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INTRODUCTION

The several subspecies of Oncomelania hu-
pensis, an amphibious snail in Southeast Asia,
are very important to parasitologists because
they are the intermediate hosts of Schistoso-
ma {a onicum, the Oriental human blood fluke.
In 1959, the W Chronicle reported that 33
million people in that region were infected
with S. japonicum, and that 1,700 American
sol?éers became afflicted during the second
World War. When this situation was recognize

as a maéor health problem, researchers 1in_the i

tates (e. g., Ward et al., 1947; Bau-
man et al., 1948; DeWitt, 1952) attempted to
culture several subspecies of 0. hupensis in
order to enable further studies on the para-
site. The importance of such research to the
United States was increased when NIH labora-
tory-reared Pomatiopsis lapidaria, aclose re-
lataive of 0. h. huﬁensis but found in the
eastern half of the Jnited States, wassuccess-
fully exposed toSchistosoma japonicum andcer-
cariae emerged from theintermediate. host (Ber-
ry and Rue, 1948).

Davis (1969) reported five distinct subspe-
cies o upensis, which are now isolated
in the following four geographical regions:
O. h. hupensis ?Chlna) 0. h, nosophora (Jap-
an), O. h: quadrasi (Pﬁlllpg;nqs),_o. h. for-
mosana (Formosa) and 0. h. chiui (also in For-
mosa) . e also reported that the susceptibi-
lity of each of these subspecies is remarkably
specific to_ the geographical ‘strains’ of S.
Jjaponicum. In intérpreting data obtained from
these cultures, genetics, morphology, ecology
and geographical distribution. of the snails
are important, and appear to be related to
discrepancies observed in the culturing of the
various subspecies.

United

For several decades, investigators have at-
tempted to culture Oncomelania in various
kinds of vivaria. owever, they have failed

to produce these snails in numbers sufficient

to provide material for extensive research
programs involving the S. japonicum cycle. Ex-
erimental studies of S. jaeponicum thus, have
Yagggd far behind those of the other two wide-

istributed human schistosomes, mansont

ary of the Mollusk Divi-

Marilyn Parker and several stu-

‘have been quite diverse.
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and S. haematobium (Davis and Iwamoto, 1969).

Amonf the many reasons for such a lag are:
. I. The prepatent period of S. japonicum
in the Oncomelania snail is three months;
this same period is only about one'montﬁ
in the pulmonate snails Biomphalaria and
Bulinus that carry S. mansoni and S. hae-
matobium, respectively.

o raise Oncomelania from the egg to
sexual maturity requires aboutthreemonths;
the pulmonate ‘snails can be raised in a-
bout one month. :

3. Egg-laying for Oncomelania snails is
not continual; quite often the process ap-
pears seasongi.?yan der Schalie, 707,

. Susceptibility of Oncomelania to the
various strains of 'S. japonicum 1s usually
quite low, so that the average ranges be-
tween 20 and 40% (van der Schalie, 1972).

- The foregoing differences indicate that lar-
ge numbers of snails must be made available
or any thoroughly basic research program in-
volving the japonicum cycle.

The vivaria used for culturing Oncomelania
In stu ylng the bi-

ology of O. h. nosophora, Sugiura (1933) dis-
covered the first 1aboratorK-laxd.e gs in a
large, tall, flowerpot half-filled with

cla
damg soil ‘and p{aced 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,
gravel, sticks and vegetation arranged as si-
milarly as possible toconditions found in the
natural habitat of Oncomelania. These vivaria
were calle y DeWitt, aquaterraria; Bauman,
et al. (1948) 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 than those used earlier. Surprlslnglyw in

" the smaller dishes, more eggs were lai

ag-
ner and Wong (1956), and Wagner and Chi (1955)
initiated a_ clay flowerpot culturing method,
using lots 5 to in. diam. and 1.25 in to
1.757in. high. About the same time, Komiya et
al. (1959) introduced a breeding technique us-
1n8 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 ‘the Mollusk Division of the Uni-
versity o ichigan by van der Schalie and
Davis {l968),u51ng the vivarium types of early
investigators, were undertaken to determine:

lg mortality of spails initially received;
2)  productivity of young per female per
month; and survivorship andgfowcb rate of

the young. They found that the ‘medium claY

pots’ (5 X 1.5 1in.) were best both for adult
survivorship and’Egg-layxng;also Petri dishes
(9 cm, cm) were best for rearing young to
maturity. ‘Aquaria_ and battery jars, mostly
0 in. or more tall.,were very poor since the
snails tended to climb out of the water and

become dehydrated and die when they were stuck .
to the glass walls: Plastic .trays (11 X 7.5

X in.) were considered ‘intermediate’_in

comparison with tall and shallow cultures. The

studies by van der Schalie and Davis failed to

mention the apparent importance of the height

of vivaria in making the environmental condi-

tions most favorable for Oncomelania for pro-

ducing offspring and for their survival.

With the. above 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:
eriodic collecting of the newly-
hatched young from the breeding cultures;
. 2, Isolating limited numbers of young in
individual growth culturesuntil the snails
reach maturity, usually in about 8 weeks;
Harvesting the mature snails from
the growth cultures and put_txng them inte
holding cultures for use in the S. japo-
nicum cycle programs, or for selecting

animals for additional breeding.

By using the methods developed by van der
Schalie and Davis, Dayis 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 Michigan. ey
stated that the greatest variable and only
difference in their culture method _was the
origin and Cﬁpe of soil they used. The so1l
used in_the Mollusk Division laboratory (ob-
tained from a Pomatiopsis site) was rich in
organic matter and diatoms needed as food for
ncome lania. Davis (1971) tried to use food
additives and he also added chemicals to the
soil in his cultures. He did manage to im-
rove the fecundity of his laboratory-reared
ncomelania, but failed to surpass the records
obtained in the snails cultured 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 Kresented herein show marked improve-
ments which now enable culturing all of the
seog_raphic races of anomelagia at ahigh pro-
uctive rate (approximately 500 of each sub-
species per month). These improvements are
ased 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 which show the importance of both the
arrangement and the area of the mud surface in
relation to the fecundity and growth of Onco-
melania snails. e context of the four ex-
periments was as follows: .
Experiment Methods for producing large
numbers of young ;
Experiment 2. Methods for rearing young to
maturity
Experiment 3.
additives
Experiment 4. Eva uati?g the effect of dif-
ferent areas of mud surface on fecundity o
laboratory-reared O. h. nosophora.

Improving cultures with food

EXPERIMENT 1: METHODS FOR PRODUCING LARGE
NUMBERS OF YOUNG

The ‘medium clay pots’ recommended for pro-
ducing younf of Oncomelania (van der Schalie
and Davis, I968) presented considerable main-
tenance difficulties. To maintain the water
level and to avoid excessive evaporation throug
the porous walls, the pots had to be set in
trays half-filled with water. e water in
the outer tray qu;cklz_ became contaminate
with algae and fungi, which had to be scrape
off the saucer walls regularly. Davis and I-
wamoto (1969) stressed that Petri dishes pro-
vided with mud mounds weremore effective than
the clay pots, maintenance-wise, since one
could handle and wash the Petri dishes more
easily. Also, 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-

cies of Oncomelania hupensis was tested in
four different groups of vivaria, as follows:
Petri dishes with centrally placed
mud mounds Sgontrol_ f
Petri dishes with peripherally placed
mud rings 3 :
Plastic containers with centrally
placed mud mounds ! :
4. astic containers with peripherally
placed mud rings

In the case of O. h, hupensis, the largest
of the subspecies, medium clay pots were sub-
stituted for Petri dishes, since experience
in theMollusk Division Laboratory showed that
this subspecies reproduced very Rqorly, 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. lso, another innovation was the
installation of an erosion-preventing device
called the plastic strap ring. These rings
were made by cuttxndg a clear acrylic sheet in-
to thin straps and fusing the ends together
with a hot spatula heated over flame, Such
strap rings were used in all of the vivarium
groups tested, ey were placed in the cen-
ter of the culture dishes and they served to
h:ld the mud, arranged either in or around
them.

A mud mound was prepared by placing a small
lump of mud in the center of a vivarium an
stretching it to the diameter of the strap
ring by stroking themud with a spatula to form
a smooth, solid surface. In contrast, to pre-
pare a peripheral mud ring, a large lump of
mud was placed in the vivarium outside the
centrally placed strap ring and again, worked
with a spatula to form a smooth, solid surface
sloping downward from the top edge of the vi-
varium to the top edge of the strap r1ng (see
Fig. 1). The ring oifered 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 vivaria was obtained from
Raisin River, some thirty miles west-southwest
of Ann Arbor, the habitat of Pomatiopsis cin-
cinnatiensis, an amphibious, hydrobiid snail
related to Oncomelania, Its microchemistry
was described by van der Schalie and Davis
(1965). The mud for the present study was
heated in an oven at 800 C for 6 to 8 hours
per day for three consecutive days instead o
onlg one day (as in van der Schalie and Davis,
1965)toeliminate unwanted organisms such as
annelids, alga spores and otherpotential pests.

Each of the vivaria, in groups of five, was
Rogulatpd with three females and three males.

11 snails used initially in this experiment
were three months old, except O. h. gquadrast,
for which eight-week old adults were used. It
was discovered that at ten weeks of age O. h.
quadrast began to lay eggs. All snails 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, Fischerella sp., Nostoc
sp. and Schizothrix sp. were added 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 shelves under atwelve-hour cxcled (40
watt, white, cool, 100-150 foot candles) flu-
orescent light. The light tubes were 15 cm
above the cultures and room temperature was
maintained at 240%f ]o0 C,

The recovery of newly 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-
ults of the same sex. All youn%were.carefu.lly
removed from the cultures, with a pair of fine
forceps. Both the number of the goung col-
lected and the mortality of the adults were
recorded. Wwter was changed and fresh food
was added to the culturrs, as needed.

Average productivity of each vivarium group
was measured in terms of young groduce per
female per two weeks (y/f/biwk) and calculated
from the number of young recovered from the
gnpental culture, not from the number of eggs
aid. To obtain the average young production
rate of each vivarium group (as shown in Table
2) the total number of young recovered was
divided by a multiple of fifteen females and
twenty-six biweeks (each five-dish vivarium
gg‘oup contained fifteen females; twenty-six
iweekly periods equal one year).

According to an analysis of variance (Table
14) there are significant differences in the
young production of Oncome lania hupensis sub-
species as affected b¥) the vivarium tyges-
Evidently, in both the Petri dishes and plas-
tic containers the mud nnﬁs were more suit-
-able for youn5 production than the mud mounds
(Table 2). . h. quadrasi, 0. h. formosana,
and O. h. chiut ylelged thehlghest total youn
collection in "one year; , 3,354, an

,622, respectively, 1n the plastic-container
thh,mud-nng groug. The second highest col-
lection (3,190; 1,695; and1,285 young) was in
the Petri-dish with mud-nns group. In the
control group, however, production of young
was less than 1,000 %er year. ere is an ap-
parent relationship between the young produc-
tion and the increased mud surface area, which
is emphasized by the most productive grout.
Here, the total young collection per two weeks
skyrocketed to maximum peaks of503 - 0. h.
quadrast, 492 - formosana, and 262 0. h.
chiui, a few weeks after the first eggs were
1 9 (th . 2-7). The rate remained above 10
7} biwk®for at least five continuous months.
n contrast, in the Petri-dish with mud-ring
group onlz_ 0. h. quadrasi maintained a rate
overh10 y/f/biwk for asmuch as two continuous
months.

The young production of all Oncomelania sub-
species, except O. h. nosophora, correlates
positively with the mud surface area (Fig.
and Table 3).

The positive correlation in these cultures
indicates a favorable arrangement, which pro-
vides conditions needed for reproduction. Per-
haps two factors should be considered. First
increasing 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 beenmaintained solely on mu
without adding supplementary food, as this mu
supported an abundance of diatoms and algae
(van der Schalie and Davis, 1965; 1968). In
contrast, diatoms had to be used as a food ad-
ditive to increase the fecundity of Oncomela-
nig reared in Japan on a ugniflcant.la poorer
mud substrate (Davis_and Werner, 1970). It
a?penrs that thenutrients in the mud kept the
algae and diatoms growing continuously in the
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foregoing efforts. Secondly, in their repro-
ductive behavior the Oncome lania tend to lay
eggs in the mud above the water level, e
mud ring of fers a larger area that is suitable
for egdg layxn% than does the mud mound. On
the mud ring, the females were observed to lay
the majority of their eggs all along the peri-
meter of the vivarium, at a considerable dis-
tance from the water. Such a favorable regxo_n
in the mud mound is at the apex, and is obvi-
ously limited in both area and distance from
the ‘water surface (Table 1 Consequently,
only a number of eggs could .be,lalg in the
mud. The occurrence of eggs laid in or at the
water surface was more common in the vivaria
with mad mounds. owever, the total number
of young collected (Table 2) fives evidence
that this situation 1s not preferable.

Production of O. h. hupensis and 0. h. noso-
phora was affected by high mortalitl among the
first set of adults used in the plastic-con-
tainers with mud-ring cultures. ere is al-
so the gosslbxlity that stunted adults re-
placed 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 m{ experiment the surviving

; hupensis adults which replaced the spe-
cimens that had died (in plastic containers
with the mud rings), were much smaller than
their predecessors; 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
seasonal in their breedm% habits than the
other subspecies (van der Schalie, 1970). Sin-
ce this experiment was started in September
1970, O. h. hupensis eg s did not hatch until
February, 1971 (Fig. § In the clay pots'
with mud rings, the biweekly total young col-
lection soared to a maximum o in two
months. It is interesting that more vyoung
continued to be produced after the one-year
experimental 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 one year (Table 2). There were two Beaks
in the production of young among the O. h.
nosophora whic occurred during spring and
fall, 1971 (Fig.

