25 in to 
1.75 in . high . About the same time, Komiya et 
al. (1959) Introduced a breeding technique u s
ing· standard Petri dishes. Moose and Williams 
( 1961-1962) •raised , these snails in molded 
plastic trays (9 in . X 24 in. X 3. 5 in.) the 
type often used by ' florists . 

Studies in ~he Mollusk Division of the Uni
v-ersity of Michigan by van der Schalie and 
pavis p968), using the vivarium types of early 
Invest1gators, were undertaken to determ1ne: 
(1) mortality of snails initially received; 
(2) productivityof young per female per 
month; · and (3) survivorsh1pandgrowth rate of 
the young. They found that the'medium clar 
pots ( 5 X 1 . 5 In.) were best both for adu t 
survivorship and ·egg-laying; also Petri dishes 
(9 em . X 2 em) we~e best for rear_ing young to 
matunty . •Aquana _and battery Jars, mostly 
10 in. or more tallt , were very poor since the 
snail s tended to -climb out of the water and 
become dehydrated and die when they were stuck . 
to the glass walls : Pl.astic -. trays (ll X 7 . 5 
X 2. 5 in.) were considered 'intermediate' in 
comP.arison with tall and shallow cultures. The 
stua~es by van der Sch!llie and Davis faile<;i to 
ment1on the apparent 1mportance of the ·he1ght 
of vivaria in making · the environmental condi
tio~s most fa!orable for Oncqmelani~ for pro
ducing off~pr1ng and for their survival . . 

With the abov·e factors in mind, van der 
Schalie and Davis developed a method present•" 
ly recommended for culturing Oncomelania. It 
involves the following important steps. for 

.. 
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rearing these snails to maturity: 
1. Periodic collecting of the newly· 

hatched roung from the breeding cultures; 
2. I so ating limited numbers of young in 

individual growth cultures until die snails 
reach matunty, usually in about 8 weeks; 

3. Harvesting the mature snails from 
the growth cultures and putting them into 
hold1ng cultures for use in the S . japo
nicum cycle programs

1 
or for selecting 

animals for additional bre~ding . 

By using the methods developed by van der 
Schalie and Davis, Davis and Iwamoto (1969) 
found that the fecundity of the Oncomelania 
snails reared in the 406 Army Medical Labora
tory inJapan was much lower than that record
ed for the snails reared in Michijfan. They 
stated that the greatest variable and only 
difference in the1r culture method was the 
origin and type of soi 1 they used . The soil 
used in the Mollusk Division laboratory (ob
tained from a Pomat iops is site) was n ch in 
organic matter and diatoms needed as food for 
Oncomelania . Davis (1971) tried to use food 
additives and he also added chemicals to the 
soil in his cult)Jres. He did manage to im
prove the fecundity of his laboratory-reared 
Unco111e lania, but fa1led to surpass the records 
obtained in the snails cultureo in the Mollusk 
Division at Ann Arbor . Davis reasoned that 
the microchemistry of the soil is important 
in relation to growth, maturation, survival 
and fecundity of the Oncomelania snails . 

Studies presented herein show marked imfrove -
ments which now enable culturing all o the 
geographic races of Oncomelania at ahigh pro 
ductive r~te (approximately 500 of each sub 
species per month) . These improvements are 
based on the studies of van der Schalie and 
Davis (1968) . Details of the newer culture 
methods will appear elsewhere. The data that 
follow represent information from four exper
iments wh1ch show the importapce of both the 
arrangement and the area of the mud surface in 
relat1on to the fecundity and growth of Qnco
aelania snails. The context of the four ex 
periments was as follows: 

E?qleriment 1. Methods for producing large 
numbers of young 

Experiment 2. Methods for rearing young to 
matun ty 

Exper1ment 3. Improving cultures with food 
additives 

Experiment 4. Evaluatiqg the effect of dif
ferent areas of mud surface on fecund1ty of 
laboratory-reared 0. h . nosophora . 

EXPERIMENT 1: METHODS FOR PRODUCING LARGE 
NUMBERS OF YOUNG 

The 'medium clay pots' recommended for pro 
ducing younf of Unc0111elania (van der Schalie 
and Dans, 968) presented considerable main
tenance d1fficult1es. To maintain the water 
level and to avoid excessive evaP.oration througi) 
the porous walls, the P.ots hao to be set 1n 
trays half-filled with water. The water in 
the outer tray quickly becanre contaminated 
with algae and funfi, which had to be scraped 
off the saucer wal s regularly. Davis and I
wamoto (1969) stressed that Petri dishes pro
vided with mud mounds were more effective than 
the clay pots, maintenance-wise, since one 
could handle and wash the Petri dishes more 
easily . Also

1 
each dish required less shelf 

area; more cultures could be established in 
the available space . 

To test the prospects for further improving 
the culture methods, each of the five subspe-

c1es of Oncomelania hupensis was tested in 
four different groups of vivaria, as follows : 

. l. Petri d1shes with centrally placed 
mud mounds (control) 

2. Petri dishes with peripherally placed 
mud rings 

3. Plastic containers with centrally 
placed mud mounds 

4. Plastic containers with peripherally 
placed mud rings 

In the case . of 0 . h, hupensis, the largest 
of the subspec1es, med1um clay pots were sub
stituted for Petri dishes, since exllerience 
in theMollusk Division Laboratory showed that 
this subspecies reproduced very poorly, prob
ably due to the crowding effect which occurred 
in the smaller dishes. 

The Petri-dish-with-mud-mound technique was 
similar to that used by van der Schalie and 
Davis (1965), except that it did not use fil
ter paper . Also, another innovation wa s the 
installation of an erosion-preventing device 
called the plastic strap nng. These rings 
were made by cutting a clear acrylic sheet in
to thin straps ana fusing the ends together 
with a hot spatula heated over flame. Such 
strap rings were used in all of the vivarium 
groups tested . They were placed in the cen
ter of the culture oi.shes and they served to 
hold the mud, arranged either in or around 
them . . 

A mud mound was prepared by placing a small 
lump of mud i n the center of a vivarium and 
stretching it to the diameter' of the strap 
ring by stroking the mud with a spatula to form 
a smooth, solid surface . In contrast , t o p r e
pare a peripheral mud ring , a large lump o f 
mud was placed in the vivarium outside the 
centrally placed strap ring and again , worked 
with a spatul a to form a smooth, solid surface 
sloping downward from the top edge of th e vi
varlum to the top edge of the strap ring (see 
Fig . 1). The ring offered a greater mud sur
face area than that of a mound in the center 
of such a vivarium . The plastic containers 
used were the sour cream or liver containers 
as commonly encountered in supermarkets . The 
description and dimensions of these vivaria 
are shown in Table 1. 

The mud for all vi varia was obtained from 
Raisin River, some thirty miles west-southwest 
of Ann Arbor, the habitat of Pomatiopsis cin
e innat iens isb an amphibious, hydrob1id snail 
related to ncome lania. Its microchemistry 
was described by van der Schalie and Davis 
(1965) . The mua for the Qresent study was 
heated in an oven at SOo C for 6 to B ·hours 
per day for three consecutive days instead of 
only one day (as in van der Schabe and Davis , 
1965)t,o elim1nate unwanted organisms such as 
annelids, alga spores and other potential pests . 

Each of the vivaria, in groups of five, was 
populated with three females and three males . 
All snails used initially in this experiment 
were three months old, except 0 . h . quadrasi, 
for which eight-week old adults were used. It 
was discovered that at ten weeks of age 0 . h . 
quadrasi began to lay eggs. All snuls were 
selected on the basis of development and ma
turity as indicated by the formation of a 
thickened varix-lip and a relatively large 
shell . 

Small pieces of algal mat (a mixture con
taining among others, Fischere lla SP. · ~.Nos toe 
sp . and Schtzothrtx sp.) were ada·ea to the 
cultures as food (Liang, 1974) . These culture 
dishes were filled to the top of the strap 
rings with well - aerated tap water and were 



kept on sh e lves under a twelve-hour cycled ( 40 
watt , white, cool'" 100-150 foot candles) flu
oresc ent l igh t. 1ne light tubes were 15 em 
above the cu l turfs and room temperature was 
maintained at 240_ 10 C. 

The recovery ofnewly hatched snails and dead 
adults of each of the subspecies was accom 
plished routinely , at bi-weekly intervals, 
over a period of one year . Live adults were 
added to the cultures to replace the dead ad
u l ts of the same sex . All young were carefully 
r e moved from the cultures , with a pair of fine 
forceP.s . Both the number of the young col
lectei:l and the mortality of the ai:lults were 
r e corded . Wwter was changed and fresh food 
was added to the cu 1 tu rrs, as needed . 

Average prod~ctivity of each vivarium group 
was measured 1n terms of young produced per 
f em a le per two weeks (y/ f / biwk) and calculated 
fr om the number of young recovered from the 
par e ntal culture, not from the number of eggs 
la i d . To obtain the average young product1on 
r ateofeach vivarium group (as shown in Table 
2 ) the total number of young recovered was 
div i de d by a multiple of fifteen females and 
twenty - six biweeks (each five - dish vivarium 
group contained fifteen females; twenty - six 
biweekly periods equal one year). 

Acc ording to an analysis of variance (Table 
14) there are significant differences in the 
young production of Oncomelania hupensis sub
spe c1es as affected by_ the vivarium types
Evidently, in both the Petri dishes and plas
tic conta1ners the mud rings were more suit

.able for young production than the mud mounds 
( Ta ble 2) . 0 . h. quadrasi 1 0. h . f o rm osana, 
and 0 . h . chiui yielded theh1ahest total young 
collection in one year· 11 . 796, 3 , 354 , and 
2,622 , respectively, 1n the piast1c-container 
w1th mud - nng group . The second highest col 
lection (3 , 190 ; 1 , 695; andl , 265 young) was in 
the Petri-dish with mud-ring group . In the 
con t rol groupi however , production of young 
was less than ,000 per year. There is an ap 
par ent r e lationship between the young produc
tion and the increased mud surface area, which 
is e mphasiz;ed by the most productive group . 
He r e, the total young collection per two weeks 
skyrocketed to maximum peaks of 503 - 0 . h . 
quad r asi , 492 -0 . h . formosana, and 262 0 . h. 
chiu i, a f ew weeks after the first eggs were 
l i :i,.d {Figs . 2-7) . The rate remained aoove 10 
y t / b1wk for at least five continuous months . 
In contrast, in the Petri-dish with mud-ring 
group only 0 . h . quadrasi maintained a rate 
over 10 y / f / biwk forasmuch as two continuous 
months . 

Th~ young production of all Oncomelania sub
s pe c1es , except 0 . h . nosophora, correlates 
positively with th~ mud surface area (Fig . 7 
and Ta bl e 3). 

The po s itive correlation in these cultures 
i ndicate s a favorable arrangement , which pro
vi des condi tiona needed for reproduction . Per 
haps two factors should be considered . First 
incr e asing the mud surface area , in this case , 
increases thequantity of mud used in the cul 
ture and thereby provides nutrients needed by 
algae and diatoms growing on the mud surface . 
Oncome lania have been maintained solely on mud 
without adding supP.lementary food, as this mud 
supported an abuni:lance of diatoms and algae 
(van der Schalie and Davis, 1965; 1966). In 
contrast, diatoms had to be used as a food ad
ditive to increase the fecundity of Oncomela 
n i a reared in Japan on a s~gnif1cantly poorer 
mud substrate (Davis and werner , 1970) . It 
appears that thenutrients in the mud kept the 
algae and diatoms growing continuously 1n the 
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for e going efforts . Secondly! in their repro
du c t 1 ve behavior the Oncome ania tend to lay 
e ggs in the mud above the water level. The 
mud ring offers a larger area that is suitable 
for egg laying than does the mud mound . On 
the mud- ring , the females were observed to lay 
the majority ofthe'ir eggs all along the peri
meter of the vivarium , at a considerable dis
tance from the water. Such a favorable region 
in th e mud mou.nd is at the apex , and is obvi
ou s ly l imited in both area and distance from 
the water surface (Table 1). Consequently, 
only a number of eggs could be laid in the 
mud . The occurrence of eggs laid in or at the 
water surface was more common in the vivaria 
with mud mounds . However, the total . number 
of young collected (Table 2) gives evidence 
t hat th1 s situation is not preferable. 

Production of 0 . h . hupensis and 0 . h . noso
P.h o ra was affected by high mortality among the 
first set of adults used in the I!._lastic-con
tainers with mud-ring cultures . "lbere is al
so the possibility that stunted adults re
p l aced the dead ones . Stunting , as induced by 
crowding , has produced minute shells and go
nads that did not mature (van der Schalie and 
Davis , 1965) . In my experiment the surviving 
0 . h . huP.ensis adults which replaced the spe
cimens that had died (in plastic containers 
with the mud rings) , were much smaller than 
thei r pre decessors; some did not have the va 
rix lip which serves as evidence of maturity . 
No eggs were found in these cultures . 

Also , the foregoing two subspecies are more 
s e ason a l in the1r breeding habits than the 
o t her s ubspecies (van derSchalie, 1970) . Sin
ce this experiment was started 1n Septemberi 
19 70, 0 . h . hupensis eggs did" not hatch unti 
February , 1971 (Fig . 51 . In the clay pots ' 
wi th mui:l rings , the biweekly total young col 
lection soared to a maximum of 38 2 in two 
months . It is interesting that more young 
continued to be produced after the one-year 
exper i ment a l period , so that the total young 
produced in a one - and-one-half year period in 
these containers was 4,042-almost double that 
at on e year (Ta ble 2). There were two peaks 
i n the production of young among the 0 . h . 
no s ophora which occurred during spring and 
fa 11 , 1 971 ( Fig . 6 ) . 

The first trial with 0. h . nosophora was in 
comple t e and discontinued , because live adults 
were unavailable for replacing those that died; 
a second trial could not be started for sever
a l months , until enough adu l tswereavailable . 
Only the results of the second trial with this 
subspecies are reported here . A new method for 
preparing mud for these cultures (discussed 
later in this section) improved the survival 
of the second trial of 0 . h . nosophora in the 
p lastic containers with mud rings . Therefore, 
1t is not rossible directly to compare the 
mortality o 0 . h . nosophora with the other 
s ubspecies . An analysis of variance showed 
that there are significant differences between 
the adult mortal1ties and the vivarium groups 
in which they were isolated (exs;eption: mor
tality of 0. h . nosophora adults showed no 
significant difference} (Table 15) . However, 
t here is no -significant difference between 
male and fe•ale mortalities for most of the 
subspecies (exception : 0 . h . ~uadrasi -more 
females died than did males) (Table 15). 

At the start of the experimental year, in 
both the Petri dishes and plastic containers, 
the mud rings appeared to cause higher adult 
mortalities than did the containers with mud 
mounds . The mortality rate, however, decreased 
appreciably as the year continued (Table 4). 
V1varia with .mud mounds have a s•aller volume 
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of mud than water, but the opposite is true 
for the vivaria with mud · rings . It al'pears 
that the freshly prepared ('cooked') mua pro
duced an anaerob~c condition , which consumed 
most of the oxygen in the water reservoir of 
the vivaria w1t:h mud rings. This condition 
was indicated in the way the snails closed 
their opercula and remained inactive. Regr et
tably, measurements of dissolved oxygen were 
not made . 

A small, special experiment was undertaken 
to attempt to reduce adult mortalities by 
maintaining freshly prepared plastic contain
ers with mud rings provided with algae and 
water for known penods before introduc1ng the 
breeding snails to the culture . Five vivaria 
groups {inoculated with algae)were established, 
as follows: (1) one hour (control); (2) one 
day; (3) three days; (4) five days; and (5) 
seven daY,s. Each of these age cultural groups 
containe<l ten vivaria with ten adult 0 . h. for
mosana per vivarium . As indicated (Fig. 8), 
total mortalities appeared in the control and 
in one - day - old vivar1a with mud-rings, where- · 
as there was more than 90 per cent adult sur
vival in the vivaria which were one week old. 
As suspected, much dissolved oxygen appeared 
to be consumed in the water by the chemical 
properties of the baked mud used and the adult 
sna1ls were again observed to have closed their 
opercula and they did not move around in the 
control and the day-old vivaria . Another ex
periment was then setup\ similar to the first, 
except that the methoa of preparing the mud 
wa s modified. It was dried completely after 
three consecutive bakings, crumpled into pie
ces and allowed to oxidize in air for two 
weeks . This new method greatly improved adult 
survival as compared to the usual method (Fig.· 
9). Upon using mud pre_pared by the latter 
method, the second trial of 0. h. nosophora 
in theplastic containers with mud-rings showed 
the lowest first-month mortality for this vi
varium group for all subspecies (Table 4) . It 
is to be noted that this mud surface area was 
slightly less than those specified in Table 1. 

EXPERIMENT 2: METHODS FOR REARING YOUNG ONCO
MELANIA TO MATURITY 

In terms of time required and number of 
snails that can be isolated in each vivarium, 
the raising of young snails to maturity wi tn 
efficient methods is of utmost importance. The 
data in Experiment l show that increasing the 
mud surface area will markedly increase pro
ductivity of Oncomelania. Ex~eriment 2 was 
established to explore the effect of an in
crease in the mud surface area pn the growth 
o f the s n a i 1 s . 

The generally accepted time for the young 
snails to reach matunty in laboratory culture 
is eight weeks (van der Schalie and Davis, 
196 5). The growth rate during this time is 
variable, depending on culture conditions used, 
subspecies studied, and frequency of ~easure
ments~ consequentll , no dtrect compar1son can 
be maae with any o the growth rates re{!orted: 
0.2 to 0.4 mm/ wk (Chi and Wagner, 1957); 0.3 
mm/ wk (Komiya and Kojima, 1961)~ 0 .65 mm/wk 
(van der Schalie and Davia , 19o5). 1\l so, of 
considerable importance is the stunting of 
growth and development, caused by crowding 
snails in the reanng cultures (van der Scha
lie and Davis , 1965). Culturing these snails 
is clearly limited by conditions that regulate 
their growth . 

Since young Oncomelania spend most of their 
early life inwater (van der Schalie and Getz, 

1963), only containers with mud mounds were 
used; also the volume of w ter available in 
the cultures with mud rings appears to be in
sufficient for these sn81ls . Newly isolated 
young of all five subspecies were reared to 
maturity for 8 weeks in two vivarium types: 
Petri dishes with mud mounds and plastic con
tainer'S with mud mounds. The clear plastic 
containers were approximately the' same diameter 
as the Petri dishes, but their sides were twice 
as high; hence, the mud mounds in these con
tainers were also considerably larger (Fig. 
10) . 

For each subspeci es, except 0. h. hupensis, 
five groups of atotil of 25 vivaria each were 
established, as fol ows: 

a . Petn dishwithout mud--S young per 
vivarium--con tro 1 

b. Petri dish with mud mound--S young 
per vivarium--additional control 

c . Clear plastic container with mud 
mound--S young per vivarium 

d . Same as c, but 10 young per vivarium 
e . Same as c , but 15 young per vivarium 

Since it was very difficult to obtain suf
ficient numbers of 0. h. hupensis young, it 
was run only in groups b, c, and d 

The Petri dishes with mud mounds were the 
same as those used by van der Schalie and Da
vis (1965), excep t that filter papers were not 
used. The mounds in these dishes were 6 em 
X L 5 em, but, larger mud mounds (8 em X 3 
em covered the entire bottom in the clearplas 
tic containers (Fig_. 10). Each plastic contain 
er was covered with :Saran wrap, stretched smooth 
and held in ~lace by a rubber band. This co
ver was perforated with numerous small pin
holes to reduce theheayy condensation of water 
on the undersurface. 'three weeks prior to the 
introduction ofyoun g1 diatoms were introduced 
to the cu ltu re disnes, except in the Petri 
dishes without mud to which only algae were 
added when the young were isolated. All of 
the dishes were filled with aerated tap water 
to 1 centimeter below the covers . As indi
cated, thenewly isolated young (shell height: 
1-2 mm) were introduced to these cultures 
three weeks after they had been inocula ted 
with the diatoms . The cultures were kept on 
shelves under the twelve-hour cycled hght; 
water levels were check ed weekly, and more 
water added as necessary to maintain the start
ing level. 

For all the subspecies tested, the youn g 
grew matured and survived best when only five 
snaiis were reared· in eac~ plastic conta1ner 
(Tables 5-9 ). The amount of mud surface area 
per snail was greatest in this vivarium grouP. 
than in any of the others . It is suspectea 
that this ratio is amajor factor in the rear
ing of Oncomelania. In contrast, the absence 
of mud in Petri-dish containers apparentli 
caused the slowest growth and poorest survi va 
among the young. An analysis of variance re
vealed signihcant differences between the 
shell heiglits of the snails and the vivarium 
groups used (Tables 16 and 17). Also the 
shell heights correlate positively with the 
mud surfsce area P.er snail isolated in a given 
container (Table 10 and Fig . 10). This corre
lation is further evidenced if one considers 
the 'second-best' rearing arrangement. The 
smallest of the subspec~es, 0 . h. quadrasi, 
(3 . 5- 6 . 0 mm high), showed a greater degree 
of maturation when ten snails were cultured in 
the plastic container in contrast to the five 
snails per Petri dish (Table 5). 0. h. hupen
sis, the largest subspecies (7 . 5- 10.0 mm) 
tended toward the exact opposite relationship 
<Table 9). 0 . h. fontlosana (5 . 0- 8 . 0 mm) 
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displayed no real difference in either v1 va
rium (Table 7). 

In general, between the sexes for each sub
species, there is no significant difference 
in the shell length , except 0. h . formosana 
and 0 . h. quadrasi where females are larger 
than males (Table 18). An accurate statement 
relating the size of th~ subspecies !lnd growth 
rate cannot be made , s1nce the spec1mens were 
measured only once, at the end of the eight 
week period . The smaller snailsappear to fiave 
a 'slower' growth rate during tli1s time than 
the larger ones (Tables 5-9). It is likely 
that the smaller subspecies (0 . h. quadra s i 
and 0 . h . chiui). grew to matunty more quick 
ly , as evidenced by the highest percentage to 
reach maturity, and a 'flat' average growth 
rate for all nvarium groups (Tables 11-12). 

The stunting effect of crowding (like that 
reported by van der Schalie ~;~nd Davis , 1965) 
was clearly evident when the number of snails 
per culture wasincreased beyond the afparent 
ly critical level. Noticeable dwar 1ng was 
obtained in the cultures with ten and fifte e n 
snails per plastic container and is especially 
evident in the 0. h . hupens is, 0 . h . nosophora, 
and 0 . h . chiui cultures. In some vivaria, 
less than half of the snails in the 10-per 
container vivaria reached maturity as CO!!lPared 
with those with 5snails per contuner (Tables 
5-9) . Since 0 . h . quadrasi and 0 . h . c hiu i 
are approximately thesame size, it seems dif
ficult to attribute a size reduction in terms 
of available food as a major factor in P.rodu 
cing stun tin g. It is generally conce~ed that 
there must be several unknown factor.s resP.on
sible for slowing down the growth rate of 0. 
h . c h i u i. 

In all of these test groups there was a re
markably high survival rate, which was con
sistentlr better than 7 5%. In contrast , van 
der Scha ie and Davis (1965) in two experiments 
designed to raise young , obtaine d 64% and 7 2% 
respectively, with the 0. h. formosana when 
cultured in Petri dishes witli 10 s nails per 
dish. 

EXPERIMENT 3: IMPROVING CULTURES WITH FOOD 
ADDITIVES 

The nutrient-rich mud used as a substra t e 
for culturing Oncomelania (Experiment 1) suc
cessfully encouraged high fecundity . It sup
ports acontinual growth of algae and diatoms , 
the natural foods of the snai Is (Komiya e t a l. 
1960; Dazo and Moreno , 1962) . Natural and ar
tificial food additives have been studied by 
several investigators, often in an effort to 
improve the fecundity of these snails . Rice 
cereal added to Petn dishes with mud mounds 
was thought toproduce favorable results (Moo 
se et al. , 1962) . However, in testing di a
toms , rice powder, andwheat germ, the diatoms 
were considered best as food-supplements for 
improving fecundity in 0. h. nosophora (Davis, 
1971) . 

Experiment 3 was established to determin e 
the effects of food additives on the produc 
t1on of young in culture arrangements that were 
shown most promising, namely the plastic con 
tainers with mud ring. Only 0. h . nosophora, 
the subspecies most often used b_y researchers, 
was used in this experiment . It was impos
sible to test the other subspecies due to a 
lack of time and the enormous amount of labor 
involved . 

Altogether 120 largest three -month-old 0 . 
h . nosophora, with well-developed varix lips , 
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were selected from a large supply pool. Th en, 
twenty plastic containers with mud rings were 
established and inoculated with algae for two 
weeks before the adults were introduced into 
those cultures . The containers were then di
vided into four equal groups with three fe
mal e s and three males per container, and fed 
as follows: 

1 . Algae 
2 . Wh e a t- ge rm 
3. Rice cereal (in the form of baby food 

manufactured by Gerber Products Co ., Fremont , 
Mich . U. S . A. ) . 

4. Combined ration using all three food 
additives 

Since adult shells void undigested diatoms 
in their feces (van der Schalie and Davis, 
196 5), diatoms were not tested as additives . 
Within amonth diatoms grew rapidly and spread 
throughout all cultures . Nevertheless, dia 
toms are recognized as a basic food of Onco
melania. All algal mats were removed from the 
groups fed algae and rice cereal before adult 
snails were introduced into the culture; the 
processed food additives were P.Ut into the 
cultures including the combineii-food group. 
All young snails were removed biweekly and 
records were maintained on the number of young 
and of dead adults removed· dead spec1mens 
were not replaced . Rice cereai and wheat germ 
were added to the cultures every two weeks but. 
the algae were added onl y as needed or when 
the adults had consumed the algae .supplied . 
The data collected covered a period of one 
year. 

The highest average in production of young 
ap peared in the algae-fed grouP.; thenext high
est was in the combined - food - fed group (Table 
1 1 ). Ave rages higher than 500 young were co l
lec ted in one year in three containers of the 
algae-fed group (i .e.,615 , 562 , and 504); but ' 
only one such (67 5) appeared in the comb1ned
f ood-fed group . 

I n the group f e d on ground wheat germ a foul 
odo r of decomposition developed in two days. 
When wheat germ particles became swollen by 
absorption of water they were removed froni the 
culture . The odor was avoided by grinding the 
wheat germ more finely with a mortar and pes
t l e; it was then spread thinly over the mud 
surface . The abundance of food on the mud 
rings encouraged the rapid bacterial breakdown 
i q the CJ.I~t].lre, which prob11bb wall .. the cau,se 
of the h1gh adult mottaht1es . Whereas the 
rice cereal did not emit an odor , it did form 
a stone - like crust on the mud surface. 

After the first 3 months , th e production of 
y_o~;~ng dropped to zero in the wheat germ group. 
1h1ck algal mats covered the mud surfaces a 
bove the water levels . When they were removed 
from the culture, numerous dead young were 
found beneath them . The algae grew fast , pre 
sumably due to the decomposition of the pro
cess ed food , and it overgrew and trapped the 
young. A Slmilar condition that reduce d the 
number of young occurred with the overgrowth 
of algae in some of the containers witli rice 
cereal and those with the combined food. Re
moving these algal mats usually brought a re 
co very of productive conditions favoring the 
yo ung . The one vivarium among the comb! ned
f ood fed group which had the greatest produc
tion of young did not develop a thick algal 
m~t; the adults may h!lve kept it clean by brow
SlOg to account for 1ts success . 

Accordi .ng to the analysis of variance (Tables 
19 and 20) there is no significant difference 
i n either fecundity or adult mortality ofO . 
h . nosophora as affected by food addi t1 ves . 
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EXPERIMENT •: EVALUATING THE EFFECT OF DIF
FERENT AREAS OF MUD SURFACE ON FECUNDITY OF 

LABORATORY-REARED 0. H. NOSOPHORA 

It was of interest that the fecundity of the 
0 . h. nosophora in Experiment 3 was greater 
than that of their P.arents in Experiment 1. 
Laboratory - reared individuals of 0 . h. noso
phora often can be less fecund and vigorous 
than field-collected specimens (Davis, 1971) . 
This difference may be due both to microchem
istry and to the d1atom flora of the soil as 
important factors in relation to growth, ma
turation, survival, and fecundity . This ex
periment was conducted to determ1ne whether 
the methods used in Experiment 1 and 2, but 
with inc rea sed mud surfaces, would make the 
fecundity of laboratory- reared snails surpass 
that of field-collected ones . 

Four rearing groups consisting of 8 vivaria 
each were established, as follows: 

1. Regular Petri dishes with mud mounds 
--5 young/ vivarium 

2. Plastic containers with mud mounds 
(same as in Ex~e rim en t 2) --5 young/ vivarium 

3. Same as 2, but 10 young/vivarium 
4. Larger plastic containers (11 em X 

4. 5 em) with mud mounds (10 em X 3 em) 
-- 5 young/ vivarium 

Routine maintenance and measureme~t of 
snails after an eight-week isolation 1n the 
rearing cultures was undertaken in the same 
way as in Experiment 2. After measuring, nine 
females and nine males with the largest shell 
heights and greatest number of the whorls 
were selected from each rearing group. They 
were then transferred to three freshly pre
pared plastic containers withmud rings; tl'\ree 
females and three males were cultured In each 
container for six months . All young were re
moved biweekly and the number of young produ
ced and of adult mortality, recorded . 

There are si gni fi cant differences be tween 
the shell heights of the snails when they are 
removed from the rearing culture (Tables 21 & 
22) . Also, the shell heights correlate posi
tively witn the mud surface area per snail. 
The coefficient of linear correlation, 'Y., of 
the females is 0 . 25; yo£ the males is 0 . 38. 
Both Y- values are s1 gni fie ant. There is no 
sifP.lificant difference in the survival rate 
(Table 23). 

The roung' g·reW, matUred I . and SU ryi Ved best 
in the arge plastic con tuners (Table 12) in
dicating , once again , theimportance of alar
ge mud-surface-area ·. for rearing young tp ma
turity. They were about three months old when 
transferred to the breeding cultures, as this· 
subspecies has been known to begin laying the 
first efgs at the age of four months. Sur
prising y, when this transfer was made, as 
manr as elghty eggs were found attached to the 
wal s of some of the rearing cultures. It is 
possible that with this 'early' breeding, the 
snails were at such an advanced stage that 
their capacity toproduce eggs in the breeding 
cultures was reduced, thereby y_ielding the 
second lowest young production (Table 13). 