The first trial with O. h. nosophora was in-
complete and discontinued, because live adults
were unavailable for replat:ln% those thatdied;
a second trial could not bestarted for sever-
al months, until enough adults wereavailable.
Only the results of the second trial with this
subspecies arereported here. A new method for

reparing mud for these cultures (discussed
ater in this section) 1Mﬁroved the survival
of the second trial of O. h. nosophora in the
plastic containers with mud rings. Therefore,
it 1% mot ?oss1ble directly to compare the
mortality of O. nosophora with the other
subspecies. An_ analysis of variance showed
that there are significant differences between
the adult mortalities and the vivarium groups
in which they were isolated (exception: mor-
tality of O." h. nosophora adults s‘l.alowed no
significant difference) (Table 1 owever,
there is ¥o significant difference between
male and female mortalities for most of the
subspecies (exception: O. h. guadrasi - more
females died than did males) (*able 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).
Vivaria with mud mounds have a smaller volume
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of mud than water, but the opposite is true
for the vivaria with mud-rings. It appears
shat the freshly prepared ('cooked’) mud pro-
uced an anaerobic condition, which consume
most of the oxygen in the water reservoir of
the vivaria with mud rings. is condition
was indicated in the way the snails closed
their opercula and remained inactive. Regret-
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 periods before introducing the
breeding snails to the culture. Five vivaria
groups ?1noculated with algae)were established,
as follows: (1) one hour (control); (2) one
day; (3) three days; (4) five days; an
seven days. Each of these age cultural groups
contained tenvivaria with tenadult O. h. for-
mosana per vivarium. As indicated (Fig. 8),
total mortalities appeared in the control and
in one-day-old vivaria 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 aﬁpegred
to be consumed in the water by the chemical
properties of the baked mud used and the adult
snails wereagain observed tohave closed their
opercula and thez did not move around in the
control and the day-old vivaria. Another ex-
periment was then set up, similar to the first,
except that the me thod of preparing the mud
was modified. It was dried completely after
three consecutive bakings, crumbled into pie-
ces, and allowed to oxidize in air for two
weeks. This new method greatly improved adult
survival ascompared to the usual method (Fig.

. Upon wusing mud prﬁpared by the latter
method, the second trial of 0. h, nosoghora
in theplastic containers withmud-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 with
efficient methods is of utmost importance. The
data in Experiment 1 show that increasing the
mud surface area will markedly increase pro-
ductxv;tz of Oncomelania. Exgerlment 2 was
established to explore the effect of an in-
crease in the mud surface area pn the growth
of the snails.

The generally accepted time for the young
snails toreach maturity in laboratory culture
is eight weeks (van der Schalie and Davis,
1965). ~ The growth rate during this time 1is
variable, depending onculture conditions used,
subspecies studies, and frequency of measure-
ments; cogsequentlz, no direct comparison can
be made with any of the growth rates reported:

2 to 0.4 @m/wi (Chi_ and Wagner, 9571); 0.3
om/wk (Komiya and Kojima, 1961); 0.65 mm/wk
(van der Schalie and Davis, 1965). Also, of
considerable importance 1is the stunting of
growth and development, caused by crowding
snails in the rearing cultures (van der Scha-
lie and Davis, 1965). ulturing 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 snails. 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-
tainers with mud mounds. e clear plastic
containers were approximately the same diameter
as thePetri dishes, but their sides were twice
as high; hence, the mud mounds in these con-
caﬁners were also considerably larger (Fig.

_For each subspecies, except O. h. hupensis,
five groups of atotal of 25 vivaria each were
established, as follows:

_a. Petri dish without mud--5 young per
vivarium--contro
Petri dish with mud mound--5 young
per vivarium-—-additional control
c. Clear plastic container with mud

mound--5 young per vivarium i

ame 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. hupensis young, it
was run only in groups b, ¢, and d

The Petri dishes with mud mounds were the
same as those used by van der Schalie and Da-
vis (1965), except that filter papers were not
used. e mounds 1in these dishes were 6 _cm

1.5 cm, but, larger mud mounds (8 cm X 3
cm covered theentire bottom in the clearplas-
tic containers (Fig. Each plasticcontain-
er was covered with Saran wrap, stretched smooth
and held in glace by a rubber band. This co-
ver was perforated with numerous small pin-
holes toreduce theheavy condensation of water
on the undersurface. ree weeks prior to the
introduction of young, diatoms were introduced
to the culture dishes, except in the Petri
dishes without mud to which only algae were
added when the ¥9ung were isolated. All of
the dishes were filled with aerated tap water
to 1 centimeter below the covers. s indi-
cated, thenewly isolated young (shell height:
1-2 mm) were introduced to these cultures
three weeks after they had been inoculated
with the diatoms. The cultures were kept on
shelves under the twelve-hour cycled light;
water levels were checked weekly, and more
water added asnecessary tomaintain the start-
ing level.

For all the subspecies tested, the young
grew, matured andsurvived best when only five
snails were reared in each plastic container
(Tables 5-9). The amount of mud surface area
per snail was greatest in this vivarium group
than in any of the others. It 1is suspected
that this ratio is amajor factor in the rear-
ing of Oncomelania., In contrast, the absence
of mud 1in Petri-dish containers apparentl
caused the slowest growth and poorest_survivaf
among the young. analysis of variance re-
vealed gxgnxflcant differences between the
shell heights of the snails and the vivarium
groups used (Tables 16 and 17). Also, the
shell heights correlate positively with the
mud surfsce_area per snail isolated in agiven
container (Table 10 and Fig. 1 This corre-
lation is further evidenced if one considers
the ‘second-best’ rearing arrangement. The
smallest of the subspecies, . quadrast,
(3.5 - 6.0 mm high), sEowgd a greater degree
of maturation when ten snails were cultured in
the plastic_container in contrast to the five
snails per Petri dish (Table §). 0. h. hupen-
sis, the largest subspecies (7.5 - 10.0 mm)
tended toward the exact opposite relationshi
(Table 9). O. h. formosana (5.0 - 8.0 mm



displa*ed no real difference in either viva-
rium (Table 7).

In general, between the sexes for each sub-
species, there is no significant difference
in the shell length, except O formosana
and 0. h. quadrasi_where females are larger
than males (Table 18) accurate statement
relating the size of the subspecies and growth
rate cannot be made, since the specimens were
measured only once, at the end of the eight-
week period. The smaller snails appear to have
a ‘slower’ growth rate during this time than
the larger ones (Tables 5.—95. It is likely
that the smaller subspecies (0 quadrasi
and O. chiui) grew to maturity more quick-
ly, as evidenced by the hlfhest percentage to
reach maturity, and a 'flat’ average growt
rate for all vivarium groups (Tables 11-12).

The stunting effect of growdins (like that
reported by van der Schalie and Davis, 1965)
was clearly evident when the number of snails
ger cul ture wasincreased beyond the a})parent-
critical level. Noticeable dwarting was
obtained in the cultures with ten and fifteen
snails per plastic container and isespecially
evident in the O. h. hupenstis, nosophora,
and O. h. chiut cultures, In some vivaria,
less than half of the snails in the 10-per-
container vivaria reached maturity as compared
with those with 5snails per container (Tables
5-9). Since uadrasi and O. h. chiut
are approximately thesame size, 1t seems dif-
ficult to attribute a size reduction in terms
of available food as a major factor in produ-
cing stunting. t 1s generally conceded that
there must be several unknown factors respon-
’s;lblﬁ.fqr slowing down the growth rate of
. chiut.

In all of these test groups there was a re-
markably high survival rate, which was con-
sistent {_better than . In contrast, van
der Schalie andDavis (1965) in two experiments
designed to raise young, obtained 64% and 72%
respectively, with' the O. h. formosana when
cultured in Petri dishes with 10 snails per
1sh.

EXPERIMENT 3: IMPROVING CULTURES WITH FOOD
ADDITIVES

The nutrient-rich mud used as a substrate
for culturing Oncomelania &Exper;ment 1) suc-
cessfully encouraged high fecundity. It sup-
gorts acontinual growth of algae and diatoms,
he natural foods of the snails (Komiya et al.
1960; Dazo and Moreno, 19 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 Petri dishes with mud mounds
was thought togroduce favorable results (Moo-
se et al., 1962). However, in tesung dia-
toms, rice powder, andwhe2t getm, the diatoms
were considered best as food-supplements for
i'c,??f‘)’“"“ fecundity in0O. h. nosophora (Davis,

Experiment 3 bli
the effects of food additives on the produc-
tion of young in culture arrangements that were
shown most promising, namely the plastic con-

tainers with mud ring. nly O. h. nosophora,
the subspecies most often used by researchers,
was used in this experiment. t was impos-
sible to test the other subspecies due to a
lack of time and the enormous amount of labor
involved.

Altogether 120 lltfeﬂt three-month-old O.
h. nosophora, with well-developed varix lips,

was established to determine

STERKIANA NO. 56, DECEMBER 1974

were selected from a large squly pool. Then,
twent{_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-
males and three males per container, and fed
as follows:

. Alg

2. Wheat-germ

. Rice cereal (in the form of baby food
mgnufacltjured by Gerber Products Co., Fremont,
ich. JSoAY.

. Combined ration using all three food
additives ‘

. Since adult shells void undift;sCed diatoms
in their feces (van der Schalie and Davis,
1965), diatoms were not tested as additives.
Within amonth diatoms grew rapidlz and spread
throughout all cultures. Nevertheless, dia-
toms are recofnlzed as a basic food of Onco-
me lania. All algal mats were removed from the
gropfs fed algae and rice cereal before adult
snails were introduced into the culture; the
processed food additives were put into the
cultures including the combined-food group.
All young snails were removed biweekly and
records were maintained on the number of young
and of dead adults removed; dead specimens
were not replaced. Rice cereal and wheat germ
were added to the cultures every two weeks but
the algae were added only 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
appeared in the algae-fed group; thenext Ki h -
est was in the combined-food-fed group (Table
11). Averages higher than 500 young were col-
lected in one year in three containers of the
alfse—fed grou i.e.,615, 562, and 504); but
only one such (675) appeared in the combined-
food- fed group.

In thegroup fed on ground wheat germ a foul
odor o ecomposition developed in two days.
When wheat germ particles became swollen’ by
absorption of water they were removed from the
culture. The odor was avoided by grinding the
wheat germ more finely with a mortar and pes-
tle; it was then spread thinly over the mud
surface. The abundance of food on the mud
rings encouraged the rapid bacterial breakdown
in the cultpre, which probab was the cauge
o? the g} h ,adult morta ?t}Zs. thereas the
rice cereal did not emit an odor, i1t did form
a stone-like crust on the mud surface.

After the first 3 months, the production of
*ﬁgnﬁ dropped to zero in the wheat germ group.

ick 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-
cessed food, and it overgrew and trapped the
young. A similar condition that reduced the
number of young occurred with the ov_ergro‘_vth
of algae in some of the containers with rice
cereal and those with the combined food. Re-
moving these algal mats usually brought a re-
covery of productive conditions favoring the
¥oung. e one vivarium among the combined-
ood fed group which had the greatest produc-
tion of young did not develop a thick algal
mat; theadults may have kept itclean by brow-
sing to account for its success.

According to the analysis ofvariance i_'l'ables

19 and 20) there is no significant difference

in either fecundity or adult mortality of O
nosophora as affected by food additives.
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EXPERIMENT ¥: EVALUATING THE EFFECT OF DIF-
FERENT AREAS OF MUD SURFACE ON FECUNDITY OF
LABORATORY-REARED 0. H. NOSOPHORA

It wasofinterest that the fecundity of the
! nosophore inExperiment was greater
than that of their parents in Experiment 1
Laboratory-reared individuals of O. h. noso-
phora often can be less fecund and viforous
than field-collected specimens (Davis, I971).
This difference may be due both to microchem-
istry and to the diatom flora of the soil as
important factors in relation to growth, ma-
turation, survival, and ecundity. This ex-
gerlment was conducted to determine whether
he methods used in Exgerzment 1 and 2, but
with increased mud surfaces, would make the
fecund1t¥_of laboratorg-reared snails surpass
that of field-collected ones.

Four rearing 7youps consisting of 8 vivaria
each were established, as follows:
egular Petri dishes with mud mounds
--5 young/vivarium _ :
lastic containers with mud mounds
(same as in Experiment 2) --5 young/vivarium
. Same as *2, but 10 young/vivarium
4. Larger plastic containers (11 cm
4.5 cm) with mud mounds (10 cm X 3 cm)
-~ 5 young/vivarium

Routine maintenance and measurement of
snails after an eight-week isolation in 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 reatest number of the whorls
were selected from each rearing group. They
were then transferred to three pesﬁly re-
gated plastic containers with mud rxngs; three

emales and three males were cultured 1n each
container for six months. 1 young were re-
moved biweekly and the number of Eoung produ-
ced and of adult mortality, recorded.

There are significant differences between
the shell heigﬁts of the snails when they are
removed from the rearing culture (Tables 21 &

y Also, the shell heights correlate posi-
tively with the mud surface area per snail,

e coefficient of linear correlation,y, o
the females is 0.25; v of the males is '0.38.
Both ¥ -values are significant. There is no

significant difference in the survival rate.

(Table 23)

. The Young grew, maturéd, and suryived best
in the large plastic containers (Table 12) in-
dicating, once again, theimportance of a lar-
ge mud-surface-area  for rearing young to 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 eggs at the age of four months. Sur-
prisingly, when this transfer was made, as
many as eighty eggs were found attached to the
walls 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 *xeldlng the
second lowest young production (Table 13).

The snails, reared in the five-per-small-
container group, were the second best in
rowth and maturit but they suffered the
ighest mortality ¥Table 12)." No _ eggs were
ound in these rearing cultures. However, in
the breeding culture, these_sna1lslzelded the
highest total young collection (Table 13).The
ygung ﬁroduct1on ol the large-container §roup
might have surpassed or equalled that ol the
ive-per-small containers, had there been no
eggs laid ‘prematurely.’ it was impossible to

count all the eggs laid by these snails, as
many were buried and well camouflaged in the
mud, Therefore, it is impossible to test for
a significant difference.

The slowest growth, maturation, and poorest
young collection wasobtained from the crowded,
tgnig?all-per—small—contalner group (Tables

There is no significant difference in the
adult mortality 1in the breeding cultures
(Table 24).

The fecundity in all these groups was greater
than thehighest observed by Davis 51971 among
field-collected O. h. nosophora (13.7 y/f/m).

avis alsoadded calcium carbonate to the soil,
which increased fecundity among laborstorK
reared O. h. nosophora. Nevertheless,
failed to sursass the fecundity found in th
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 fortifying soil
with chemical additives, itwopld be advisable
to use increased areas of substrate to test
fecundity among Oncomelania snails.

e
e

SUMMARY

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

Peripheral mud rings, instead of the con-
ventional central mud mounds, were used to in-
crease the surface area per vivarium. As a
result, more oncomelanid snails were reared.
It was demonstrated that the production of
young Oncome lania, except for O. h. nosophora,
correlated positively with the mud surface
area.

- Plastic containers with mud rings proved to
be the most 8roduct1ve culture method for

. quadrasi, O. h. formosgna, 8and O. h. chiui.
However, the largest numger of offspring of O.

hupensis, the Jargest subspecies, were pro-

duced in clay pots with mud rings because the
clay pots were larger than the plastic con-
tainers. The rate of productivity of
hupensis and . nosophora on mud rings in
the plastic containers remained uncertain, be-
cause all of the first breeding adults died;
and adults repla§1ng the dead ones were foun
to be smaller and less fecund than their pre-
decessors.

. Initially, extremely highmortality occurred
in the plastic containers equipped with mu

rings, because the freshly prepared substrate
gro uced anaerobic conditions which wereharm-
ful to the snails. owever, a special exper-
iment demonstrated that adult mortality could

e reduced en 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 o
Oncome lania.



While rearing young snails toadults, it was
found that the snail she eight correlated
Qos1t1vely with themud surface area persnail.

oung Oncome lania 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 Betri dishes. Fur-
thermore, depending on th subspecies being
isolated, the number of snails maintained suc-
cessfully 1in 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-
sed food additives (wheat germ and rice cere-
al). owever, some species of algae were
harmful if allowed to form mats which trapped
the young snails.

The last experiment demonstrated that the
fecundity of laboratory-raised O. 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 aﬁ-
groxxmately.20 young per female per two weeks

rom a previous level of oung per female -
per month (van der Schalie & Davis, 1968).

The surface area and the arrangement of mud
in a vivarium have been shown to be signifi-
cant factors that must be considered 1in all
steps of rearing Oncomelania in the laborato-
r¥, including the breeding of adults, rearing
o youne, and the subsequent fecundity of those

oung. Consequently, if oneincreases the sur-
ace area and uses mud rings and larger mud
mounds, the production of these snails can be
enhanced considerably.
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AVERAGE NUMBER OF YOUNG PRODUCED (y/f/biwk)
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Fig. 1. Top view of vivaria used for producing Oncomelania young. -- A. Petri dish with
mud mound; B. Petri dish with mud ring; C. Plastic container with mud mound; D. Plas-
tic container with mud ring; E. Clay pot with mud mound; F. Clay pot with mud ring.
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Fig. 3. Average number of Oncomelania hupensis ‘formosana (Pu-yen)
young produced biweekly per Temale (v/f/biwk) In four
Fig. 2. Average number of Oncomelania hi sis quadrasi young vivarius groups in one year.
produced biweekly per Temale (y In four viverium L
grows in one year.
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Table 1. Descriptions of the Vivaria tested for producing large numbers of Oncomelania young.
Type of Dimensions | Dimensions of Area of Maximum Depth | Water in Vivarium
Vivarium in cm strap ring in cm soi of soil Reservoir Cover
Diam. He. Diam. He. in cm in om in cc

PD-CM 9.0° 2.0 4.5 Q. 16 1.5 25 Regular PD cover
PD-PR 9.0 2.0 4.5 0.5 S0 T8 8 Regular PD cover
PC-CM 11.0 4.0 5.8 27 2.0 50 Plastic 1lid cover
PC-PR 11.0 4.0 L.5 1.2 70 3.0 20 Plastic 1lid cover

®
PC-PR AL, 40 5.5 65 3.0 28 Plastic lid cover

R
CP-CM 13.0 4.0 5.8 0. 27 2.0 30 Glass plate

wek ¥
CP-PR 13.0 4.0 5.8 0.5 100 3.0 x5 Glass plate
*

for the second trial of 0. h, nosophora onl
i e L ¥ Soil type: CM - centrally placed mud mound

e
for 0. h. hupensis only

Vivarium Type:

PD - Petr
PC - Plas
CP - Clay

i Dish
tic Container
Pot

PR - peripherally placed mud ring

Table 2. Young of Oncomelania hupensis subspecies produced in Experiment 1.

35% Condifence Limlit

Species & | Total ¥ of Createst ¥ of | Average of young Average of young
Vivarian |young collected|young collected | produced per collected per vivarium Lo Upper
Types in one year in one vivarium | female per biweek per biweek Level: L.5-1-
in one year (y/£/biwk.) (y/viv/biwk.) 5 5
0. h.
hupensis
s 359 215 0.92 2:.76 L 3.3 1.50 7.02
CP-PR 2544 859 6.52 19.57 ¥ 10.85 6.10 33,04
PC-CM 45 45 0.11 0.35 * 0.77 0.00 1.5
PC-PR No eggs or young were found in this tvpe of vivarium,
0. h.
formosana 4
= 724 252 1.86 5.57 = 2.93 1.93 9,21
PD-PR 1695 522 4.35 13.04 f 7.18 1.18 18.95
PC-CM 12u8 419 3.20 9.60 I 3.98 4.66 14,54
PC-PR 3354 1104 8.60 25.80 * 13.13 9,50 42,10
0. h.
“quadrasi i
aﬁiin"' 936 309 2.55 7.66 - 2.42 4,66 10.66
PD-PR 3190 au7 8.18 2u.56 ¥ 9,35 12.94 36.14
PC-CM 1857 525 4,76 .28 &£ 3,88 9.6 19.10
PC-PR 4796 1635 12.30 36.89 ¥ 19.50 12.69 61.09
0. h.
nosophora
o 279 107 0.72 2.15 % 1.8 0.31 3.99
PD-PR 517 178 1.33 3.98 3 2.60 0.78 7.21
PC-CM 237 102 0.61 1.82 = 1,28 - 0.23 3.41
PC-PR 301 262 0.77 2,92 % .3 0.00 7.73
0. h.
“ehlui il
= 785 236 2.01 6.04 = 1,71 3.92 8.16
PD-PR 1285 433 .29 9.88 ¢ u.80 3.92 15.84
PC-CM 672 193 1.72 5.17 % 1,42 3.1 6.93
PC-PR 2622 735 6.72 20,17 ¥ 7.68 10.64 29,70
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Fig. 10. Vivaria used for rearing Oncomelania
youn t% m tunt A. Petri dish with mud
moun astxc container with mud moun

Large Elast}c container with mud mound
(used in Experiment 4

AVERAGE SHELL HEIGHT (MM)

TABLE 3. The coefficient of linear correlation (r) between the young
production and the mud surface area

Species Degrees of freedom . Conclusion
0. h. quadrasi 18 0.76 significant
0. h. formosana 18 0.70 > MUD SURFACE AREA PER SNAIL (CMZ/SNAIL)

. 18 0.76 "

9. h. chiui Fig. 11. Regression lines of Oncomelania hupensis subspecies
0. h. hupensis 18 0.65 " fitted scatter diagram of average shell height (mm) on
== mud surface area per snail (cm”/snail).
0. h. nosophora 18 0.13 not significant

The positive correlation in these cultures indicates a favorable arrange-

Table 4. Mortalitv Data

Species; Females Males
Vivaria 1st 11 last total in Ist 11 last total iIn Overall
Types month months one year month months one year total
0. h.
~ hupensis
CP-CcM 0 : § 1 0 0 0 2
CP-PR 0 4 L) 0 0 0 y
PC-CM X 5 6 0 8 8 14
PC-PR 19 11 30 17 16 33 63
0 R
~ formosana
PD-CM 4 27 31 1 27 28 59
PD-PR 11 26 37 13 23 36 73
PC-CM 1 25 26 1 18 19 us
PC-PR 21 25 L6 23 19 42 88
3, b
~ quadrasi ]
%5-01 0 24 24 0 13 13 37
PD-PR 12 16 28 9 14 23 51
PC-CM " 23 23 0 17 17 40
PC-PR 23 24 w7 25 13 38 85
0. h. 4
nosthora
D- 1 24 25 0 29 29 Sy
PD-PR 2 32 34 2 26 28 62
PC-CM 1 32 33 0 25 25 58
PC-PR S 20 25 5 17 22 47
0. h. chiul
PC-CM 0 0 0 0 2 2 2
PD-PR [} 1 1 0 3 3 y
PC-CM 0 2 2 0 " 13 6
PC-PR 13 8 20 14 0 14 34

#
This is the second trial of 0. h. nosophora after the snails in the first trial were destroyed.
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Table Sa. Vivaria tested for rearing 0. h. quadrasi to maturity for 8 weeks in terms of
survival rate, § of survived snails reaching maturity, average height, and
average growth rate.

Vivaria types: P.D. w/o mud | P.D. w/mud s/e.c. 10/k.c. 15/p.c.

Survival rate (%): u6. 4 80.8 88.0 T1.2 90.4

$ of survived snails
reaching maturity:

Females 0.00 58.33 91.53 70.00 46.58

Males 0.00 86.79 92.15 92.47 77.20
Average height (mm):

Females 2.13 ¥ o.u7 w19 % o0.77 u.83 % 047 | u.36 2 0.60 3.88 o7

Males 2.32 ¥ o.u3 .64 % 0.u9 3.79 2 0.39 | 3.68 % 0.28 3.u8 ¥ 0.42
958 confidence limits (mm):

Females 2.13 % 0.20 829 Y 0,22 |u.83fo0.22 | w3t 02 3.88 ¥ 0.13

Males 2.2 2 0,17 3.68 % 0,14 3.79 L 0.11 | 3.68 % 0.08 3.48 ¥ 0.06
Average growth rate in

wn /whk

Females 0.02 0.27 0.35 0.30 0.24

Males | 0.04 0.20 0.22 0.21 0.18
Abbreviations:

P.D. w/o mud - Petri dish without mud mound

P.D. w/mud -~ Petri dish with mud mound

57 P.c, - 5 snails per plastic container

10/P.C, - 10 snails per plastic container

i15/P.C, - 15 snails per plastic container

*
Indicated by the presence of varix lip on the shell

Table Sb. Comparative (in terms of height (mm)) growth of 0. h. quadrasi reared to
maturity in the vivaria for 8 weeks. The number of snails 1s shown left
of the parenthesis; percentage of the snails isolated in each vivarium
group of each sex in the parenthesis.

Height Petri dish Petrl dish S snails per 10 snails per 15 snails per
(mm) without mud with mud container container container
o ? & ? J ? F ? o ? !
6.0-6.4 - -—— -— ——— M 2.7) ——— ——- — -— ——
5.5-5.9 —— —— ——- -— 2( 3.4) —— —-— —— — —-—
5.0-5.4 - — 5(10.4) - 23(39.0) .- 17(17.0) - 8( 5.5) -
4.5-4.9 —— --- |18(37.5) —— 26(u4.0) 1( 2.0)| 30(30.0) -——— 29(19.9) ———
8.0-4.4 — --=- 113(27.5) 16(30.2) 5( 8.5) 17(33.3)| 31(31.0) 16(17.2) 35(24.0) 27(1%.0)
3.5-3.9 — — 2( 4.2) 2u(45.2) i 25(u49.0) 11(11.'0) 64(68.8) 29(19.9) ”(!’..7)
3.0-3.4 -== 2( 5.9)| 5(10.%) 7(13.2) 2( 3.4)  7(13.7) | 9( 9.0) 11(11.8) 2u(16.4) 52(26.9)
2.5-2.9 §(20.8) 15(u44.1)] 4( 8.3) 3( 5.7) - 1( 2.0)| 1( 1.0) 2( 2.2) 16(10.9) 1u( 7.3)
2.0-2.4 | 9(37.5) 10(29.4)| 1( 2.1) 3( 5.7) -—= -—- 1( 1.,0) “-- s( 3.4) 3( 1.8)
< 2.0 10(41.7) 7(20.6) —— ——— - —— —— ——— o 1( 0.5)
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Table 6a. Vivaria tested for rearing O. h. chiui to maturity for 8 weeks in terms
of survival rate, % of survived snalls reaching maturity, average height
and average growth rate,

Vivaria types: P.D. w/o mud P.D. w/mud SIBLC, 10/P.C. as/e.c.
Survival rate (%): 40.0 88.2 85.6 88.0 8u.8
§ of survived snails,
reaching maturity:
Females 0.00 48,08 59.67 36.28 22.28
Males 0.00 44,83 B4, uu 45,79 32.89
Average height (mm): y
Females 2.32 % 0.51 w01 L 0.77 4,09 1 0.88 .73 ¥ 0.85 3.49 ¥ 0,86
Males 2.43 % 0.53 3.70 ¢ 0.62 4,06 1 0.66 3.6% 1 0.80 a.u1 fo.78
95% Confidence limit:
Females 2.32 ¥ 0.19 w01 2 0.22 .09 1 0.22 3.73 ¥ 0.16 3.49 L 0,13
Males 2.43 % 0.25 3.7 % 0.16 u.06 0,20 a.eu ! o0.15 3.1 %013
Average growth rate in
mm/wh
Females 0.0u4 0.25 0.26 0.22 0.19
Males 0.05% o s 0.26 0,20 0.18
Abbreviations: . 3
P.D. w/o mud - Petri dish without mud mound
P.D, w/mud - Petri dish with mud mound
$/P.C, - 5 snails per plastic container
10/P.C. - 17 snails per plastic container
. - .% sndails per plastic corrainer
*
Indicated by the oresence of varix lip on the shell
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 snails Is shown
left of the parenthesis; percentage of the snails isolated in each
vivarium group of each sex in the parenthesis.
H:::!;t Petri dish Petri dish 5 snails per 10 snails per 15 snails per
without mud with mud container container container
Sex: ? d ? J g Py ? d $ &
5.0-5.4 - - 1( 1.9) --- 4(6.5) 2¢ B.u) 7( 6,2) -—- 6( 3.6) 1( 0.7)
4,.5-4.9 - -—- 17(32.7) 9(15.6) 23(37.1) 7(15.6) | 24(21.2) 20(18.7) | 30(18.1) 11( 7.2)
4,0-4,4 — - 14(26.9) 16(27.5) 18(29.0)  25(55.6) | 21(18.6) 27(25.2) |20(21.1) 42(27.6)
3.5-3.9 2( 6.7) 1( 5.0) 8(15.4)  12(20.7) 6( 9.7) u( 8.9) | 11( 9.8) 16(15.0) [17(10.2) 15( 9.9)
3.0-3.4 1( 3.3) 2(10.0) 7(13.5) 10(17.2) 2( 3.2) 3( 6.7) | 2u(21.2) 18(16.8) [ul(24,7) 3u(22,3)
2.5-2.9 4(13.3) 5(25.9) 3( s.8) 11(19.0) 1( 1.8) 2( u.4) | 20(17.7) 18(16.8) |38(22,9) 33(21.7)
2.0-2.4 18(60.0) 9(45.0) 10 1.9) ——— 7(11.3) 2( u.4) 6( 5.3) 6( 5.6) {12( 7.2) 15( 9.9)
£ 2.0 | 5(16.7) 3(15.0) 1( 1.9) --- 1( 1.6) -—- ——- 20 1.9) | 2¢ 2.2) 1( 0.7)
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Table 7a.

15

Vivaria tested for rearing 0. h. formosana to maturity for 8 weeks in

terms of survival rate, % of survived snalls reaching maturity, average
height, and average growth rate.