The snails, reared in the five-per-small
container group, were the second best in 
grpwth ana maturity but they suffered the 
highest · mPrtality (table 12). No . eggs were 
found in these rearing cultures. However, in 
the breeding culture, these snailsyielded the 
highest tptal young collectiPn (Table 13) . The 
young prPduction pf the large-cPntainer grPup 
might have sun>assed or equalled that pf the 
five-per-small containerst had there been no 
eggs laid 'prematurely .' twas impPssible to 

cpunt all the eggs laid by these snails, as 
many were buried and well camouflaged in the 
mud . There fore 1 it is impossible to test for 
a significant d1fference. 

The slowest growth, maturation, and poorest 
young collection was obtained from the crowded, 
ten- snai 1-per- small-container group (Tables 
12-13). 

There is no significant difference in the 
adult mortality in the breeding cultures 
(Table 24). 

The fecundity in all these groups was greater 
than thehighest observed by Davis (1971} among 
field-collected 0 . h. nosophora (13.7 y / f / m). 
Davis also added calcium carbonate to the soil, 
which increased fecundity among laboratory
reared 0 . h . nosophora. Nevertheless, he 
failed to surpass the fecundity found in the 
field-collected snails. His failure to in
crease fecundity of this laboratory snail was 
probably limited by the food available in the 
substrate since he used only ordinary Petri 
dishes with mud mounds . In fortifyin~t soil 
with ch~mical additives, :i,twopld be adnsable 
to use Increased areas of substrate to test 
fecundity among Onco•elania snails . 

SUMMARY 

Rearing large numbers of Oncomelania hupen
sis, intermediate hosts for Schistos om a japo 
nicum, is very difficult . This limitation has 
posed problems in maintaining the life cycle 
of this parasitic human blood fluke . The me 
thods developed in this study were designed to 
enable culturing the five subspecies of Onco
melania hupensis in numbers approximating 500 
snails of each subspecies per month . It was 
found that such ahigh production was possible 
only w.hen ·the surface area of mud used in a 
vivarium was increased. 

Peripheral mud rings, instead of the con
vention a 1 central mud mounds, were used to in
crease the surface area per vivarium . As a 
result, more oncomelanid snails were rear e d . 
It was demonstrated that the production of 
young Oncomelania, except for 0. h . nosophora , 
correlated positively with the mud surface 
area . 

Plastic containers with mud rings proved to 
be the most 'productiTe culture method for 0 . 
h . 'quadras i, 0. h. formosana, and 0 . h . chiui . 
However, ~he largest . number ofoffspringof U . 
h . hupensts, the largest subspecies

1 
were pro

duced in clay pots with mud rings oecause the 
clay pots were larger than the plastic con
tainers . The rate of productinty of 0. h. 
hupensis and 0 . h . nosophora on mud rings in 
the plastic containers remained uncertain, be
cause aU of the first breeding adults d1ed; 
and adults repla~ing the dead ones were found 
to be smaller and less fecund than their pre
decessors. 

Initially, extremely high mortality occurred 
in the plastic contuners equipped with mud 
rings, because the freshly prepared substrate 
{!roduced anaerobic condit1ons which wereharm
Iul to the snails. However a special exper
jment demonstrated that adult mortality could 
be reduced when the mud in these containers 
was inoculated with algae for at least one; 
week prior to the introduction of adults to 
the culture. Therefore, taking this precau
tion·, the plastic containers with mud rings 
are recommended for breeding large numbers of 
Oncomelania . 
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While rearing young snails to adults, it was 
fou~d. that ~he snail shell height correla~ed· 
positively w1th themud surface area per sniul. 
Young Oncomelania snails grew faster and lar
ger , a greater percentage reached maturity , 
and showed better survival inplastic contain
ers than inPetri dishes. The Increased height 
of these containers made possible larger mud 
mounds than those in the Petri dishes . Fur
thermore, depending on the subspecies being 
isola ted, the number of snails maintained suc
cessfully in such containers for eight - week 
periods could beincreased from five up to fif
teen per container . 

In plastic containers with mud rings, algae 
appeared to serve better as food than proces
sea food additives (wheat germ and rice cere~ 
al). However some SP.ecies of algae were 
harmful if aliowed to form mats · which trapped 
the young snails . 

The last experiment demonstrated that the 
fecundity of laboratory- raised 0 . h. nosophora 
could be improved only when the snails were 
reared in a culture with anincreased mud sur
face area per snail and then transferred to 
the recommended breeding culture. In this si
tuation, the fecundity was increased to ap
proximately 20 young per female per two weeks 
from a previous level of 7.3 young per female · 
per month (van der Schalie & Uavis, 1968). 

The surface area and the arrangement of mud 
in a vivarium have been shown to be signifi
cant factors that must be considered In all 
steps of rearing Oncomelania in the laborato
ry, including the breeding of adults, rearing 
of young, and the subs~quent . fecundity of those 
young . Consequently, If one Increases the sur 
face area and uses mud rings and 1 arge r mud 
mounds, the production of these snails can be 
enhanced considerably . 
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Fig . 1. ToP. view of vivaria used for producing On co me lani a young . - - A. Petri dish with 
mud mouna; B . Petri dish with mud nng ; C. Pla s tic container with mud mound ; D. Plas
tic conta1ner with mud ring; E. Cl ay pot with mud mound ; F . Cla y pot with mud ring . 

Species: ~~~ 

--Pwlrl Dish w/Mull Mound } 
-·- Pwlrl 01111 w/Mud Ri119 Vtvonum 
-- Plolllc Conlailw w/Mud Mound Group f\ - ········Pioa11c Contoinlt w/Mud RinQ 
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! '!\ v \ . !/\ ,' \ ;'\. \ y ./ -.J ' , ,~ 
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Av•r••• nu.b.r of Onec.elani a hupensis 'f~sana (Pu-yen) 
youn& produced biweekly per hii!i'"l'V7f~ four 
vi~ari~ «T'''Uf)8 in one year . 

9 
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Table l. Descriptions of the Vivaria tested for producing large nUIIIbers of Onca.~elania young. 

Type of Dimensions Dimensions of Area of Maximum Depth Water in Vivariurn 
Vivari1:111 in em strap ring in em . soi~ of soil Reservoir Cover 

Diam. He. Diam. He. 1n em in em in cc 

PD-CM 9.0 2.0 ... 5 0.5 16 1.5 25 Regular PO cover 

PD-PR 9.0 2.0 ... 5 0.5 so 

I 
1.8 8 Regular PO cover 

PC-CM 11.0 4.0 5.8 0.5 27 2.0 50 Plastic lid cover 

PC-PR 11.0 4.0 4.5 1.2 70 3.0 20 Plastic lid cover 
• PC-PR 11.0 4.0 5.5 1.2 65 3.0 28 Plastic lid cover 

** CP-CM 13.0 11.0 5.8 o.s 27 2.0 30 Glass plate 
** CP-PR 13.0 11.0 5.8 o. 5 100 3.0 15 Glass plate 

* for the second trial of 0. h. nosophora only 

** for ~· ~· hupensis only 

Vivarium Type: PD - Petri Dish 

Soil type: CM - centrally placed mud mound 

PR - peripherally placed mud ring 

PC - Plastic Container 

CP - Clay Pot 

Table 2. Young of Oncomelania hupensis subspecies produced in Experi~~~ent 1. 

Spec1es & Total W of !Greatest • or Average or young Average or young 
Vi varian young collected young collected produced per collected per vivariu. 

Types in one year in one vivarium female per biweek per biweek 
in one year (y/f/biwk.) (y/viv/biwk,) 

o. h. 
-h~ensis ! C -cH 359 215 0.92 2.76 3.113 

CP-PR 251111 859 6.52 19.57 ! 10.85 
PC-CH liS liS 0.11 0.35 t 0.77 
PC-PR No eggs or young were found in this tvpe of vivaril.lll. 

o. h. 
-formosana 

! PD-CH 7211 252 1. 86 5.57 2.93 
PD-PR 1695 522 II. 35 13.011 ! 7.18 
PC-CH 12118 1119 3.20 9.60 ! 3.98 
PC-PR 33Sii 11011 8.60 25.80 t 13.13 

o. h. 
-quadrasi 

7.66 ! Pb-CM 996 309 2.55 2.112 
PD-PR 3190 8117 8.18 211.511 ! 9. 35 
PC-CM 1857 52S II, 76 111.28 t 3.88 
PC-PR 11796 1635 12.30 36.89 ! 19.50 

o. h. 
-nosophora 

! PD-cl1 279 107 0.72 2.15 1.118 
PD-PR 517 178 1. 33 3.98 t 2.60 
PC-CM 237 102 0.61 1.82 ! 1.28 
PC-PR 301 262 0.77 2. 32 ! II. 36 

o. h. 
-chrui 
PD-af 785 236 2.01 6.011 ! 1.71 
PD-PR 1285 1133 3.29 + 11,80 9.88 + 
PC-CM 672 193 l. 72 5.17 + 1,112 
PC-PR 2622 735 6.72 20.17 - 7,61 

95\ Condifence Lialt 

Lower Upper 
Level: Level: 

1.50 7.02 
6.10 33,011 
0,00 1.31 

1.93 9,21 
1.13 l8,95 
11.66 111.511 
9,50 112.10 

11.66 10.66 
12. 911 36.111 

9,116 19.10 
12.69 61.09 

0,31 3.99 
0.75 7.21 

- 0 .23 3,111 
o.oo 7,73 

3.92 1.16 
3.\12 15.811 
3.111 6,93 

10.611 29,70 
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a b c 

Fig . 10 . Vivaria used for rearing Oncomelania 
young tg maturity. A. Petri d1sh w1th mud 
mound . tl . Plastic container with mud mound . 
C . Large ~lastic container with mud mound 
(used ln experiment 4). 

T.UU: 3. 

~· !!.· 

~· !!: 

The coefficient of linear correlation (r) betveen the youn1 
production anc1 the •ud aurface area 

~ n.e•• of treedoa r Cc:w:l.clusion 

qudraat 11 o. 76 dcnificant 

forwoaana 11 0.70 

~·!!.·~ 11 0.16 

~· !!.· ~ 11 0,65 

o. h. ~ophora 11 0.13 not dcnificant 

Table 4 . Mortalitv Data 

Species; Females Males 
Vivaria lat 11 last total 1n 1st 11 last 
Types month months one year month months 

o. h. 
- hunensis 

CP~CM 0 1 1 0 0 
CP-PR 0 4 4 0 0 
PC-CM 1 5 6 0 8 
PC-PR 19 11 30 17 16 

2.· !::· 
fonnosana 
PD-CM 4 27 31 1 27 
PD-PR 11 26 37 13 23 
PC-CM 1 25 26 1 18 
PC-PR 21 25 116 23 19 

£.· !::· 
g,uadrasi 
PD-CM 0 24 211 0 13 
PD-PR 12 16 28 9 111 
PC-Cl1 0 23 23 0 17 
PC-PR 23 24 47 25 13 

2.· !:.· • nosophora 
PD-CM 1 24 25 0 29 
PD-PR 2 32 34 2 26 
PC-CM 1 32 33 0 25 
PC-PR 5 20 25 5 17 

£.• !::• ~1Ul 
PC-CH 0 0 0 0 2 
PD-PR 0 1 1 0 3 
PC-C~ 0 2 2 0 .. 
PC-PR 13 8 20 14 0 

• 
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total 1n Overall 
one year total 

0 1 
0 4 
8 14 

33 63 

28 59 
36 73 
19 115 
112 88 

13 37 
23 51 
17 110 
38 85 

29 54 
28 62 
25 58 
22 117 

2 2 
3 II 
If· 6 

111 34 

This is the second trial of 0. h. nosophora after the snails in the first trial were destroyed, 
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Table 5a. Vivaria tested for rearing 0. h. quedrasi to aat\IZ'lty tor I 1fMka in t-. of 
a\IZ'vival rata.\ of survlv.<r snails reaching Nturity. average helcht. and' 
average growth rate. 

Vi varia types : P.O. w/o mud P. D. w/mud 

Survival rate (\): 116 , 11 80.8 

\ of survived snaila
6 reaching ~aturitl: 

fe~~~a1es o.oo 58.33 

Males o.oo 86.79 

Average heijlht <->: 
r .... les 2.13 ! 0.117 11.19 ! 0.77 

Males 2.32 ! 0.113 3.611 ! 0,119 

95\ confidence liaits <->: 
fe~~~alas 2.13 ! 0.20 11.19 ! 0.22 

II ales 2.32 ! 0.17 3.611 ! 0.111 

Avwrage growth rata in 
ftft/wk: 

felllales 0.02 0.27 

II ales 0.011 0.20 

Abbreviations: 

- Petri dish wh:hout mud 110\llld 
- Petri dish vi th mud 1110und 

P. O. w/o mud 
P.D. w/mud 
51 P.c. 
10/P.c. 
15/P . C. 

- 5 snails per plastic container 
- 10 snails per plastic container 
- 15 snails per plastic conta i ner 

* Indicated by the presence of varix lip on the shell 

5/P.C. 10/P.C. 15/P.C. 

88.0 77.2 90.-. 

91.53 70.00 116.58 

92.15 92.117 77.20 

11.83 ! 0.117 11.36! o.so 3.88 ! 0.77 

3.79! 0.39 3,68 ! 0.28 3.118 ! 0.112 

11.83 ! 0.12 11.36 ! 0.12 3.88 ! o.u 

3.79 ! o.u 3.68 ! 0.06 3,118 ! o.os 

0.35 0.30 0.211 

0.22 0.21 0.11 

Table 5b, Caaparative (in terms of height (11111)) grOirth of 0. h. quadrasi reared to 
maturity in the '(i varia for 8 weeks. The number -of-snails Is sh01111 left 
of the parenthesis ; percentage of the snails isolated 'in each vivarillll 
group of each sex in the parenthesis. 

llilght l'etrl aun retr1 a1sn 5 snails per J.O snail.S per J.5 wails per 
(nn) without mud with mud container container container 

Sex : i .!' i <I' i ~ i ri' i .,A 

6.0- 6.11 --- --- --- --- 1( 1.7) --- --- --- --- ---
s.5-5.9 --- --- --- --- 2( 3 ... ) --- --- --- --- ---
5.0-5 . 4 --- --- 5(10.1!) --- 23(39.0) ·-- 17(17.0) --- 8( 5.5) ---
11.5- 11.9 --- --- 18(37.5) --- 26(44.0) 1( 2.0) 30(30.0) --- 29(19.9) ---
11.0-11.4 --- --- 13(27. 5) 15(30.2) 5( 8.5) 17(33.3) 31(31.0) 16(17.2) 35(211.0) 27(111.0) 

3. 5-3.9 --- --- 2( 11.2) 211(115.2) --- 25(119.0) 11(11 •. 0) 611(68 •• ) 29(19.9) 96(119.7) 

3.0- 3.11 --- 2( 5. 9) 5(10.11) 7(13.2) 2( 3.4) 7(13.7) 9( 9.0) 11(11.8) 211(16.11) 52(26.9) 
2.5-2.9 5(20.8) 15(1111.1) II( 8.3) 3( 5. 7) --- 1( 2. 0) 1( 1.0) 2( 2.2) 16(10.9) 111( 7.3) 
2.0-2.11 9(37.5) 10(29.11) 1( 2.1) 3( 5. 7) --- --- 1( 1.0) --- 5( 3.11) 3( 1.11) 

< 2.0 10(111. 7) 7(20.6) --- --- --- --- --- --- --- 1( o. 5) 

-
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Table 6a. Vivaria tested for rearing 0. h. chiui to maturity for 8 weeks in terma 
of survival rate, \of surv!ved sna~ls reaching maturity, average height 
and average ~rovth rate. 

Vivaria types: P.O. w/o mud I P.O. w/mud 

SurviY&1 rate (\): 11 0 .0 l 88 -~ 

\ of survived snails• I 
I 

I 
reaching maturit~: 

females 
H01les 

Average height 

females 

Males 

95\ Confidence 

females 

Males 

Average growth 
mm/wl< : 

females 
Males 

Abbreviations : 
P.O. w/o mud 
P.O. w/mud 
5/P.C. 
10/P . C. 
lSir . . . 

o.oo ~8.08 

0. 00 I ~4. 83 

I 
(mm): 

I + . 
1. 32 - o.51 11.01 - 0.77 

• + 
2.43 - 0.53 3.70 - 0.62 

limit: 

2 . 32 • - ().19 11.n 
. 
- o. 22 

2.113 • - 0.25 • 3." - 0.16 

rate in 

o.o .. 0.25 
0 .05 ~.21 

- Petri dish without 10ud mound 
- Petri dish wit h mud ,oun•j 
- 5 snails per pla'-tic cont~in~r 
- 1~ snaitq per oldsti c cnnt~i~Pr 

...~ sn~ilr. re:r t~ ~-tst~ c cnr~Air .... r 

• Indicatec by the !">resen :- e o f var'ix lip on t'•e s h~ll 

5/P,C. 10/P.C. 15/P.C. 

85.6 88.0 811.8 

59.67 36.28 22.28 
611,1411 115.79 32.89 

• + + 
11;09 - 0.88 3.73- 0.85 3.119 - o. 86 

11.06 • - 0.66 3.611 ! 0.80 3.111 ! 0.78 

11.09 + - 0.22 3.73 ! 0.16 + 3,119 - 0.13 
+ 11,06 - 0.20 3.611 + - 0.15 3.111 ! 0.13 

0.26 o.n 0.19 
0.2fi 0.20 0 . 18 

Table 6b. Comparative growth in terms of shell height (mm), of 0. h. chiui reared 
to maturity in the vivaria for 8 weeks. The nUMber of snaira-IS shown 
left of the parenthesis; percentage of the snails isolated in each 
vivari~ group of each sex in the parenthesis . 

' 
Height Petri dish Petri dish 5 snails per 10 snails per ! 15 •nail& per 

(IIIII) 
without mud with mud container container container 

Sex: ~ dl ~ d' ? d' ? ~ ? 8 

5.0-5,11 --- --- 1( 1.9) --- 11(6.5) 2( 11,1!\ 7( 6,2) --- 6( 3.!1) 1( 0 , 7) 

11.5-11.9 --- --- 17(32.7) 9(15 .6) 23(37.1) 7(15.6) 211(21.2) 20(18. 7) 30(18.1) 11( 7.2) 

11.0-11,11 --- --- 111(26 .9) 16(27 .6) 18(29.0) 25(55.6) 21(18.6) 27(25.2) 20(21.1) 112(27.5) 

3.5-3. 9 2( 5. 7) 1( 5.0) 8(15.14) 12(20.7) 6( 9. 7) II( 8.9) 11( 9.8) 16(15.0) 17(10.2) is< 9.9) 

3.0-3.11 1( 3.3) 2(10.0) 7(13.5) 10(17.2) 2( 3.2) 3( 5.7) 211(21.2) 18(115. 8) '11(211.7) 311(22.3) 

2.5-2.9 11(13. 3) 5(25.0) 3( 5. 8) 11(19.0) 1( 1.6) 2( '1,11) 20(17. 7) 18(115.8) 38(22.9) 33(21.7) 

2. 0-2.11 18(60.0) 9(115.0) 1( 1.9) --- 7(11. 3) 2( ..... ) 6( 5.3) 5( 5.6) 12( 7.2) 15( 9,9) 

< 2.0 5(16. 7) 3(15.0) 1( 1.9) --- 1( 1.6) --- --- 2( 1.9) 2( 1.2) 1( 0.7) 
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Table 7a. Vharia tested faro rearing 0. h. fOI'IIIosana to 1141:\l!'!ty faro B weeks in 
ter11111 of survival rate, \ o1 siirvi ve<! snails reaching matU!'i ty, average 
height, and average growth rate. 

15 

Vivaria types: P.D. w_lo mud P.O. w/mud 5/P.C. 10/P.C. 15/P.C. 

SUZ'vi val rate (\): 37.6 811.8 88.8 85.2 92.3 

\ of sUZ'vived snails* 
reachinl aatU!'itl: 

Fe~~~ales o.oo 83.33 63.93 83.93 63.52 

Males o.oo 67.30 8o.oo 89.11 66.31 

Averase heilht in .. : 

2.91+ ! o.5a 8.30 ! 1.21 6.19 + 0.96 6.19 ! 1.011 5.82 ! 1.13 Females 

3.02 ! O.a.6 5.82 '! 0.92 + 5.89 ! 0.66 
+ 

Males 5.92 - o.88 5.1111 - 1.01 

95\ Confidence liaits 
in-: 

F•ales 2.91+ '! 0.21i 8.so '! o.33 6.19 '! 0.25 6.19 + 0.19 5.82 + 0.18 

+ 5.82 '! 0.26 5.92 + 0.21i 5.89 + 0.13 5.111i '! 0.15 Males 3.02 0.20 -
Average growth rate 

in -/wlc : ' 
Feaa1es 0.1:1 0.511 0.52 0.52 0.115 

Males 0.13 0.118 O.li9 0.49 0.1+3 

ABB~EVIATIONS : P. D. yt / Q mud - Petri dish without mud moynd . P 1 D~pw/ mud
1
6 Petri dish 

with mud mound . :> / P . C . - 5 snails p~r plastiC co~tainer.. 0 , .C. - sna1ls per 
plastic container . 15/ P . C. - 15 snails pe r plastiC container 

• Indicated by the presence of varix lip on the shell. 

Table 7b. CO!Op41"ative growth in tenftS of height (-;,.) of 0, h. fo~ana reared to 
.. turity in the vivaria for 8 weeks. The number of snails ~· shown left • 
of the parenthesis; percentage of the snails isolated in each Yivariua 
croup of each ••• in the parenthesis. 

Height Petri dish Petri dish 5 snails per 10 snails per 15 snaile per 
(an) without a\11!. with •ud container container container 

Sex: ~ cif ~ <il ~ 0'1 ~ a" ~ "' 7.5-7.9 --- --- 3( 5.6) --- --- --- II( 3. 6) --- 1( 0.6) ---
7.0-7.11 --- --- 16(29.6) II( 7.7) 13(21.3) 1( 2.0) 22(19.6) 1( 1.0) 10( 6.3) 1( o.5) 

6.5-6.9 --- --- 16(29.6) 10(19.2) 21( 311.11) 11(22.0) 29(25.9) 17(16.1) 33(20.8) 22(11.1) 

1.0-6.11 --- --- 9(16.7) 15(28.8) 7(11. 7) 21(112.0) 25(22.3) 113(112.5) 31(19.5) 57(30.5) 

5.5-5.9 --- --- 2( 3.7) 9(17.3) 8( 9.8) 7(111.0) 16(111. 3) 28(27.7) 211(15.1) 29(15.5) 

5.0-5 . 11 --- --- --- 5( 9.6) 5( 8.2) II( 8.0) 3( 2.7) II( 11.0) 15( 9.11) 23(12.3) 

11,5-11.9 --- --- 1(1.8) 3( 5. 9) II( 8.5) 1( 2.0) II( 3.5) 3( 3.0) 15( 9.11) 111( 7.5) 

11.0-11.11 3(12.0) 1( 11.5) 1( 1.3) 2( 3.9) II( 6.5) 2( 11.0) 2( 1.1) 3( 3.0) 17(11.7) 23(12.3) 

3.5-3.9 1( 11.0) 1( 11.5) 3( 5.8) II( 7.7) 1( 1.8) 3( 1.0) 3( 2.7) 1( 1.0) 7( 11,11) 10( s. 3) 

3.0-3.11 6(211.0) 10(115.5) 3( 5.6) --- --- --- . 2( 1.1) 1( 1.0) 3( 1.9) I( 11 . 3) 

2.5-2.9 10(110.0) 8(36.11) --- --- --- --- 1( 0.9) --- 2( 1.3) ---
2.0-2.11 5(20,0) 2( 9.1) --- --- --- --- 1( 0.9) --- 1( 0.1) ---
< 2.0 --- --- --- --- --- --- --- --- --- ---
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T.J)le aa. Vharia t .. ted tor rearing o. h. noeopbore ~ aatUl'ity fer 8 weeks in teru 
Of Surri val rate , \ of SUMI'r veG sn&lls reachiug .. tUI'i ty, &_.age hei&ht, 
and a•erage growth rate. 

vi.,..ia typee: P.D. v/o •ud P.D. v/llud 5/P.C. 10/P.C. ' 15/P.c. 

SurYi.al rate(\): 113.5 80.8 89.6 89.6 911.7 

' of sum Yed snails. 
reach!~ JNturi~: 

r ... 1 .. o.oo 22.6" 62.07 28.32 17.65 
Males o.oo 611.58 85.19 113.211 31.55 

AYer~e heilht in-: 

r ... les 2.56 + 0.17 5.39 ! 1.611 6.U ! 1.05 + 1.35 11.91 ! 1.13 5.39 -
Males 2.83 ! 0.70 5.65 + 1.01 6.12 ! 0.91 5.26 + •. - 1.06 11,96 - 1.07 

95\ Coafideoce LL-its 
in _, 

F.-ales 2.56 ! 0.22 5.39 ! 0.115 6.63 ! 0.28 5.39 ! 0.25 11.91 ! 0.16 

Males 2.83! 0.36 5.65 ! 0.29 6.62 ! 0.25 5.26 ! 0,20 11.96 ! 0.16 

AYltl'age growth rate 
in -tvk: 

Feaales 0.07 0.112 0.58 0.112 0.36 
Males 0.10 0.119 0.55 0,111 0.36 

Abbreviations : 
P.O. v/o •ud - Petri dish without aud aound 
P.O. v/aud -Petri dish with •ud aound 
5/P.C. - 5 snails per plastic container 
10/P.C. - 10 snails per plastic cqntainer 
15/P.C. - 15 snails per pla~tic container . . 

Indicated by tbe presence of varix lip on the shell 

Table 8b. eaop.rative growth in te.,.,. of height <-> of 0. h. noe~a reared to 
aaturity in the vivaria for 8 weeks. The n..mer of anaSis sh0>111 left 
of the parenthesis; percentage of the snails isolated in each vivari,. 
group of each sex in the parenthesis, 

.. 
Hei~t Petri dish Petri dish 5 snails per 10 aoails per 15 anails per 

-> without aucl vith aucl container container container -
Sex: i .r i ~ i J' i d' i J-

7.5-7.9 --- --- 2 (3. 8) --- 15(25.9) 2( 3. 7) 8( 7.1) --- II( 2.1) ---
7.0-7 ... --- --- 5( 9.11) 2( 11.2) . U(22'oll) 6(11.1) 13(11.5) 3( 2. 7) 9( 11,8) 1(0.6) 

6.5-6.9 --- --- 5( 9.11) 16(33.3) 11(19.0) 30(55. 5) 11( 9. 7) 7( 6.3) 11( 5.9) 19(11. 3) 

6.0-6 ... --- --- 9(17.0) 12(25. 0) II( 6.9) 1!(111.8) 6( 5.3) 25(22.6) 19(10.2) 19(11.3) 

5.5-5.9 --- --- S( 9.11) 6(12.5) 5( a.&> 1( 1.9) 8( 7.1) 18(16. 2) 11( 5.9) 19(11. 3) 

5.0-5.11 --- --- 6(11. 3) 1( 2.1) 7(12.1) --- 15(13. 3) 13(11.7) 16( 8.5) 16( 9.5) 

11.5-11.9 1( 2.7) --- 8(15.1) II( 8.3) --- II( 7.11) 22( 19.11) 23(20.2) 35(18.7) 23(13.7) 

11.0-11.11 --- 1( 5.9) 11(11.3) 5(10.11) 1( 1. 7) 2( 3.7) 15(13. 3) I!( 7.2) 118(25.7) 35(20.8) 

3.5-3.9 3( 8.1) 3(17.11) 3( 5. 7) 2( 11.2) 2( 3.11) --- 12(10.6) 7( 6.3) 25(13.11) .28(16. 7) 

3.0-3.11 11(10.8) 3(17.6) 2( 3. 8) --- --- 1(1.9) 1(0.9) II( 3,1) 9( 11.8) 8( 11.8) 

2.5-219 13(35.1) 5(29.11) 2( 3'.8) --- --- --- 2( 1.8) 3( 2.7) --- ---
2.0-2.11 10(27.0) 11(23.6) --- --- --- --- --- ---

I 
--- ---

( 2.0 11(16.3) 1( 5.9) --- --- --- --- --- --- --- ---
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Table 9a. Vivaria tested for rearing 0. h. hi!ensis to maturity for 8 weeks in teras 
Of surviVal rate t \ Of survrve<r SnalS reaching Nturity t aftrage height 1 

and average growth rate. 

Vh-aria types: P.O.w/o mud P.O. w/mud 

Survival rate ('\): Not done 87.2 

\ of survived snails * 
reaching aaturitx: 

Females 38.71 

Hales 53.19 

A .. rage height in • : .. 
Females 7,119 - 1.112 

Hales 7.111:!: 0.96 

95\ Confidence Liaita 
in •: 

Females 7.119 ! 0.36 

Males 7.111 ! 0.28 

Average crowth rate 
in -/wk: 

Feaalea 0.69 

Males 0. 68 
! 

Abbreciations: 
P.O. w/o mud 
P.O. w/111ud 
5/P.C. 
10/P.C. 
15/P.C. 

- Petri dish without mud mound 
- Petri dish with aud mound 
- 5 snails per plastic container 
- 10 snails per plastic container 

15 snails per plastic container 
*Indicated by the presence of varix lip on the shell. 

5/P.C. 10/P.C. 15/P.C. 

92.0 90.8 Not done 

59.32 21.01 

71.43 32.41 

.. ! 8,06 - 0.98 6.117 1.39 

7.97 
.. 

0.71 6.57 ! 1.18 -

8.06 ! 0.26 6.117 ! 0.25 

7.97 ! 0.19 6.57 ! 0.22 

0,76 0.56 

0,75 0.57 

Table 9b. C0111parative growth in tertiiS of height <-> of 0. h. h~aia reared to 
Nturi ty in the vi varia for 8 weeks. The niJIIIb;r of snais h Shown left 
of the parenthesis; percentage of the snails isolated in each vivariUM 
group of each sex in the parenthesis. 

Height Petri dish Petri dish 5 snails per 10 snails per 15 snai:J,II per 
<-> without •ud with •ud plastic container plastic container plastic container 

:sex : i iJ' i t!' ~ r1 ~ r1 ¥ c1' 

9.5-9.9 Not done. 3(11.8) --- -·-- --·- --- _ .... __ 
Not clone . 

9.0-9.11 5( 8.1) 2(11.3) 10(17.0) 3( 5.11) II( 3.11) ---
8.5-8.9 9(111.5) 3(6.11) 111(23. 7) 9(16.1) 7(5.9) 2( 1.1) 
8.0-8.11 6( 9.7) 8(17.0) 13(22.0) 18(32.1) 12(10.1) 17(15.8) 

7.5-7.9 13(21.0) 15(31.9) 6(10.2) 18(32.1) 11( 9.2) 13(12.0) 
7.0-7.11 7(11. 3) 5(10.6) 9(15.2) II( 7.1) 10( 8.11) 11(10.2) 
6.5-6.9 8(12.9) 6(12.8) 3( 5.1) 1( 1.8) 10( 8.11) 16(111.1) 
e.o-6.11 II( 6.5) II( 8.5) 1( 1. 7) 3( 5.11) 22(18. 5) 12(11.1) 
5.5-5. 9 3( 3. 2) 3( 6.11) 1( 1: 7) --- 12(10.1) 17(15.8) 
5.0-5.11 1( 1.6) -·-- 2(3.11) --- 15(12.6) 11(10.2) 
11.5-11.9 --- 1( 2.1) --- --- 7( 5.9) 7( 6.5) 
11.0-11,11 2( 3. 2) --- --- --- 7( 5.9) 1( 0.9) 
3.5-3.9 1(1.6) --- --- --- 1( 0.8) 1(0.9) 
3.0-3.11 1( 1.6)' ' --- --- --- 1( 0.8) ---

17 
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Table 10. The coefficient of linear COI'T'el..ation ( Y) betveen 
the ahell heiaht at the end of the 1-veek hol•tion 
in the c ulture and the 11\.1111 aurfac:e area per snail 

Table 11. Younc product:iCXl and edult IUM'!Yal of Onc:OMlanb 
anail.ll, aa afh~.d by the food ad4tti .. a. 

Qroupo:" A IIC RC 

Sp.~cha and Sex Degr••• of froe.d011 y Concluaion A, Y0\1'\I prooduetion: 

Total f of youn1 colleeteC 

~· !!.• qUIIdrasi in one year 1,7!2 291 776 

, ... lea 375 0.56 Sirnificant 
.. lea •22 0.12 Altloat significan Aver•&• of youn& produced 

per f ... l• per biveek 
2 . 32 

~· !!: ohiui 
(y/dv/blwk) 6.20 1.07 

~· 

~· 

~· 

f..al•• 021 o. 32 Siplficant Avereae of youn1 produced 
Mlea 380 o . 33 Si&nifieant per •h·ari ~ per blw .. k 

'· 32!11.70 2.30!1.9 5.91!&.59 (y /vl•/blwk l 

!!.· ~ 9S\ Confidence Li•it , ... 1•• •o9 o. 33 Significant 

aalAo no 0.31 Significant Low•r l•vd : 11 . 11 o.oo 0.00 
Upp.r bvel : 1'6. 77 tt.67 1•.15 

!!: nooophora Creat .. t f of youna: col• 
, ... 1 .. ••6 0.55 Sipti fieant 
u.lea :196 o.-.. Sian1ficant 

lecud 1ft one vivarii.Jfl 
in one yMr 615 120 •so 

~· hupenda 

, ... 1 •• 

•1•• 
238 o. 20 Sianificant 
209 0 .22 Sipificant 

I. Adult eurviva1 : 

Out of 15 h•alea : 
lh.11.ber at the end of 

on• year 
Percellt • ur•i•al 

Out of 1! ••1 .. : 
M\llber at th• end of 

on• year 
Percent au:r•i••l 

A • AlK•• 
VC • Vh•at ,.,.,. 
RC • ftic• cereal 

C • C-inod food 

I 5 5 
60.00 33.33 33.33 

9 • 11 
6o.oo 60.00 73 . 33 

Table 12a. o. h. nosophora in Experiment ~ reared to 11Wlturity in four 
vivarium groups for 8 weeks in terms of survival rate. ' ot 
survived snails reaching maturity, average height, and average 
growth rate. 

Viva:rian type: P.O. w/o 111ud 5/S.P.C. 

Survival rate (\): 82.5 67.5 

' of survi•ed snails* 
reaching maturity: 

' Females 9~.1 8'+.6 
Hales 93.8 100.0 

Average height in •: 

Females 7 ..... ! 0.36 + 7.82 - 0.7 .. 

Hales + 
6.70 - 0.~7 

+ 
7.0~ - 0.33 

95\ confidence li•ita in-: 

Females + 
7.~ .. - 0.19 + 7.62 - 0 ... 5 

Hales + 6.70- 0. 25 + 7.0 .. - 0.19 

Average E:owth rate in 1111/W!c: 

Fe~~~ales 
Hales 

Abbreviations : 

* 

P.O. v/•ud 
5/S.P.C. 
10/S.P.C. 
L.P.C . 

0.67 
0.59 

= Petri dish with •ud aound 
= 5 snails per saall palstic container 
= 10 snails per small palstic container 
= Large plastic container 

Indicated by the presence of varix lip on the shell 

0.70 
0.63 

10/S,P.C. I L.P.C. 

95.0 ioo.o 

80.0 100.0 
93.5 100,0 

+ 7.15 - 1.0~ 
+ 

7.73 - 0,35 

+ 
6.66 - o ...... + 7.11- 0.28 

+ 7.15 - o. 39 + 7.73 - 0.16 

6,66 + - 0.13 + 7.11 - o.u 

0.611 0.72 
0.58 0,611 

I c 

1.051 

s.•5 

1.12!10 . .. " 

o.oo 
21.01 

675 

9 
60 . 00 

11 
13.33 
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Table 12b. COiftParative growth in tel'llll of height <-> ot 0. h. nosophora reared to 
111aturi ty in vi varia for 8 weeks. The nunber oT snailS is shown left of 
the parenthesis; the percentage of the snails isolated in each vivariua 
group of each sex in the parenthesis. 

Height Petri dish 5 snails per 10 snails per Large plastic 
<-> with mud container container container 

Sex: ~ 0 ~ 0 ~ 0 ~ 0 

8.5-8.9 --- --- --- --- --- --- 1( 14,8) ---
8.0-8.14 -·-- --- 11(30.8) --- 11(13.3) --- 3(111.3) ---
7.5-7.9 10f58.8) --- 6(116.1) 2(111.2) 10( 33. II) 2( 11.3) 13(61.8) 3(15,8) 

7.0-7.11 5(29.11) 5(31. 2) 2(15.4) 6( .. 2.9) 10(33.4) 8(17.4) 3(1 ... 3) 11(57.9) 

6.5-6.9 2(11.8) 8(50.0) --- 6(42.9) 2( 6.7) 22(47.8) l( 11,8) 5(26.3) 

6.0-6.14 --- 2(12.6). --- --- 1( 3.3) 13(28,3) --- ---
5.5-5.9 --·- --- --- --- 1( 3.3) --- --- ---
5.0-5.11 --- 1( 6.2) 1( 7.7) --- --- 1( 2.2) --- ---
4.5-11.9 --- --- --- --- --- --- --- ---
11.0-4.11 --- --- --- --- 1( 3. 3) --- --- ---
3.5-3.9 --- --- --- --- l( 3.3) --- --- ---

Table 13. Fecundity and adult survival of 0. h. nosophora. reared to MtUl'ity for 
8 weeks in various vivaria; then-transferre~ to plastic containers with 
aud rings for producing young. · 

Vi vari 1.111 types : 

A. YOWII Production 

Total I of younc collected 
in six 11011tha 

Averaae of younc produced per 
feaale per biweek (y/f/biwk) 

Petri dish 
with mud 

1.216 

11.36 

Average of young produced per 
vivariua per biweek (y/viv/biwk): 31.18 ! 18.06 

95\ confidence liait: 
Lower leY.l 
Upper level 

Greatest number of young collected 
in one vivariua in six months 

B. Adult 8\II'Vi val: 

Survival rate (\) of females 

Survival rate (\) of aalas 

o.oo 
76.07 

588 

88.89 

100.00 

Table 1" · Aaalyde of variance of. the YO\IDI producti•ity of Onco-elania 
~ 1\lbepeei11 teetecl to YViOUII vlvarl\11 type• 
lEiPii'W.t 1). 

e snails per 
container 

11.76 

35.28 ! 20.50 

o.oo 
86.23 

100.00 

88.89 

Tabla U. 

10 snails per 
container 

853 

7.29 

21.87 ! 17.9. 

o.oo 
66.46 

553 

100.00 

88.89 

Large plastic 
container 

967 

8.63 

o.oo 
118,50 

77.78 

100.00 

Source De....- eP iu. oP Riin squr• teal Sl&nlflcant lex Vl•arl• fY'Pi lnteraetlon 
fr .... !9 ...... differ•ne• Sublpec:i•• real SD Fc&l SD Foal SD 

Vhari,. Typo 2,01ot,1H ..... U2,2111;•1 · :IO , Sl Very aiJni · 
ticant !! !!_· hvpeooh o.oo Ill H.21 vs l.lt liS 

lubopec!OI 2,Ho,7e•.s• ,_5,115 . 1& 22.&1 Vory dan!-
fteant !!.·~-~1.16 • 10.06 VI 0.11 liS 

Jnteract:ioa 12 1,11&,,1.01 1&1,1 .. . 09 ••• o Sip if! cant 
!!.· !!.- 9-••1 1.01 VI 11.21 VI 0.21 liS 

Error 10 2,110,111.10 11,251.27 .. 
~·~-~l.H .. 1.15 Ill 0.91 liS 

TOTAL " ••• &2,512 ... !!.-~· ~ o.oo n 10.12 VI •• 21 LS 

ID • Sip!f!.-t diff-ee 
liS • lot oipifie-
VI • Vary dpific-
LS • Littla oipiti-

19 



20 

Table 16. Analysia of variance of the ahell heilht of Oneot~telani.a huoensis 
aubs pec:i .. tested in varioue vivariu. types (txperl..ent :zr,--

Sour",. Derre•• of S\111 of Shn1fl.cant 
fre4d 0fll sguar• Mean s9uar• real difference 

Vivarit.- 11,260.22 1,115 .. 05 1.2~.65 Ver-y dcnifi-
Type cant 

Subspecies 1.065.52 26&.sa 16.11 Very d1nifi-
cant 

Interaction l6 2 ,697. 26 111.~1 514.56 Vwry signifl -
cant 

er..or 3,703 11, .. 25.5• s.ot · 

TOTAL 3, 727 so ... •e. s" 

Table 11 . Analyd• of varhnce of the 1\IJ"'Vh'al race of younr. of Onc0t1telanh 

~ :::-(~;.~::~ ~; ... turity tor a weeka in v .. rrous-

Sou>-co De&f'lees of S• ot Si~nificant 

!Teed!:* ~uare Mean Square real differl!nC~ 

YiYariUII 
Type 1,921.11 1,730.28 109.30 Very sip;nif i · 

cant 
Error 11 28" .... u.u 

TOTAL 22 7 ,20~.9~ 

Table 18. Cc.prehenliv. analyah of variance of the shell hei&ht of 
t .... lu and Mlea of each Oncc.elAnia hupensif aubs-pecies 
rt~arecl to N.turity in varioua vlvarh• types or I weeki 
(Experi~Hnt 2). 

Sube~ei11 
Sox 

real 

£· !!.· qua.trui 187,U 

£· !!.· ~ ' 2.05 

£· !!.· fortnosana 13.27 

£· !!.· nosophora s. ~0 

£· h. hupenah o.o1 

SD • Significant difference 
MS • Not significant 
VS • Very si&nificant 

Vl .. rl\11 ypee n eract1on 
SD Tool SD re.i1 sO 

vs 12&.1• vs 0.&3 NS 

NS 01,07 VS l.OS NS 

VS "·'" VS o.•• NS 

HS 12•.73 vs 1.211 NS 

NS &6. 36 vs o. 36 NS 

TClt 19. Atulllyah of vu-ianee of the effect. of the food .clditins on 
the fecundity of 0. h. noeoohora cultured in the pl.aUic con
tainerl with tlud r'ini'• {tiCperl•ent S). 

Source Dlive•• of s~ of Siplticant 
treedc. Squai-. Mean lqUI'e real 41ffarenc• 

V!VU'hll Type 215,111.15 71,722.91 1.•s 

ErTol' 

TOTAl 

Tlblo 20. 

llolarco 

Sex 

TOO.S 

11 7t2,011S.eo •t ,S02, 7S llo li.,ifi-
-t ditt-
.,..nco 

11 1,007,212.SS 

Analydl of •ariMce of the effect of the food aclditiftl on 
tho ~ality ot od\llt t-1•• on4 odoo (0. h. "itr' 
cultured ia •h• plaatic ccmtainer• vi th aud rfn11 r •nt S). 

beer••• of $1.11 of Slanlflcant 
tr-Hdoa !!! ...... ...... !!! ...... real dttt-c<O 

••• o •.to 3.21 •o oipiticut 
ditt .... nco 

1.10 0.17 0.2• llo oipificant 
•it,....ftCO 

Iateractioc 2.70 0.90 0,$9 No oi1nificant 
difference 

ErTol' 12 .... o 1.12 

TOTAL " 17.50 
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Tlble 21. Fecundity of 0. h. nosop~oroj reer.d to uturity far I veelt.a 
in four .. h·arr~ typea a ow na: &Mlyaia of .-.rianc• of the 
oholl hoi1ht (Ex~ri•ont •>. 

Source bicreas of S\lll oP Slcnlf1.cant 
freede~~ Square Mean Square Teal difference 

Vivari~ 1'yptl 10.101 3 ••• •• 31 Very aisnifi-
cont 

Error 172 72.21 0.02 

TOTAL 17~ 12.7" 

Table 27. Analyds of variance of the ahell hailht of o. h. noaophOI"a 
t ... l•• and: .. le• in tx,ari .. nt It reared to Ut\iri~ 
I weeks. 

SOurce De~••• of S\11 of st,n.i f i cant 
freed011 SquaNO Mean ~ua:re real difference 

V!YOr!\11 Typo 10.06 3 •• , 10.26 Very aignifi-
unt 

Sox u.t2 1&.92 09,76 Very ai&nifi-
cant 

Interaction -2.0. -o.u -2.00 No ai&nific:cnt 
difference 

Error lU $7.•0 0.311 

total 17$ 12.7. 

Tlblo a. ADII1yda of .,.,.ianco ot 1\II'TiYal rate of !l_· h. noeophOl'a yo""' 
iD ~!.Mat " .,.....cl to Mtl&'ity. fer I ;;;..ka 

-----------~------.--.:-,--~8~,.--o~f~-----------------,-ieo-·-inca:;---
solii'C• -fltMdc. !quare Mee 19,ure feal difference 

100.00 

1,121.00 

TOTAL • •• 21.00 

Tlbu 2•. 

-... DepoMa ot 1111 ot ,..... .. !S-.. 1 0.12 

Yl-1111 typo 3 0.11 

,.~ .. acti• 0.111 - 11 •• 17 

'J'otal n .... 

200.0 · 

ts7.00 

..... ., ...... 
0.12 

0.011 

0.11 

o.st 

1. 21 Jo aipiticallt 
41ttar-• 

ll.pifl..cent 
real ditf-

2.1. · 110 ail!'l.tlcnt 
diff-.:o 

0.1. lo alplfiant 
41ft ........ 

0.12 .. dptti .... t 
4l.f-oo 
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ABSTRACT 

A study of mollusks from continuous columns 
of sediment from Little Goose Lake, LimeLake, 
and Marl Lake in southeastern Michigan pro
vided data on the later stages of lake his
tory. The three lakes probably formed as ice 
block de~ressions between 14,000 and 13...,500 
years B. P. during the waning of the Carey ;:,ub
age . Marl Lake and Lime Lake lie in Saginaw 
lobe deposits . Little Goose Lake is situated 
in the Erie-Saginaw interlobate area . 

Each section included an upper peat under
lain by marl , often ofconsiderable thickness . 
A basal sandy unit was exposed in the Lime 
Lake section, but due to the thickness of marl 
and the presence of the water table it was not 
studied In the other sections . 

Each section was sampled at 2 inch increrr.ents 
of depth and the mollusks studied quantitati
vely. Percentages of each !Pecies were calcu
lated for each increment.. 1his permitted com
parison of species from collection to collec-

tion
6
which in turn allowed the use of changes 

in a undance for interpretation of environ
mental variations . 

Forty-three species ofmollusks and at least 
six species of ostracodes were found in this 
study. The mollusks included terrestrial pul
monates, ctenobranchs, sphaeriids, and Naiades. 
Fluctuations in species abundance in the sec
tions are attributed to changes in bottom se
diment , the lack or presence of bottom vegeta
tion, changes in water level, and temperature 
variations . Each section records a gradual 
upward transition from aquatic to shoreline 
terrestrial conditions . 

The study of the distribution of living mol
lusks at Little Goose Lake and the vertical 
distribution of mollusks in the Wisconsinan 
sections shows that several nearly c oncentric 
zones of mollusk communities exist in and a -' 
round a marl lake . 
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INTRODUCTION 

Nature and Purpose 

This study was und e rtaken to provide i nfor 
mation on the pale-oecology and mollu s c an fauna 
of three Late Wisconsinan lacustrine de po s its 
in southern Michigan and to assist in the fu
ture d e termination of post - gl.acial redistri 
bution patterns of mollusks . The paleoecology 
was denved frgm an analysis of the vertical 
distributi on of significant species ofmollusks 
in sediment section s taken from each lake ba
sin and the relation of the mollusks to sedi
ment type and other organi s ms. 

location of Depos its 

Three lacustrine de posits of so uthe astern 
Michigan were sampl e d and studied ( Figure 1) . 
The southernmost locality was Littl e Goose 
Lake (SE~tSec . SC TSS , RIEJ situated 3/ 8 mile 
south of ement ity in Lenawee County . The 
section was obtainea along the northern shore 
line approximately 1000 fe e t west of Cement 
City Road . 

The second locality is s ome 40 miles to th e 
northeastatLime Lake (SW~~Sec. 25 , T2NL RSE) . 
This lake is X mile west or Brighton in iving
ston County . The samples were collected on 
the north shoreofa small inletabout 500 feet 
south of Brighton Road . 

Marl Lake (NW~. Sec . 4, T4N, R6E) is the 
northernmost depo s it s tudied . It is located 
some 20 miles north of Lime Lake and 3 miles 
west ofFenton on the Genesee - Livingston Coun 
t;,y border . The section was taken along a 4-
foot wavecut terrace of marl along the south
eastern shoreline about 1000 feet north of 
Be nn e tt Lake Road . 

Method of Invest i gation 

Several potential localities were selected 
from the perusal of topographic quadrangles, 
soil survey maps andearly reports of the Mi
chigan Geological Surver !or areas of subsur
face lacustnne materia and locations of ab
andoned marl pits . A general reconnaissance 
of each locallty was made in order to deter 
mine if it was suitable for the study. Little 
Goose Lake, Lime Lake , and Marl Lake were cho
sen for tne study on the basis of their fos
siliferous marl, easy accessi bi li ty, low water 
table, and geographic location . 

A detailed survey was made of each locality 
investigated . A soil auger was employed to 
map the overall extent of the 111arl deposit a
long. the border of each lake. The measured 
section was located on shore near the margin 
of themarl deposit inorder to obtain a record 
of thetransit1on from marl to peat , and a more 
representative molluscan fauna since mollusks 
of present-day lakes are more common in the 
shallov.· littoral zone (less than 2 feet) . 
Chanfes in the abundance of mollusks in ver
tica section aremore pronounced in this part 
of the lake basin because even fluctuat1ons 
of water level of a few inches could disrupt 
a shallow littoral community . 

A pit with surface dimensions of 3 feet by 
4 feet was dug, just large enough to allow 
working space ana the removal of a 12 X 12 
inch column of sediment. Samples were removed 
at each 2-inch depth , placed in labeled plas 
tic bags , and sealed toprevent moisture loss . 

.L ..... ...... --· 

Figure 1. Ge nerali zed Gla c i al Map o f 
~uth e rn Mic hi gan ( Ad ap ted fro m 

Leve rett an d Taylor, 191 5) 
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Sampling con tinu ed downw ard un t il wa t e r 
age in th e pit became too g rea t . A soil 
was used to determine the n a tu re o f th e 
ment be low t he water table. 

see p 
aug~ r 
sed1 -

In the labo rato ry, the sampl es were allowed 
to soak 24 hour s i n water t rea te d with water 
conditioner be fo re bein g s iev ed . Each sampl e 
was then wash ed througli 10 20 , a nd 40 mes h 
sieves to sepa r a te the fossils f r om the finer 
grained s e dJ.m ent . Not a ll the fine material 
could be wash e d throu gh t h e s i eves for this 
requl· red a s trong liP ray o f water which would 
easi y break many of th e s hell s . Th e 10 mesh 
sieve caught t h e l a r ger s hell s and pebbles; 
the 20mesl.si eve h el d most of t he adult shells; 
and the 40 mes h sieve retai ned immature and 
small adult shells. The p an fraction was ex
amined, but wa s found to contain insignificant 
specimens, most ly ostracod e s and shell frag
ments. Afte r dryin g , the sh e ll s were stored , 
awaiting picki n g and id en ti f ic ati on . 

The next s t ep in the l abo r atory p_rocedure 
involved th e picki ng of 100 0 shells f r om each 
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collection . A collection consisted of the com
bined sieve fractions of each 12 X 12 X 2 inch 
sample . The collections usually contained 
several thou sand shells and had to be split 
to reduc e bias. This was accompli shed by re
peated halving with a sample splitter until 
the collection contained nearly 1000 shells. 
The resulting collection was then picked , using 
a moistened brush until 1000 shells had been 
counted . These s~ells were then separated to 
species and the number of specimens of each 
species was counted . 

The resulting data were used to calculate 
percentafe abundance for each species found 
In a col ection. For those collections where 
the total number of individuals was not equal 
to 1000 the_percentages were calculated ac 
cordingly . '!he percentage abundance figures 
are shown in table form (Tables 3, 4, and 5) 
and in graph form for the important species. 
This allows for a comparison of species with
in one collection and of the vertical distri
bution in the entire section. 

The relative abundance of mollusks in each 
collection was estimated . The volume of sedi
ment that was Qicked toobtain the 1000 shells 
was estimated from the sample splitter. Thus 
the number of shells contained In the remain
ing volume could be estimated . These totals 
are shown in tables 3 , 4 , and 5. 

Previous Work 

Dr . Bryant Walker (1879 1 1895, 1906) was a 
pioneer in the study ofPleiStocene and living 
Mollusca ofMichigan , having published a cata 
logue of Michigan Mollusca as early as 1879. 
As with many of the early workers, his studies 
were concerned almost exclusively with the 
identification and distribution of Mollusca . 
During the early 1900's a number of workers 
were studying the Mollusca of Michigan and the 
surrounding states . Mina L. Winslow (1917, 
1921) studied mollusks fromnorthern Michigan. 
F . C. Baker (1913 , 1914 , 1915, 1926) collected 
molluscan data from several Michigan locali
ties . The continuing research of f. C . Baker 
resulted inhis Fresh111ater Mollu sc a of Wiscon 
sin in 1928, awork destinea to become a stan
dard reference in the field. Sterki (1920) 
was one of the first workers to suggest an in
terpretation of the depositional environment 
from collections ofmollusks found in marl de
po~its atCastalia and along Tinker's Creek in 
Ohio . 

More extensive ecologic studies began in the 
1930's. F. C. Baker (1930, 1937) examined the 
effects of glaciation on the molluscan fauna 
and the use of Pleistocene mollusks as ecolo-

f
i ca 1 and time i ndi c a'to rs . Archer (19 34 , 
936 1939), Berry (1943), Goodrich (1931, 

1943) 1 and van der Schalie (1939i 1940) were 
carry1ng on research on living mo lusks. 

Cain e t al. (1950) conducted a study of So
don Lake, Oakland County , Michigan, using pol
len and molluscan data to reconstruct the de
po~itl' onal apd ecologic,l history of th~ lake 
and acustnne community . Beginning In the 
1950's, La Rocque .and his students have pro
vided much useful data on the distribution and 
ecology of Pleistocene mollusks through the 
study of numerous lacustrige depo~its in Ohio 
and Canada (La Rocque, 19M>, p . lUJ. La Roc
que (1966-1970) has summarized and revised 
the classification! ecologyi and distribution 
of Pleistocene and iving Mo lusca of Ohio, as 
well as Michigan, other . northern states, and 
parts ofCanada in his Pleistocene Mollusca of 
Ohto . 
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PLEISTOCENE GEOLOGY OF SOUTHERN MICHIGAN 

Regional Geology 

The earliest comprehensive study of the 
Pleistocene feolofy of Michigan was by Lever
ett and Tay or ( 915) . Wayne and Zumberge 
(1965) have written the latest account of tlie 
Jtlacial features and history of Indiana and 
Michigan . The proglacial lakes ancestral to 
the Great Lakes have been discussed by the a
bove workers andhave received separate atten
tion from Bretz (1951, 1964) and Hough (1958, 
1963) . Glacial drainage systems have been 
discussed by Russell and Leverett (1915), Bay 
(1938), and Bretz (1953) . Surficial geology 
maps have been prepared by Leverett and Tay
lor (1915) , Martin (1955), and Flint et al. 
(1959) . 

Southeastern Michigan is presumed to have 
been glac<iated during the Kansan (?) and Il
linoian due to the presence of such deposits 
in southern Ohio and Indiana (Dorr and Each
man , 1970, p . 161) . Two major lobes of ice 
were present in southeastern Michigan and 
one in western Michigan. At its maximum the 
Saginaw lobe extended from the Saginaw basin 
in a south-southwest direction across central 
Michigan and into northern Indiana (Bretz, 
1951, p. 244). The maximum extent of the Erie 
lobe was from the Erie basin into eastern Mi
chigan, northern Indiana, and northern Ohio 
(Wayne and Zumberge , 1965 , p . 72). 

The Carey Subage was characterized by a gen 
eral retreat of the Lake Michigan, Saginaw, 
and Erie lobes from the southern part of the 
state (Dorr and Eschman , 1970, p. 161) . Tem
porary halts .of the ice front produced a ser
Ies of arcuate end moraines across the state 
(Figure 1) . The moraines associated with the 
Saginaw lobe are well developed in southern 
central Michiganiencircling the Saginaw basin 
refion (Martin, 955) . Erie lobe moraines de
ve oped in a southwestern direction in the 
eastern counties . The Erie lobe moraines have 
been disrupted by the formation of proglacial 
lakes along the ice front (Martin, 19551 . Lake 
Michigan lo-bemoraines parallel Lake Michigan , 
but are outside the scope of this study . 

Well defined moraines give way to a complex 
mass of kamea, moraines , and outwash in the 
Saginaw-Erie interlobate area which stretches 
from the Thumb region , southwestward through 
Hillsdale County {Martin , 1955 ; Wayne and Zum
berge, 1965, p. 72). Stratigraphic position 
in the Wisconsinan sediments of this region 
is nearly impossible to define . The Sag1naw 
lobe receded more rapidly than the Erie lobe 
during theCarey Subage . A temporary readvance 
of the Erie lobe occurred in Washtenaw County 
and northeastern Indiana where Erie lobe till 
overlies Saginaw till (Zumberge, 1960 , p. 
1185) . 

Approximately 13 ,000 years B.P . , the ice ad
vanced from northern Michigan 1nto Saginaw 
County, but was not destined tocover southern 
Michigan again (Wayne and Zumberge, 1965,.. p. 
76) . This marked the beginning of the t'ort 
Huron (Mankato) Subage. The ice retreated from 
the Port Huron mo.raine and by 12 , 000 years 
B. P. was far to the north (Wayne and Zumberge, 
1965, p. 72, 76) . Two more maJor ice advances 
occurred; one during the Two Creeks Subage 
(11~,850 years B. P . ) (Broecker and Farrand, 
196J, p. 796) and the other in Valders time 
(Wayne an.d Zumberge 1965, p. 72). Broecker 
·and Farrand (1963 p. 800) have stated that 
Michigan was completely free of ice by 10,000 
years B.P. 



Table l. Cluaic Sequence of Anceatral Lakea in the Lake Erie and Lake 

·auraa lluina (Adapted fr011 Dorr an<! Eacb.aM, 1970) 

DATE 
Years Before 

Present 

~.ooo 

4, 000 

9 , 500 

\l.soe 

11,850 

1:1 , ono 

1~.300 

GL .~CI.U 

EVENT 

VALDERS MAX. 

TWO CREEKS 

PORT HURO~ 

(MANKATO\ 

LAKE BORD-

ER MORAl "iF. 

Tl'li.F.Y-

DEFIANCE MOR 

llt!RON K:\ !\1:-.J F.RIE BASI~ 

Al.l; L)~IA .:,~.-)· 

I.AKF. F.IUF. ,-)1 :~ · ' 
'.:U'IS>lNG tiO.l ' 

Stt:R • ~B~ NR-

STANLEY HKl' <iR- Grand River 
NB--+ I· Imlay 

MR • ]o.lohawk Ri,·cr 

I'OST .~LUONQUIN NB - ~ord1 Bay 
~R - :-.liagara River 

ALvONQUIN 605' 
StCR - St, Clair River 
Tl. .. Trent Lowlands 

// ·· '//./..! StCR - u. Ubly 
WR ... Wahash River 

KIRKF!El.D oW(?) 

n - EARLY LAKE EIUE 

"F.ARI.Y .~LGO"'Q11N" 60:1' MR --+ 

LUNDY ti20' 

GRASSMERE 040' 

- ;R LOWEST WARRF.N 6": !) ' 

- liR 
W.UNE ti6Cl' 

~ G!\ 
WARREN 690-6~0' 

- GI ' 
SA<;I'lAIY 69~' rl ce/1 . WlnT'I'LE>EY ';' J1'1 ' 

.-- tiR 1.0\YF.ST ARKONA 11 fl~;)' 

CARF.'Y .. PORT HURON LOW WATF.R STAi.;J·:- Drain~d F.a.•t 

....,_ CH ARKO~ .\ 7Ju, :on, t.i\;);l· 

:A~~~AIY 10'// ~ -WI~ 
~ IAIJMEE Ill 780 ' 

~~ 
- MAIJMF.E ll 760' 

~-\'lR \IAl'~TEF.l :-!on· 

~/////~/Ill! * Littl~ Goose lake e Li•~ lake a Marl Lake 

figur~ 1. ·Generalized Glaci al Map of Southern Michil!'an 

(Adapted fr~ Leverett and T•ylor , 191~) 

Reproduction at reduced scale of Figure 1 (page 23) and Table 1 (page 25) was so poor that the 
above reproduction ' at larger scale is given here. 
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1-------...U.=i [AIU.Y l At..t t'«l 

I.UNVT .. ::u · 

l.OWhT WA~I \ ,, 

WAYNF. tlt.••' 

............. -L---~~;,.:.,r-_..:.__; ____ -1 .. -
Table l. Classic sequence of ancestral lak es 

in the Lake Erie and Huron Basins (Adap
ted from Dorr and Eschman, 1970) 

Drainage History 

The retreat of the ice sheet during the Carey 
Subage resulted in the establishment of new 
drainage patterns in southeastern Michigan . 
The first region to be freed of ice was the 
interlobate area between the Saginaw and Huron 
Erie lobes (Bar, 1938, p . 25). This region 
was the channe for torrents of meltwater and 
accumulated thick deposits of.sand and gravel. 
Blocks of ice broken from the main ice sheets 
were buried in outwash, later tomelt and form 
the many lakes of the region. A westward - flow 
ing dra1nage system developed in ice-free cen 
tral southern Michigan which included the an
cestral Huron and Raisin Rivers (Bay 1938 
p . 26"' 27). Many streams emptied into Glacial 
Lake uowagiac in western Michigan which had an 
outlet to the Mississippi River . 