Vivaria types: P.D. w/o mud P.D. w/mud S/P.C. 10/P.C. 15/P.C.
Survival rate (%): 37.6 8u4.8 88.8 85.2 92.3
$ of survived snails,
reaching maturity:
Females 0.00 83.33 63.93 83.93 63,52
Males 0.00 67.30 80.00 89.11 66.31
Average height in mm:
Females 2.9 2058 | 6302121 | s.29 2 0.96 6.9 Y100 | 5622113
+
Males 3.02 2 0.6 | s.82 % 0.92 5.92 ¥ 0.6 5.89 £ 0.66 | 5.u4 - 1,01
95% Confidence limits
in wm:
+ + + & +
Females 2.9% - 0.24 6.3 - 0.33 6.19 -~ 0.25 6.19 - 0.19 5.62 - 0.18
Males 3.02 £ 0.20 | s.02 % 0.26 5.92 & 0.2u 5.89 ¥ 0.13 | 5.4 2 0.1s
Average growth rate
in mm/wk:
Females 0.12 0.54 0.52 0.52 0.45
Males 0.13 0.48 0,49 0.49 0.43
: PLD. y/ d - Petri dish without mud mound. P.D. w/ mud_p Petri dish
ABE?EI‘YI;:\) Oan§ung.D 3/38“ -5 :n;ilslger plag‘tl.ic container. IB’P.C. *“1b snails per

plastic container.

15/P.C. -

snails per plastic container

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

Table 7b. Comparative growth in terms of height (mm) of 0. h. formosana reared to
maturity in the vivaria for 8 weeks. The number of snails is 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 snails per
(mm) without mud with mud container container container
Sex: ? o ? o ? P ? e ? L

7.5-7.9 ——— -—— 3( 5.6) -— -—— -— u( 3.8) — 1( 0.6) P

7.0-7.4 —— —— 16(29.6) 4 7.7) 13(21.3) 1( 2.0) |22(19.6) 1( 1.0)| 10( 6.3) 1( 0.5)
6.5-6.9 —— - 16(29.6) 10(19.2) 21(3u.4) 11(22.0) |[29(25.9) 17(16.8) | 33(20.8) 22(11.8)
6.0-6.4 ——— - 9(16.7) 15(28.8) 7(11.7) 21(%2.0) [25(22.3) 83(42.5) | 31(19.5) 57(30.5)
5.5-5.9 - - 2( 3.7) 9(17.3) 6( 9.8) 7(1%.0) [16(1%.3) 28(27.7) | 28(15.1) 29(15.5)
ghsa kLl - 5(9.6) | sCe.2)  w(8.0) [8€2.7) u(w.0)|18C 9.8) 23(12.9)
b.5-4.9 --- - 1(1.8) 3( 5.9) u( 6.5) 1( 2.0) | u( 3.5) 3( 3.0) | 15( 9.8) 1M( 7.5)
h.0-4.4 3(12.0) 1( u.5) 1( 1.3) 2( 3.9) u( 6.5) 2( ».0) | 2¢ 1.8) 3( 3.0) | 17(28.7) 23(12.3)
3.5-3.9 1( 4.0)  1( u.5) 3( 5.6) u( 7.7) 1( 1.8) 3( 6.0) | 3( 2.7) 1( 1.0)| 7C s.4) 210( 8.3)
3.0-3.4 6(24.0) 10(uS5.5) 3( 5.6) -—- - -— 2(1.8) 1(1.0)| 8( 1,9) 8( w93
2.5-2.9 110(40.0) 8(36.4) ——- ——- - - 1( 0.9) -——— 2( 1.3) et

2,0-2.4 §(20.0) 2( 9.1) - —— ——- -— 1( 0.9) — 1( 0.8) ———

< 2.0 - -— - ——- ——— - ——— —— — e
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Table 8a. Vivaria tested for rearing 0. h. nosophora to maturity for 8 weeks in terms
of survival rate, % of survived snalls reaching maturity, average height,
and average growth rate.

Vivaria types: P.D. w/o mud P.D. w/mud s/P.C. 10/P.c. . 15/P.C.
Survival rate($%): 43.5 80.8 89.6 89.6 9%.7
$ of survived snails,
reaching maturity:
Females 0.00 22.64 62.07 28,32 17.65
Males 0.00 64,58 85.19 §3.24 31.55
Average height in mm:
Females 2.56 ¥ 0.67 5.3 2 1.68| 6.63%1.05 s.39 2135 | woo1t113
Males 2.83 ¥ 0.70 5.65 2 1.01| 6.62 % 0.91 s.26 21,06 | v.96 %107
95% Confidence limits
in mm:
Females 2.56 0.2 | s.30%0.us5| 6.63%0.28 5.39 2 0.25 | w.91%0.26
Males 2.83 % 0.3 s.65 % 0.29 | 6.62 % 0.25 5.26 £ 0.20 | w.96 I 0.16
Average growth rate
in wa/wk:
Females 0.07 0.82 0.58 0.42 0.36
Males ; 0.10 0.49 0.5S 0.%1 0.36
Abbreviations:
P.D. w/o mud -~ Petri dish without mud mound
P.D. w/mud - Petri dish with mud mound
S5/P.C. - 5 snails per plastic container
10/P.C. - 10 snails per plastic container
15/P.C. - 15 snails per plastic container
'Y
Indicated by the presence of varix lip on the shell
Table 8b. Comparative growth in terms of height (mm) of 0. h. nos a reared to
maturity in the vivaria for 8 weeks, The number of snails is shown left
of the parenthesis; percentage of the snails isolated in each vivarium
group of each sex in the parenthesis,
B‘Id;‘ Petri dish WP—otri dish 5 snails per 10 snails per 15 snails per
_- without mud with mud container container container
Sex: ? o ? o ? d ? By ¢ d
7.5<7.9 -— - 2 (3.8) -—- 15(25.9) 2( 3.7) 8¢ 7.1) -—- 8( 2,1) -
7.0-7.4 - - sC 9.4)  2( u.2) |.13(22:8) 6(11.1) | 13(11.5) 3( 2.7) | 9( &.8)  1(0.6)
6.5-6.9 -— -— s( 9.8) 16(33.3) | 11(19.0) 30(55.5) 11( 9.7) 7( 6.3) | 11( 5.9) 19(11.3)
6.0-6.4 -— ——— 9(17.0) 12(25.0) 4( 6.9) 8(1%.8) 6( 5.3) 25(22.6) | 19(10.2) 19(11.3)
5.5-5.9 — -—— S( 9.4) 6(12.5) S( 8.6) 1( 1.9) 8( 7.1) 18(16.2) | 11( 5.9) 19(11.3)
5.0-5.% —— — 6(11.3) 1( 2.1) 7(12.1) — 15(13.3) 13(11.7) |16( 8.5) 16( 9.5)
4.5-%.9 1( 2.7) i—— 8(15.1) u( 8.3) — 8( 7.8) 22( 19.8) 23(20.2) | 35(18.7) 23(13.7)
§,0-4.4 —— 1( 5.9)] 6(11.3) 5(10-?) 0 1.7 ¢ 3.7 15(13.3) 8( 7.2) |u8(25.7) 35(20.0.)
3.5-3.9 3( 8.1) 3(17.8) 3( 5.7) 2( %.2) 2( 3.m8) — 12(10.6) 7( 6.3) |25(13.4) 28(16.7)
3.0-3.4 5(10.8) 3(17.6) 2( 3.8) — ——— 1(1.9) 1(0.9) 8( 3.8) 9( 4.8) 8( 4.8)
2,5-219 13(35.1) 5(29.8)| 2( 3.8) —— — — 2( 1.8) 3 2.7) —— -——
2.0-2.4 10(27.0)  #(23.6)| --- == -— — - s o —-—
£ 2.0 6(16.3)  1( 5.9)| ~--- —_— — — - - - —
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Table 9a. Vivaria tested for rearing 0. h.

17

hupensis to maturity for 8 weeks in terms

_“E_..

of survival rate, % of survived snails reaching maturity, average height,

and average growth rate.

Vivaria types: P.D.w/o mud | P.D. w/mud 5/B.C. lo/P.C. 15/P.C.
Survival rate (%): Not done 87.2 92.0 90.8 Not done
% of survived snails ,

reaching maturity:

Females 38.71 59.32 21.01
Males 53.19 71.u43 32.41
Average height in mm:
Females 7.49 1 1.82 8.06 L 0.98 | 6.47 % 1.9
Males 7.81 % 0.96 . ien e lin
95% Confidence Limits
in mm:
+ + +
Females 7.49 - 0.36 8.06 - 0,26 6.47 - 0.25
Males 7.01 % 0.28 7.97 2 0.19 | 6.57 ¥ 0.22
Average growth rate
in mm/wk:
Females 0.69 0.76 0.56
Males 0.68 0.75 0.57
Abbreciations:
P.D. w/o mud - Petri dish without mud mound
P.D. w/mud - Petri dish with mud mound
sIP.C. - 5 snails per plastic container
J0/PC, - 10 snails per plastic container
15/P.C. - 15 snails per plastic container

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

Table 9b. Comparative growth in terms of height (mm) of 0. h. wnm to
maturity in the vivaria for 8 weeks. The number of snails is 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 snails per
(wm ) without mud with mud plastic container | plastic container plastic container
i g & ? & ? g ? @ ? &
9.5-9.9 Not done. 3(u.8) -— -— -— -— ——— Not done.
9.0-9.4 5(8.1) 2(%.3) | 10(17.0) 3( S.4) | u( 3.4) -—
8.5-8.9 9(14.5) 3(6.u) | 14(23.7) 9(16.1) | 7(5.9) 2( 1.8)
8.0-8.4 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)
7.0-7.4 7(11.3) 5(10.6) | 9(15.2) u( 7.1) |10( 8.%) 11(10.2)
6.5-6.9 8(12.9) 6(12.8) | 3( s.1) 1( 1.8) |10( 8.%) 16(14.8)
8.0-6.4 u( 6.5) u( 8.5)| 1( 1.7) 3( 5.8) |22(18.5) 12(11.1)
5.5-5.9 3( 3.2) 3(6.8)| 1(1.7) - |12¢20.1) 17(15.8)
5.0-5.4 1( 1.86) -— 2(3.u) - 15(12.6) 11(10.2)
4.5-4.9 -— 1( 2.1) - —— 5.9 M s.5)
4.0-4.4 2( 3.2) .- -—- ——— 7( 5.9) 1( 0.9)
3.5-3.9 1(1.6) -—- -—- -—- 1( 0.8) 1(0.9)
3.0-3.4 M 1.6y —- - el 0wy | =
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Table 10.

The coefficient of linear correlation (Y ) between
the shell height at the end of the 8-week isolation
{n the culture and the mud surface area per snail

Species and Sex Degrees of freedom Y Conclusion
0. h. quadrasi

females 375 0.5%6 Significant

males “22 0.12 Almost significant
0. h. ehiui

females 21 0.32 Significant

males 380 0.33 Significant
0. h. formosana

females 509 0.33 Significant

males 810 0.31 Significant
0. h. nosophora

females b4d 0.55 Significant

males 396 0.0 Significant
0. h. hupensis

females 238 0.20 Significant

209 0.22 Significant
Table 12a.
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Table 11, Young production and adult survival of Oncomelania
snails, as affected by the food additives.
w
Groups : A we RC [+
A. Young production:
Total # of young collected
in one year 1,732 299 776 1,056
Average of young produced
per female per biweek
(y/viv/biwk) 8.20 1.07 2.32 3.8
ge of young pr
per vivarium per biweek . " . %
(y/viv/bivk) 13.32-11.70( 2.30-1.9) 5.97-6.59 [8.12-10.%s
95% Confidence Limit
Lower level: 11.87 0.00 0.00 0.00
Upper level: .77 867 14.15 21.08
Createst # of young cole
lected in ome vivarium
in one year 618 120 430 675
B. Adult survival:
Out of 15 females:
Number at the end of
one year 9 S 5 9
Percent survival 60.00 33.33 33.33 60.00
Out of 15 males:
Number at the end of
one year 9 9 11 1
Percent survival 60.00 60.00 73.33 73.33

*
Algae

A .
WG = Wheat germ
RC = Rice cereal
C = Combined food

0. h. nosophora in Experiment 4 reared to maturity in four

Vivarium groups for 8 weeks in terms of swurvival rate, % of
survived snails reaching maturity, average height, and average

growth rate.

Vivarian type: P.D. w/o mud S$FS- P 10/S.P.C. L.P.C.
Survival rate (%): 82.5 87.5 95.0 100.0
% of survived snails,

reaching maturity:

Females : ou,1 84.6 80.0 100.0

Males 93.8 100.0 93.5 100.0
Average height in mm:

Females 7.u% 0.3 7.62 L o 7.5 2 1,08 | 7.73 % o.3s

Males 6.70 ¥ 0.47 7.08 L 0.33 5.66 - o.u8 | 7.11 ¥ 0.28
95% confidence limits in mm:

Females 7.0 0,19 7.62 ¥ o.us 7.5 2 0.39 | 7.73 ¢ 0.16

Males 6.70 £ 0.25 7.08 ¥ 0.19 6.66 L 0.13 [7.11 % 0.13
Average growth rate in mm/wk:

Females 0.67 0.70 0.64 0.72

Males 0.59 0.63 0.58 0.64
Abbreviations:

P.D. w/mud = Petri dish with mud mound

S/S.P.C. = 5 snails per small palstic container

l0/s.P.C.
L.