Movement of the lobes to the Portland-Defi 
ance moraines left most of southeastern Michi
gan free of ice (Dorr and Eschman, 1970, P. · 
I6l). If the morainic se~uence is followea, 
Little Goose · Lake should have the earliest 
P.Ossible origin, followed by Lime Lake and 
Marl Lake respectively . However , the time of 
formation of each was controlled by several 
factors including the volume of ice mass that 
melted to form the basin and the insulating 
effect of the sediment cover . Further ice re
treat marked the development of maior progla
cial lakes along the Saginaw and Erie lobes. 
The seg.uence of lakes is well known and is 
summar1zed in Table 1 . 

Lacustrine Deposits 

Southeastern Michigan is dotted with many 

''. 

Figure 2 . 
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Stages of de vel opment of a typ1 cal 
marl lake . 

smaller lakes of glacial origin . Man y of th e se 
re s ulted from the hummocky nature of end mo 
raines. Depressions in the moraines commonly 
became the s1 t e of small lakes and ponds (Scott , 
1921 , p . 28) . Lakes also form e d in low areas 
of ground moraine but genera lly were very 
shallow and short-ii ved (Scott , 1'121, p . 28, 
30). Many have already disappeared du e to th e 
process ofhydroseric succession (Scott, 1921, 
p . 62-64). 

Another common origin of lakes wa s the me lt
ingofburied ic e masses , sometimes long after 
glacial retreat (Scott, 1921 , p. 32) . Large 
blocks of the decaying ice front broke off and 
were abandoned br the receding ice to be cov
ered or partial y covered with outwa s h . The 
sediment cover served toinsulate th£ stagnant 
ice and permit slow mel tin g. The overlying 
outwash gradually settl ed, creating a depres
sion which often became the site of a lake . 
Other lakes fomed from the damming of pregla 
cial valleys by terminal moraines· others in 
depressions that some times formed ~e tween e n·d 
moraines and associ a ted outwash plains (Scott, 
1921, p . 31). 

Figure 2 depicts the history of a marl lake 
such as found in southeastern Michigan. The 
origin of the lake basin was probablY from the 
melting of a stranded ice block. 'lhis origin 
was chosen from the several modes of origin 
discussed above because of the depth of the 
three lakes studied . Consultation with local 
fishermen and cottage owners yielded depths 
of 40 to 50 feet for parts ofeach of the three 
l akes . After the ice blocks melted those ba 
sins which intersected the water table became 
lakes with bottoms composed of g la cial ti 11 
and outwash. 
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Many of the lakes in s 'outheastern Michigan 
accumulated extensive deposits of marl. Mi
chigan marl deposits were extensi velr studied 
in the earl y 1900's by Hale et al . ( 903) and 
Bergquist et al. (1932) because of their im
portance to the Portland cement industrr . Marl 
mar be defined as a fine-grained, loose y con
so idated material composed mainly of calcium 
carbonate (Bergquist et al ., 1932! p. 3; Kupsch, 
1956, r· 13) . 1ts origin is stil debated and 
severa hypotheses have been llroposed. It is 
evident that marl deposition Involves the in
teraction of several parameters. Pleistocene 
ice sheets removed large volumes of carbonate 
rocks and redistributed them as part of the 
glacial drift . Most of Michigan's marl lakes 
lie within areas of calcareous till (Bergquist 
et al .• 1932, p. ,9). Surface and ground water 
flowing through the drift are thought to take 
calcium bicarbonate into solution . These car
bonate-rich waters flowed into postglacial 
lakes where carbon dioxide escaped as Kas and 
marl (Bergquist et al., 1932, p. 5). flale et 
al. (1903, p. 59) reported that cold lime- rich 
water enters lakes through springs, but does 
not release· calcium carbonate until it is 
warmed by overturning. 

Kindle (1927) has stressed the importance of 
thermal stratification inmarl formation. Marl 
accumulation appears to occur at a slow rate 
in deeper parts of a lake basin. Rapid marl 
accumulation is restricted to shallow areas 
where the temperature is warm (Hale, 1903, 11· 
60; Kindle, 1927, p . 7). These areas are of
ten covered by dense growths of Chara, Pota
IIIDgeton, and other lime tolerant plants . Pho
tosynthetic processes of these plants cause 

~
r~cipitation of calcium ~arbonate coatings 
Kindle, 1927 , p. 28-30; Reid, 1961, p. 1811. 
owever, the presence of these plants is not 

necessary for IQarl formation . Marl occurs in 
areas devoid of Chara and vice versa (Hale et 
al., l903i p. 57; Kindle, 1927, p. 23). Fila
mentous b ue-green algae have also been found 
to be active in marl 11recipitation (Kindle, 
1927, p. 30; Kupsch, 1956, p. 17). Other pro
bable factors entenng into the precipitation 
of marl are hydrogen ion concentration, par
tial pressure at tlie water surface and phos·
phate content (Reid, 1961, p. 181L Mollusk 
shells also add to the marl but only in a 
secondary way (Hale et al., 1903, p. 43; Kin
dle, 1927, p . 18-19) . 

With ~he development of a marl ~helf around 
the penmeter of a lake, veg_etation began t'o 
encroach into the shallows. 1bis was the start 
of the process of hydroseric succession. Hy
droseric succession involves the progressive 
development of concentric vegetation zones a
round a lake which move slowly inward restrict
ing the QPen water area (Zumberge, 1952, p. 
74-75) . "!be ultimate result is total extinc
tion of the lake. 

The open water is dominated by algae and 
floating plants (Lemna, Wo lffia, Chara) (Dach
nowski, 1913 1 p. 229). Encirchng thiS zone 
is a community of semi-aquatic plants (Nrm
phaea4 Nuphar, Polygonua) (Dachnowski, 19 2, 
11· 22t ). Immediately surrounding thu is a 
fringing marsh zone which may include Calla, 
Decodon, Eleocharis, Phragaites, and Typha 
(Dachnowski, 1912 p. 231-235). Next ·18 a 
shrub zone with Rhus\ Alnus, and Salix (Dach
nowski, 1912, p. 249,. A swamp forest asso
ciation encircles the shrub zone . Finally, in 
drier areas near the hydrosere a mesophytic 
forest is present (Dachnowski, 1912, p . 256). 
Hydroseric succession may be interrupted at 
any point, so the. preceding represents an id~al 
case. A change In water level or destruction 
of vegetation could greatly disrupt this pat
tern. 
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Hydroseric succession results in another la
custrine deposit--peat, a dark-brown to black 
fibrous mass of partially decomposed plant 
matter (Taylor~, 1907, p. 82-83; Uachnowski, 
1912, p. 223-<::37; Scott 1921, p . 62-64; De
lorme, 1969, p . 1472). in the last aquatic 
stage of a marl lake the marl is completely 
covered by peat . A small bog pool is present 
in the deepest !>art of the former basin. The 
water is now distinctly acid because of the 
large amounts of decaying vegetation. The bog 
p<;~ol is g~adually filled In and meadow succes-
sion begins. · 

MOLLUSCAN ECOLOGY 

Autecology 

The following section is an attempt to sum
marize ecologic and distributional data on 
the molluscan fauna of the three deposits of 
this study. The species have been arranKed in 
taxonomic order, following La Rocque (1966--1970). 
La Rocque (1966-1970),Harman and Berg (1971), 
and Clarke (1973) P.rovided thegeneral distri
bution records use.a in this compilation . The 
general distribution of each species is in
cluded because it indicates some limits for 
the temperature ranges of the species . The 
latest available data are used, but the dis
tributions are far from completely known. Ta
xonomic confusion and misidentifications have 
led to misleading distribution patterns. 

The known ecologic data on each species are 
included; first the general habitats and then 
specific niches in these habitats. Harman and 
Berg (1971) and Clarke (1973) have provided 
much recent information in this field. The 
lack of data for some species may only be ap
parent because of taxonomic differences among 
workers. The author has not recognized sub
species in this study and has chosen to pro
VIde data only at the species level . 

The distribution of each species in Michigan 
has been compiled from published information 
and it is hoped that it 1s as complete as P.os
sible. The occurrence of each species in Wis
consinan sediments in Michigan IS also inclu
ded for comparison with Recent occurrences. 
Due to the lack of collecting, especially of 
Wisconsinan moqusks , the present comparisons 
are very tentative. 

CLASS GASTROPODA 

Order Ctenobranchiata 

Family Valvatidae 

Valvata sincera Say, 1824 
Valvata sincera ranges from New York north 

to Newfoundland.,_west to British Columbia(?), 
Minnesota, and illinois . A few scattered po
pulations have been recorded for Georgia, Lou
Isiana, Wyoming, Colorado, Utah (?)i and the 
Northwest Terntories (La Rocgue, 968, p. 
365-366; Clarke, 1973, p . 2231. 

This species occurs in large and s11all lakes, 
rivers, and streams . It is often associated 
with muddi substrate and submergent vegetation 
(Clarke, 973, p. 224). Baker (1928 p. 23) 
listid this species as a deep water inhabitant 
of arge lakes. Clarke (1973, p. 224) haa 
confirmed itsexistence in larfe lakes and haa 
also found it to occur in smal er lakes in the 
northern part of its range During the Wis
consinan it occurred throughout the state of 
Michigan ins11all lakes, indicating itaprefer
ence for cooler water temperatures. 
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Valvata sincera has been reported from sev
eral localities in Michigan--Dickinson Coun
ty (H. B. Baker, 1922, p . 7\ Goodrich and van 
der Schalie, 1939, p. l01· Chip(lewa County 
(Goodrich and van der Schalie, 1939 p . 12); 
and from the Dead River and lakes in Marquette 
County; the Crow River in Mackinac County; Ke
w~epaw County' and Sch9olcf~ft Count~ (Good-
ncb and van aer Schahe, <J39, p. 2~) . 

Wisconsinan occurrences have been recorded 
for Sodon Lake Oakland County (Cain et al . , 
1950 1 p . 54l);Goose Lake,Lenawee County (Hale 
et aL. , 1903, p . lOl);and a marl pit near Co
lon, St . Joseph County (Wootton, 1974) . Val
vata sincera has been found 1n each of the 
three deposits of the present study . 

Valvata tricarinata (Say 1817) 
This species is found from New Brunswick to 

Virginia, westwwrd to Alberta, South Dakota, 
and Iowa. Scattered populations also occur as 
far north asGreat Slave Lake and the mouth of 
the Mackenzie River (La Rocque, 1968, p . 367-
368; Clarke, 1973,_p . 237) and as far south as 
Kansash Oklahomah Texas, and Alabama (La Roc
que, b6 8, p. 36 o) . 

Valvata tricarinata occurs in large and small 
lakes, rivers, and streams. It seems to be 
most characteristic of larger lakes and rarely 
occurs in temporary aquatic habitats (Harman 
and Berg , 1971, p . 52; Clarke , 1973 , p . 237). 
Harman and Berg {1971, p. 52) found the poP.u 
lations inhabiting lotl.c habitats to be de
p_auperate. In most of the lakes of central 
New York the largest po(lulations were found in 
shallow areas protected from .wave action (Har
man and Berg 1971, p. 52) . In Seneca Lake 
in New York, Valvata tricarinata has been found 
at depths greater than 16 meters (Harman and 
Berg, 1971 p. 52) . The species is not asso
ciated with a particular bottom sediment or 
vegetation (La Rocque, 1968, p. · 367; Clarke, 
197 3' p . 237). 

Valvata tricarinata is widespread in Michi
gan . It has been reported from the Union Ri 
ver, Ontonagon County (Ruthven , 1904, p . 190); 
Walnut Lake , Oakland County (Hankinson, 1908, 
2_ . 235); Magician Lake Cass and Van Buren 
Counties (F. C. Baker, 1914); Crawford County 
(Winslow 1921, p. 5); Isle Royale (Walker, 
1909, p. 293); lakes and rocky rapids of streams 
in Dickinson County (H. B. Baker, 1922, p . 7, 
22)· White Lakt:, O<Jldand County (F . C. Baker, 
192b, p . 50); Menominee, Dickinson, and Chip
pewa Counties (Goodrich and van der Schalie, 
1939, Il· 10, 12); the Ann Arbor region, Wash 
tenaw County (Gogdrich, 1943 p. 9); and Doug
las Lake, Cheboygan County (Moffett, 1943, p. 
10). 

Wisconsin an specimens have been co 11 ec ted 
from marl nearHow~ll,Livingston County; Pick
erel Lake, Newaygo County; Cedar Lake, Mont
calm County; Gratiot County; and Goose Lake, 
Lenawee County (Hale, 1903, P. · 101)· Steere's 
Swamp, Washtenaw County (Goodrich, 1943,p. 9); 
Sod on Lak!;,., Oak land County (Cain e t a l., 19 50, 
2_. 541); 11ni te Pigeon and Scotts St . Josepn 
County {Semken et al.\1964 1 p. 830); Lakeland1 
Livingston County ana Marl Lake, St . Josepn 
County (Camp, 1972, p. 87, 94); and Fourmile 
Lake, Washtenaw County (Camp, 1973, p . 22). 
It occurs in each of the depoS1ts of th1.s stu 
dy . 

Family Amnicolidae 

A•nicola liaosa (Say, 1817) 
Aanicola limosa occurs from Newfoundland · to 

Florida and Alberta and from Texas to Florida 
and Manitoba. It has also been reported from 
Utah and Nevada (La Rocque, 1968, p . 385-386). 
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La rge and small lakes, rivers , streams and 
marshes provide habitats for this species (Ber
ry, 1943 , _1).26; Harman and Berg, 1971 , p . 47); 
Clarke 1973, p . 259). It is common in pro
lific growths of Chara, Potamogeton Vallis
nerta and Elodea (Berry_, 1943, p. 26; Harman 
and &rg, 1971, p. 47). "!he species was found 
on al l typt· ~ of substrate, but larger popula
tions were present where the habitat was pro
tected from extreme wave and current action 
(Harman and Berg, 1971 p. 47). The species 
is often associated wit.h il . lustrica, Valvata 
tricarinata , Gyraulus parvus , Helisoma c ampa
nulatum, and Physa gyrina . 

Amnicola limosa is found inmost streams and 
lakes of Michi_gan that have not been greatly 
polluted . It l.S the most abur-.lant amnicolid 
1n the state (Berri , 1943 , p. 23 , 30). The 
species has been col ected from the following 
localities: EastSaginE!w,Saginaw County (Walk
er 1894, p . 128)· tbeUnion River and Lake Go
gebic , Ontonagon County (Ruthven, 1904, pl90) . 
Walnut Lake , Oakland County (Hankins on, 1908, 
P. · 235); Isle Royale (Walker, 1909, p. 294); 
Magician Lake Cass and Van Buren Counties 
(F . C. Baker, 1914); Bear Creek, Schoolcraft 
County!· Alger Countyi· and Isle Royale (Win
slow, 917 p. 10, 4); the Au Sable River , 
Crawford tounty, and the Pine River, Alcona 
County (Winslow , 1921, p . 5); from vegetation 
in lakes and rocky rap1.ds in stream 1 Dickin
son County (H. B. Baker 1922 p. 11· White 
Lake , Oakland County (F. C. Baker, i926 p. 
50); Chipp_ewa, Dickinson, Luce , Mack1.nac, Mar
quette , Menominee, and Schoolcraft Counties 
\Goodrich and van der Schalie, 1939 p . 10 , 
12, 25, 26); the Ann Arbor region , Washtenaw 
County (Goodrich , 1943 , p. 9); Douglas Lake , 
Cheboygan County (Moffett , 1943~-. p . 10);, and 
a number of other counties (oerry , l':143 , p. 
24). 

Wisconsinan specimens have been recorded for 
marl d~posits near Howell, Livingston County; 
Grand Hapids and Cedar Springs, Kent County; 
Pickerel Lake and Fremont Lake, Newaygo Coun
ty; Spaulding_ Twp ., Saginaw County; Gratiot 
County; and l.ioose Lake , Lenawee County (Hale 
et al ., 1903 , p. 102). Amnicola lim osa has 
been co 11 ec ted from the deposits in Huron Coun
ty (Walker and Lane, 1900 1 p . 251); at Sodon 
Lake , Oakland County (CBln et al. , 1950 , p . 
541); Marl Lake~ St . Joseph County (Semken et 
al., 1964, p. 8j0; Caiffi!, 1972 , p. 994);, Four
mile Lake, Washtenaw County (Camp , 1913,1, p. 
22); and near Colon, St . Joseph COuntY. (!loot
ton, 1974 ) . It occurs in each of the ileposits 
of the present study . 

Amnico la lus tr ica Pilsbrl, 1890 
This species ranges rom Massachusetts to 

Virginia and west to Minnesota and Iowa. Am
ni c ola lustrica has also been reported from 
Newfoundland and southern Ontario \La Rocque, 
1968, p . 390-391). 

Amnicola lustrica occurs in lakes, rivers, 
and streams, usually on coarser substrate than 
A . limosa (LaRocque, 1968, p. 390J Harman and 
Berg, 1971, p. 48) . In marl lakes, the spe
cies seems tobe associatedwithChara and Val
vata tricarinata (Harman and Berg, 1971, p . 
48) . It also occurs with A . li•osa, Gyraulus 
parvus, Helisoma campanulatua, and Physa gy
rina . 

It has been recorded for a number of loca
lities in Michigan and is the second most com
mon amnicolid in the state (Berry, 1943 , p. 
30) . Amnicola lustrica has been recorded for 
Carp Lake,.. Ontonagon CountY .. (Ruthven , 1904, 
p. 190); xrom beach drift at Walnut Lake, Oak
land County (Hankinson, 1908, p. 235); Isle 
Royale (Walker, 1909, p. 294); Magician Lake, 
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Cass and Van Buren Counties (F . C . Baker, 1914); 
in la kes and on the sandy bottoms of rivers in 
Dickins on County (H. B. Baker, 1922, p. 7, 22); 
for a c re e k in Dickinson County a lake and 
river in Mackinac CountyA from lakes in Chip
pewa, Marquette, and :::.choolcraft Countie s 
\Goodrich and van derSchalie, 1939, p . 10> 12, 
26);_ Douglas Lake, Cheboygan County (Mohett, 
194J, p . 10;. and a number of other counties 
(Berry, 194J, p . 30). 

Amnicola lustrica has been collected from 
Wisconsinan deQosi ts at Grand Rapids and Cedar 
Springs Kent County; Pickerel and Fremont 
Lakes, Newaygo County; Cedar Lake, Mon tca ·lm 
County; Gratiot Countr; and Goose Lake, Lenawee 
County (Hale et al., 903 , p . 101) . It has 
also lieen reported from deposits at Soden Lake, 
Oakland County (Cain et al., 1950, p. 541), 
Marl Lake~, St . Joseph County (Semken et al . , 
1964, p . t!30;. Camp, 1972, P.· 94); Lakeland, 
Livingston \...Ounty (Camp , 1972, p. 87, 94), 
Fourm1le Lake, Washtenaw County (Camp, 1973, 
p . 22), and near Colon, St . JoseP.h County 
(Wootton, 1974). In the present stuay it was 
found in all the deposits . 

Order Pulmonata 

Family Lymnaeidae 

Lymnaea stagnalis (Linnaeus, 1758) 
Lymnaea stagnalis has acircumboreal distri

bu t1on generally between 1 ati tudes 400 and 70o 
(La Rocque

1 
1968, p. 436; Clarke, 1973, p. 298-

299) . In tne United States itoccurs from Ver
mont and Ohio west to Nevada and Washington 
(La Rocque, 1968

1 
p. 436). Canadian occurren

ces are from Queoec west to Alberta and in the 
Mackenzie and Yukon River drainage area (La 
Rocque , 1968, p. 436; Clarke, I973, p. 298-
299). 

This species has been collected from lakes 
of various sizes, creeks, rivers, and swamps 
(Clarke , 1973, p . 299) . The type of bottom 
sediment and amount of vegetation do not seem 
to influence this SP.ecies greatly . In the 
Finger Lakes of New York, Lymnaea stagnalis 
has been found living at a depth of 16 meters 
on a bottom devoid of rooted vegetation (Har
man and Berg, 1971, p. 20). In other parts of 
New York it 1s abundant within 1 meter of the 
surface on debris and floating and decaying 
aquatic plants (Harman and Berg, 1?71, P.· 20) . 
Lymnaea stagnalis feeds on decay1ng organ1c 
matter and 1s able to thrive under nearly stag
nant conditions (La Rocque , 1968, p . 435; Har
~88J . and Berg , 1971, p . 20; Clarke, 1973, p. 

Lymnaea stagnalis is generally distributed 
in the Upper Peninsula of Michlgan . It has 
been recorded for the following locations: 
Isle Royale (Gleason, 1909, p. 60, 63b· Walker, 
1909, p . 289); lakes and ponds in ickinson 
County (H . B. Baker~ 1922, p. 6;.. Goodrich and 
van der Schalie, 19J9 p . 10); 1...0pper Harbor, 
Keweenaw County and th1ppewa, Menominee and 
Schoolcraft Counties (Goodrich and van der 
Schalie 1939, p . 10-12). It has also been 
reported for two Lower Peninsula localities
Port Austin

1 
Huron County (Walker and Lane, 

1900, p. 251) and Crawford County (Winslow, 
1929, p. 4) . 

Wisconsinan specimens have been found in 
Gratiot County and atGoose Lake,Lenawee Coun
ty (Hale et al., 1903, p. 191) and at Oden, 
Emmet County (F. C. Bilker, 1913). In the 
present studi, specimens were collected at 
Lime and Mar Lakes, Livingston County. 

Stggnicola catascopiu111 (Say, 1817) 
'Jne general distribution of this snail 1s 
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from Nova Scotia west to British Columbia and 
Washington\ so).\th in the Rocky Mountain area 
to nearly 40° N; Atlantic states (Maine to 
Virginia) west toNorth Dakota, Iowa, and Kan
sas(?), and Texas (La Rocque, 1968, p. 440; 
Clarke , 1973 p. 330-331) . The northernmost 
record of this species is from near Richmond 
Gulf ( 56o N) westward along the southern mar 
gin of Hudson Bay to the vicinity of Great 
Slave Lake (above 600 N) (Clarke, 1973, p. 
331) . 

Stagnicola catascopium inhabits lakes, 
streams, and rivers, but seems to occur more 
often in a lacustrine habitat (Ha~an and Berg, 
1971 , p . 23 ; Clarke , 1973, p. 331). The spe
cies 1s found on various substrates and in 
areas of sparse or thick vegetation (Cla rke, 
1973, p. 331). Harman and Berg (1971, p. 231 
collected it most often from lake depths of 
1 to 5 me te r s . 

In Michigan, Stagnicola catascopiumhasbeen 
reported from BayP.ort andPort Austin in Huron 
County (Walker ana Lane, 1900, p . 251); Isle 
Royale (Walker 1 1909, p. 290), and from creeks 
in Delta, MacKinac, and Menominee Counties 
(Goodrich and van der Schalie, 1939, p . 10, 
14). It also is common in Lakes Michigan, Hu
ronh and Erie (Goodrich and van der Schalie, 
193:1, p . 14). 

I. t has been found in the Wisconsinan depo
sits of Lime and Mwrl Lakes, both in Livings
ton County . 

Stq£nicola palustris (M~ller, 1774) 
This species is circumboreal generally oc

curring north of 380 N except texas, Arizona, 
and California where it extends to about 330 
N (La Rocque, 1968 1 p. 445~ Clarke, 1973, p . 
353) . In Canada, 1t extenas as far north as 
the mouth of the Mackenzie and Yukon Rivers 
(Clarke, 1973, p . 353). 

Stagnicola palus tris is a verr. hardy species 
and can be found in all types of aquatic habi
tats. The species is usually more abundant 
in areas of dense vegetation, but is also 
found insignificant numbers in areas of sparse 
plant growth (Clarke, 1973, p. 354). The bot
tom sediment and current ac ti vi ty are not major 
factors incontrolling thedistribution of this 
speci~s (<;:larke, 19?3

1 
p. 354). Stagnicola_pa

lustrts 1s essent1a ly omn1vorous 1 eatlng 
just about anything it encounters whlle graz 
lng on the surface film or crawling on the 
suostrate or vegetation (La Rocque, 1968, p . 
444· Harman and Berg 1971 p. 21; Clarke, 
197~. p . 354). In Livingston tounty, Michigan, 
Stafn1cola palustris 1nhabits large shallow 
poo shaving gravelly bottoms and supporting 
a Po lygonum-Ir is community and marsh and wood
land pools filled with rotting leavea which 
occas1ona lly dry up during the summer (Archer, 
19 3 9. p . 4- 5) . 

S. palustris isrecorded for the following 
Michigan localities: East Saginaw, Saginaw 
County (Walker 1895, p. 128); Port Auttin, 
Huron County (Walker and Lane, 1900, p. 250); 
Ann Arbor area, Washtenaw Co1;1nty (Dawson, 1911, 
p. 38; Kenk, 1949, p. 53; DeWltt , 1955b p . 4ll); 
Alcona County (W1nSlow

1 
1921, p. 4); uck Lake 

in Mackinac County, Cnippewa and Menominee 
Counties (Goodrich and van der Schalie, 1939, 
p. 10, 11, 13); andLakeland, Livingston Coun
ty (Camp, 1972, p. 87). 

Wisconsinan specimens have been identified 
from only theMarl Lake deposit of the present 
study. 
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Fossaria obrussa (Say, 1825) 
Fossari a o brus s a ranges from Newfoundland 

and Nova Scotia south to Virginia, across the 
United States to Washington , Oregon, and Utah 
and south from the Mackenzie District through 
AlbertaandSaskatchewan(?) tonorthern Mexico, 
Texas, and Louisiana. The species also occurs 
in Alabama.., southern Ouebec, and southern On
tario (La nocque , 1968, p . 475). 

This species is a common inhabital)t of mud 
flat habitats on the margins of ponds and lakes 
or on the floodplains of rivers and streams 
(Goodrich and van der Schalie, 1939, p. 15; La 
Rocque , 1968, p. 475-476). It is often found 
on debris along shore or sometimes on emergent 
vegetation near the water line. 

F. obrussa has been listed for the following 
Michigan localities: Isle Royale (Walker, 1909, 
p . 290); beach drift at Magician Lake, Cass 
and Van Buren Counties; Alcona County (Winslow, 
1921, p. 4);_ lakes and brooks in Dickinson 
County (H. o. Baker 1922, p . 7· Goodrich and 
van der Schalie, 1939, p. 10); thippewa, Del
ta, Mackinac and Menominee Counties (Good
rich andvanderSchalie, 1939,p . l0, 11 1 15); 
the Ann Arbor region, Washtenaw County \Good
richt 1943, p. 16); and Douglas Lake , Cheboy
gan ounty (Moffett, 1943, p. 10). 

Specimens of Wisconsin age were obtained 
from deposits at Goose Lake , Lenawee County, 
Gratiot County, Cedar Lake inMontcalm County, 
Pickerel Lake in Newaygo County, and Cedar 
Springs , Kent County \Hale et al. , 1903, p. 
101); Ford Lake, Schoolcraft County (Goodrich 
and van der Schalie, 1939,]>.15)~ Sodon Lake, 
Oakland County (Cnn et al ., 19:>0, p. 541); 
Marl Lake, St. Joseph County (Semken et al ., 
1964, p. 830);Camptl972,p.94); Fourmile Lake, 
Washtenaw County (amp, 1973, p. 22)· and near 
Colon, St . Joseph County (Wootton , t974). F. 
obrussa was found in abundance in each of the 
three deposits of the present study . 

Fossar ia parva (Lea, 1841) 
F . parva occurs from Connecticut and Mary

land west to Idaho and Montana; Ontario west 
to Alberta;, Kansas, Oklahoma, an .d Texas west 
to Utah ana Arizona; in Kentucky, Tennessee, 
and Maine; and as far north as tne Mackenzie 
District and Yukon Territory (La Rocque, 1968, 
p. 478-479; Clarke, 1973, p. 281). 

This species is an inhabitant of shallow 
water areas and muddy banks of lakes, perma
nent pools and ponds, and rivers (Clarke, 1973, 
P. · 281). F . C. Baker (1928', p. 287) had re
ferred to this snail as an inhabitant of marshy 
areas , which frequently occurred out of the 
water on debris and muddy flats . F. parva is 
amphibious, but larger numbers exist in areas 
of vegetation in shallow water zones than on 
mud banks (Clarke, 1973, p. 281-282) . 

F. parva is widely distributed throughout 
Michigan. It has .been collec' ted from a wood
land swale at Magician Lake, Cass and Van Bu
ren Counties (F. C. Baker, 1914); a small 

· stream in southwestern Berrien County (F. C. 
Baker, 1915); an artificial pasture pool in 
Livingston County (Archer, 1939, p. 13); and 
in the Ann Arbor vicinity, Washtenaw County 
(Goodrich, 1943, p. 23). 

Records of Wisconsinan specimens are avai 1-
able for a dry lake bed near White Lake, Oak
land County (F. C. Baker, 1926, p. 51) and a 
marl deposit bear Colon, St. Joseph County 
(Wootton,; 1974), It' was found in the Little 
Goose LaKe deposit of the present study. 
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Family Planorbidae 

Gyrau lus parvus (Say, 1817) 
G. parvus occurs throughout the United States 

and Canada, buthasnotbeen recorded for Wash
ington Oregon Idaho, Montana, Nevada , Neb
raska,Kansas, Oklahoma , Mississippi, Georgia, 
Tennessee 1 and South Carolina. Its occurrence 
in Britisn Columbia is questionable (La Roc
que, 1968, p . 491-492). Its northern limit is 
almost the same as the northern limit of boreal 
forest (Clarke, 1973i p. 403). It occurs as 
far south as Cuba (C arke, 1973, p . 402). 