L = Large plastic container

= 10 snails per small palstic container

®
Indicated by the presence of varix lip on the shell



8 weeks in various vivaria; then transfe

mud rings for producing young.
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to plastic containers with
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Table 12b. Comparative growth in terms of height (mm) of 0. h. nosophora reared to
maturity in vivaria for 8 weeks. The number of snails is shown left of
the parenthesis; the percentage of the snails isolated in each vivarium
group of each sex in the parenthesis.
Height Petri dish 5 snails per 10 snails per Large plastic
(mm) with mud container container container
Sex: ? o ? o ¢ o ? o
8.5-8.9 —— —— —— —— -— — 1( 4.8) -—
8.0-8.4 -—- —— 4(30.8) ——- 4(13.3) ——— 3(14.3) -—-
7.5-7.9 10¢58.8) —— 6(46.1) 2(14.2) 10(33.4) 2( 4.3) | 13(61.8) 3(15.8)
7.0-7.4% 5(29.4) 5(31.2) 2(15.4) 6(82.9) 10(33.4) 8(17.4) 3(1s.3) 11(57.9)
6.5-6.9 2(11.8) 8(50.0) —— 6(42.9) .’_2( 6.7) 22(47.8) 1( 4.8) 5(26.3)
6.0-6.4 —— 2(12.8). . o 30'3.9) 13(28.3) — ——
5.5-5.9 e Saa - - 1¢ 3.3) oo ——m e
5.0-5.4 - 1( 6.2) 1 7.7) — ol 1( 2.2) — el
4.5-4.9 S c—= e Vi Ao e £l gl
4.0-4.4 -— — -— -— 1( 3.3) - -— -
3.5-3.9 -— - - -— 1( 3.3) - P —
Table 13. Fecundity and adult survival of 0. h. hora, reared to maturity for
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Vivarium types: Petri dish 8 snails per 10 snails per| Large plastic
with mud container container container
A. Young Production
Total # of young collected
in six months 1,216 1,376 853 967
Average of young produced per 1
female per biweek (y/f/biwk) 11.36 11.76 7.29 8.63
Average of young produced per 4 + % %
vivariym per biweek (y/viv/biwk):|31.18 - 18.06 35.28 - 20.50 21,87 - 17.94% | 24,79 - 9,54
95% confidence limit:
Lower level 0.00 0.00 0.00 0,00
Upper level 76.07 86.23 66.u6 48.50
Greatest number of young collected
in one vivarium in six months 588 Tuk 553 421
B. Adult survival:
Survival rate (%) of females 88.89 100.00 100.00 77.78
Survival rate (%) of males 100.00 88,89 88,89 100.00
Table 14. Analysis of variance of the young productivity of On lani. . Comprel i f the 1ity of adult
g - is subspecies tutod.h various v“:u;h: :ypnm — iyt males mn::r::&:;i:.:: &;L ; umu.nt:p:cln
1) tested in various vivarium types (Lxperiment 1).
oo Degrees of Sum of  Wean Square Tcal Slignificant ~Tnteraction
Somds e i;\u:- o i e Subspecies 1,:‘:‘, 0 v;;‘-:!.‘-—:?. B
Vivarium Type 3 2,088,739, 44 682,266,48° 20,51 Vory'::::i- . g s 000 W 09.29 vs 1.19 ¥s
Subspecies 8 2,980,70%.54 748,196.18  22,41 V-ry‘;::::— P PRt di! v iy -
Interaction 12 1,75,377,08 186,190.09 4,40 Significant . gt i - .y s
Error 2,860,661.80 93,258.27 . g Sl S = o w
TOTAL 99 9,h42,562.68 0. h. chiul 0.00 NS 80.72 vs 527 Ls

$D = Significant difference

NS = Not significant

VS = Very significant
LS = Little significance
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Table 16, Analysis of variance of the shell height of Oncomelania huvensis
subspecies tested in various vivarium types {Experiment 27,

s Degrees of Sum of BYgnificant
st fresdom Square Mean Square Fcal difference
Vivarium
. 15,260.22 3,815.06 1.234,65 Very signifi-
YPe cant
Subspecies L} 1,085.52 266.38 86.21 Very signifi-
cant
Interaction 16 2,697.26 168.58 54,56 Very signifi-
cant
Error 3,703 11,425,586 3.09 °
TOTAL 3,727 30,448, 54
Table 17. Analysis of variance of the survival race of young of Oncomelania

hupensis subspecies reared to maturity for 8 weeks in various
v;vu-h- types (Experiment 2).

Source Degrees of Sum of Significant
freedom Square Mean Square Fcal difference
Vivarium
Type L] 6,921.11 1,730.28 109,30 Very signifi-
cant
Error 1e 284,84 15.83
TOTAL 22 7,205.95%

Table 18. Comprehensive analysis of variance of the shell height of

females and males of each Oncomelania hi

sis subspecies

reared to maturity in various vivarium types for 8 weeks

(Experiment 2).

Subapecies A%l oo s
0. h. quadrasi 187.61 vs 126,84 VS| 0.83 NS
0. h. chiui 2.05 NS 48,07 vs| 1.08 NS
0. h. formosana 13.27 Vs 98,94 vs | 0.u8 NS
0. h. nosophora 3.50 NS 124,73 vs|1.28 NS
0. h. hgcnlh 0.01 NS €6.36 vs | 0.3 NS

SD = Significant difference
NS = Not significant
VS = Very significant

Table 19. Analysis of variance of the effect of the food additives on
the fecundity of 0. h. nosophora cultured in the plastic con-
tainers with mud rings (Experiment 3).

Degrees of Sum of
Source : Significant
freedom Square Mean Square Feal difference

Vivarium Type 3 215,168.95  71,722.98 1.48

Error 1e 792,063.60 49,502,73 No signifi-
cant diff-
erence

TOTAL 19 1,007,212,55

Table 20. Analysis of varisnce of the effect of the food additives on
the mortality of adult females and males (0. h. nos: a)

cultured in the plastic containers with mud rIngs Timent 3).
s Begreas of S of Signiticant
freedom Square Mean Square Fcal difference
Sex 1 5.90 .90 3.21 N¥o significant
differsnce
Tood 3 1.10 0.97 0.24 No significant
difference
Interaction 3 2.70 0.90 0.59 No significant
difference
Bror 32 48.80 1.%2

TOTAL » §7.%0
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Table 21. Fecundity of 0. h. notngon reared to maturity for 8 weeks
in four vivarlum types showing: analysis of variance of the
shell height (Experiment 4).

T “Degrees of Tum of Significant
freedom Square Mean Square Fcal difference
Vivarium Type 3 10.4 3.89 8.31 Very signifi-
cant
Brror 172 72.28 0.82
TOTAL 175 82.7%

Table 22. Analysis of variance of the shell height of 0. h. nosophora
females and males in Experiment 4 reared to maturity for

8 weeks.
Source Degrees of Sum of Significant
freedom Square Mean Square Fcal difference
Vivarium Type 3 10.46 3.49 10,26 Very signifi-
cant
Sex 1 16.92 16.92 49,76 Very signifi-
cant
Interaction 3 -2.0% -0.68 -2.00 No significant
difference
Error 168 §7.40 0.3
Total 178 82.7%

Table 23. Analysis of

variance of survival rate of 0. h. nosophora young

in Experiment 4 reared to maturity. for 8

Boure: gres significant
: D.&ud;“ g:-:: Mean Square Feal difference

o 9,21 No significant
Vivariuwm Type 3 $00.00 200.0 s .
Brror L] $,828.00 957.00
TOTAL 7 ¥,428.00

Tabie 24. Analysis of variance of the adult mortality of 0. h. nosophora
fomales and males reared to maturity for 8 weeks in various
vivaria; then transferred to plastic containers with mud rings
for producing young (Experiment &)

Source Degrees of Sum of Bignificant
fresdon Square Mean Square Feal difference
Sex b ) 0.82 0.82 2.1% Mo significant
difference
Viverium type 3 0.13 0.08 0.1% Mo significant
difference
interaction 3 0.5% 0.18 0.62 Mo significant
difference
Brror 16 5.87 0.29
Total 3 $.96
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ABSTRACT

A study of mollusks from continuous columns
of sediment from Little Goose Lake, Lime Lake,
and Marl Lake in southeastern Michigan pro-
vided data on the later stages of lake his-
tory. The three lakes proba 16 formed as ice
block depressions between 14, and
years B.P. during the waning of the Carey Sub-
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 of considerable thickness.

basal sandy unit was exposed in the Lime
Lake section, but due to the thickness of marl
and the presence of thewater table it was not
studied 1n the other sections.

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

tion,which in turn allowed the use of changes
in abundance 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. Eac section records a gradual
upward transition from aquatic to shoreline
terrestrial conditions.

The study of the distribution of living mol-
lusks at {ittle Goose Lake and the vertical
distribution of mollusks in the Wisconsinan
sections shows that several nearly concentric
zones of mollusk communities exist in and a-
round a marl lake.
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INTRODUCT I ON
Nature and Purpose

This study was undertaken to provide infor-
mation on the paleoecology and molluscan fauna
of three Late Wisconsinan lacustrine deposits
in southern Michigan and to assist in the fu-
ture determination of post-glacial redistri-
bution patterns of mollusks. e paleoecologY
was derived from an analysis of the vertica
distribution o?significant species ofmollusks
in sediment sections taken from each 1lake ba-
sin and the relation of the mollusks to sedi-
ment type and other organisms.

Location of Deposits

Three lacustrine deposits of southeastern
Michigan were sampled and studied (Figure

e southernmost locality was Little Goose
Lake (SE%, Sec. 5, T5S, RIE) situated 3/8 mile
south of Cement City in Lenawee County. The
section was obtained along thenorthern shore-
line approximately 1000 %eet west of Cement
City Road.

The second locality is some 40 miles to the
northeast at Lime Lake (SW4, Sec. 25, T2N, RSE).
This lake is % mile west of Brighton in Living-
ston County. The samples were collected on
the north shore of a small inlet about 500 feet

south of Brighton Road.

Marl Lake (NWY, Sec. 4, T4N, R6E) is the
northernmost deposit studied. It is located
some 20 miles north of Lime Lake and 3 miles
west of Fenton on the Genesee-Livingston Coun-

y border. The section was taken along a 4-
oot wavecut terrace of marl along the south-
eastern shoreline about 1000 feet north of
Bennett Lake Road.

Method of Investigation

Several potential localities were selected
from the perusal of topographic quadrangles,
soil survey maps andearl¥ reports of the Mi-
chigan Geological Survey for areas of subsur-
face lacustrine material and locations of ab-
andoned marl pits. general reconnaissance
of each locality was made in order to deter-
mine if 1t was suitable for the study. Little
Goose Lake, Lime Lake, and Marl Lake werecho-
sen for the study on the basis of their fos-
siliferous marl, easy accessibility, 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 marl 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 recor
of the transition from marl topeat, and a more
representative molluscan fauna since mollusks
of Yresent;day lakes are more common in the
shallow littoral zone (less than 2 feet).
Changes in the abundance of mollusks in ver-
tical section aremore pronounced in this part
of the lake basin because even fluctuations
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, ﬁust large enough to allow

working space and the removal of a 12 X 12

inch column of sediment. Samples were removed

at each 2-inch degth, placed in labeled glas-
°

tic bags, and sealed toprevent moisture loss.

23

—— Svialte

Wi oubtany e e

® Mor! Lake

Figure 1. Generalized Glacial Map of
gouthern Michigan (Adapted from
Leverett and Taylor, 1915)

Sampling continued downward until water seep-
age in the pit became too great. A soil auger
was used to determine the nature of the sedi-
ment below the water table.

In the laboratory, the samples were allowed
to soak 24 hours in water treated with water
conditioner before being sieved. Each sample
was then washed throu 10, 20, and 40 mes
sieves to separate the fossils from the finer-
grained sediment. Not all the fine material
could be washed through ¥1e sieves fgr thiz
required a_ stron ray of water which wou
egg? y greak manygoipthz shells. Tﬁe 10 mesh
sieve caught the larger shells and pebbles;
the 20 mesk sieve heldmost of the adult shells;
and the 40 mesh sieve retained immature and
small adult shells. The pan fraction was ex-
amined, but was found tocontain insignificant
specimens, mostly ostracodes and shell frag-
ments. Af;er_dry1n , . the shells were stored,
awaiting picking and identification.

The next step in the laborateory procedure
involved the picking of 1000 shells from each
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collection. A collection consisted of the com-
bined sieve fractions of eac X 12 X 2 inch
sample. The collections usually contained
several thousand shells and had to be split
to reduce bias. is was accomplished by re-
peated halving with a sample splitter until
the collection contained nearly 1000 shells.
The ;esult:ng collection was then Y1cked,uslng
a moistened brush, until 1000 shells had been
counted. These shells 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 collection. For those collections where
the total number of individuals was not equal
to 1000 theTEercentages were calculated ac-
cordingly. e percenta§e 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 picked toobtain the 1000 shells
was estimated ‘i)'rom the sample splitter. Thus
the number of shells contained 1n_the remain-
ing volume could be estimated. These totals
are shown in tables 3, 4, an

Previous Work

Dr. Bryant Walker (1879, 1895, 1906) was a
ﬁioneer in the study of Pleistocene and living
ollusca of Michigan, having published a cata-
logue of Michigan Mollusca as early as 1879.
As with many of Ehe 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 theMollusca 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 Freshwater Mollusca of Wiscon-
sin in 1928, awork destined 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 of mollusks found in marl de-
ngx ts atCastalia and along Tinker’s Creek in

io.

More extensive ecologic studies began in the
19307 8. "F) O Baker.(1§30 1937) examined the
effects of glaciation on the molluscan fauna
and the use of Pleistocene mollusks as ecolo-
fxcal and time indicators. Archer 1934,
936, 1939), Berry (1943), Goodrich 1931,
1943), and van der Schalie (1939, 1940) were
carrying on research on living mollusks.

Cain et al. (1950) conducted a study of So-
don Lake, Oakland County,Michigan, using pol-
len and molluscan data to reconstruct the de-
poaitional and ecological ﬁiségry of the lal:e
an acustrine community. ginning in the
1950’s, La Bocque and his students have pro-
vided much useful data on the distribution aﬂd
e<:o(liogyf of Pleist?cene -gllu;ks t.hrou.gho;.e
study of numerous lacustripe deposits in Ohio
and Eanad- TL: Rocque, I;gg, p.plaﬁ. ta Roc-
que (1966-1970) has summarized and revised
the classification ecoloﬁy and distribution
of Pleistocene and living Mollusca of Ohio, as
well as Michigan, other northern states, and
8'::}!:3 of Canada in his Pleistocene Mollusca of

io.
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PLEISTOCENE GEOLOGY OF SOUTHERN MICHIGAN
Regional Geology

The earliest comprehensive study of the
Pleistocene geology of Michigan was b% Lever-
ett and Tayfo_r (f&lS). Wayne and Zumberge
(1965) have written the latest account of the
lacial features and history of Indiana and
ichigan. The proglacial 19{“ 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 (]915), Bay
(1938), and Bretz (1953). Surficial geology

maps have been prepared by Leverett and Tay-
%‘1)656%915)’ Martin (1955), and Flint et al.

Southeastern Michigan is presumed to have
been glaciated during the Kansan (?) and Il-
linoian due to the greser_lce of such deposits
in southern Ohio and _Indiana (Dorr and Esch-
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 centra
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. )

The Carey Subage was characterized by agen-
eral retreat of the Lake Michigan, Saginaw,
and Erie lobes from the southern qart of the
state (Dorr and Eschman, 1970, p. 161). Tem-
porary halts of the ice front produced a ser-
1es of arcuate end moraines across the state
(Figure 1). The moraines associated with the
Saginaw lobe are well developed in southern
central Michigan, encircling the Saginaw basin
region (Martin, 1 Erie lobe moraines de-
veloped in a southwestern direction in the
eastern counties. The Erie lobe moraines have
been disrupted by the formation of gro lacial
lakes along the ice front (Martin, 1955]. Lake
Michigan lobemoraines parallel Lake Michigan,
ut are outside the scope of this study.

Well defined moraines give way to a complex
mass of kames, morajnes, 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 Saginaw
lobe receded more rapidly than the Erie lobe
during the'Carex Subage. X temaorary readvance
of the Erie lobe occurred in Washtenaw Count
and northeastern Indiana where Erie lobe til
orgg%xes Saginaw till (Zumberge, 1960, p.

Approximately 13,000 h)aears B.P., the ice ad-
vanced from northern ichigan 1nto Saginaw
County, but was not destined tocover southern
Michigan again (Wayne and Zumberge, p.
76). This marked the beginning of the Port
Huron (Mankato) Subage. The iceretreated from
the Port Huron moraine 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 Subnge
(11,850 years B. P.)  (Broecker and Farrand,
1963, p.'7 and the other in VYalders time
(Wayne and Zumberge 1965, p. 72). roecker
ad Farrand (1963, "p. 800) Kave. stated that
Mlchlglnpwas completely free of ice by 10,000
years B.P.



Table 1. Classic Sequence of Ancestral Lakes in the Lake Erie and Lake

Huron Basins (Adapted from Dorr and Eschmanp, 1970)

DATE GLACIAL HURON BASIN ERIE BASIN
Years Before EVENT

Present
3,000 ALGOMA 595"

LAKE ERIE 573"

4,000 NIPISSING 605"
9,500 STANLEY 190° GR = Grand River

2B 1= Imlay

- MR = Mohawk River
POST ALGONQUIN NB - North Bay

NR - Niagara River
StCR - St. Clair River
TL = Trent Lowlands

1,500 VALDERS MAX. 7 1c¢ _SICR— U = Ubly
WR - Wabash River

ALGONQUIN 603"

11,850 TWO CREEKS KIRKFIELD  565%?)

Ti == | EARLY LAKE ERIE

MR —

“ EARLY ALGONQUIN™ 605"

LUNDY 620"
GRASSMERE 640"

LOWEST WARREN 675"

R

WAYNE 660"
- (iR
T WARREN  680-680°

13,000 PORT HURON SAGINAW 695'5]5\:2 oy WHITTLESEY 738

MANKATO) s
(Mt PR LOWEST ARKONA 11 695
13,300 CAREY - PORT HURON LOW WATFR STAGE - Drained Fast
> ARKONA Tlu, 700, 695°
LAKE BORD- |o——=CR
ER MORAINE EARLY LA il
SAGINAW - wit MAUMEE 1 80
PR | MAUMEET 760° :

e MAUMEE 1 00° -

g /}F /A/////!,(/LI//Y//// K Little Goose L-k(e @ Lins Laks ® Marl Lake

Figure 1. Generalized Glacial Map of Southern Michigan
(Adapted from Leverett and Taylor, 1915)

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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DATE GLACIAL HURON BASIN vadton
Years Before EVENT
Present
4, . ALGOM A
Lany I
NIPLSSING - 504" !
MK - M - f
STANLFY ' Gl = rai
N8 — Lo bk
POST ALLONQUIN
ALGONQUIN  605°
Neate VALDERS MAX.| — |
(TR WO CREEKS KIRKFIELD 565 ™
EARLY LAKF vt
" EARLY ALGONQUIN™ 604" M=
LUNDY
GRASSMERE 1o’
o Gi LOWEST WARREN
WAYNE o
. oy
| =—gk
g8 WARREN  6v0-680"
ga SAGINAW 695* P1ce’”/ WL TEESY
14 oo PORT HURON oA o
(MANKATO) P LOWEST ARKONA Il 6w+
4,300 CAREY = PORT MURON LOW WATER STAGH = Drained !t
10, 700, 695"
LAKE BORD- < .
ER MORAINE ‘:';ﬁ' MAUMEEIN
s MAUMEET
 TINLEY - g 3 MAUMEE |
foerance mg . -

ICE

Table 1. Classic sequence of ancestral lakes
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 1ce was the
interlobate area between the Saginaw and Huron-
Erie lobes (Bay, B. p. 25): This region
was the channei 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 drainage system developed inice-free cen-
tral southern Michigan which included the an-
cestral Huron and Raisin Rivers (Bay, 1938
t. 26 . Many streams 9mﬁpled into Glacia

ake Dowagiac in western Michigan which had an
outlet to the Mississippi River.

Movement of the lobes to the Portland-De fi-
ance moraines left most of southeastern Michi-
fan free of ice (Dorr and Eschman, 1970, p.

61). If the morainic sequence is followed,
Little Goose' Lake should have the earliest
ﬂoss1ble origin, followed by Lime Lake and

arl 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 ma%o; progla-
cial lakes along the Saginaw and Erie lobes.
The sequence of lakes is well known and is
summarized in Table

Lacustrine Deposits

Southeastern Michigan is dotted with many
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b Lake Torms an deptession

d. & completss filling:-da of basin

Stages of development of a typical

Figure 2.
mar] lake.

smaller lakes of glacial origin. Many of these
resul ted from the hummocky nature of end mo-
raines. Depressions in the moraines commonly
became the site of small lakes and ponds (Scott,
1921, p. 28). Lakes also formed in low areas
of round moraine, but generallé were very
shallow and short-iived_( cott, 21, p. 28,
30). Many have already disappeared due to the
progessi%fhydroseric succession (Scott, 1921,

P

. Another common origin of 1akes was_ the melt-
ing of buried ice masses, sometimes long after

lacial retreat (Scott, 1921, p. 32). Large

locks of the decaying ice front broke off and
were abandoned b{ the receding ice to be cov-
ered or partially covered with outwash. The
sediment cover served toinsulate the stagnant
ice and permit slow melting. The overlying
outwash gradually settled, creating a degres-
sion which often became the site of a lake.
Other lakes formed from the damming of pregla-
cial valleys by terminal moraines; others in
depressions that sometimes formed 5etween end
moraines and associated outwash plains (Scott

193Y, p. 31V,

Figure 2 depicts the history of a marl lake
such "as found in southeastern Michigan. e
origin of the lake basin was probably from the
melting of a stranded ice block. is origin
was chosen from the several modes of origin
discussed above because of the depth of the
three lakes studied. Consultation with local

ishermen and cottage owners yielded degths

of 40 to 50 feet for parts ofcach of the three
lakes. After the ice blocks melted those ba-
sins which intersected the water table became
lakes with bottoms composed of glacial till
and outwash.
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Many of the lakes in southeastern Michiﬁan
accumulated extensive deposits of marl. Mi-
chigan marl deBosxts were extensxvel¥ studied
in the early 1900’s b; Hale et al. (1903) and
Bergquist et al. (1932) because of their im-
portance to the Portland cement industry. Marl
maY'bedefxned as a fine-grained, loose¥y con-
solidated material comfosed mainly of calcium
carbonate Bergquis; et ol 1932 . 3; Kupsch,
1 : Y. 13).Its origin is still Eebated and
seyvera thotheses have been proposed. It is
evident that marl deposition 1nvolves the in-
teraction of several parameters. Pleistocene
ice sheets removed large volumes of carbonate
rocks and redistributed them as part of the
f}acxgl drift. Most of Michigan’s marl lakes

ie within areas of calcareous till (Bergquist
et al., 1932, .‘g). Sufface and ground water
flowing throu E the drift are thought to take
calcium bicarbonate into solution. These car-
bonate-rich waters flowed into postglacial
lakes where carbon dioxide escaped as ﬁas and
marl (Bergquist et al., 1932, p. 5). Hale et
al. (1903, p. 59) reported thatcold lime-rich
water enters lakes through springs, but does
not releaser 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 1is restricted to shallow areas
where the temperature is warm (Hale, ;
60; Kindle, 1827, p. 7). These areas are of-
ten covered by dense growths of Chara, Pota-
mogeton, and other lime tolerant plants. Pho-
tosynthetic processes of these plants cause

recipitation of calcium_carbonate coatings
Kindle, 1927, p. 28-30; Read, 1961, p. 181
owever, the presence of these plants is not
necessary for marl formation. Marl occurs in
areas devoid of Chara and vice versa (Hale et
al., 1903, p. 57; Kindle, 1927, p. 23). Fila-
mentous blue-green algae have also been foun
to be active in marl grec1p1tat10n (Kindle,
1927, p. 30; Kupsch, 1956, p. 17). Other pro-
bable factors entering into the precipitation
of marl are hydrogen ion concentration, par-
tial pressure at the water surface, and phos-
phate content (Reid, 1961, p. 181 Mollusk
shells also add to the marl, but onlg in a
secondary way (Hale et al., 1903, p. 43; Kin
dle, 1927, p. 18-19).

With the development of a marl shelf around
the perimeter of a lake, vegetation began to
encroach into the shallows, This was the start
of the process of hydroseric succession. Hy-
droseric succession involves the progressive
development of concentric vegetation zones a-
round alake which moveslowll inward restrict-
i the en water area i umberge, 1952, p.
T74-75). e ultimate result is total extinc-
tion of the lake.

The open water is dominated by algae and
floating plants QLemna, Wolffia, Chara) (Dach-
nowski, 1813, p. 229). Encircling this zone
is a community of semi-aquatic plants N{m-
phaea, Nuphar, Eolyfonun) (Dachnowski, 1912,
..227). " Immediately surrounding this is a

ringing marsh zone which may include Calla,
Decodon, Eleocharis, Phragultes, and Typha
(Dachnowski, 1912, p. 231-235). Next 1s a
shrub zone with Rhus, Alnus, and Salix (Dach-
nowski, 1912, Y. 249). A swamp forest asso-
ciation encircles the shrub zone. Finally, in
drier areas near the hydrosere a mesop! gtsc
forest is present (Dachnowski, 1912, p. 256).
Hydroseric succession may be interrupted at
any point, so the precedlnf regresents an ideal
case. A change in water [evel or destruction
of vegetation could greatly disrupt this pat-
tern.
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Hydroseric succession results in another la-
cqslrzne deposit--peat, a dark-brown te black
fibrous mass of gart1all decomBosed plant
matter (Th;lor 1907, p. 52—83; achnowski ,

2, p. 223-237; Scott, 1921, p. 62- 4; De-
lorme, 1969, p. 1472). n the last aquatic
stage of a marl lake the marl is completely
covered by peat. A sma og pool is present
in the deepest part of the former basin._ The
water is now distinctly acid because of the
large amounts of decaying vegetation. The bog
pool is gradually filled 1n and meadow succes-
sion begins.

MOLLUSCAN ECOLOGY
Autecology

The following section is an a;temgt to sum-
marize ecologic and distributional data on
the molluscan fauna of the three deposits of
this study. e species have been arranged in
taxonomic order,followinglaaﬂocgue (1966-1970).
La Rocque (1966-1970), Harman an Berf 1971),
and Clarke (1973) provided the general distra-
bution records used 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 grovxded
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 sggcies in Michigan
has been compiled from published information
and it is hoped that it isas complete as pos-
sible. e occurrence of each species in Wis-
consinan sediments in Michigan 1s also inclu-
ded for comparison with Recent occurrences.
Due to the lack of collecting, especially of
Wisconsinan mollusks, the present comparisons
are very tentative.

CLASS GASTROPODA
Order Ctenobranchiata
Family Valvatidae

Valvata sincera Say, 1824

alvata sincera ranges from New York north
to Newfoundland, west to British Columbia (?),
Minnesota, and Illinois. few scattered po-
pulations have been recorded for Georgia, Lou-
1siana, Wyoming, Colorado, Uta and the
Northwest Territories (La Rocque, 1968, P-
365-366;: Claske, 1978, p. 2257,

.This species occurs in large and small lakes,
rivers, and streams. It 1is often associate
wi th muddx agbstrate and submergent vegetation
(Clarke, 1973, p., 22 Baker (1928, p. 23).

isted this species as adeef water inhabitant
of large . lakes. Clarke (1973, p. 224) bas
confirmed itsexistence in larfe lakes and has
also found it to occur insmaller lakes in_ the
northern part of its range During the Wis-
consinan it occurred throughout the state of
chhlgan insmall lakes, indicating itsprefer-
ence for cooler water temperatures.
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Valvatae sincera has been reported from sev-
eral localities in Mlchlqan—-chkxnson Coun-
ty (H. B. Baker, 1922 Goodrlch and van
der Schalie, 1939, p. 10);
(Goodrich and van der Schaixe, i
and from the Dead River and lakes in Marquette
County; the Crow River in Mackinac County; Ke-

e Lol g By M0 odad 1 el 1) ‘G°°d'

Wisconsinan occurrences have been recorded
for Sodon Lake Oakland County (Cain et al.
1950, p. oose Lake, Lenawee County (Hale
et al., 1903 101);and a marl Ylt near Co-
lon, St. osepﬂ County ( (Wootton, Val-
vata sincera has been found in each "of the
three deposits of the present study.

1Tgewa pCounty

Valvata tricarinata (Say 1817)

1s_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, and as far south as
Kansaf9 Okla oma f;x and Alabama (La Roc-
que,

Valvate tricarinata occurs in large andsmall
lakes, rivers, an streams. t seems to be
most characterzstxc oflarger lakes and rarely
occurs in temporarg aquatic habitats (Harman
and Berg, 2; Clarke, 1973, I3TY .
Harman and Berg. €1971 p. 52) found tge popu-
lations inhabiting lotic habitats to be de-
Rauperate In most of the lakes of central

York thelargest populations were found in
shal low areas Yrotecte fromwave action (Har-
man and Berg n Seneca Lake

n New York, Valvata tricarinata has been found
§: depths greater than 16 meters (Harman and

P ). The species is not asso-
c1ated th a
ecat1on %La ocque, 1968, p..