This planorbid occupies almost every type of 
aquatic habitat. It is most abundant 1n shal
low areas rich in aquatic plants where it oc
cupies aperiphytic niche (La Rocque, 1968, p . 
491· Harman and Berg , 1971, p . 32; Clarke, 
197~. p . 403) . G. parvus tolerates various 
substrates and usually thrives at' de[>ths of 4 
feet or less (La Rocque , 1967 , p . 491) . In 
Douglas Lake, Cheboygan County , Michigan , it 
has been found at depths of 1 . 8 to 3.0 meters 
(Moffett , 1943 p . 10). G. parvu s lives in 
OP.en water, sedge-mat pools , and Thuja pools 
of Mud Lake, Cheboygan County (Jewell and 
Brown 1929, p . 434, 438, 440) . G. parvus is 
usualiy assoc1ated with Amnicola limosa, Gy
raulus deflectus,Lymnaea stagnalis , L. elodes, 
Ph:ysa sp., and Promene tus exacuous (Clarke, 
1973 , p . 403). It is also commonly associated 
with Pisidium, Sphaerium, and Helis oma trivol
vts. 

G. parvus is one of the more abundant mol
lusks in Michigan . It has been found at East 
Saginaw, Saginaw County (Walker 1894 , p. 128); 
Port Austin Huron County ( Walker and Lane, 
1900A p. 251); Ontonagon County (Ruthven, 1904, 
p. b0)· Walnut Lake, Oakland County (Hankin
son.., 1908, p . 235); Isle Royal e (Walker, 1909, 
ll.· .::93); Magician Lake , Cass and Van Buren 
Counties (f. C . Baker, 1914); Be a ver Pond 
Chippewa County and Isle Royal e (Winslow, 1917, 
p. 9, 13); temporary swamps and brooks in Dick
Inson County (H. B. Baker, 1922 p. 7 15, 
18) · White Lake, Oakland County (F. C. Baker, 
192~ . p. 50); East Lake, Ch e boygan County ( Je
well and Brown , 1929 p. 452); bog lakes and 
pools in Livingston tounty (Archer, 1939, p. 
4); Alger, Chippewa, Dickinson, Luce, Menomi
nee, and all other Upper Peninsula counties 
except Gogebic and Iron (Goodrich and van der 
Schalie, !939, p. 10, 11, 18); Ann Arbor re
gion _WashtenawCounty (Dawson , 1911, P; 23; 
Goodnch~ 1943, p . 17, Kenk , 1949, p. 54, De
witt~ 19:>5, P.· 40); and Douglas Lake, Cheboy
gan 1.-ounty (Moffett, 1943, p . 10) . 

This species is also often the most abundant 
aquatic mollusk in Wisconsinan deposits . It 
has been listed for the following_ localities: 
near Howell, Livingston County; Grand Rapids 
and Cedar Springs, Kent County; Pickerel and 
Fremont Lakes, Newaygo County; Spaulding Twp ., 
Saginaw County; Cedar Lake , Montcalm County; 
Gratiot County; and Goose Lake, Lenawee Coun
ty (Hale et al., 1903, p . lOH Sodon Lake, 
Oakland County (Cain et al., 1950, p . 541); 
Marl Lake St . Joseph County (Semken et al . , 
1964, p . 830; Camp, 1972, p. 94);_ Scotts,~. St. 
Joseph County (Semllen et al. , 1~64, p , o30); 
Lakeland, Livingston·, County (Camp, 1972, p. 
87) ~ Fourmile Lake, Wash tenaw County (Camp, 
197J p. 22); and near Colon , St . Joseph Coun
ty (Wootton, 1974). It was also found in the 
three depos~ta of the present study . 

Gyraulus circu111striatus (Tryon, 1866) · 
This species is found from Quebec, Vermont, 

Connecticut, Maryland, and v~rginia west to 
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British Columbia , Wyoming , and Illinois . It 
occurs as f a r north as the Yukon Terri tory and 
as far sou th as Oklahoma and New Mexico (La 
Rocque , 196 8, p . 495). 

G. c i r c umstriatus has be e n reported from 
small lakes temporary pond s and creeks and 
swamps (La Rocque, 1968 , p . 495; Clarke , 1973, 
p . 398-399) . It occupies a much more restrict
ed habitat than G. parvus . 

In Michigan it has been recorded for Al
cona County (Winslow, 1921, p . 4) and the Ann 
A rho r region of Wash tenaw COunty (Goodrich, 
1943~ p. 23). Wisconsinan specimens have been 
founa near Colon, St. Joseph County (Wootton, 
1974) and in each of th e deposits oi the pres
ent study . 

Helisoma anceps (Menke , 1830) 
H. anceps is found in all the states east of 

the Mississippi River e xcept Florida and Mis
sissippi (?) and occurs as far west as Texas, 
Coloraao, Wyoming,Oregon, and Washington(?) . 
An isolated occurrence is reported for Cali
fornia . It ranges from Nova Scotia west to 
British Columbia and northward to Great Slave 
Lake in Canada (La Rocgue, 1968, p. 499-500); 
Clarke, 1973, p. 430-431). The distribution 
data were comJ!i led from records for all the 
subspecie s of If . anceps . 

H . an c eps occupies permanent aquatic habi
tats in large and small lakes , ponds, rivers, 
and streams (Clarke, 1973, p . 431) . Type of 
bottom sediment and the amount of vegetation 
do not seem to be major controls in the dis
tribution of the speci e s (Clarke, 1973, p. 
431). It occurs at depths of 1 to 4 feet 1n 
Magi.cj.an Lpk~i Cass and Van Bu~en Counties (F. 
C. fjak.er , 19h) ,. 

H. anceps is often associated with Amnicola 
limosa , Valvata tricarinata, and Pflysa gyrina 
(Clarke, 1973, p . 432) . Harman and Bing U971, 
P- · 28) reported that in central New York when 
If . anceps and Physa s p. occur together, H. an
ceps usually lives at a depth of 10 em . to 1 
m. , while Physa sp . occupies the shallower wa-
ter. • 

H . anceps is widely distributed in Michigan . 
It has been found at the following localities: 
East Saginaw , Saginaw County (Walker, 1894, p . 
128)· nvers and lakes in Ontonagon County 
(Rut~ven, 1904 , p . 190)b· Isle Royale (Gleason , 
1909, p . 60; Walker, 19 9, p. 292)· Magician 
Lake) Cess and Van Buren Counties (F.C. Baker, 
1914 ; Schoolcraft, Chippewa, and Keweenaw 
(Isle Royale) Count1es (W1nslow, 1917, p . 9 , 
13)i Oscoda and Crawford Count1es (W1nslow, 
1921, p . 4); Dickinson County (H . B. Baker, 
1922 , p. 6 , 15 18; Goodrich and van der Scha
lie, 1939

1 
p. iO); White Lake 1 Oakland County 

(F . C. BaKer , 192o , p . 50)· aoog lake in Liv
ingston County (Archer, 19~9. p . 3, 4); Chip
pewa and Menominee Counties (GOodnch and van 
aer Schalie, 1939 p . 10, 11 15); in the Ann 
Arbor vicin1ty, Washtenaw County (Goodrich, 
1943,, P.. 17); and Douglas Lake , Cheboygan Coun
ty (Moffett, 1943, p . 10) . 

H . anceps was also abundant during the Wis
consinan . It has been recorded for the depo
sits at the following localities: Bad Axe, 
Huron County (Walker and Lane , 1900, p . 251); 
near Howe!!, Livingston County; Grand Rapids~ 
and Cedar Springs, Kent County· Pickerel ana 
Fremont Lakes, Newaygo County; Spaulding Twp . , 
Saginaw County; Cedar Lake, Montcalm County; 
G.~:a~iot Coqntyl· Goose LQke,...,Lenawee County 
(Hale et al. 903. P.· 101J; vaen Emmet Coun
ty (F . C . Ba,er, 1~13)· Soden Lake, Oakland 
County (Cain et al., 19~0, p. 541); Marl Lake, 
St . Joseph County (Semken et al., 1964, p . 
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830; Camp, 1972 , p . 94); Lakeland , Livingston 

w~~~Una~ce~Rnt~ 9tCamg; nh. :.0 ~§~ 1

1: 
1 ~ndL~~~l: 

Colon, St. Joseph Count/ (Wootton, 974) . It 
also occurs in each o the deposits of the 
present study . 

Helisoma campanulatum ( Sa{, 1821) 
This planorb1d is found rom New Hampshire 

west to Manitoba , North Dakota, Minnesota, and 
Iowa; New Brunswick south to Pennsylvania, 
west to Illinoisi· and north from Saskatchewan 
to the Great S ave Lake region (La Rocque , 
1968, p. 505-506; Clarke, 1973, p . 447-448}. 

H. campanulatum is an inhabitant of large 
and small lakes , permanent ponds;. and quiet 
parts of rivers (La Rocque , 196o , p. 505; 
Clarke , 1973, p . 447-448). The species seems 
to prefer highly vegetated areas~..but tolerates 
vanous sul:istrates (Clarke, 1':173, p . 448) . 
Associates of this species are Gyrar.;lus par
vus , He l isoma ancepslPhysa gyr ina, and vanous 
lymnaeids. Oneida ake in central New York 
contains H. camJ:!anulatum living at depths of 
5 to 9 meters (Harnron and Berg 1971, p. 30) . 
In most lakes it lives atmuch shallower depths 
(La Rocque , 1968 , p . 505) . 

In Michigan, H. campanulatum has been re
corded forEast Saginaw, Saginaw County (Walk
er, 1894, p. 128)· Carp Lalie andLake Gogebic, 
Ontonagon County tRuthven.., 1904 1 p . 190); Isle 
Royale (Walker, 1909! p . ..:93); 1n beach drift 
at Walnut Lake, Oak and County (Hankinson, 
1908, p. 235); inbeach drift at Magician Lake , 
Cass and Van Buren Counties (F . C. Baker , 
1914); Brqwn Lake

1 
Dickinson County ( F . C . 

Baker, 19:.!6, p . S01 · Chippewa, Di c kinson and 
Menom1nee Counties tGoodn ch and van der Scha 
lie, 1939 , p . 10 11, 16); the Ann Arbor re
gion..., Washtenaw tounty (Goodrich,l943, p .l7); 
and uouglas Lwke, Cheboygan County (Moffett, 
1943 , p. 10) . 

Wisconsinan specimens have been collected 
from the following localities: Bad Axe , Huron 
Countl (Walker and Lane , 1900 , p . 251); near 
Howel, Livingston County;Cedar Springs , Kent 
County; Pickerel and Fremont Laltes , Newaygo 
Countyi. Spaulding Twp ., Saginaw County; Cedar 
Lake, Mon tea lm Ciiun ty; Gratiot Coun tyb• Goose 
Lak~ , Lenawee County (Hale et al., 19 3 p . 
101); Oden and Kegomic, Emmet County (F. C . 
Baker, 1913); and near Colon, St . Joseph Coun
ty (Wootton, 1974). It occurs in each of the 
three depos1ts of the present study . 

Promenetus exacuous (Say , 1821) 
P . exa c uous is foundfrom theAtlantic States, 

Maine toVirginia..., westward to Utab, Oregon, 
Washington, and oritish Columbia . From Brit
ish Columb1a and Alberta it extends northward 
to Alaska and the Great Slave Lake region. The 
southernmost limit is New Mexico and Oklahoma 
(La Rocque , 1968 , p. 510-511; Clarke, 1973 , p . 
411) . 

This speeies occupies a number of aquatic 
habitats from large and small lakes and ponds 
to creeks and rivers tomarshes (Clarke, 1973, 
p. 412) . Generally it occupies an area of 
quiet water with a muddy bottom and abundant 
vegetation (La Rocque, 1968,., p. 510i Clarke\ 
1973, p . 412). Harman and oerg (1911, p . 33J 
collected this species in great abul)dance from 
Typha marshes in the Finger Lakes region of 
New York; mostly from the underside of float
ing plant leaves and from stems . P. exacuous 
occurs on mud flats in the quiet parts of 
streams (La Rocque

1 
1968, p. SlU); it is of

ten as~;ociated witn Gyraulus po.n us . 

P. exacuous has been reported at the follow
ing Michigan localities: East Saginaw, Sagi-
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naw County (Walker, 1894, p. 128)· Lake Goge
bic, On tonagon County (Ruthven.., 1~04i p . 190)~ 
Isle Roy ale (Walker, 1909 p . .t93); akes ana 
a temporary swamp 1n Dickinson County (H . B. 
Baker, 1922 p . 7, 15; Goodrich and van der 
Schal1e 1939 p. 10~ Mud Lake, Cheboygan 
County (Jewell and Brown, 1929,{.434); a bog 
lake and temporary woodland poo inLiVlngston 
County (Archer, 1939 p. 3-5)· and the Ann Ar
bor area, Washtenaw County (Goodrich, 1943, p. 
17; Kenk, 1949, p . 54) . 

Wisconsinan deposits have yielded this spe
cies from Steere's Swamp, Washtenaw CountY. 
(Goodrich, 1943, p. 17);. SOdon Lake, Oaklana 
County (Cain et at. 195u , p. 541)· near Colon 
St . Joseph County (Wootton , 1974). and at Mari 
and Little Goose Lakes of the present study . 

Family Ancylidae 

Ferrissia parallela (Haldeman, 1841) 
This species is distributed from Nova Scotia 

and New England west through the Great Lake 
states , Quebec , and Ontario to Manitoba, the 
Dakotas, and Iowa. Scattered pol!_ulations also 
occur in Alabama, Louisiana, Texas, Kansas, 

· and Arizona (La Rocque, 1968, p. 522-523). 

F. paralle la occurs in large and small lakes 
streams and rivers (Harman and Berg, 1971, 
p . 36; tlarke, 1973, p . 482-483). It occupies 
a penphytic niche , often attached to the un
dersides of leaves of Nuphar and the stems of 
Scirpus and [ypha (La Rocque , 1968, p. 522; 
Harman and Herg, 1971, p. 36; Clarke, 1973, 
p. 482-483) . It also oc.curs in quiet areas of 
streams on stones

1 
logs,_ and vegetation (Har

man and Berg , 197 , p . .l6). 

F . parallela occurs throughout Michigan . It 
has been reported from the Saginaw River, Sa-
1!,inaw County (Walker, 1894, p . 128); the Carp 
River and Lake GogebicbOntonagon County (Ruth
ven , 1904 p . 190); ickinson County (H . B. 
Baker , 19~2~ p . 7 , 22; Goodrich and van der 
Schahe, 19.l9 p. 10); Mud Lake, Cheboygan 
County (Jeweli and Brown, 1929, p. 434); Blaney 
Park 1n School~raft County , Baraga, Hought9n, 
Keweenaw, Mack1nac , and Marguette Count1es 
(Goodricn and van der Schahe, 1939 , p. 23); 
and theAnn Arbor area,Washtenaw County (Good
rich, 1943, p. 18). 

Wisconsinan specimens have been found at 
Marl Lake.., St . Joseph County (Semken et al . , 
1964~ p. o30) and L1me Lake , Livingston Coun
ty ox the present study . 

Family Physidae 

Ph~sa gyrina Say, 1821 
1his species occurs from Newfoundland to 

Virginia westward to British Columbia, Minne
sota , Illinois, and Kentucky . It also has 
been recorded for Tennessee, Alabama, Tex.as, 
and Arkansas and from the Northwest Terri tor
ies, Alaska, Californiat Utah~ Idaho~ Oregon, 
(?), Montana, Wyoming , oloraao, and ~outh Da
kota (La Rocgue, 1968, p . 541, 543; Clarke, 
1 97 3 ' p . 37 8) . 

P. gyrina is found in many permanent and 
permanent and te111porary aquatic habitats in
cluding lakes, ponds, streams, creeks, rivers, 
marshes, and swamps (Dawson, 19llh p . 4-44; 
La Rocque, 1968 p . 541; Harman and oerg, 1971, 
p . 11; Clarke, 1973, p. 378). Bottom sediment 
seems to have 1 it tl e ef feet on the abundance 
and distribution of this species, but it is 
generally more common in areas of mud bottoas 
(La Rocque, 1968, p. · '54l;Harman and Berg, 

1971, p . 12; Clarke , 1973, p . 378) . P . gyrina 
is usually associated with J!Ubmergent vegeta
tion (Ceratophyllum, Chara,l!lodea.., andHytnum) 
(Uawson, 1911, p. 26-29;Cl!lrke, 1913, p . 78) . 
Immature Physa occupy apen{lhytic n1che Har
man and Berg 1971, p . 12). In the adult 
stat·e the snui is also found grazing on the 
underside of the surface film and on bottom 
debris (Harman and Berg , 1971, p . 12). Daw
son (1911, p. 29) found that Pliysa occurs in 
greatest numbers in areas of moderate plant 
cover and organic debris and may be totally 
absent in areas of luxuriant vegetation. In 
the pond habitat, P . gyrina is usually present 
in water less than 1 foot deep (Dawson , 1911, 
p . 43). At Mud Lake, Cheboygan County , Michi
gani P . gyrina occurred in tlie open water zonei 
poo s of a sedge mat , and Thuja pools (Jewel 
and Brown, 1929, p . 434-438 , '40) . 

P . gyrina is often associated with Helisoma 
ancel!S and H. trivolvis (Harman and Berg, 1971, 
p. 12) . It also occurs with abundant Gyraulus 
parvus , lymnaeids and sphaeriids . 

P. gyrina is the most common P.hysid in Mi~hi
gan . It has been reported for the following 
localities: East SaginawASaginaw County (Walk
er, 1894 , p . 128); Port ust.in) Huron County 
(Walker and Lane , 1900 , P. · 251 ; Isle Royale 
(Walker, 1909, p . 291); Union RIVer,Ontonagon 
County (Ruthven, 1904 , p. 190); the Ann Aroor 
area, Washtenaw CountY. (Dawson , 19l!;.Goodrich, 
1943A p . 16; Kenk, 19il9, p. 54; Dew1tt~-. 1955, 
!!. · 4u); a small stream in southwestern oerrien 
Countr (F . C. Baker, 1915); Alger , Chippewa , 
Schoo craft Counties and Isl e Royale (Winslow, 
1917, p . 7 13); Alcona and Crawford Counties 
(Winslow, 1921, p. 4); stream flats , permanent 
ponds , temporary swamps, creeks, rivers

1 
and 

lakes in D1ckinson County (H .. B. Baker, 922, 
!!. · 6, 15, 18 , 22, 26); lakes 1n Alcona, Craw
lord, Iosco O"coda , Otsego, and Ro s common 
Counties and the Au Sable River (Clench 1 1925i 
p. 401); ArnottLake,Cheboygan County \Jewel 
and Brown , 19291 p. 447); Lily Lake1 Keweenaw 
County (Goodricn, 1931 , p . 6); creeKs in Me
nominee and Dickinson Counties , a river in Ba
raga County , a river and brook 1n Delta County, 
Ch1pP.ewa 1 Mar~uette, and Schoolcraft Counties 
(Gooaricn and van der Schalie , 19391 p . 10, 
12, 22); and a Black River pond in Cneboygan 
County (DeWitt, 1955 , p . 42) . 

· Wiscon :; inan dep_osi ts ' containing P . gyrina 
are located near Verona , Huron County (w-alke r 
and Lane, 1900, p . 251); near Howell, Livings
ton County and Spaulding Twp . , Saginaw County 
(Hale et al. 1903 , !!. · 101); in a Saline River 
terrace in Monroe County (Kapp and Kneller, 
1962

1 
p. 140); Marl Lake , St . Joseph County 

(Semken et al . , 1964, P.· 830) · and Fourmile 
Lake, Washtenaw County (Camp, 1~73 , p . 22) . It 
was found in each of the deposits of this stu
dy. 

Aplexa hypnorum (Linnaeus 1758) 
This species is found from the New England 

states west to Utah, Idaho, Washington , and 
British Columbia . It also occurs as far north 
as Alaskai theNorthwest Territories, and Vic
toria Is and and as an isolated population 
in Louisiana tLa Rocque , 1968, p. 552; Clarke, 
1973, p . 385-386). 

A. ~yp~or~• is a common physid of ~phemeral 
aquat1c hab1tats-temporary ponds , lntermlt
tent streamsh roadside ditches

1 
swa~Ba, and 

marshes (La nocque, 1968 '·p. 55 -552; ·Huaan 
and Berg, 1971, p . 16; Ciarke, 1973, p . 385). 
Mud bottoms areusually present and the aaount 
of vegetation is vanable (Clarke, 1973 , p . 
385) . In }..ivingston County, Micnigan, the 
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species was found in a tamarack bog pool , Po
lY.gonum poolA marsh pool, and a pasture pool 
(Archer, 193':1, p . 4, 13) . 

A . hypnorum occurs throughout Michigan . It 
has been recorded for East Saginaw, Saginaw 
County (Walker, 1894, p. 128)· Lake Gogebic, 
Ontonagon County (Ruthven, 19b4, p . 190)i· Isle 
Royale (Walker, 1909i p. 292); Schoo craft 
County and Isle Roya e (Winslow, 1917, I! · 8, 
·13); marsh atMagician Lake,Cass and Van 15uren 
Counties (F. C. Baker, 1914).i, swwmps in Dick
inson County (H . B. Baker, 1':122

6 
p. 15);. tam

arack swamp near White Lake akland L.ounty 
(F . C . Bakerj 1926, p . 51); Mud Lake, Cheboy
gan County ( ewell and Brown, 1929, _p . 438, 
440); Chippewa and Dickinson Counties; Schram's 
Creek Mackinac County; and Pelkey Lake, 
Schoolcraft County (GOodrich and van i:ler Scha
lie, 1939 , p . 10, 12 , 13); and the Ann Arbor 

f~giAn , Washtenaw Cqu1_1ty (Goodrich, 194:3. p . 
·r; 1\enk, 1949, p. !>5) . It was found 1n the 

Little GOose Lake deposit of the present study. 

Family Carychiidae 

Ca~chium exiguum (Say , 1822) 
lhis species is generally distributed through

out the eastern Un1 ted St·ates from the Atlant1c 
Coast toNew Mexico, Colorado, Iowa , and North 
Dakota . In Canada, it ranges from Nova Sco
tia and Newfoundland west to Manitoba. It has 
also been listed for two isolated localities 
-Vancouver Is land and Alaska (La Rocque , 197 0 , 
p. 560) . ' 

C. exiguum is found on the margins of mar
shes , swamps, ponds, and streams; and inwood
land areas . It typically occurs in shady, 
damp areas; in moist leaf debris; in rotten 
logs;.. and under bark~ stones, and dead wood 
(La nocque , 1970 , p . :>58) . 

The species occurs throughout the state of · 
Michigan . It is common in the Ann Arbor re
gion tGoodrich , 1943, p. 15) and inhabits grass 
marsh

1 
willow-red osier-dogwood , and oak - hick

ory nabitats in Livingston County (Archer, 
1939 , p . 6-8) . C. exiguum was found in the 
bog woods of Cheboygan . County (Archer, 1936, 
P.· 5) and in an ash-cedar swamp, alder-ash
aogwood-hazel COIDmuni tyh and On a fl pdp lain 
in Dickinson County (H . o . Baker 1922 1 p. 44, 
47, 48). The spec1es was also found 1n Onto
nagon County (Ruthven, 1904

1 
p. 190), Alcona 

County (Winslow, 1921, p . 41, and a number of 
other counties (Walker , 1906, chart) . 

I 
Cain et al. (1950 , p. 541) found C. exiguum 

in the upQer peat unit of the lacustrine depo
sit of Soaon Lake, Oakland County. It has al
so been recorded from Wisconsinan peats of 
Fourmile Lake , Washtenaw County (Camp, 1973, 
p. 22) and Marl Lake, St . Joseph County (Camp, 
1972\ p . 94) . In thlS studr the species was 
foun~ at each of the three ocalities . 

Family Polygy ridae 

Stenotrema leai (Binney, 1842) 
S . leai occurs from New Brunswick into Que

bec and Ontario and from New York, Pennsyl
van.i a , and Virginia across the northern states 
to Minnesota, ~uth Dakota, Nebraskaband Kan
sas . It has also been hsted for klahoma 
Texas, and Louisiana (La Rocque , 1970, p. 568-
569) . 

It is found in deciduous and coniferous woods 
near water bodies and on stream banks. DamP. 
shady areas under stones, logs bark, and leaf 
litter are the favored niches (LaRocque, 1970, · 
p . 568). 
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The range of the SP.ecies in Michigan is south 
of the Safinaw-Grani:l River valler and in the 
type locaity, AlpenaCounty (Waker,l906, p . 
471) . It also occurs in Sag1naw County (Walk 
erb 1894, p. 126), Ontonagon County (Ruthven , 
19 4 p . 190), Magician Lake Cass and Van Bu 
ren tounties (F . C. Baker\ 1914) , Oscoda Coun 
ty (Winslow~ 1921, r: · 21, Cheboygan County 
(Archer 19.l6, p . 6 , LiVlnfston County (Ar
cher, 1939, p . 9-10 , in low ands of Wwshtenaw 
County (Goodrich, 1943, p . 11). and a number 
of other counties (Walker , 1906, chart) . 

S . leai was collected from theMarl Lake de 
posi ~ .. St . Joseph County. (Camp , 1972, p , 95). 
ln th1s study the spec1e:; was found 1n the 
Little Goose Lake and Lime Lake deposits. 

Triodopsis albolabris (S~y. 1816) 
This snai 1 ranges from New Brunswick and No 

va Scotia to Florida, westward through the 
easterh states, Quebec, and Ontario to Mani
toba, Minnesota, Iowa , Kansas , Oklahoma , and 
Texas (La Rocque, 1970 , p . 596-597) . 

T. albolabr i s lives in mainly deciduous wood 
lands , but some may live in hemlock and pine 
woods . It is found in leaf litter and under 
logs and bark (La Rocque, 1970, p. 596) . 

This species is abundant throughout the state 
of Michigan. It has been found lnbeet·h-maQle , 
aspen, and bog woods and OQen fields in Ch e
boygan County (Archer, 1936, p. 4-7); in a 
pine forestw1th lime-rich substrate and along 
a riverinDelta County (vanderSchalie , 1939 , 
1940); and in fernmeadow, wil1ow - redo s i er
dogwood,oak-hickory , oaksavanna , aspen - sh rub, 
grass and numerous man-made communities i n 
Livinfston County (Archer , 1939) . The sp eci es 
has a so been recorded forEast Saginaw , S a gi
naw County (Walker, 1894 p . 126); Porcup1n e 
Mountains and Lake Gogebici Ontor:agon County 
(Ruthven , 1904" p . 190Jj Is e RoYI!1e (Walker, 
1909 I! · 283-2o4J • soutnwestern Be' rrien Coun 
ty (F . C . Baker 1~15); Isle Royale and Alge r , 
Chippewa, and Schoolcraft Counties (Winslow , 
l9l1 , p . 2 1 13)i· Alcona~-. Crawford , and Os co da 
Counties \Wins ow 19<:1, p . 2)· Di ckin son 
County (Goodrich, i931 •. p . 3); Mackinac Island 
(Archer 1934, 8· 139); Washtenaw County (G~od 
rich , 1943J.._p . 1 ); and several other counti e s 
(Wal-ker , 1':106 , chart) . • 

T. albolabris was found only in the upper 
part of the Little Goose Lake deposit . 

Family Zonitidae 

Euconulus fulvus (Muller 1 1774) 
This species occurs tnroughout the United 

States except in the southeastern states and 
Colorado and Nebraska . It has been recorded 
from Nova Scotia toBritish Columbia,Newfound 
land and the Yukon Tenitory in Canada . Th e 
northernmost occurrence in North America is 
in central Alaska , but it has been found at 
a higher latitude in west central Greenland 
(La Rocque, 1970, p . 608-609 ). 

E . fulvus inhabits wooded areas, usually oc 
curring in shady, damp spots in leaf moldi un 
der bark

6 
logs, and stones (La ·Rocque, 970 , 

p . 608-6 9). 

This species is of general · distribution 
throughout Michigan. It has been found in 
beech-maple woods of Cheboygan Countr (Archer., 
1936, p . 4)

1 
in . pine woods of De ta County 

(van der Scnalie, 1940, p. 368), and stream 
flats in Dickinson County (H. B. Baker 1922 , 
p. 26). It also occurs in Sagj.naw County 
tWalker, 1894, p . 126) , Ontonagon 'County (Ruth -
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ven.., 1904, p . 190), Isle Royale (Walker, 1909, 
p . ~86), Alcona County (Winslow 1921, p . 3), 
and in several other counties (Walker, 1906, 
chart). 

E . fulvus has been reported from peat depo
sits at Sodon Lake, Oakland County (Cain et 
al., 19 50 , p . 541) A Goose Lake, Lenawee Coun
ty (Hale et al. b03 p. 101; Camp, 1972, p . 
79).., and Marl Lake, St. Joseph County (Camp, 
197~ 1 p. 94) . In this study it was found at 
Litt e Goose, Lime, and Marl Lakes. 

Retinella indentata (Say , 1823) 
R . indentata occurs from the Atlantic states 

west toMinnesota, Iowa, Kansas" Oklahoma, and 
Texas and in Canada from Nova ~cotia, Quebec, 
Ontario, and Manitoba . It has also been re
J!Orted from Nevada, Utah,northern Mexico) and 
Baja California (La Rocque, 1970, p . 620 . 

It lives in damp habitats in deciduous and 
pine woods. The SP.ecies often is found under 
stones and logs ana in leaf litter (La Rocque , 
l 97 0 ' p . 6 l 9 ) . 

R indentata occurs throughout Michigan . In 
Cheboygan County, the species lives in beech
maple, pine, andaspen woods (Archer, 1936, p . 
4-1'>). It is associated with fern meadow oak
hickory, oak savanna, aspen-shrub, and' grass 
communities in Livingston County (Archer , I939, 
I!. · 6, 8-11) . It has also been reported from 
Saginaw County (Walker, 1894, p. 126); Onto
nagon County ~Ruthven, 1904, p . 190)· Copper 
Harbor, Keweenaw County (Goodrich, 193~ p . 4); 
Mackinac Island (Archer, 1934)\ Delta 1...0unty, 
(van der Schalie, 1940, p. 368Jj theAnn Arbor 
region, Washtenaw County (Goodnch, 1943 p . 
15);. and a number of other counties ( Waiker , 
190o, chart) . 

R . indentata has been recovered from Wis 
consinan deposits at So don Lake, Oakland Coun
ty (Cain et al., 1950, p . 54ll,Fourmile Lake 
Washtenaw County (Camp , 1973, p. 20).., and Mari 
Lake , St . Joseph County (Camp, 19h, p. 95) . 
The species is present in each of the three 
deposits of the present study. 

Nesovitrea binneyana (Morse, 1864) 
N . binneyana occurs from Maine to Pennsyl

vania and west through West Virginia, Ohio, 
Michigan~ Wisconsin, and on to Montana, Wyo
ming, ana Colorado. In Canada it is found in 

8ueoec, Ontario, Nova Scotia, and Manitoba. 
uestionable records are avulable for Wash

Ington and Alberta (La Rocque, 1970, p . 626-
627) . 

The species lives inmoist, mainly deciduous 
woodlanas, wooded floodplains, and some bogs. 
It occurs under and a round stumps and logs ~La 
Rocque , 1970, p. 626). 

Walker (1906 , p . 471) listed the .species as 
an inhabitant of regions north of Iosco Coun
ty . It has been Identified from Ontona~n 
County (Ruthven, 1904 p. 190); Isle Royale 
(Walker, 1909,1, p. 285)i Schoolcraft County and 
Isle Royale (winslow 1917 p. 4 13); Alcona 
County ~Winslow, l92i,_jl . 2h Cheboygan County 
(Archer, 1936, p. 4); Uelta County (van der 
Schalie, 1939, p. 3); and Chippewa, Emmet , 
Kent, Mackinac, and Marquette Counties (Walker, 
1906, chart). 

The only Wisconsinan occurrence· in Michigan 
is in the Little Goose Lake deposit, Le~:~awee 
County. 

Hawaiia minuscula (Binney, 1840) 
This species occurs , throughout the United 

States although it is less common in the Pa
cific Coast states . It is also reported from 
Newfoundland to Manitoba , Vancouver Island, 
the Northwest Territories,Mexico, an dth e West 
Indies (La Rocque, 1970 p . 640) . 

H. minuscula seems to prefer moist areas of 
floodplains, fields, and woodlands. It oc
curs under stones and wood in leaf litter (La 
Rocgue , 1970 p. 639 ). In Livingston County, 
Mictiigan it iives inwillow-red osier- doS!ood , 
oak-htckory, aspen - shrub , and in several ar 
tificial commumties (Archer, 1939 , p. 7-13) . 

The species is generally distributed in the 
Lower Peninsula of Michigan. It has been i
dentified from East Saginaw , Saginaw County 
(Walker 1894, p . 126); Alcona County (Winslow, 
1921 p . 3); In the Ann Arbor region, Washte
naw tounty (Goodrich,~, 1943, p . 15); and seve
ral other counties (walker, 1906, chart) . 

Wisconsinan deposits from a Saline River 
terrace , Monroe County (Kappand Kneller 1962, 
p. 140); Marl Lake , St. Joseph County (Camp, 
1973, p . 22); and Little Goose Lake of this 
study have ytelded the species . 

Zonitoides arboreus (Say, 1816) 
The species occurs throughout the United 

States , Canadai and Mexico ~La Rocque , 1970, 
p . 653-654). ts northernmost occurrence is 
In Alaska and the Northwest Territories. Wood
land habitats , both deciduous and· conife rous, 
seem to bepreferred by tl-:is snail, but it al
so has been collected from fields . It is 
found under logs 1 stones, and leaf litte r (La 
Rocqu~, ~970, p. oS?-654) ,. In Cheboygan Ct;> un
ty , Michtgan 1t hves In beech-inaple ptne, 
aspen, and grass communi ties (Archer, 1936, p. 
4-7). In Livingston County , it occupies tama
rack bog , grass marsh, sassafras , oak - hick o ry, 
aspen-shrub , and several artihcia1 communi
ties (Archer, 1939, p . 5-13) . 

Z . arboreus iscommon throughout Michigan. 
It has been collected from East Saginaw, Sa
ginaw County (Walker

1 
1894, p. l26)t Ontonagon 

County (Ruthven, 1904, _p . 190); 1sl e Rora1e 
( Walker 1909 , p . 286 ; Winslow , 1917, p . 3); 
Magician Lake Cass and Van Burep Counties 
(F. C. Baker, 1914); Schoolcraft.~, Ai·ger , and 
Chippewa Counties (Winslow 191t, p . 4 13 ) ; 
Alcona and Oscoda Counties 1Winslow, 1921 , p. 
3)· Dickinson County (H. B. Baker 1922, p . 
26~i Keweenaw County (Goodrich, 1931 , p . 5); 
Mackinac Island . (Archer, 1934)!· pelta County 
(van der Schalle, 1939 , p . 3; 9~0. p . 368); 
the Ann Arbor reg1on , Washtenaw County (Good
rich, 19431, p . 14)i and most of the remaining 
counties (walker, 1906, chart) . 

Faunal assemblages of Wisconsindn age con
taining Z . arboreus have been reported from 
Huron County (Walker and Lane 1900 , p . 250); 
Cedar Lake , Montcalm County (Hale et al;.o 1903 , 
p . 101)· Sodon Lake Oakland County (~ain et 
al., 195b, p . 541); Saline River terrace, · Mon
roe County (Kapp and Kneller , 1962, p . 140); 
Marl Lakt: , St. Joseph County (Camp, · 1972, p . 
95);_ andFourmile Lake , Washtenaw County (Camp, 
197-l, p . 22); It was found at each of the 
three localities of the present study. 

Family Limacidae 

De roc eras laeve (Miiller, 177 4) 
D. laeve isdistributed throughout theUnited 

Statesi Canada, and some parts of Central Amer
ica. t occurs as far north as Baffin Land 
and Alaska (La Rocque, 1970, p . 668) . 

This slug inhabits a wide variety of habit-



,. 
ats , but is most common on moist floodplains 
and terraces under wood, stones, and vegeta 
tion. In Livingston County , Michigan it has 
been found in willow-red os~er-dogwood, aspen
shrub, andseveral artificial communit~es \Ar
cher, 1939 p . 7, 9-12). Farther north in 
Cheboygan County this slug is P.resent in beech
maple woodlands under logs ana humus (Archer, 
1936, p. 4) . H. B. Baker (1922, p. 37) col
lected D. laeve from a number of habitats in 
Dickinson County including a swamp, pine and 
deciduous woodsi floodpla~ns, and a tag ald
er-dogwood- haze • ash hollow community . 

D. laeve is common and has a general distri
bution in Michigan. It has been collected in 
Ontonagon County (Ruthven~, 1904d, p . 190); Isle 
Royale (Walker, 1909, p . ..::87; 11inslow, 1917, 
I> · 13); Berrien County (F. C. Baker 1915); 
Schoolcraft County (Winslow, 1917, p. i3); Al
cona County (Wins ow 1921, P. . 3); on MacKinac 
Island (Archer.>. 1934}; in Delta County (van 
der Schalie, b39J- p. 3); the Ann Arbor vici
nity, Washtenaw LOunty (Goodrich 1943, p. 
12); and Wayne County \Walker , 1906, chart). 

This species was 
Lake and Lime Lake 
study . 

found in the Little Goose 
deposits of the present 

Family Endodontidae 

Discus cronkhitei (Newcomb, 1865) 
This species occurs in all states except 

Alabama, Mississip_pi,Louisiana,Georgia, South 
Carolina, North Carolina,~, and Tennessee and 
in all tne provinces of L.anada (La Rocque, 
197 0' p. 67 8). 

D. cronkhitei usually lives in damp wood
lands under dead wood or in leaf litter (La 
Rocque, 1970, p . 676). 

It is generally distributed throughout Mi
chigan. The species has been recorded from 
Isle Royale (Walker, 1909, p . 287; Winslow, 
1917 p. 13); Magic~an Lake Cass and Van Bu
ren Counties (F.C . Baker, 1914)i· southwestern 
Berrien County (F. C. BaKer, 19 5); Chippewa 
County (Winslow, 1917 p. 5 13); Alcona and 
Oscoda Counties (Winslow, 1921, p . 3)~ Dickin
son County (H . B. Baker, 1922, p . 261· Copper 
Harbor, Keweenaw County (Goodrich 1931, p. 
4); Mackinac Island (Archer, 1934); Delta Coun
ty (van derSchalie, 1939 1 p. 3i· 1940 , p. 368); 
Livingston County (Arcner, 939, p. 9-10); 
Washtenaw County \Goodrich, 1943d, p . 13)i and 
most of the other counties (!!alker, !906, 
chart). 

D. cronkhitei occurs in the Wisconsinan de
posits at Sodon Lake, Oakland County (Cain et 
al., 1950, p. 541); a Saline River terrace in 
Monroe County (l(app and Kneller, 1962, p. 140); 
and Fourmile Lake, Washtenaw County (Camp, 
1973 , P.· 22). It occurs in each of the depo
sits of the present study. 

Helicodiscus parallelus (S~y. 1821) 
H. parallelus is generallydistributedalong 

the Atlantic Coast westward to Manitoba 1 Min
nesota, South Dakota, Iowa, Kansas, ana New 
Mexico. It has also been ·reported from Idaho, 
California) andColorado (?) (La Rocque, 1970, 
p . 684-68 5 . 

This species is found in deciduous and coni
ferous woodlands bog hummocks, and along 
floodplains. A shady moist hab~tat usually 
in leaf litter or under logs;.. bark, andstones 
seems to be preferred. In uickinson County, 
Michigan it occurred in the following habitats: 
rock outcrops, sandy outwash plains, hardwood 
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forests, cedar- tamarack bog, arborvitae swamp, 
woodland clearingh and floodplains \H. B. Ba 
ker , 1922, p. 24-..::9) . In Livingston County 
it was found in the oak-hickory community ana 
several man-made habitats (Archer, 1939, p . 8, 
10-13). 

H. paralle lus is of general distribution in 
Michigan. It has been recorded from Ontonagon 
County (Ruthven, 1904, .P.· 190); Isle Roiale 
(Walker, 1909, p . 288; Winslow, 1917l p. 3); 
Alger and Schoolcraft Counties (Wins ow, 1917 , 
P. · 6, 13)t· Alcona County, (Winslowbl921, J>. ::l); 
Machnac sl and (Archer, 1934); elta County 
(van der Schalie, 1939, p. 3); the Ann Arbor 
relion , Washtenaw County (Goodrich, 1943 1 p. 
12 ; and a number of other counties (WalKer , 
1 9 o , chart) . 

Specimens of ~i sconsinan age have been re 
ported from Gratiot County (Hale et al ., 1903 , 
p . lOl)i Sodon Lake, Oakland County (Cain et 
al. 1,195u, p. 541); and a Swline River terrace 
in Monroe County (Kapp and Kneller 1962 , p . 
140) . It occurs in the Little Goose Lake and 
Marl Lake deposits of the present study. 

Family Succineidae 

Oxy,loma re tusa (Lea , 1834) 
'lhe general distnbution of Oxyloma retusa 

seems to indicate a northern species. It is 
found h:.omMain~ ~pNew Yor.k; Ohio and Michigan 
west to Iowa and Montana; ~nKentucky, Georg~ a 
Wyoming andColorado·l fromNewfoundland through 
Quebec to British Co umbi a; and north to Alas
ka and the Northwest Territories (La Ro cque , 
1 97 0' p. 6 98-6 99) . 

Amphibious ·habits characterize this species . 
It is often found on shoreline vegetation of 
water bodiesi in plant debris, and in marshes 
(La Rocque, 970, p. 697-699). 

0, retusa is wi-dely distributed inMichj.gan . 
It has bee·n collected from Port Austin , Huron 
County (Walker and Lane, 1900 , p . 250); Onto
nagon Counti (Ruthven, 1904 p . 250)j Isl e 
Rorale (Wa ker, 1909, p. 28S-289; w~nslow , 
19 7 p. 13); Magician Lake Cass and Van Bu
ren tounties (F . C. Baker1 1914)i· southwestern 
Berrien County (F. C. Baker 915); Alger 
County (Winslowi 1917, p. 6, i3); Alcona Coun 
t_y (Winslow , 921, p . 3); Dickinson County 
(H. B. Baker , 1922, p. 6, 15 18, 26) Good 
rich and van der Schalie, 1939, p. 10); Meno 
minee County (Goodrich and van der Schalie , 
1939, p. 10); Delta County (van der Schalie , 
1939 , p. 3)· the Ann Arbor area , Washtenaw 
County (Goodrich,,, 1943, p. 14); and several 
other counties (!!alker , 1906, cnart). 

Wisconsinan 
Lake, Oakland 
541) and the 
study . 

sp_ecimens are limited to Sodon 
County (Cain et al. , 1950, p . 
three deposits of the present 

Quickella vermeta (Say, 1829) 
Confusion in the taxonomr of this species 

and Succ inea avara has resu ted in sketchy in
formation about the distribution and ecology 
of this SP.,ecies. It occurs from Delaware to 
Iowa, in North Dakota and Michigan, Alberta, 
Manitoba Ontario, and Quebec. Q. vermeta in
habits shoreline area.s of lakes and ponds (La 
Rocque, 1970, p. 699). 

Walker (1906, P.· 503) reported a general 
distribution of this species throughout Michi
gan. The only Wisconsinan occurrences are in 
the three deposits of the present study. 
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Family Strobilopsidae 

S t rob il o p s a f f in is Pi l s b ry , 18 9 3 
S . affinis occurs in Ontario and Alberta; 

the New England states; New Jersey westward to 
Kansas, northward to M1chigan

1 
W1sconsin , and 

Minnesota, southward to 0l(lanoma Texas Ar
kansas , and Alabama (La Rocque, 1!110, p. 715). 

Floodplain andmarsh shoreline habitats seem 
to be favored by this species . S . affinis pro
bably has a wide distribution in Michigan; 
however, . confusion with S . labyrinthica has 
limited the number ofknown occurrences . Walker 
(1906, chart) records it for Eaton, Genesee, 
Kent, Lapeer, Lenawee, Macomb, Oakland, St. 
Joseph 1 and Wash tenaw Counties . It has also 
been hsted for the Ann Arbor region, Washte
naw County (Goodrich, 1943, p. 23) and for 
grass marsh and fern meadow communi ties in 
Livingston County (Archer, 1939, p . 6). 

S . aifinis ofWisconsinan age was found 1n 
each of the deposits of the present study . 

Family Pupillidae 

Gastrocopta contracta (Say, 1822) 
This snail occurs from Maine toVirginia and 

westward to Illinois, Iowa, · and North Dakota; 
New Brunswick to Man1toba; andinAlaska, Kan
sas, Oklahoma , Texas

1 
Georgia , Florida, and 

MeX1co (La Rocque, 19 0, p . 720-721) . 

G. contracta is found in moist shady areas 
of fields and woodlands. It occurs in or a
round dead logs, bark , and leaf litter (La 
Rocgue, 1970, p. 720). In Dickinson County, 
Micliigan it has been recorded for hardwood 
forests and floodplains associated with tag 
alders , dogwoods~, hazels, and ashes (H . B. 
Baker, 1922 p . ..:5-26) . It was found in fern 
meadow , willow- red osier-dogwood , sassafras, 
oak-hickoryC ~nd artificial communities in 
Livingston ounty (Archer, 1939, p . 6-8, lO
ll) . 

G. contracta is found throughout Michigan . 
It has been recorded for East Saginaw, Sag1naw 
County (Walkeri 1894, p . 127 )\ Oiitonagon Coun
ty (Ruthven 904, p. 1901; Alcona County 
(Winslow.._ 1921, p . 4)i· Cheboygan County (Ar
cher, 19.>6, p. 6); De ta County (van derScha
lie 1939, p . 3); the Ann Arbor vicinity, 
Washtenaw County (Goodrich, 1943,~, p. 13)j and 
a number of other count1es (walker, 1906, 
chart). -

Wisconsinan occurrences of this snail have 
been reported from Sodon Lake, Oakland County 
(Cain et al. 1950, p, 541)· a Saline River 
terrace in Monroe County CKapp and Knelleri 
1962, 11.· 140); and Little Goose Lake and Mar 
Lake oT the present study . 

Gastrocopta pentodon (Say, 1821) 
G. pentodon occurs throughout the United 

States except on the Pacif1c Coast. l.t is 
found in the southern provinces of Canada, 
Mexico, and Guatemala (La Rocque, 1970, p . 
723-724). 

G. yentodon inhabits wooded and open slopes 
and lorests. It lives amongst plant debns , 
under bark and dead wood (La Rocque, 1970, p. 
7?3) . In Livingston Cc;>unty, M.ich1g!ln the spe
Cles was found assoc1ated w1th fllrch-maple, 
oak-hickory, and artificial communities (Ar
cher , 1939, p. 5, 6, 8, 10-12). 

It has· been identified from the following 
Michigan localities: East Saginaw, Saginaw 

County (Walker, 1894, p. 127)j Benzie
0 

Gratiot, 
Kalamazoo, Kent, Macomb, Oakland, ntonagoil, 
St . Clair, and Washtenaw Counties (Walker, 
1906, ch·art). 

It has been identified from Wisconsinan de
posits near Colon in St . Joseph County (Woot 
ton, 1974) and fromLittle Goose Lake, Lenawee 
County of the present study . 

Gastrocopta tappaniana (C. B. Adams, 1842) 
The species 1sdistributed from MBlne toFlo

rida west toOntario, Minnesota, South Dakota, 
Iowa , Illinois, Kentucky, and Alabama. It has 
been reported from Kansas~, Oklahoma~, Texas, 
and Arizona (La Rocque , 197u , p . 725-t26) . 

G. ta_ppaniana occurs in 
shes, floodplains; usually 
litter . It was found in 
Dickinson County, Michigan 
p . 29 ). 

low wetlands, mar 
under wood or plant 
an alder swamp in 
(H. B. Baker,l922 , 

This species is generally distributed through
out Michigan . . It has been found at the fol
lowing localities: EastSafinawh Saginaw Coun
ty (Walker~.l894 1 .P. 126): sle noyaie (Walker, 
1909 p. 2o5); Aicona County (W1nslow, 1921, 
p . 4); the Ann Arbor vicinity, Washtenaw Coun
ty (Goodrich , 1943 , p. 2l)l· and several other 
counties in Michigan (Wa ker, 1906, chart) . 
It occurs in each o!the three deposits of Wis
consinan age of the present stuay . 

Vertigo morsei (Ste~ki 1894) 
V. morsei ranges from New York and New Jer

sey westward to Illinois . It also has been 
found in southern Ontario and Kansas (La Roc
que , 1970, p . 736-737) . 

Very little· information is available on the 
ecology of this species. It seems to be an 
inhab1 tant of floodplains and wetlands. 

Walker (1906, p. 516) has recorded this spe
cies from Eaton and Kent Counties in Michigan . 
Goodrich (1943, p. 22) lists it for the Ann 
Arbor area, Washtenaw County. It has been re
ported from Wisconsinan deposits in Bay and 
Washtenaw Counties and from three locah ties 
of the present study. 

Family Valloniidae 

Vallonia pulchella (Muller , 1774) 
V. pulchella is found throughout the United 

States, but its distribution 1n the southeast 
and Pacific states is unclear because of the 
uncertainty of Qublished records . It also oc
curs from Nova Scotia and Newfoundland west
ward to Manitoba and in Alaska (La Rocque, 
1970 , p. 757-758) . 

The species seems to have a wide range of 
habitat tolerances . It has been collected from 
open fields, pastureland , and occurs around 
old building foundations (Arche :-, 1939, p . 10-
13). 

V. pulchella occurs throughout the Lower Pe
ninsula of Michigan . It has been listed for 
East Saginaw

1 
Sag1naw County (Walker, 1894, . 

p. 126) · Is e Royale (Walker, 1909 p . 288; 
1906, chart); the Ann Arbor area, Washtenaw 
County (Goodrich, 1943, _p. 13); and Ingham, 
Kent, Lapeer, Mackinac, Monroe .1 Oakland, and 
Wayne Counties (Walker1 1906, cnart). Wiscon
sinan specimens have Deen found at Founuile 
Lakei Washtenaw County (Camp, 1973, p . 22) and 
Litt e Goose Lake and Lime Lake of tlie present 
study. 



Vallonia costata (Muller, 1774) 
V . cos tat a ranges fx:.9m Alberta eastward to 

Que bee, Maine, and New York i southward to Vir
ginia; and westward to Illinois (La Rocque, 
1970, p. 760). 

This species occurs in a number of diverse 
habitats from wet floodplains to woodlands to 
limestone talus slopes (La Rocque, 1970, p. 
7 59) . 

Walker (1906 p. 521) listed this species as 
uncommon inMichigan; occurring only ·1nOwosso, 
Shiawassee and Monroe Counties and on Isle 
Royale. It has also been found on Mackinac 
Island (Archer, 1934); in Livingston County 
(Archer, 1939, p. 10, 12); andWashtenaw Coun
ty (Goodrich, 1943, p . 221. 

V . costata was found in the Wisconsinan de
posits at Little Goose and Lime Lakes of the 
present study. 

Family Cionel1idae 

Cionella lubrica (Muller 1774) 
C. lubrica 1s found throughout the United 

States) Canada, and Mexico (La Rocque 1 1970, 
):! . 770 . It occupies a number of haoitats; 
floodP.lain, marshy shoreline, woodland, grassy 
open fields, talus slopes

6 
and rock outcrops 

(La Rocque, 1970 , p . 769-77 ) . It usually oc
curs under leaf litter, logs, stones, or de
bris . 

The snail is fenerally distributed through
out Michigan. t has been listed from Onto
nagon County (Ruthven, 1904, .. P· 190); Isle 
Royale (Walker, 1909 p. 288· Winslow 1917, 
p . 13); Schoolcraft tounty (~inslow, 1917 1 p . 
b); Alcona County (Winslow, 1921 , p . 4)\ Dtck
inson County (H. B. Baker, 1922, I? · 261; Cop·
per Harbor, Keweenaw County (Goodrich, 1931, 
I!· 4); Mackinac Island (Archer, 1934); Delta 
County (van der Schalie, 1939 p. 3); the Ann 
Arbor area, Washtenaw County {GOodrich, 1943, 
p. 13)

6
· and a number of other counties (Walk

er , 196, chart) . 

Wisconsinan specimens have been found at 
Fourmile Lake, Washtenaw County (Camp, 1973, 
p . 22) and at Little Goose and Marl Lakes of 
the present study. 

CLASS BIVALVIA 

Order Teleodesmacea 

Family Sphaeriidae 

Sphaerium rhomboideum (Sal, 1822) 
This sphaeriid occurs rom Maine to Penn-

sylvania andwest through Ohio, Michigan, Wis
consin, Minnesota, South DakotaN Montana, to 
Idaho. In Canada 1 t ranges from ew Brunswick 
west to AJ:.be rta and possibly British Columbia 
(La Rocque, 1967, p . 301-302; Clarke, 1973, p. 
140-1411. 

S. rhomboideum is an inhabitant of muddy bot
toms· of large and small 1 akes, streams and 
rivers (Hernngton, 1962, p. 25; Clarke, 1973, 
p . 141) . 

In Michigan this species has been recorded 
from the Saginaw River, Saginaw County (Walker, 
1894,..p.129); theUnion R1ver;.. Ontonagon Coun
ty (nuthven, 19041. p . 19lt uoodrich and van 
der Schalie 193~. _p. 311; Chippewa County 
(Winslow, 1917, p. 12; Goodrich and .van der 
Schalie, 1939, p. 31); Tamarack Lake, Dickin-
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son County (H. B. Baker, 1922, p. 40); and 
Luce, Mackinac, Marquette, Menominee, and 
Schoolcraft Counties (Goodrich and van der 
Schalie, 1939, p. 30-31). 

Wi s con sin an specimens have been found at 
Marl Lake.., St . Joseph Countr. (Semken et al., 
1964, p. o30) and at Marl Lake, Livingston 
County of the present study . 

Sphaerium sulcatum (Lamarck, 1818) 
S. sulcatum ·is distributed fr.om New Bruns

wick to Virginia and west to Illinois, Iowa, 
Montana~ Wyoming, and Alberta (LaRocque, 1967, 
p . 303-.304) . 

This species is an inhabitant of sandy bot
toms of small lakes and pools in rivers and 
streams (Herrington, 1962, p . 29) . It occurs 
throughout Mich1gan. S. sulcatum has been re
ported fromChippewa County (Winslow~. 1917i p. 
11; Goodrich and van derSchalie, 193~. p . 2); 
Alcona and Crawford Counties (Winslow, 1921, 
p. 5); in l'akes and creeks of Oickinson Coun
ty (H. B. Baker, 1922, p . 6 18; Goodrich and 
van der Schalie, 1939 , P. · 11); Menominee Coun
ti (Goodrich and van der Schalie, 1939, p. 
1 ); and the Ann Arbor vicinity, Washtenaw 
County (Goodrich, 1943, p . 19). lt was found 
in the Wisconsinan depoSlts of Lime and Marl 
Lakes of the present study. 

Pisidium casertanum (Poli, 1791) 
P. casertanum occurs throughout North Am e r 

ica, as far north as the southern Arctic Isl
ands. It also occurs in South America , Eura
sia~ Africa, and Australia ' (La Rocque, 1 967 , 
p . .l43; Clarke .. 1973, p . 173-174) . 

This species may inhabit a wide range of a
guatic habitats , both permanent and temporary . 
It has been found in large and small lakes , 
permanent and temporary ponds, rivers, stre ams, 
swamps, and temporary pools (La Rocque , 1967, 
p. 342; Clarke, 1973, p. 174) . P. casertanum 
usually is found on a mud substrate , but may 
also be found on sand (Clarke, 1973, p. 174) . 
It is usually found in shallow water (0 . 5 to 
3 meters) (La Rocque, 1967 , P.· 343), but bps 
been collected atdepths of 35 to 40 meters 1n 
some European lakes (La Rocque, 1967, p. 342-
343). It is able to tolerate seasonal desic
cation because of its burrowing habit (La Roc
que, 1967, p. 343) . 

P. casertanum is one of the cpmmonest SP.hae 
riids in Michigan. It has been reported for 
Lake Gogebic,Ontonagon County (Ruthven, 1904 , 
p . 191); Isle Roiale (Walker , 1909 p. 296); 
a brook in Schoo craft County (Winslow, 1917 , 
p . 12); temporary swamps in Dickinson County 
(H. B. Baker, 1922, p. 15 41)· near White 
Lake'" Oakland County (F . t . Bakeri 1926L p. 
51, :>2); Independence and Arno d's akes, 
Washtenaw County (Goodrich, 1943, p . 26)· and 
in Fleming and Mill Creeks in Washtenaw toun
ty and Ore Creek in Livingston County (Heard, 
1965, p. 384, 385). 

Wisconsinan specimens have been found in a 1 Saline River terrace in Monroe County (Kapp 
and Kneller, 1962, p. 140) and a marl iiepos1t 
near Colon, St. JoseP.h County (Wootton, 1974) . 
P . casertanum was found in each of tne three 
deposits of the present study. 

Pis idium obtusa le Pfeiffer, 1821 
P . obtusale occurs from Maine through Vir

Kinia and west through the northern states to 
Missouri, Iowa, South Dakota and Minnesota. 
In Canada it is found from the Northwest Ter
ritories and Alberta eastward to Quebec . It 
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also occurs 1n Montana 
and Eurasia (La Rocque, 

and Arizona, Mexico, 
1967. p. 346-347) . 

This is a species of lakes and ponds. It oc
curs on various bottom sediments and at vari
ous depths (shallow and up to 12 meters) (La 
Rocque, 1967, p. 347). 

In Michigan, P . obtusale, including P. ob
tusale form rotundatum~, has been recorded from 
Isle Royale (Walker, 1~09.., p. 296); Dickinson 
County (H . 8. Baker, 192..:: p. 7, 42)· White 
Lake, Oakland County (F. t. Baker, 1926, p. 
50); and the Ann ArbOr area, Washtenaw County 
(Goodrich, 1943, p. 25). 

Wisconsinan specimens h ·ave been collected 
from marl depos1 ts in the Bad Axe area of Hu
ron County ~Walker and Lane 1900, .. P. 2 52) 
and near Colon, St. Joseph County (Wootton, 
1974). It occurred in the Lime Lake deposit 
of the present study. 

Paleoecology 

GENERAL STATEMENT 

Paleoecologic reconstructions ofPleistocene 
environments have an advantage over those for 
earlier feologic time for many of the species 
are stil part of the present environment. In 
the case of lacustrine environments this is 
even more true . Representatives of all mol
lusk syecies collected during this study are 
still i ving although some are apparent! y ex
tinct in southern M1chigan. If one may assume 
that the species occupied the same type of en
vironment in the Wisconsinan as they do today , 
one needs only to study the ecology of living 
species to obtain an understand1ng of their 
probable ecologic niches during die Wiscon
sinan . Regrettably, only limited data are 
available for present species and the lacus-

· trine environment involves a complex interac
tion of physical, chemical, and b1ological pa 
rameters. In the paleoecologic interpreta
tions that follow, care has been taken to con
sider as many of these factors as possible. 

In this study several terms are used for de
scribing the occurrence of mollusks in an en
vironment. Indigenous species are those spe
cies that lived in the environment where the 
sediment in which they are preserved was de
posited. They are found throughout a litho
logic unit representing that enVl ronment, often 
in large numbers. The nature of the species 
must be considered for some species are known 
to be extremely abundant, e.g. Valvata trica
rinata, Fossaria sp., and Gyraulus parvus (La 
Rocque

1
.1966, p. 18) whereas others e . g . fres~

water 1mpets are never very common even 1n 
favorable habitats. Intruders are species 
that are foreign to the area where they are 
preserved. They are often scattered through
out a section and are less abundant than the 
indigenous species. Lacustrine deposits are 
predominantly thanatocoenoses, that is, mix
tures of both indigenous species -and intruders 
that have been deposited together after death. 

The abundance of a species at any time is 
partly determined by the availability of its 
specific ecologic requirements and· theeffect
ive poJ!ulation of its competitors and preda
tors. However, this relative abundance 1n the 
natural environment of a particular species 
may be dif.ficult to estimate on the basis of 
its relati ·ve abundance in a fossil assemblage. 
As an example currents and waves may lead to 
transport and hydrodynamic sorting of empty 
shells in the shore zone. 

Amor;tg the indigenous species and intruders, 
certa1n species may be considered significant 

species. A significant species is one that 
makes up a considerable volume of the sample, 
i . e . , 1t is either extremely abundant or of 
large shell size (e . g., Helisoma). Thus, not 
all indigenous species are necessarily slgni
ficant1 nor are all intruders necessarily in
signiflcant. 