19 3,

Valvata tricarinata is widespread in Michi-
gan. It has been reported from the Unlon Ri -
ver, Ontonagon County (Buchven 1904, p. 190);
Walnut Lake, Oakland Count anklnson, 1908,

235); Maglcxan Lake Eass and Van Buren
ounties (F, C. Baker, 1914); Crawford County
(W1nslow 1921 p. 5); Isle Royale (Walker,

articular bottom sediment or

367; Clarke,

19 P . 293); lakes and rock raplds ofstreaMS
1ck1nson County ( Ea ker, i )

22 Whlte Lake, Oalland County (F. C. Baker,
1925 50); Menominee, Dickinson, and Chip-
Yewa Count1es éGoodrlch and van der Schalie,
; l ; the Arbor reglon Wash-

tenaw ount (Gogdrich, 1943 ; and Doug-
18? Lake, CKeboygan County (Moffett 1943 P-

Wisconsinan specimens have been collected
rom marl near Howell, Livingston County; Pick-
erel Lake, Newaygo County; Cedar Lake, Mont-
calm County; Grntlot County; and Goose Lake,
Lenawee County (Hale, 1903 101) Steere's
wamp, Washtenaw County ( grxch 194
Sodon Oak] and Counc (Csln et a 19
E Wﬁlte P1geon ang Scotts Josesﬁ
ounty 1Semken et al 830); Lakelan
Living sten Count¥ é Mari {ake, 'St. Josegﬁ
County (Camp, 94); and Fourmi
Lake, Washtenaw County (Camp, 1993, p. 22):
It occurs in each of the deposits of this stu-

dy.
Family Amnicolidae

Amnicola limosa (Say, 1817)

mnicola 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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Large and small lakes, rivers, streams, and
marshes prov1de habitats for this species (Ber-
; 6; Harman and Berg, 1971, p. 47);
CXarke 1973, p..259). It is common in pro-
lific growths of Chara, Potamogeton Vallis-
nertﬁe d Elodea XBerr¥h 26; Harman
gL 19Tk D e specxes was found
on all typtc of substrate, but larger popula-
tions were present where he habitat was pro-
tected from extreme wave current action
(Harman and Berg, 5 47) The species
1s often assoc1ated w1(h lustrica, Valvata
Gyraulus parvus, Helisoma campa-
ysa gyrina.

trlcartnatu,
nulatum, and P

Amnicola limosa is found inmost streams and
lakes o ichigan that have not been greatl
polluted. It 1is the most abuldant amnicoli
in the state (Berr . The
species has been col{ected from the follow1ng
localities: East Sagingw, Saginaw ounc{

1894, p. 128); eUn1on River and Lake Go
6e51c Ontonagon CountE uthven 1904, p 190).

alnut Lake, Oakland Coun { an 1nson 1 08,

er,

35); Isle Royale (Wal . 294);

agxcxan Cass and Van Buren ounties
C Baker 19 ); Bear Creek, Schoolcraft
County Alger County and Isle Bolale (Win-
s low, 1917 P 14); the le River,
Crawford ounty, and the Plne River, Alcona
County (Winslow, 1921, p: 9); from vegetatxon
in lakes and rocky rapxds xn stream ickin-
son Count Baker ) Whlte

7
Lake Oak{and Coun Baﬁer
Ch)pﬁewa D1ck1nson Luce,Mac 1nac Mar-
uecte enominee, and Schoolcraft Counties
Goodrich and van der Schalie, 1939 10,
! i 26); the Ann Arbor reglon Washtenaw
ounty (Goodrich, 1943, p. 9 Douglas Lake
Cheboygan County (Moffett, 1943 2
54)num er of other counties (Berry, 1943 p

Wisconsinan specimens have been recorded for
marl deposits near Howell, Livingston County;
Grand Rapids and Cedar Springs, Kent County;
Pickerel Lake and Fremont Lake, Newaygo Coun-
ty; Spauld 1n§; Twp., aglnaw County; Gratiot

ounty; an oose Lake, Lenawee CounCy (Hale
et a o 2). Amnicola limosa has
been collected from thedegoslcs inHuron Coun-
er and Lane p- 251); at Sodon

Lake Oakland County (Cain et al., 1950, p.
541); Marl Lake Joseph County (Semken et
al. I 64 830 Camp, Y 99 Four-

mile Lake, &as htenaw County (Camp, 1 7

2); and near Colon, St. Joseph County (Woot-
ton, 1974). It occurs in each of the deposits
of the present study.

Amnicola lustrica Pilsbry, 1890

This species ranges from Massachusetts to
Virginia and west to Minnesota and Iowa. Am-
nicola 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 oncoarser substrate than
A. limosa LaRocgue 1968, p. ) Harman and
Berg, 1971, n marl lakes, the spe-
cies seems tobe assocxatedv1thChara and Val-
vata tricerinata (Harman and Berg, 1971, p.
48). It also occurs with A. limosa, Gyraulus
parvus, Helisoma campanulatum, and
rina.

Physa gy-

It has been recorded for a number of loca-
lities in Mlchlgan and is the second most com-
mo? amnicolid in the state (Berry, 1943,

Amnicola lustrlca has been recorded for
Carf ake Ontonagon unt.xv (Ruthven, 190

from beac drift atWalnut Lake, Oak-

and onntz Hankinson, 1908, p. 5); Isle

Royale (Walker, 1909 p. 294); Magxcxan Lake,
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Cass andVan Buren Counties (F.C. Baker, 1914);

in lakes and on the sand bottoms o rivers in
Dickinson County (H.B §a ker, T L T
or a creek in Dickinson County a lake and
river in Mackinac County from lakes in Chip-
Yewa, Marquette, and Schoolcraft Countxes
Goodrich and van der Schalie, 1939, P.

Doug as Lake eboygan County (Mof fetc

1943 - a number of er counties
(Berry, 1945 p 30)

Amnicola lustrica has
WlsconSJnan deEosxts at Grand Raplds and Cedar

been collected from

prings, Kent unty, Pickerel and Fremont
Lakes, Newaz ounty, Cedar Lake, Montcalm
County; G 1ot ountx and GooseLake, Lenawee
County (Hale et al 1%, 3¢ " hes

also been reported

from dep051ts atSodon Lake,
Oaklatd County 5 5

(Cain ef al.. 1950, p. 1,

Marl oseph County (Semken et al.
1964, p. Camp, 39T 2 94); Lakeland
lexngston Cou (Camp., 1972
Fourmile Lake, Washtenaw County ahamﬁ 197

, and near Colon, Jose County

Wootton, 1974). 1In the present study it was

ound in all the deposits.
Order Pulmonata
Family Lymnaeidae

Lymnaea stagnalis (Linnaeus, 17 58)

ymnaea stagnalis has acircumboreal distri-
butxon generall between 1at1tudes 40°and 700
La ocque 1968, p. 436; Clarke, 1973, 298-
299). the United States it occurs from Ver-
mont and 0h1o west to Nevada and Washington
(La Rocque, 1968 Canadian occurren-
ces are from Quebec west to Alberta and in the

k d Yaken Biver o
Ha°?32"e ot ¥ 0k thae B, 558

299
Thls species has been collected from lakes
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 species greatly. In the
Flnger Lakes of New York, Lymnaea stagnalts

has been found 11v1n at a depth of 16 meters
on a bottom d evol ? rooted vegetation (Har-
man and Berg, 1971, p. In other parts of
New York it 1s abundant w1th1n 1 meter of the
surface on debris and floating and deca¥1ng
aquatic plants (Harman and Berg, 197

ymnaea stagnalis feeds on decaylng organlc
matter and 1s able to thrive under near g stag-
nant conditions (La Rocque, Har-
358) and Berg, 1971, p. 20; Clarke 1973 P

is generally distributed
Michi gan. t has
locations:
Walker,
'in Dickinson
Goodr1ch and
Copper Harbor
Menominee and
(Goodrich and van der
It has also been
eninsula localities—
Walker and Lane,
County (Winslow,

Lymnaea stagnalis
1n the er Pen1nsula [
been recors he followxng
Isle Royale (Gleason, 190 60,
1909, p. 289); lakes and pond
County (H. B, Baker 8
van der Schalie, )5
Keweenaw County an
Schoolcraft Counties
Schalie, 1939, p. 10-12
reported for two Lower
Port Austin, Huron County
1900, p. 251) and Crawfor
1929, p.

Wisconsinan
Gratiot Countg and utGoose
ty (Hale et a
County

Chlppeua

specimens have been found in
Lake,Lenawee Coun-
191 and at Oden,
Beker, 1913). In the
resent stud ecimens were collected at
Elme and MarY La fes, Livingston County.

Stagnicola catascopium (Say, 1817)
Tﬁe gen:ral d1st¥1butlony of this

Emmet

snail 1is
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from Nova Scotia west to British Columbia and
Washington; south in the Rocky Mountain area
to nearly 409 N; Atlantic states ?Malne
Virginia) west toNorth Dakota, Iowa, and Kan-
sas (?), and Texas (La Rocque 1968, 440;
Clarke, 1973, p. 330-331). The northernmost
record of this species 1s from near Richmond
Gulf (560 N) westward along the southern mar-
in of Hudson Bay to the vicinity of Great
laye Lake (above 600 N) (Clarke, 1973, p.

Stagnicola catascopium inhabits lakes,
streams, and rivers, but seems to occur nore

often in a_lacustrine hab1tat(Har?nn q%d erg,

1971, p. 23; Clarke, 1973, 'p. e spe-
cies 1s found on various substrates and
areas garse or thick vegetation (C arke
1973, . ] arman and Berg (1971, p. 23)
collected it most often from lake depths of
1 to 5 meters.

In Michigan, Stagnicola catascopium hasbeen
reported from Bayport andPort Austin in Huron
County é Walker and Lane, 1900, p. 251); Isle
Royale (Walker, 1909, p. 290), and from creeks
in Delta, acklnac, an enominee ounties
(Goodrich and van der Schalie, 1939, p. 10,

It also is common in Lakes M1ch1§an, Hu-

ron, and Erie (Goodrich and van der Schalie,
1939, p. 14).

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

St%ﬁnlcola palustris (Migller, 1774)

is spec1es is_circumboreal, generally oc-

currlnf north of 382 N except Texas, Arizona,
ifornia where it extends to about 330

N (La Rocque, 1968, p. 445; Clarke, 1973, p.
353). In Canada, it extends as far north as
the mouth of the Mackenzxe and Yukon Rivers
(Clarke, 1973, p. 353).

Stagnicola palustris is avery hardy species

and can be found in all types of aquatic habi-
tats. The species 1is usually more abundant
in areas of dense vegetation, but 1is also

found insignificant numbers in areas of sparse
lant growth (Clarke, 1973, p. 354). The bot-
tom sediment andcurrent act1v1tz arenot major
factors 1ncontroll1n§ thedistribution of this
species (Clarke, 197 tagnicola pa
lustris 1s essentxaily omnivorous, eating
Just about anything it encounters while graz-
g on the surface ilm or crawling on the
strat.e or vdger.atlon (La Rocque.
Harman 21; arke
1973 354). In L1v1ngston County, Michi an.
Stafntcola palustris 1inhabits large sha
poo s having gravelly bottoms pgortxng
a Polygonum-Iris community and marsh and wood-
land pools fi lle with rotting leaves which
occaslonallg ry upduring the summer (Archer,

S. palustris 1srecorded for the following

Michigan localities: East Saglnaw, Saglnuw
County (Walker 1895 128); ort Au :ln,
Huron County (Walker ans Lane, P i
Ann Arbor area, Washtenaw County Dn'som 1 6
38; Kenk, 1949 ‘ Dew1tt ?

5lcona Coun'ty (Wlnslow 1921, p. 4 Duck Lake
in Mackinac "County, ippewa an enominee
Counties (Goodrich and van der Schalie, 1939,
i 1 TE Y 13 : nndLakeland Livingston Coun-
ty (Camp, 1972 p. 87).

Wisconsinan specimens have been identified
frog only the Marl Lake deposit of the present
study.
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Fossaria obrussa (Say, 1825) '

ossaria obrussa 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
Alberta and Saskatchewan(?) tonorthern Mexico,
Texas, and Louisiana. e species also occurs
in Alabama, southern Quebec, and southern On-
tario (La Rocque, 1968, p. 475)

This species is a common inhabitant 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
ocque, 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
chhlgan 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 1in Dickinson
County (H. B._Baker 1922, 8. 7; Goodrich and
van der Schalie, 1939, p. 100 Chippewa. Del -
ta, Mackinac, an enominee Counties (Good-
rich and vander Schalie, 1939, p. 10, 15);
the Ann Arbor region, Washtenaw County {Good-
rich, 1943, ﬁ' 16); and Douglas Lake, Cheboy-
gan County (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 Newa ﬁo County, and Cedar
SBrings, Kent County Y ale et al., 1903, p.
101); Ford Lake, Schoolcraft Count Goodrich
and van der Schalie, 1939, p. 15); Sodon Lake,
Oakland County (Cain et a)ﬁ, 950, P- :
Marl Lake, St. JoseYh County (Semken et al.,
&966, p. 830); Cam 972,p.94); Fourmile Lake,

ashtenaw County ?Camp, g973, p. 22); and near
Colon, St. Joseph County (Wootton, 1974). F.
obrussa was found in abundance in each of the
three deposits of the present study.

Fossaria parva (Lea, 1841) )

. parva occurs from Connecticut and Mary-
land west to Idaho and Montana; Ontario west
to Alberta; Kansas, Oklahoma, and Texas west
to Utah and Arizona; in Kentucky, Tennessee,
and Maine; and as _far north as the 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 Yools and ponds, and rivers (Clarke, 1973,
%. 281). F. C. Baker (1928, p. 287) had re-

erred to this snail as an inhagltant of marshy
areas, which frequently occurred out of the
water on debris and mud‘y 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 collected from a wood-
land swale at Magician Lake, Cass and Van Bu-
ren Counties C. Baker, 1914); a small
-stream in southwestern Berrien County (F. C.
Baker, 1915); an artificial gasture gool in
Livingston County (Archer, 1939, p. 13); and
in the Ann Arbor’ vicinity, Washtenaw County
(Goodrich, 1943, p. 23).

Records of Wisconsinan specimens are avail-
able for a dry lake bed near White La&e. Oak-
Lend Caunty (F. C. Beker, 1926, p. 51} and »
marl deposit_ bear Colon, St. Joseph County

Wootton, 1974). It was found in the Little
oose Lake deposit of the present study.

Family Planorbidae

Gyraulus parvus (Say, 1817) )

G. parvus occurs tzroughout theUni ted States
and dznada, but has not been recorded for Wash-
ington, Oregon, Idaho, Montana, Nevada, Neb-
raska,kansas, Oklahoma, Mississippi, Georgia,
Tennessee, and South Carolina, Its occurrence
in British Columbia is guestionable (La Roc-
que, 1968, p. 491-492). Tes northern limit is
almost the same as the northern limit of boreal
forest (Clarke, 1973 »p. ). It occurs as
far south as Cuba (Clarke, 1973, p. 402)

This planorbid occupies almost every tygf of
aquatic habitat, It is most abundant in shal-
low areas rich in aquatic plants where it oc-
cupies aperiphytic niche (Ea Rocque, 1968, p.
49]1; Harman and rg, 1971, p. 32; C

1973, p. 403). . parvus _tolerates various
substrates and usuafly thrives at depths of 4
feet or less (La BRocque, 1967, p.'4gl). In
Douglas Lake, Cheboygan Countg, Michigan, it
has been found at deBths of 1.8 to 3.0 meters
(Moffett, 1943, p. 10). G, parvus: liyes in
open water, seaée-mat pools, and Thuja pools
of Mud Lake, heboygan County (Jewell and
Brown, 1929, p. 434, 438, 440). G. parvus 1is
usually associated with Amnicola limosa, Gy-
raulus deflectus, Lymnaea stagnalis, elodes,
Ph;sa sp., and Promenetus exacuous (Clarke,
1973, p. 403). It is also commonly associated
with Pisidium, Sphaerium, and Helisoma trivol-
vis.

larke,

G. parvus is one of the more abundant mol-
lusks in Michigan. It has been found at East
gaginaw, Saginaw County (Walker 1894, p. 128);

ort Austin, Huron County (Walker and Lane,
1900 . 25i); Ontonagon County (Ruthven, 1904,
P 190?' Walnut Lake, Oakland County (Hankin-
1908, p. 235); Ler,

son Isle Royale (Wal 1909,
Sl ; Magician Lake, Cass and Van Buren
Eounties (g. C. Baker, 1914); Beaver Pond

Chispewa County and Isle Royale (Winslow, 1917,
p. 9, 13); temporary swamps and brooks in Dick-
inson Count ?H. B. Baker, Pt i

8); White Kake, Oakland County (F. C. Baker
1926, p. 50); East Lake, Cheboygan County (Je-
well and Brown, 1929, p. 452); bog lakes and
pools 1in Livingston County (Archer, 1939, p.
4); Alger, Chippewa, Dickinson, Luce, Menomi-
nee, and all other Upper Peninsula counties
except Gogebic and Iron oodrich and van der
Sghafie, 5939, s 0 SIRD f w ; nn Arbor re-
E:on Washtenaw County (Dawson, 1911, p. 23;

podrich, 18457 pI7177 Kenk, 1949, p. 58 De:
witt, 1955 ﬁ. 40); and Douglas Lake, Cheboy-
gan County (Moffett, 1943, p. 10).