The sediment is the key to the geologic his
tory of a lake basin but in most cases only 
the latest stages of a lake history are ob -

. tained bY. pit sampling such as that used in 
this stui:ly . It must be remembered that the 
interyretation made from a section is only va
lid for the immediate area. It does not ne
cessarily apply for the entire la~.e basin . In 
the typical marl l.ake the . stratigraphic coluf!!n 
conta1ns three malor sediment types . The ori
ginal lake basin Iormed on tilloroutwash, so 
the lowermost sediment is gravel and sand . A
bove this is a unit of marl, often of consid
erable thickness. The section is cappedbr.a 
peat unit , rep resenting the final filling - in 
of the .lake . Thus, the sediment indicates a 
gradual transformation of the lacustrine en
vironment into a terrestrial one , 

The fossils enclosed within the sediment u 
nits also reflect the chan~e in habitat. Na
iades, characteristic open water inhabitants, 
often dominate the lower sandy unit . Fresh
water mollusks 1 ostracodes, diatoms, and cha
rophytes are cnaracteristic of the marl zone . 
The peat and muck, if fossiliferous, contain 
mainly land snails, insect remains, and plant 
fragments. · 

The molluscan fauna allows a further break
down of the sediment units not readily obser 
vable in the sediment column. Dexter (1950), 
in his study of Dollar Lake, Portage Countro 
Ohio, reported a water level rise of 8 to 
inches during periods of increased runoff and 
precipitation and a correspondin~ decreas e of 
7 to 8 inches during droughts . lbese fluctu
ations respectively increased and decreased 
the range of freshwater mollusks living in 
nearshore areas (Dexter 1950) . The range of 
terrestrial forms living in the fringing marsh 
would also be affected br. the fluctuations, 
but in the opposite direction . These changes 
in distribution are reflected in the sediment 
column as variation in the abundance of spe
cies from collection to collection . Tempera
ture conditions may also bedetermined from an 
analysis of the fauna. Certain mollusks and 
assemblages of mollusks, e . g. Ly111.naea stagna
lis and ctenobranchs in general are indicative 
of cooler wwter temperatures and prese ntly on
ly inhabit more northern regions (La Rocque , 
1966; Frye and Leonard, 1967, p . 434). 

LITTLE OOOSE LAKE, LENAWEE COUN1Y 

Glacial Geology. Little Goose Lake IS 
located along an Interlobate moraine of the 
Saginaw and Erie lobes (Martin, l955;,Zumberge, 
1960 p . 179; Striker and Harmon, 1961, p. 54) . 
To the we~;t of the lake is an extensive pitted 
outwash plain and to the north lies a north
east-sout.hwest trendingesker. These features, 
considered with the over-all toP.ography of the 
area, indicate that the ice front must have 
ex tended in a northwest- sou the as t direction 
and have been verr near the present Goose Lake 
for a considerab e length of time . The lake 
formed from the melting of a stagnant ice block 
covered by outwash deposits after the ice re
treated from this area durinf the Carey Sub
age (Striker and Harmon, 196 , p. 54) . Little 
Goose Lake was P.&rt of a much 1 arger · lake 
which also inclui:led Lake Columbia and Goose 
Lake as indicated bY. buried marl deposits along 
·parts of the shoreline and extensive muck soils 
In the surrounding lowlands (Striker and Har-



in the surrounding lowlands (Striker and Har
mon 1961, map 1). Goose Lake revealed sev
erai different surficial sediment types. The 
sediment directly underlying the marsh vege
tation was a dark-browlJ. peat. This ilatenal 
caps a low wave-cut bluff above the beach zone. 
Several auger borings were made in_ the marsh 
on the north side of the lake. The borings 
revealed continuous muck and peat to a depth 
/of 3 feet. Striker and Hanton (1961, map 1) 
reported that the soil in this area is Edwards 
Muck . The Edwards Series overlies marl in 
marshes and lowlands (Str~ker andHariiOn~.l961, 
P. · 10~. ~profile descnption ·of the r.owards 
Muck 1s pven below. · . 

0-12 in. very dark-brown to black; muck 
12-24 in brown to very dark brown; 

mucki ••Y contain a few 
smal 4hell frapents 

below 24 in. light sr!IY to darli gray, marl, 
foas1,h ferous 

(Adapted froa Striker and Haraon, 1961, p . 10) 

Along the eastern shore the peat zone ia less 
than 1 foot thick. Below the muck · an~ pea~ is 
a layer of gray marl, a ·t least 6 fee~ 1n thlek
ness as dete~tned by an auger bonng. 

At time·soflow water the beach zone at lit
tle Goose Lake is covered · by a layer of mol
lusk shells and frapenta. Below this thin 
layer of coarse shel.l mate·ri al is a zone of 
sandy shell marl underlain by a gray marl. The 
sandy marl may be the result of the winnowing 
action of waves which· baa · removed the finer 
sedin•ents. · Marl was .deposited in the shal
lower areas of the lake forming terrace-like 
deposita. Nearshore areas were soon filled in 
by marl accuiiiUlation of terrigenous detritus, 
encroachment of plants, and lowering water 
level. Marsh vegetation claimed nearsh(lre a
reas and peat was depoaited on the marl. Wave 
action durinJ times .of high water eroded a 
section of tfie peat and formed a beach and 
wave-cut: bench . . 

Stratigraphic Section 

Unit Collection Description Thickness 
<Incbea) 

Dark- brown peat, &·bun- · 1-2 

2 3-4 

3 s:..u 

4 12-33 . 

5 34-43 

dent plant matter, aome 
mollusk shells. Upper 
12 inches· not aampled 

Peat-marl transition 

16 

4 

Li,tlt tan marl fossil
iferous (mollusks, os-
tracodes, charophytes) · 14 

Brown marl, fossili'fer-
ous (mollusks, oatraco~ 
des, charophytea, abun-
~ant . plant matter, peaty 
tn upper part 44 

Dark gr.ay marl, fossil
iferous ~mollusks, os
tracodes, charophytea). 
Coll. 41-43 not steved. 
Coli. 42 and 43 are 4 
in. thick __ g! 

Total 

Faunal abun·dance 
Hale et al. · (1903) listed'. tlie following Mol

lusca fro• the Goose Lake marl without abun-
dance data, · 
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TABLE 2. Pleistocene Molluscan Fauna of Goose 
Lake Deposit. (Adapted from Hale et al . 

___ !~~~2-------------------------------------
Naiades 

P1sidiu111 adatasi· 
P. ferrugineutll 
P. nitidua 
P . variabile 
Sphaeriu• rhoaboideua 
S . sillile 
S . striat inua 

Aanicola lilllosa 
.A . lustrica 
A. walkeri 
Valvata sincera 
V . tricarinata 

Fossaria humilis 
Fossaria obrussa 
Gyraulus parvus 
G. dcflectus 
He l i.sollla anceps 
H. campanu la tum 
Ly•naea stagnalis (?) 
Phy sa e ll i p t i c a 
P . heterostropha 

Carychium exiguum 
Euconulus fulvus : 
Gastrocopta pentodon 
Vertigo elatior 

The mollusks collected in the present study 
are listed in Table 3 and the more important 
!Peci~s are included in Plates I through IV . 
'lbe Little Goose Lake section yielded 36 mol
lusk species, including 22 terrestrial pulmo 
nates, 4 ctenobranchs, 9 aquatic pulmonates , 
and 1 sphae riid . 

Indigenous mollusks are Fossaria obru ss a , 
Gyrau~u~ parvus,Ht;lisollla .anceps, Physagyrina , 

•and Pu Ldwa casertanum 1n the marl part o f 
the section <Units 3, 4, and 5) . Collection s 
from the lower· 4 feet of the section (Units 4 
and 5) yield se'veral other indigenous spe ci es 
---A•nicola li111osa, A . lustrica, Val vata tri 
carinata, Gyraulus circumstriatus, and Heli 
so•a ·Ca111panulatu111. Carych ium ex iguum, Ga s t r o
copta c·ontracta, . G. tappaniana Helicodi sc u s 
ll_arallelus, Oxylo111a retusa, Quic~ella verm e ta, 
Strob i loP,s affinis, and Vertigo mor s e i a2p e a r 
to be i ncli genous during the depo si ti on o I th e 
p_eat (Unit 1). The ugnificant speci es a re 
Gastrocopta taJll>aniana,Oxyloma retusa ~ Qu ic k 
ella vertlle~a •. ~assaria obrussa , GyrauLus par
vus, and PtsLdLulll · cas~?rtanum . The peat also 
contains a significant nun.ber of Cary c h i um 
eJdguua, Helicodiscus parallelus, and Strobi 
lops a/finis. 

Fossa ria .ob'russa and Gyrau lus P.arvus show 
two peaks of maximum abundance \Plate III), 
one 1n the Iipper part 'of the marl (Unit 3<) and 
the other 40 1nches below the surface (Unit 4) . 
Pisidiua casertanu• exhibits similar peak ab
undances, · but · the .large number contained in 
~ollection 26 (Plate IV) . may be due to sampl 
tng ·error. The terrestnal pulmonates---Gas 
tt:ocopta .taP.paniana, Ox) lo"!a re tusa, Quicke lla 
verae .ta, ana Verttgo 111orse1 undergo a sudden 
increase in number between the peali abundance 
of the aquatic fonas. 

Ost.racodes are present in most of the col 
lections, but are most 11bundant in lower Unit 
4, the brown •arl. Candona ohioensis is ex 
tremely common frou: C>!lection 24 to 33. Cy 
pridopsis vidua is abundant throughout Unit 4 
and upper Unit 3 . . Candona acuta, C. truncata, 
Candol'}a ap .,,. and Cyclocjpris · sp. have also 
been tdentl f1ed . 

The · relative abundance of shells in each 
collection is fairly constant throughout the 
littl~ Goose Lake section (Table 3).. Lower 
Unit 3 (Coll. 8-11) contained the lowest es 
tintated total number of mollusks . 

Nature of the environ111ent 

. The mollusks of little Goose Lake inhabited 
the waters ajld shoreline of a large kettle 
lake . Unit 5,. a dark gray marl, ·probably re -
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presents the initial nrarl deposition in the 
lake . The aquatic molluscan fauna was most 
diverse during this stage.. Twelve species were 
present. Gyraulus parvus was the dominant 
species dunng this early stage; followed by 
Fossaria obrussa. Gyraulus Rarvus favors water 
from 1 to 4 feet deep with abundant vegetation 
(La Rocque,~. 1968 , p. 491; Harman and Berg, 
1971, p . 3.:) . F. obrussa is an amphibious 
form hving on debris in shallow water and a
long the shoreline (La Rocque, 1968, p. 475). 
Many species of Fossaria are known to live on 
emergent vegetation and mud flats (La Rocque, 
1968, Q_. 467-482· Harman · and Berg 1971, p . 
20) . . Terrestrial gastropods are oniy repres
ented by small numbers of Oxyloma retusa and 
Ouickella vermeta . Thus, themollusks of early 
Little Goose Lake tend to indicate a time of 
shallow water and adequate vegetation for the 
area of the section . The paucity of land 
snails may be explained by the absence of suit
able habitats along the shore . Marsh vegeta
tion and mud flats are i nh abi ted by some suc
cineids (Strandine, 1941; L·a Rocque , 1970b p. 
708), which accounts for the presence of xy
loma and Quickella . The absence of any dis
tinctive woodland species such as Nesovitrea 
electrina, Stenotrema leai, and Zonitoides ar
boreus (Frye and Leonard, 1967, p. 433; La 
Rocque, 1970, p. 624

1 
652) indicates that the 

immediate are.a probaoly did not yet support 
deciduous forests. If the shoreline did have 
favorable habitats for terrestrial snails per
haps it was at some distance from the section 
and the shells were not washed into the area. 
The succineids could have reached the area on 
emergent vegetation and floating plants and de
bris . 

Cooler water temperatures are s~ggested by 
the presence of large numbers of ctenobranchs 
in Unit 5. Frye and Leonard (1967, p.433) 
have indicated that a predominance of cteno
branchs points to cooler water temperature. 

The fluctuations in ostracode abundance are 
at least partially due to temperature varia
tions (Fuitos, 1':133, p. 420· Delorme, 1971, 
chart) . Candona acuta, which is common in U
nit 5, may be typicul of cooler water habitats 
(Hoff , 1942 p. 100· Staplin, 1963, P.· 763; 
Teeter, 1976 , P. · 581) . Cypridops is viiiua to
lerates most freshwater environments and is 
uncommon only in cold water with little bottom 
vegetation (StaQ_lin, 1963, p. 1183; Teeter , 
1970, p. 587). Thus the pres~nce of C. vidua 
in Units 4 and 3 suggests an increase in water 
temperature . Candona ohioensis is most common 
in lakes bordered by mixed forests and ranges 
northward to the southern edges of the boreal 
forest (Delorme, 1970, p . lll2) . 

The sedimentary boundary between Unit 5 and 
Unit 4 , a brownish marl, ~s irregular and not 
well marked by changes in mollusk abundance. 
Gyraulus parvus is extremefy abundant (69.2%) 
in the lower half of this unit , but abruQ_tly 
drops innumbers (3 . 4%) in Collection 21. l'"os 
saria obrussa also exhibits a decrease in ab
undance in the upper part of Unit 4 . The di
versity of terrestrial gastropods is much 
greater than in Unit S---now representatives 
of 12 species are present. In the upper part 
only 4species of aquatic mollusks are present . 
The reduction in abundance of F. obrussa and 
G. parvus correlate's well with theincrease in 
abundance ofDeroceras laeve, Gastrocopta tap
pan.iana, andQuickella vermeta. This suggests 
that the lake waters temporarily receded from 
the area of the section p 1·obably du.e to a 
drought. During this time terrestrial forms 
may nave been tfie indigenous species . Unit 4 

. sediments seem to have a peaty nature at this 
level. A thin buried peat zone was noted in 
an earlier study of the Little Goose Lake area 
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(Camp
1 

1972, p. 76). The absence 
brancns in upper Unit 4 supports 
climatic trend. 

of cteno
a warming 

Unit 3, a tan marl, marks the resumption of 
aquatic conditions in the a rea . The boundarr. 
between Units 4 and 3 is irregular and markeil 
by an increase in the divers~ty of mollusks. 
Table 3 shows an apparent increase inpercent
age abundance of mollusks in lower Unit 3; 
however, this is only the result of picking 
a larger volume of sediment to obta1n 1000 
indiVIduals. 

The gradual transition from the marl of Unit 
3 to tlie peat of Unit 1 is designated as Unit 
2 . This unit marks the second major encroach
ment of plants or. the section area. Peat be
gan to fo .rm in the shallow nearshore zone . 

Peat deposition continued in Unit 1 allow
ing terrestrial snails to repopulate the area . 
The presence of Helicodiscus parallelus, Re
tinella indentata, Stenotrema leai, and Zoni
toides arboreus P.oints to the occurrerJce of 
deciduous woodlands near the lake (Frye and 
Leonard , 1967, p . 433; La Rocque, 1970, p. 619, 
684) . 

Molluscan Ecology 

General. A general study of the living 
mollusks in the sliallow littoral zone of Lit
tle Goose Lake, Lenawee. County allowed tenta
tive compari,on with the Wisconsinan fauna . 
Only aquatic species were examined for it is 
assumed that tlie terrestrial fauna is only par
tially represented in the Wisconsinan pe at. 
The sampl1ng was random and quantitative dat a 
equivalent to those obtained 1n the Wisconsin 
an section were not obtained. As a result the 
data are tentative . A more comP.rehensive mol 
luscan survey of this lake anil several other 
lakes in southern Michigan is in the planning 
st.age . 

Fauna . Of the 14 aquatic mollusks found 
in the Wisconsinan section only 5 reQ_resenta
tives were found living in the lake (Table 6) . 
The only ctenobranch found at Li tt.le Goose 
Lake was Amnicola .. limosa . It is found on Chara 
in depths up to 4feet where sampling was ter
minated. Fossaria cbrussa is very abundant a
long the shoreline in water up to 1 foot deep . 
It 1s often found in a periphytic niche, usu
ally on floating vegetation such aswater mil
foil. Woody debris along the shoreline is of
ten cove red with this snail . 

Table 6 . Comparison of Wisconsinan and Living 

--~~~!~~=-~~~!~~~~~-~~::!=-~~~~=-~!~=~-------
Wisconsinan Species 

Amnicola limosa 
A mn i co l a l us t r i c a 
Valvata sincera 
Valvata tricarinata 

Aplexa hypnorum 
Fossaria obrussa 
Fossaria parva . 
Gyraulus ctrcumstrtatus 
Gyraulus parvus 
Helisoma anceps 
Helisoma campanulatum 

Physa gyrina 
Promenetus exacuous 
Pisidium casertanum 

Li vi n.g Species 

Amnicola limosa 

Fossaria obrussa 

Gyraulus parvus 

Helisoma campanu 
latum 

Physa gyrina 

Pisidium casertanum 
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Gyraulus parvus is found in abundance on and 
in the marly bottom sediments . The specimens 
were collected by removing samples of the bot
tom material. A few , spec1mens were also col 
lected from floating plants . G. parvus is 
found in bottom sediment out to depths of 4 
feet where sampling was terminated. 

Pis idium casertanum is also common in and 
on the marl substrate out to depths of 4 feet . 

He lisoma campanulatum is an inhabitant of 
the periphytic niche, found on water milfoil, 
Potamogetor.., reeds, and cattails . It is rare
ly found on Chara . fl . campanulatum occurs 
wherever plant growth is well established . 
Physa gyrina either occ~;~P.ies aperiphytic n~che 
or grazes on the underSloe of the surface hlm. 
It seems to always be associated with an area 
of plant growth . 

The apparent absence of abundant ctenobranchs 
from tlieshallow littoral zone of Little Goose 
Lake is probably the result of inadeguate col
lection for they have been listed for many 
lakes in Michigan. Amnicola lustrica is usu
ally found on coarser substrate than is found 
on the marly shelf of Little Goose Lake. It 
may be found in areas of the bottom where the 
coarser glacial material underlying ·the marl 
is exposed, probably in deeper water . Valvata 
may also occur in deeper wwter . 

Aplexa hypnorum, Fo s saria parva, Gyraulus 
circumstriatus, Helisoma.anc;e_ps, and Pr9menl!
tus exacuous are not s1gn1ficant spec1es 1n 
the Wisconsinan section at Little GOose Lake 
and this seems to be the case today. If they 
are present it is improbable that they would 
be detected in a general survey. . 

Depth of water . The shallow littoral 
zone de finea as from shoreline to 4 feet in 
depth , contained abundant mollusks. Amnic o la 
l imosa , Fossaria obrussa, Gyrau Ius parvus 1-. He
lisoma c ampanulatum, Physa gyrina and risi
dium casertanum occupy various niches in this 
zone . Shells of these species are deposited 
together after death with othHr shells washed 
in from other aquatic and terrestrial habitats 
to form thanatocc(•noses. 

Water depths greater 
examined in this study . 
i~ app~ars that Valvata 
b1 t th1s zone. 

than 4 feet were not 
From previous work 

and Naiades may inha-

Bottom sediment. A fairly compacted marl 
forms the bottom of most of the shallow lit
toral zone. Directly along the shoreline shell 
fragments form the upper 2 inches of the sub
strate. These have been winnowed out of the 
marl offshore . The mollusks do not seem to 
be restricted by bottom type. 

Water turbulence . Mollusks are not found 
in areas directly exposed to wave action. In 
s9me areas, shoreline plants provide protec
tion . 

Floral associations'. Fossaria obrussa and 
Helisom~ campanulatum arecommon on water mil
foil, the dominant plant of depths less than 
2 feet . These species also occur on the sub
merged part~; of stems of reeds and cattails. 
Amntcola limosa is found on Chara which occurs 
in patches on the shallow marl shelf. 

Faunal associations. Ostracoda of genus 
Candona are found among water mil foi 1 with 
Fossaria obrussa and Helisoma campanulatum . 
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TABLE 7 . Summary Di afram of Litho logic Distribution of Mollusca from 
Litt e Goose Lime, and Marl Lakes, Michigan 

SPECIES PEAT MARL SAND 
---~------------------------------------------------------~---------

TEHRESTIUAL PULMONATES Uppe r Lower Upper Lower Top Upper 

Carychium exiguum X X X 
Cionella lubr1ca X X 
Deroceras lae ve X 
Discus c ronkh it e i X X 
Euconulus fulvus X X X 
Gastrocopta contracta X X X 
G. pento'don X 
G. tappaniana X X X X X 
Hawaiia minus c ula X X 
Helicodiscus paralJelus X X X X 
Nesovitrea binneyana X 
Oxyloma retusa X X X X X 
~uickella vermeta X X X X 

etinella indentata X X X X 
Stenotrema lea i X X X 
Striatura ferrea X 

Strobilops a{[inis X X X X X 
Triodopsis a olab r is X X 
Vallonia costata X X 
V. pulchella X X 
Vertigo morse i X X X X X 
Zonitoides arboreu s X X X X 

CTENOBRANCHS 

Amn i cola limos a X X X X X 
A. lust rica X X X 
Valvata sincera X X 
V. tricarinata X X X X 

A(}.JATIC PULMONATES 

Aplexa hypnorum X X X 
Ferrissia ~arallela X X 
Fossaria o russa X X X X X X 
F. parva X 
Gyraul us circumstr iatus · X X 
G. parvus X X X X X X 
Helisoma anceps X X X X X X 
H. campanulatum X X X X 
Lhmnaea stagnalis X X 
P ysa gyrina X X X X X 

Promenetus · exacuous X 
Stagnicola catasc opium X X 
S. palustris X 

SPHAERI IDS 

Pisidium c asertanum X X X X X X 
P. obtusale X X X 
~haerium rhomboideum X 

. sulcatum X X X 

NAIADES X X X 

---------------------------------------------------------------------
Leeches are also inhabitants of the floating 
vegetation and often are found attached to 
shells of H. campanulatu•. 

LIME LAKE, LIVINGSTON COUNTY 

Glacial Geology . 
Lime Lake is one of several small lakes si

tuated in the Charlotte moraine of the Saginaw 
lobe. To the northwest of the lake hes a 
rolling till plain and beyond it, the Lansing 
moraine (Bergguist and Pnce, no date). The 
Huron Valley Plain and interlobate moraines 
of the Saginaw and Erie lobes are southeast of 
Lime Lake (Martin, 1955). West and southwest 
of the town of Cni lson is a Q romi nen t kame 
field (Leverett and Taylor, 191~ . p . 214) . An 

esker extends from southern Genesee County in
to Livingston CountY., passing through the 
towns of Oak Grove ani! Howell and term1nating 
in a depression in the Charlotte moraine, 3 
miles west of Lime Lake (Leverett and Taylor, 
1915, p. 213) . A series of subparallel eskers 
intersect the Charlotte moraine in Ingham Coun
ty (Leverett and Taylor, 19151 p. 208; Martin , 
1955) .. The!'e suggest .a prolonged stillstand 
of the 1ce 1n th1s reg1on . 
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Figure 3. Little Goose Lake and vicinity, 
Lenawee County, Michigan . 

The Huron Valley Plain was the first area in 
the Erie-St. Clair drainage basin to become 
free of ice (Bay, 1938 p. 26). During the 
formation of the interiobate moraines , melt
water flowing into the valley built up great 
outwash deposits. Lime Lake probably formed 
in a depression left after a buried ice block 
melted . 

While the ice was at the Charlotte moraine , 
drainagt• appears to have been to the west a
long tlie moraine as far as Charlotte, in Eaton 
County, and then down Battle Creek to the Ka
lamazoo River and into Glacial Lake Dowagiac 
(Leverett and Taylor, 1915, p . 207). Drain
age continued to the west until development of 
Lake Maumee I caused drainage to turn south
ward (Bay, 1938 1 p . 32-33) . As glacial lakes 
in the Ene bas1n became more extensive, the 
present eastward drainage developed.Lime Lake 
has a present outlet to the south by way of 
South Ore Creek. 

Lime Lake, as the name implies has extensive 
marl deP.osits. Bergquist and Price (no date) 
reportea up to 12 feet of marl along the north 
shore. The lake has been dredged in recent 
years and the dredgings, consistlng mainly of 
marl, have been dumped on the nort~ shore. A 
nar.row shelf of marl projects from the north 
shore and then the water abruptly deepens. 
Auger sampling revealed 2 feet of_peat cover 
along the marshy northern shore . lbe remain
ing perimeter of Lime Lake has been partially 
developed for a cottage, farm, and camp . 

Wheeting and Bergquist (1928) have mayped 
Carlisle Muck -soils along the shore of the ake 
and sandy loams on the swells around the lake. 
Carlisle Muck consists of dark brown to black 
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Lime Lake and vicinity , Livingston 
County , Michigan . 

muck underlain at adepth of 3 feet or less by 
clay or marl. A layer of wood fragments is 
r~ported below a depth of 12 to 20 inches 
(Wheeting and Bergquist , 1928) . 

In the vicinity of Lime Lake are several 
other marl depos1ts. A deposit 10 to 14 feet 
thick occurs in Worden's Lake to the north
east (Bergquist and Price, no date) . Long, 
Crooked , and Pardee Lakes contain pockets of 
marl ·in certain areas. Marl also underlies 
much of the marshland (Bergquist and Price, no 
date). 

Although no radiometric dates are availab~e 
for this deposit, several are available 1n 
Livingston County . Borings in a much deposit 
of a small lake in the Edw1n S. George Reserve 
of ~heUniv~rsity of Michigan yielded the fol
lowlng rad1ocarbon ages . 

M- 219 
M- 220 
M-221 
M- 222 
M-223 
M- 224 

Dept\~feet) 

20 
25 

30-31 
3 5-36 
40-41 

Age (!ear$ B.P . ) 
3, ooo t soo 
4, 550 i 500 
5, 970 ± 900 
8, 570 t 400 

11,450 + 600 
11,450±600 

(Crane and Griffin, 1959, p . 173) 

In an earlier study, Andersen (1954) con
ducted a pollen analySls of a pond in the Geor
ge Reserve. The pollen at a depth of 54-55 
feet indicates a warming trend which Andersen 
(1954, p. 151) correlated with the Two Creeks 
Interval. The Two Creeks Interval ended about 
11,850 rears afo (Broecker andFarrand, 1963). 
The ear ier po len analysis is thus supported 
by later rad1ocarbon dating in the same area . 
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Figure 6 . Cross Section of Shoreline and Littoral Zone , Lime Lake, Livingston County , Mi c higan 

Another set of radiocarbon dates is available 
for a peat deposit at Dunlavy Lake in Hamburg 
Township (Crane and Griffin~ 1966 , p. 257). o\ 
core from this deposit rielaed ages of 7 .120± 
220 years B.P. at 150-65 em and 8,630t 300 
years B.P. at 200-210 em in deQth . The gla
cial stratigraphy of this area does not allow 
correlation with Lime Lake . 

Stratigraphic Section 

Unit Collection 

1 1 

2 2-12 

3 13-17 

Description Thickness 
(Inches) 

Dark-brown peat, abun
dant plant mattert.Jsome 
mollusk shells. fper 
12 inches not samp ed 14 

Gray marli fossilifer-
ous (mol usks, ostra-
codes) abundant Chara 
strands . Sandy in Co 11. 
12 22 

Tan sand with pebbles, 
fossiliferous (mol
lusks) 

Total 

10 

46 

Faunal Abundance 

Thirty species of mollusks were identified 
from the Lime Lake section-- 14 terrestrial 
pulmonates, 9 aquatic pulmonates, 4 cteno
~ranc;hs, 3 aph,~rjl" dsl and Ul)jdenti fiable ~a
lad fragments \Tab e <t). Ind1genous species 
of Units 2 and 3 are Aanicola liaosa . A . lus
trica, Valvata tricarinata, Fossaria ·obrussa, 

Gyraulus paruus , Helisoma anceps 1 Physa gy r i
n'l Pisidium casertanum, P . ootusal e, and 
Sphaerium •sulcatum . The indigenous species of 
Unit 1 are land snails , but the lower part of 
t.he unit, the only part sampled contains a 
considerable number of aquatic moilusks , mark 
ing the transition from aguatic to terrestrial 
conditions. Fossaria olirussa, Gastroc opt a 
tappaniana, Carychium exiguum, andOxylom~ re 
tusa are the most common forms of lower Unit 1. 

Terrestrial gastropod SQecies exhibit two 
maxima of abundance; one in Collection 1 (Unit 
l); . and the other inCollection5 (Unit2l 
The aquatic mollusks present in these collec 
tions show a corresponding decrease in Qer
centage abundance (Plates V, VI, and VII). 
Fossaria obrussa increases upward 1n the sec 
tion to amaximum abundance (84.6%)- in Collec 
tion 4 . Valuata tricarinata is dominant in 
Unit 3 and shows a progressive decrease in a 
bundance in Unit 2. In lower Unit 2 two spe 
cies of Pis ·idium appear. P . caser tanum began 
t~ . replace P . obtusale as the dominant sphae 
nld. 

Nature of the Environment 

The Lime Lake section reflects the inward 
migration of the shoreline into the central 
basin . The gravel and sand of Unit 3 consist 
of reworked till and outwash and represent 
the initial bottom sedimentofLime Lake . Val
uata tricarinata tolerates sand and gravel bot 
toms and depths from 1 to more than 30 feet 
(La Rocque, 1968, P. · 367). Gyraulus paruus 
also has awide preference of bottom material, 
but prefers depths less than 4 feet (L·a Roc
que, 1968 , p. 491) . Both species thrive in 
areas of abu~dant rooted vegetation (La 'Roc
que, 1968, p. 367, 491; Harman and Berg , 1971, 
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TABLE 4. VERTICAL DISTRIBUTION OF PLEISTOCENE FAUNAL ELEMENTS OF THE LIME LAKE SECTION 
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p . 32, 52) . V. tricarinata was probably char
actenstic of the lake basin dunng this early 
stage, but was gradually replaced by its com
petltor, G:r..raulus parvus in the area · of the 
section. 1his may have represented a number 
of related environmental clianges including a 
gradual warming in water temperature, chaag1ng 
vegetation, and shallowing water depth. 

The sandy bottom supperted a population of 
Naiades, which disappeared when marl began to 
form. The Naiades probably found the marl un
suitable for their burrowing activities.Sphae
riids have been reported to favor sand and peat 
bottoms over clay substrate (Dawson, 1911, p. 
37-38). The sudden disappearance of Pisidium 
obtusale in lower Unit 2 is unexplained . It 
appears that Pisidium obtusaZe and P. caser
tanull both occupied the same habitat during 
Unit 3 time. Upon the disappearance of P. ob
tusa le, P. case rtanum underwent a rapid expan
sion into areas formerly occupied by P. obtu
saZe. 

Unit 2 represents a period of active marl 
deposition. The marl shelf must have been 
covered inplaces by Chara and other algae for 
the marl is laced with algal strands and con
tains abundant Chara oogonia. The presence of 
large amounts of plant matter in the marl and 
the abundance ofGyrau Zus parvus, a species of 
heavily vegetated areas, seems to indicate that 
t~e marl also supported a rooted-plant commu
nl ty . 

P. casertanum and Gyraulus parvus lived on 
and in the marl bottom. Physa gyrina and He
lisoaa anceps occupied a periphytic niche. 
Fossaria oorussa probably lived on the mud 
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flats of the shore zone and were washed into 
the Unit 2 mar 1. 

A sharp decrease in the abundc.nce of many 
aquatic species (Plates V, VI, and VII) in 
Collection Smaybeinterpreted as due to a low 
water stage. Terrestrial snails became more 
abundant at this point . Fossaria obrussa ex 
perienced a /reat increase in numbers during 
this time an probably flourished on muddy 
flats . Water level rose again in the upper 
part of Unit 2 and a less diversified fauna of 
aquatic mollusks became re-established. Amni
cola limosa , Gyraulus parvus, HeZisoma anceps, 
Physa gyrina , andPisii:iium casertanum were the 
dominant forms (Plates V and VII). 

A terrestrial community ofvarious moisture 
loving grasses probably existed onshore . Ar
cher ll939, p . 6) listed the Mollusca from 
such a community in southwestern Livingston 
County---Carychium exiguum, EuconuZus chersi
nus, Nesovitrea e Zectrin<L, Strobi lops affinis, 
Succinea ovalis, and Zonitoides arboreus. Ex 
cept forNesovitrea, these,or close relatives, 
are present at Lime Lake. Gastrocopts tappa
niana and Vertigo morse i are also character
istic of this type ofhabitat (La Rocque , 1970, 
p . 7 2 5. 7 36) . 

U n i t l i s th e res u 1 t of f i l 1 i n g- in o f th e 
lake in the area of the section by the build
'!P of peat deposits on the underlying marl . 
1he hab1tat was a typical marsh with shallow 
water and emergent vegetation . Land snails 
were dominant, , many of them indigenous and a 
few such as Stenotrema leat and Zonttotdes ar 
boreus probably washed in from nearby wood
lands (La Rocqpe, 1970, p. 560 , 652) . Fossa
ria obrussa, the most .abundant aquatic form, 
probably lived on mud flats within the marsh 
tLa Rocque, 1968, p . 47 5) . 

MARL LAKE, LIVINGSTON COUNTY 

Glac i al Geology 
Marl Lake is the southernmost water body in 

an elongate depression between the Ionia and 
Portland moraines which also includes Silver 
Lake and Lake Ponemah (Martin, 1955). Marl 
Lake lies in an area of outwash deposits al
though the more northern lakes in th1s depres
sion are in ground moraine. The loni a moraine 
lies to the south and east of the Marl Lake 
basin. Lacustrine sediments have formed · be
tween the Fowler and Portland morai n.,s· north 
of the lake. Meltwaters, ponded by the Port
land moraine when the ice was at the Fowler 
moraine,,flowed westward forming the Shiawassee 
River (nolcomb, 1972, p . 108). . 

Marl Lake, along with the other lakes in 
this region, seems to have had a water level 
nearly 3 feet higher than at present (Scott, 
1921, p . 267) . Marl underlies the southern 
shore and forms 3-foot wave-cut bluffs on the 
beach. The remaining perimeter of the lake 
does not exhibit such well developed bl'uffs, 
but this is probably due to the building of 
cottages along shore. Perusal of the Linden 
and Fenton 7. 5' quadrangles will reveal that 
Marl Lake was once connected with Silver Lake 
and. Lake Ponemah to form a larger glacial lake. 
Loweringofwater level and depoBtion of marl 
in shallow areas led to the division of the 
lake into several smaller lakes . 

Scott (1921, p. 262), in his study of Long 
Lake, just north of Marl Lake, observed that 
.;i.t was elongate transverse to the endmoraines. 
He suggested that the initial basin for Long 
Lake may have existed before the ice front re
ceded and then melted to form the present lake. 
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Figure · B. Cross Section of Shoreline and Littoral Zone, Marl Lake, Livingston County, Michigan 

Marl Lake isalsoelongated perpendicularly to 
t~e.en~moraines and may have originated In a 
similar manner . 

Drainage during the early history of Marl 
Lake was westward down the glacial Lookingglass 
River to the glacial Grand River and into gla
cial Lake Dowagiac (Bretz, 1953 map). The 
earliest possible fonnation ofMari Lake would 
have been when the ice was at the Portland mo
raine for before this time the area was covered 
by ice . Today, drainage is to the north into 
~he Shiawas§ee River by way of Silver Lake 
(Martin, 19!>5). 

Marl Lake contains an extensive marl deposit 
which covers the shallow water areas forming 
a shelf around the central basin. The depth 
is not known; however, Silver Lake, to the 
north, has a greatest depth of about 50 feet 
and most of the basin averages about 20 feet 
(Civil Works Admin .). Silver Lake was exten
sively dredged for marl in the early 1900's. 
The marl from theMarl Lake deposit is of very 
high quality and is wel.l exposed along the 
western and southern shores . About 2 feet of 
peat overlies the marl in the marsh at the 
southern end of the lake. 

The soil surrounding Marl Lake has been de
scribed as Edwards Muck by Holcomb (1972, p. 
23). The Edwards Muck comprises organic- rich 
soils underlain by marl which fonn on till 
J?~ain~ an~ 11oraines . A typical Edwards pro
file IS given below . 

Description Thickness 
(inches) 

Dark gray muck, well decomposed 0-8 

Dark gray or reddish-gray muck, 
partly decomposed stems 8-14 

Dark gray muck, with seams and a few 
chunks of dark reddish-brown and 
brownish-yellow marl 14-22 

Gray marl with shells 22-48 
(Adapted from Holcomb, 1972, p. 23) 

The upland soils in the Marl Lake vicinity 
are loams and loamy sands with clar and loamy 
sand subsoils (Holcomb, 1972, p. 10). Oak, 
beech, sugar maple, hickorr and ash assem
blages character1ie the swe ls and oak , white 
pine, red pine, red maple , and birch assem 
blages are found in the lowlands (Holcomb, 
1 97 2. p . 10 9) . 

A radiocarbon date of 11 ,400t years B.P. is 
available for a mammoth tusk found at a depth 
of 12 feet in calcareous clay about 13 mi1es 
northwest of Marl Lake and just south of the 
Flint moraine (Crane and Griffin, 1966, p. 
2 56). . 

Stratigraphic Section 

Unit Collection De scription Thickness 
(inches) 

1 not sampled 

2 1-26 

Dark brown peat, 
plant matter common, 
wood at 1 foot deptn 
Light tan mar 1 fo s-

sihferous (mollusks, 
ostracodes, cha ro
phytes , abundant tufa 

Total 

24 

52 

76 
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TABLE 5. VERTICAL DISTRIBUTION OF PLEISIDCENE FAUNAL ELEMENTS OF lliE MARL LAKE SECTION 
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Faunal Abundance 
The Marl Lake section yielded 30 mollusk 

species including 13 terrestrial pulmonates~ 
lU aquatic P.ulmonates, 4 ctenobranchs, and .l 
sphaeriids (Table 5) . The fauna is dominated 
by Fossaria obrussa Gyrau lus parvus, and Pi
sidium casertanum which are present 1n signi
ficant numbers throughout the section (Plates 
IX and X). 

Lower Unit 2 (Collections 14-26) contains 
a great diversity of aquatic and terrestrial 
forms . Amnicola lintosa, A . lustrica, Valvata 
tricarinata,Gyraulus parvus , Helisonta ancees, 
Phlsa gyrina, Stagnicola catascopium, and Pi
sii:lium casertanum appear to be indigenous . 
Significant species are Valvata tricarinata, 
Fossaria obrussa, Gyraulus parvus, G. circumL 
striatus, Helisoma anceps, H. campanulatum, 
Physa gyrina, and Pis idium case rtanum. UpQer 
Un1t 2 has only Fossaria obrussa

1 
Gyraulus 

J:!arvus, and Pisidium casertanum as 1nd1genous 
forms. They are also the only significant 
species . Unit 1 is a peat, is almost unfos
S1liferous, and was not sampled . 

Gyraulus parvus and Fossaria obrussa show 
inverse relationships in abundance throughout 
tl,e section (Plates IX and X) . Amnicola lus
trica and Valvata tricarinata show direct re
lationships (Plate VIII). 

Six to seven terrestrial species oecur in 
the UQper collections of the upper Unit 2, but 
only Uxyloma retusa and Vertigo morsei occur 
in significant numbers in the l,ower collec
tions. The marl was extremely rich in mollusk 
shellsfromCollections 4to9 and 18 to 22 and 
poor in shells between Collections 11 and 17. 
Ostracodes are abundant in Collections 1 through 
13 , but scarce in the lower part of the sec
tion . Candona ohioensis is common between 
Collections 5 and 8 . Cypridopsis sp. occurs 
throughout the upper part of the section . Chara 
oogon1a are scatterea throughout the section, 
but never occur in large numbers . 

Nature of the Environment 
Marl formed a broad shallow platform around 

the central basin of Marl Lali.e at an early 
stage in its history, providing a favorable 
molluscan habitat. During the deposition of 
lower Unit 2 the fauna sfiowed the greatest di
versity. Terrestrial snails, sucli as Euconu
lus fulvus, Retinella indentata, and Zonitoi
des arboreus signify the presence of nearby 
deciduous woodlands from which they were washed 
into the littoral zone(Frye and Leonard, 1967, 
Q_. 433; La Rocque, 1970, p. 608, 609, 619) . 
"lhe most abundant land snails in this unit 
Oxyloma retusa, Gastrocopta tappaniana, and 
Vertigo morse i were inhabitants of the wetlands 
immed1ately surrounding the lake (La Rocque, 
1970, Il· 697 725, 736) . The habit of Lymnaea 
stagnalis of cr!lwling pu .t of the wa~er onto 
emergent vegetat.1on may account for 1 ts spo
radic distnbution in the section. Upon death, 
the shells may have floated for some time be
fore finally settling to the bottom. The same 
may be said for the planorbids. 

The presence of numerous ctenobranchs again 
suggests cooler water temperature during the 
dei?osition of lower Unit 2 (Frye and Leonard, 
19o7, p . 433). These species are not present 
in upper Unit 1. The occurrence of large num
bers of Stagnicola catascopium, Gyraulus par 
vus1 and Amnicola limosa is alsoindicative of 
coo er waters (Klassen e t al., 1967 , p. 439). 

The marl shelf probably contained scattered 
charophytes and abundant growths of blue-green 
algae. Hooted submergent and emergent vegeta
tion was probably not common . Most present-

ll9 . 

day marl lakes have essentially barren littoral 
zones (Wohlschlag, 1950, p . 323) . Rooted 
plants may have grown along the shoreline 
where organic - rich material accumulated(Wohl
schlag, !950, p. 323) . Physa gyrina , Stagni
c ola catascopium

1 
Helisoma anceps, and H. cam

panulatum occup1.ed a periphyton niche . The 
sphaeriids and Gyraulus parvus inhabited the 
benthic niches . 

Fossaria obrussa,Gyr.aulus parvus, and Pisi
dium casertanum are the only aquatlc species 
present in upper Unit 2, although they are all 
present in s1gnificant numbers. Fossaria ob
russa experienced a sharp increase in abundance 
in Collections 4, 11, and 15 while Gyraulus 
parvus decreased in number. G. e.arvus in
creased to a maximum abundance in Collection 
7, while Fossaria obrussa was at a minimum . 
At the times when F. obrussa was abundant the 
water was probably at a low stage exposing 
shoals and mud £1 ats. Abundant Gyraulus par 
vus seems to indicate more aquatic conditions 
with abundant vegetation . 

The paucity of land snails in the lower part 
of UP.per Unit 2 suggests.ashallow water habi
tat far from the shorehne where land sna1ls 
did not accumulate . If it was a nearshore en
vironment, the shoreline must have provided 
favorable terrestrial mollusk habitats. The 
absence of ctenobranchs points to a warming 
of the water temperature (Frye and Leonard, 
1967, p. 433). 

Pisidium casertanum andGyraulus parvus lived 
in and on the marl. Fossaria obrussa, an am
phibious species, probably lived on marl shoals 
or on emerg_ent vegetation (La Rocque, 1968, p . 
475-476). "Ihe land snails, Oxyloma retusa and 
Quickella vermeta P.robably flourished in the 
marsh surrounding Marl Lake and occasionally 
were washed into the deposits . 

Unit 1 records the filling-in of the shallow 
shoreline zone of Marl Lake . Terrestrial mol
lusks were surely present during this stage, 
but have not been preserved in the P.eat. At 
a depth of 1 foot a layer of wood frarents 
was encountered which suggests a time o high 
water. 

DISCUSSION 

Little Goose Lake 1 Lime Lake , and Marl Lake 
appear to be of sim1lar ice-block origin . The 
in1tial opening of the Saginaw-Erie 1nterlo
bate area of southern Michigan must have oc 
curred around 14,000 rears B. P. for Ohio and 
Indiana were reported y first free of Wiscon
sinan ice at tliis time (Forsyth, 1965, p . 226; 
Wetzel, 1970, p. 495). Accord1ng to these data 
and the extent of the Carey deposits (16 000 
to l3i500 years B.P . )(Dorr and Eschman, 1970, 
p. 16 ) it can be said that the earliest pos
sible date of formation of the lakes was be
tween 14,000 and 13,500 years B. P. Little 
Goose Lake may be the oldest lake since it is 
situated in the southern part of the interlo
bate area. As the interlobate region opened, 
the Saginaw lobe retreated at a faster rate 
than the Erie lobe (Zumberge, 1960 , p. 1185). 

When the Saginaw ice front reached the po
Sl t1on of the Portland •oraine around 14iUOO 
years B. P. (Dorr and Eschma11, 1970, p. 67) 
all three lakes could have beeh present. There 
could have been few sei?arate lake basins, ex
cept for temporary ice-dammed meltwater lakes, 
until the ice retreated from the area and ice 
blocks left behind were allowed to melt. The 
blocks of larger volume must have taken some 
time to disappear completely. However, the 
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distances between the lakes of this study are 
thought to be large enough and the lake basins 
of comparable size and volume to reduce the 
possibility of Lime Lake or Marl La ke being 
older than Little Goose Lake. 

During the initial opening of the interlobate 
area mollusks could have been brought into the 
regi~n by various me thods of dispersal. Fresh
water and terrestrial s nails are known to be 
distributed by insects,.. fishes, turtles, birds, 
stolms and floods (nees 1965). Mollusks 
could ~lso have entered the region from Indi
ana through the sou thwes!;.ward fi owing drainage 
system (Bay, 1938, p. 27). Continu~d retr~at 
ol. the moraines brought amore extensive dra~n
age system and more arteries for mollusk dis
persion. Mollusks were able to enter the study 
area from Ohio at about the time of the forma
tion of Lake Maumee I (Bay, 1938 , p .. 32). Thus, 
in the early history of at least Little Goose 
Lake mollusks may have arrived by way of 
stre~ms flowing into western Indiana and east
ern Illinois. Later in the history of the 
lake, moll1;1sks may have beer:' introduced from 
western ·ohio and the proglacial lakes. 

If stratigraphic control could ~e obtair:'ed 
in lake sed1ments the amount of time (taking 
into consideratio~ a compaction factor) re
quired to deposit a given thickness could be 
determined. Thus deposits could be compared 
from one basin to another. Pollen and plant 
pi 8J!Ien t analyses seem to h_ave limited use in 
marl deposits where pollen IS sometimes absent 
or poorly preserved. 

The effect of a change in mollusk dispersal 
routes on the fauna of a lake could possibly 
be observed if stratigraphic contra 1 could be 
obtained. Study of the graph~ of ~pee1es ab
undance reveals many fluctuations In pe~cent
age abundance; many of these may be attnbuted 
to variations in water level and .temP.erature 
changes. Perhaps some of these are Clue to a 
change in the source area ofmollusks enten ng 
the liabitat. Drainage patterns.are temP.orary 
geologic features and stream piracy ana con
sequent reversal of flow are common eTents. 

Terrestrial snails are just as readily trans
port~d by s tream~ as are aquati~ forms. Some 
species can surnve lengthy penods of su bmer
sion . 

A species did not necessarily become imme
diately establi.shed wh~n.it arrived in the new 
habitat, even If conditions were favor!lble. 
Species which had already beco'!le established 
may have prevented the n~w species from f9rm
ing a successful populatio~. The !lggres~nye
ness of a species, refernng to It~ ability 
to maintain Itself was certunly an Important 
factor. Periodic o.; continuous influx of spe
cies into the new habitat may have occurred 
over a cons'iderable period of t~me before the 
species became established as Important mem
bers of the community . Warming temperatu):'es 
and changes in sedimentation and vegetat:~;on 
opened up the littoral zone f9r new spe~Ies 
which had not found the prenous conditions 
overly favorable. The original species either 
migrated to more favorable parts of. the lake 1 
often deeper water, or graaually disappearea 
from the basin. 

The rise and fall of lake level as suggested 
by the fluctuations in the . abundance of mol
lusk species has been explained by a block!lge 
or downcutting of the outlet an~ !llternatin~ 
periods of above average P.recipitation an 
arought. The author feels that workers.have 
neglected an important mel!lber of the Pleisto
cene community---the extinct giant beaver, 
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Castoroides . The modern beaver is well kn~w~ 
for its ability to pond stream waters be~It:Jd 
it s dams . Castoroides probably occupied sim~
lar habitats . Gnawed logs have been found In 
several peat deposits in India~a (Ansel <;iood
ing 1974 personal communication). A hnear 
con~entrabon of gnawed logs in a peat deposit 
in Alaska has been interpreted as a preserv~d 
beaver dam (Gooding, 1974, personal communl:
cation) . It seems probab.le that beaver acti
vity during Wisconsinan time could have caused 
relatively . rapid . changes in water level In 
some aquatic habitats and thus directly af
fected the distribution of mollusks and other 
aquatic organisms. The construction of a dam 
would increase the area occupied by mollusks 
and <;reate new niches. Oestruc;.tion of a d;~m 
would result in a restriction of mollusk h ab
itats. 

The molluscan faunas of the three marl de
posits contained a combined total of 43 spe
cies of which 22 are common to all. Of the 21 
species which occur in .only one or two .of ~he 
sections, onlyone, Ptstdtum o.btusale, IS sig
nificant . P. obtusale occurs Inonly the lower 
part of t~e Lime L!lk~ ~ection---the only sec
tion to yte ld the InItial sandy stage of 1 ake 
se.dimentation. Therefore, P . obtusale may be 
present in the Little Goose Lake !'nd Marl J,.a~e 
sections a·t a greater depth . Naiades exhibit 
a similar pattern of occurrence. Thus the 
faunas exhibit no major overall differences. 

Figure 9 shows the similarity in lithologic 
seguence of the three section s and relates 
this to suggested water depths and the occur
renc e of certain molluscan spe~ies. Each sec
tion records a gradual transition from open 
water to shoreline marsh . Amnicola . Ius trica, 
Valvata tricarinata and Gyraulus ctrc umstrt 
atus are generally'limited to the older lake 
sediments recording somewhat cooler water tem
peratures (Frye and LeonardA 1967, p. 434; La 
Rocque 1968 p . 500-501). pplying Walther'_s 
law to the Wisconsinan sec tions Ind1ca~es that 
these sp_ecies are probably offshore Inhabl~
ants . This may account for their absence In 
the collection taken during themolluscan sur 
veyofpresent-daY. Little Goose Lakefordepths 
greater than 4 feet were not <:ollected. G . 
parvus Fossa ria obrussa, and Ptstdtum caser 
tanum ~ re the most si gni fi cant species and 9C
cur in fluctuating numbers throughout the tlme 
represented by each section . (Figure 10) .. G. 
parvus and F. obrussa show an Inverse relation 
ship in abundance. F. obrussa was probably 
common at times of extremely low water (less 
than 2 feet). G. parvus became more common 
when the water deepened (2 t~ 4 feet) and ve
getation became dense. The Inverse.rel!ltion
ship in abundance of these two species IS al
so evident in the abundance records of other 
workers (e.g. Clark, 1961, p. 32; M9wbery, 1

1
9
9

6
67

1; 
Roy 1964; Clowers , 1966, p. 51; GI son, , 
~· 7; Warner, 1968f p. 3-4; Nave\ 1969, p. 43; 
Bickel , 1970, p . 3o, 38, 45, 46. 

In Table 7 the vertical distribution data 
for mollusks found In ~he three Wisco~sinan 
sections have been combined to show their ge
neral occurrence in sediments of a lacustn~e 
environment. This table shows that a part~;
cular species may occur in more than one sedi
ment type. Quantitative data, howeve!-', show 
that a mollusk spec~e~ is pre~ent In large 
numbers in the d~posi.tlon!ll medium closer . to 
the habitat In wh1ch It hved, Terrestnal 
pulmonates, for example, occur In greater num
bers in shoreline seaimenti usually peat. They 
also occur offshore inmar and sand , but usu
ally in smaller numbers . 

The scattered occurrence of a land snail in 
sediment far from the shoreline may be due to 

' 
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Figure 9. Comparisons of Little GOose Lake , Lime Lake, and Marl Lake Sections 

a number of factors including rafting, wind or 
current action , and dispersal by birds , in
sects, or amphibious animals. The occurrenc e 
of an abundance of land species ina marl how
~ver, frobably rf:pres!!nts a temp_orary spallow
~ng o water and an Increase In terngenous 
In flux. 

Table 7 shows that the common species of the 
peat are the terrestrial pulmonates, Carychium 
exiguum, Gastrocoe.ta contracta , G. taepaniana , 
Oxxloma retusa, Vuickella vermeta, Ret~nella 
inaentata,Stenotrema leai,Strobilops affinis, 
Vertigo morsei, Zonitoides arboreus; the aqua
tic pulmonates,Fossaria obrussa,Gyraulus par
vus; and the sphaeriid, Pisidium casertanum . 

The marl is characterized bi the ctenobranch 
Amnicola limosa~ aquatic pu monates Fossaria 
obrussa, GyrauLus P.arvus, Physa gyrina; and 
the sphaeriid, Pis iaium casertanum. The upper 
part of the marl also contains significant 
numbers of the following terrestrial pulmona 
tes: Gastrocopta tappaniana, Oxyloma retusa, 
Ouickella ver111eta 1 and Vertigo morsei . The 
lower marl often yiel.ds abundant ctenobranc:hs, 
e .g : Amntcola lus.trtca and Valvata trtcartna
ta. V. sincera occurs throughout the marl, 
but is never abundant. 

The ctenobra'nchs Amnicola lustrica and V. 
tricarinata; the aquatic pulmonates F. obrussa 
and G: P.arvus; the sphaeriids Pisidium obtu
sale and Sphaeriurs sp. and the Naiades are a
bundant in the sand part of the section. 

Table 7 can also be interpreted in a lateral 
sense using Walther's law (Figure 9) . The 
combining of data from the Wisconsinan sec-

tions and the survey of living Mollusca sup
ports the presence of a series of mollusc an 
habitat zones in and around marl lake s of 
southeastern Michigan. Upland areas around a 
lake basin contain a fauna of terrestrial 
snails adapted to moist meadow and woodland 
habitats (e . g. Stenotrema leai , TriodoP.sis al
bolabris,Euconulus fulvus, Retinella indenta
ta, Discus cronkhitei, and He licodiscu s paral
lelus). This area is underlain by P.eat in 
lower areas and sandy soils in better arained 
are as . 

Basinward from the upland zone is a peaty 
slope habitat with moisture-loving land snails 
(e.g . Cary:chium exiguum,Deroceras laeve,Stro-
biloP.S afJinis, Gastrocopta tappanianai and 
Vertigo morsei) . This zone is often f ooded 
at times of high water and during storms. 
Wave accumulations of aquatic mollusk shells 
are often present . 

The shorelin e zone contains a mixed aquatic 
and terrestrial molluscan fauna. A marl-peat 
substrate supports marsh plant growth. The 
indigenous terrestrial snails are mainly suc
cineids (Qu icke lla verme ta and Oxy loma re tusa) . 
Fossaria obrussa is extremely aoundant or. mud 
flats and vegetation. Gyraulus parvus , Physa 
gyrina, and flelisoma may be present . Ostra 
codes are most abundant In this zone, which is 
often subject todrying outattimes of drought 
or low water level. 

The floating plant zone contains an abundant 
molluscan fauna, including Gyraulus parvus, 
Phxsa gyrina...,Helisoma campanulatum, and Pi
siaium sp. 1ne Chara zone supports abundant 
Amnicola limosa, G. parvus 1 Valvata tricarina
ta, and Pis idium sp. may De present. 



52 

. 
:1. 2 

ca.; -e 
~ 1'1~ 
N ... ., .. . 
Q •• 

~ t;; 
~ ~: 

7, • 

~ ·;: 
0 ~ 

'J'j .... ~ _.,..., 
· ~ c ~ . ~..., 
.jj ~ g 1 --. - 0 ... . ... ~ •• Wt.1C_, 
--' &.. e (I 

If. = "'i " . ... 
"" ·r. Y. .c 
"" . ....... Ill) 

t!;,i~:.;; 

, -. 
~ . ':3.4 
:.. Ill:-

-1::;.~ - ~ ~ . . 
<r, '1, ::::1 

- e . .., ,.l c "· 
.... \,. ·- ~a::.- ... 
~ .;.. -~ ~ -
c:~~Q,.-.,,.l::S 
·r. ~ .0: = Col ..I = , ~ :1 ~ :1 
- !:'" :!) c ..Q · -.
(l .... :....~~.c 

"5 ~: .,·i. t 
., _ C'l ~ . -' 

:.II':~ '· :.1 F. loo., = - r. 4.) • 
... . _ ::s- """' loo ;; :. ..::::: ~ ... c :0: 
1-c~::::o.(,r~ 

' 

STERKIANA NO. 56, DECEMBER 197. 

.. ., . .. ... 
~ . ... 

~ ' :.:..c . ,.. ,.. . 
& 

" • r,. • 

~..: .: 
\.1 G :a-w 

·-..c " .... 
eo;,; ... ij . .... ... 

"'C ':.::0.. 

. ~ . " = . t.l .... 1,. '1'1 

A ::a~" J:-- ·--: 
" ' . .. II C: . ... 

...: E- ~~; d 
«: Q ~z 
.. :11--1..
w..o ·- :I • 

~ ~~~ ~-~ 
: : E c_:.: 
ffi ~ s e;-: e: ; ___ . 
~ ~ ~! ~ 

Figure 10. Molluscan Habit11ts of a Typical Marl Lake 

Depths greater than 5 feet probably contain 
Amnicola lustrica (?), Valuata tricarinata, 
Gyraulus circumstriatus (?), and Naiades. The 
substrate at this depth may be coarse sand, 
gravel , or marl. 

Van der Schalie and Berry (1973) conducted 
temperature tolerance studies of six aquatic 
pulmonates and one ctenobranch under laboratory 
conditions . The results of this study (Table 
8) have shown that temperature is an important 
limiting factor in mollusk distribution.Small 
variations in water temP.erature (5. - 10° C), 
which probably occurred throughout the time 
represented oy the sections, may have caused 
the fluctuations in the populations of mol
lusks. A small increase 1n temperature was 
found to inhibit the reproductive capabilities 
of the more sensitive species (vander Schalie 
and Berry, 1973 p . 7, 86). Thus a change in 
water level combined with a warming climatic 
trend could have led to the variations in mol
luscan abundance exhibited by all sections in 
this study . 

Table 8 . Optimal temperatures of freshwater 
Gastropoda (Adapted from van der Schalie 

~-!~~-~~~~r~-~2~~~-E~-~~-~~2-----------------

Planorbids 
Helisoaa anceps 
H. campanulatum 

Lymnaeids 
Lymnaea stagnalis 

Physids 
P~ysa . gyrina 

Amn1cohds 
Amni"cola limosa 

Growth 
Survival 

22-250 c 
26 
24 

19-22 
20 

12-3 0 
26 

Reproduction 

22-25° c 
26 
26 

19-22 
22 

12-30 
20 

cooler temperatures 
24 18 

CONCLUSIONS 

1. Sedimentary sections take n along the mar
gins of Little Goose , Lime, and Marl Lak e s 
typically include an upper peat underlain by 
marl often of considerable thickness, and a 
lowe~ sand zone. 

2. Dis tri bu tiona l data from the Wisconsinan 
sections and a survey of living Mollusca sup 
port the presence of a series of concentnc. 
molluscan habitat zones around the lakes o1 
the study area. 

3. Stenotrema leai, Tri odopsis albolabris , 
Euconulus fuluus, Retinella indentata, Discus 
cronkhitei, and Helicodis c us parallelus are 
characteristic of the upland zone surrounding 
the lakes and the peat . ' 

4. Cary_chium exiguum, Deroceras laeve, Stro
b i loP.S alfin is, 9as troCOf.! ta tappan iana, and 
Vert tg~ morse t l1ve on the peaty slope and 
occur 1n the peat. 

5. G. tappaniana, Oxyloma retusa, Quickella 
veraeta, Fossaria obrussa, and Gyraulus par 
uus ch .aracterize the shoreline zone and the 
lower peat . 

6. The inner littoral zone inc.udes Gyrau lus 
parvu~ Helisoma campanulatum, ' and Pisidium 
sp. Jnese species are characteristic of the 
upper marl . 

7. The outer littoral zonesupports Amnicola 
li111osa, G. parvus, V . tricarinata1 and Pis idi 
ua sp. These species are also cnaracteristic 
of the marl. 
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8 . Depths greater than 5 feet probably sup
P.Ort Amn icol a lustrica , V. tricarinata , and 
Naiades . Th ese forms occur in the sand unit 
of Lime Lake. 

9 . Fossaria obrussa, G. par v us , and Pisidium 
casertanum are the most common species of the 
lakes of the study area and occur in all sedi
ment types. 

10 . Naiades and Pisidium obtusale are char 
acteristic of the early stages of Lime Lake . 
They would probably have been found at the 
other localities if the marl thickness had not 
prevented the excavation from reaching the 
sandy zone. 

11 . ~ obrussa and G. parvus show an inverse 
relationship in abundance. When F. obrussa 
experiences a sharp increase in numbers, G. 
parvus shows a corresponding decrease and vice 
versa . An abundance of F. obrussa p .>·obably 
represents extremely shallow water (less than 
2 Ieet deep), whereas an abundance of G. par
vus indicates shallow water (2 to 4 feet deep) . 

12 . An abundance of Oxyloma and Quickella 
seems to indicate a stage of low water and ex
posed mud flats. 
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