This species isalso often the most abundant
aquatic mollusk in Wisconsinan deYositg.. 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; gpauldine Twp. ,

aginaw County; Cedar Lake, Montcalm County;
Gratiot County; and Goose Lake, Lenawee Coun-
ty (Hale et al., 1903, p. 101} Sodon Lake,
Oakland County (Cain et al., 1950, p. 541);
Marl Lake, St. Josefh County (Semken et al.,
1964, p. 830; Camp, 1972, p. 94); Scotts, St.
Josefh County (Semken et al., 1964, Y. $30);
Lakeland, Livingston, County (Camp, 1972, p.
87%* Fourmile ake, Washtenaw County (Camp,
1973 ); and near Colon, St.JoseEh.Coun-
t was also found in the

p. 22
tz (Wootton,
three deposits of the present study.

Gyraulus circumstriatus &Tryon, 1866)
This species is_ found from Quebec, Vermont,
Connecticut, Maryland, and Virginia west to
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British Columbia, Wyoming, and Illinois. It
occurs as farnorth as the Yukon Tbrrxtory and
as far south as Oklahoma and New Mexico (La
Rocque, 1968, p. 495).

G. circumstriatus has been reported from
small lakes emporarg ponds and creeks, and
swan s La kocque, 968, p. 495; Clarke, 1973
P- 99). It occupxes amuch more restr1ct-
ed habltut than G. parvus.

In Michigan, it has been recorded for Al-
cona County (Winslow, 1921, p. 4) and the Ann
% regmon of Washtenaw’ County (Goodrich,
1943 p- 23). Wisconsinan specimens have been
found near Colon, St. Joseph County (Wootton,
1974) and ineach of the deposits of the pres-
ent study.

Helisoma anceps (Menke, 1830)

. anceps is_found inall the states east of
the Mississippi River except Florida and Mis-
sissippi (?) and occurs as far west as Tbxas,

olorado, Wyoming, Oregon, and Washington (?

An 1solated occurrence is reported for Cali-
ornia. It ranges from Nova Scotia west to
ritish Columbia and northward to Great Slave

Lake in Canada (La Rocqu 1968, p. 499-500);
larke, 1973, p, 430-4 l). The distribution
ata were compiled from records for all the

subspecies of H. anceps.

H. anceps occupies Yermanent aquatic habi-
tats in large and small lakes, gonds, rivers,
and streams (Clarke, 1973, p. Type of
bottom sediment and the amount of vegetation
do not seem to be major controls in the dis-
tribution of the specxes (Clarke, 1973, p.
431). It occurs at dept sBof 1 éo 4 feet(;n
Ma an L Cass and Van Buren Counties

*gheian, Liba)S :

H. anceps is often associated with Amntcola
% mosa, Valvata tricarinata, and Phys €¥rtna
élar ke, 973 p. 432). Harman and
2B reported that in central New York when
ﬁ anceps and Physa sp. occur together, H. an-
ceps usua z lives at a depth of 10 cm. to 1
m., while Physa sp. occupxes the shallower wa
ter.

H. anceps is widely dlstrlbuted 1nM1chxgan
has been found at the fol ow1nf loca 1t1es
t Saginaw, glnaw County ker, 1 el 3
); rivers es tonagon County
thven, 1904 190); Isle Royale(Gleason,
: 60; alEer 9b9 ; Magician
ass and Van Buren Counnes F er,
); Schoolcraft, pewa, and Kewe enaw
e Royale) Countles inslow, 1917, p. 9,
Oscoda and Crawford Counties (Winslow,
N R chklnson County (H. B. Baker,
. odrich and van der Scha-
1539 10) 1te Lake Oakland County
(F C. Baﬁer, 1926 : abog lake in Liv-
ingston County (Archer, } 39 p- 3, 4); Chip-
ewa and Menominee Countles zGoodr1ch and van
er Schalie, 1939 10 )i 1n the Ann
Arbor v1c1n1ty, Washtenaw Countz Goodrich,
1943 17); andDouglas Lake, Cheboygan Coun-
ty (Mot fete, 1943, p. 10).

H. anceps_was also abundant during the Wis-
consinan. It has been recorded for the depo—
sits at the following localities:

Huron County (Walker and Lane, 1900, p. 251)
near | Howel?, Livingston County; Grand Rapi
and Cedar Springs, Kent County; Pick ere and
Fremont Lnkes,Newaygo County, Spaul 1ne Twp. ,
Saginaw ggunty, k Mtnccalm ounty;
iot nt ose S pgLonagee unt
?ﬁa{e et ! y1909o 10&3 Oden Eamet Coun.
i Baﬁer, 913 . Sodon Lake, Oakland
ounty (Caln et al ;1950 41); Marl Lake,
St. Joseph County (Semien et al., 1964,p.

Pt ot ot ot o, et [ e, et [T
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830; Camp, 1972, p. 94); Lakeland, Livingston

G:';ntz..ascemsm;"iéamg §933, pF°§§'5”1 Pty

Colon, St. Joseph Count (Wootton, 197 It
also cccurs in each of the deposits of the

present study.

near

Helisoma campanulatum éSa! 1821)
ro

is planorbid is foun

m New Hampshire

west to Manltoba,NorthDakota Minnesota, and
owa; New Brunswick south to Pennsylvania,
west to Illlnoxsi and north from Saskatchewan

Lake region

the G
1968, p. 3052506 Clarke, 19735 p-

and small lak es, ermanent ponds

Earts of r1ve (La Rocgque,
larke, 447-448).

to prefer hlghfy ve

La ue,
447 448?

camTanulatum is an inhabitant of large

and quiet

98, p. 505;

The species seems
getated areas,but tolerates

various substrates (Clarke, 1973, p. 448)

Associates of this species are Gyraclus par-
vus, Helisoma anceps, Physa gyrina, and various
1ymnae1ds Oneida Lake in central New York

contains H. camEanulatum living
5 to9 meters (Harman and Berg

at depths of
1971, p. 30).

In most lakes it lives atmuch sﬁallower depths

(La Rocque, 1968, p.

In Michi campanulatum
e, E arp La
Ontonagon ounty gﬂut ven

Royale (Walker,

1908, p,235), in beach drift at
Cass nd Van Buren Counties
1914); Brswn Lake Dickinson
Baker, 50§

Menominee Countles tGoo r1ch an

lie, 1939, p. 10

éounty (F
: Chippewa, Dickinson, and
vander Scha-

’ has been re-
corded forEast Saglnaw ElnaﬁiCountéo(Walk-
: e and Lake

b
19075 Ts1e

- 1n beach drift
at Walnut Lake, Oak 1and Countﬁ
a

an 1nson

F1c1an Lake,

aKer,

nn Arbor re-

gion, Washtenaw Countz (Goodrxch 1943, p. 17);
o

and Douglas Lwke, Che
1943, p. 10).

ygan Coun'ty (Moffett,

Wisconsinan specimens have been collected

from the followxns localities:

ty (Walk 0
53321 Lgv1:§sggn gg:ty,g garp

ad A Huron

251) ear

Springs, Kent

County; Pickerel and Fremont Lakes, Newaygo
CountyM Spaulding Twp., Saginaw County, Cedar
o

ake ntcalm County, Gratxot
s enawee County (Hale et al
101 en_and Kegomic, Emmet

Boker, 1913),and near Colon,

z (Wootton, 1974). It occurs 1n eac
thr

untgb Goose

ounty (F E

oseKh Coun-
of the

ee deposits of the present study.

Promenetus exacuous (Say, 1821)

exacuous 1s found from theAtlantic States,

Maine to Virginia, westward to
Washln?ton, and British Columbia.

Utah, Oregon,

From Brit-

umb 15 and Alberta it extends northward

to Alaska and the Greac Slave Lake reglon e
southernmost limit is New Mexico and Oklahoma
3%?)Rocque, 1968, p. 510 511; Clarke, 1973, p.

This species occupies a number of aquatlc
habitats from large and small lakes and gon s
to creeks and rivers tomarshes (Clarke,

p. 412). Generally it occupies

an area Ok

quiet water with a mudd;6bottom and abundant

vegetat1on 5%‘ Ro:g::ﬁ ind Ee

; Clark
7 : pfr3§)

collected this species ingreat abundance from
Nypha marshes in the Finger Lakes region o
York; mostly from the underside of float-

ing plant leaves and from stems.

. exacuous

occurs on mud flats in the 3u1et parts o

streams (La Rocque, 1968, p

it i1s of-

ten associated with Gyraulus partus

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 Goﬁe 1971, p. 12; Clarke, 1973, p. 378). P. gyrina
blC, Ontonagon County (Ruf ven 1904 % 19 is usually assoc:lated wi th ubmergent vegeta-
Isle Royale (Walker, 1909, p. 293); lakes ana fb n (Cerato hyl um hara,g lodea num)
a temporar; swemy 1n 1ck1nson County awson, { . 26-29; Clprke 19 ‘1 g 5&
Baker P 5; Goodrich and. van der Immature P ysa occupy aperiphytic niche ar-
Schalie, 1939 100 Mud Lake, Che boygan man and Berg, 1971, p. 12). In the adult
County tJeweli and Brown 1929, p. 434); a bog state the snail is also found grazing on the
lake and teuporar; woodl and pool in L1v1ngston underside of the surface film and on bottom
County (Archer and the Ann Ar- debris (Harman and Ber ¥OTY, p i A2). Daw-
bor area, Washtenaw County (Goodrich, 1943 p- son (1911, p. 29? found’ that Physa occurs in
17; Kenk, 1949 P greatest numbers in areas of moderate plant
cover and organic debris and may be totally
Wisconsinan deposits have yielded this spe- absent in areas of luxuriant vegetation. In
cies from Steere’s Swamp Washtenaw County the pond habitat, P. gyrina isusually present
(Goodrich, 1943, aon Lake, Oakland in water less than 1 foot deep (Dawson, 1911,
County (Cain et'a 195() p. od4d): near Colon p. 43). At Mud Lake, Cheboygan County, "Michi-
oseYh County (Wootton, 197 ) and at Marl gan gyrtna occurred in tge open water zone
and Little Goose Lakes of the present study. poois of a sedge mat, and Thuja pools (Jewell
and Brown, 1929, p. 434-438, 443
Family Ancylidae P. gyrina is often associated with Helisoma
anceps and H. trivolvis (Harman andBerg, 1971,
Ferrissia parallela (Haldeman, 1841) : p. 12). It also occurs with abundant Gyraulus
is species isdistributed from Nova Scotia parvus, lymnaeids and sphaeriids.
and New England west through the Great Lake
states, Quebec, and Ontario to Manitoba, the P gyrina is the most common physid in Michi-
Dakotas, and Iowa. Scattered po%ulatlons also It has been reported %or the following
occur in Alabama, Louisiana exas, Kansas, ocalxtles East aginaw, Saginaw County (Walk-
“and Arizona (La Rocque, 1968, p. 522-523). er, gort Ausun Huron County
éWalker ang Lane 5 Isle Royale
F. paralle la_occurs 1nlnrge and small lakes Walker, 1909, p. n).on Rlver Ontona
streems nd rivers arman and Berg, 1971, County (Ruthven, 1904 190); the Ann Ar or
p- Clarke, 1913, % 482-483). It occupies area Washtenaw Countx Dawson 1911; Goodrich,
a perxphytlc niche, o ten attached to the un- 1943 p. 16; Kenk 54; DeWitt 1955,
dersides of leaves of Nuphar and the stems of : a small stream in southwestern errien
Scirpus and Typha _(La Rocque, Eou Y . Baker, 1915); Alger, Chippewa,
Harman and rg, 1971, p. 36; Clarke, 1973, Schoo craft Countxes and Isle Royale (Winslow,
p. 482-483). It also occurs in quiet areas of 1917 13); Alcona and Crawford Counties
streams on stones ogs and vegetation (Har- (W:lnslow 1921 p.- 4); stream flats, permanent
man and Berg, 1971, 36). Ronds temporary swamps, creeks, rivers, and
akes' in Dickinson County (H. B. Baker, 1922,
F. parallela occurs throughout Mlchxgan It % 3 e P ); lakes in Alcona Craw-
has been reported from ag1naw River, Sa- ord Iosco, Oscoda, Otsego, and Ro s common
1naw County (Wal ker, 1894 128); the Carp Counties and the Au Sable Rlver (Clench 1925
xver and L ake oge bic Ontonagon County iﬁuth- p. 401); ArnottLake Che an County (Jewell
ven, 19 ickinson County (H. B. and Brown, 1§y Lake, Keweenaw
Baker 19 22 Goodrich and van der County (Good nch ; creeks in Me-
Schalie, 1939 "10)} Mud Lake, Cheboygan nomlnee andecklnson Count1es a river in Ba-
County (Jewel land Brown, 1929, p. 434); Blaney raga untﬁ ariver and brook in Delta County,
Park in Schoolcraft ountﬁ Baraga, Houghton, Chlppeva arquette and Schoolcraft Countles
Keweenaw, Mackinac, and arquette Counties (Goodrich and van der Schalie, 1939 go
Goodrich and van der Schelle, 1939, p. 23), 12, 22); and a Black River pond in Cheboygan
and the Ann Arbor area,Washtenaw County {Good- County (DeWitt, 1955 p. 42).
rich, 1943, p. 18). :
- Wisconsinan deposits contauungP ﬁyrina
Wxscons:lnan sgecunens have been found at are located near erona, Huron County (Walker
Marl Lake oseph County (Semken et al., and Lane, 1900 l), near Howell Livings-
1964, »p. 630 and ere Lake, Livingston Coun- ton County and §au wp . gxnaw County
ty of the present study. (Hale et al. ; in a Saline River
terrace in onroe Eounty (Kapp and Kneller,
? 1962, p. 140); Marl Lake, St. Joseph County
Family Physidae (Semken et al., 1964, p. 830) and Fourmile
Lake, Washtenaw County (Camp, 197 22). Lx
Physa gyrina Say, 1821 was found in each of the deposits of thls stu-
is_species occurs from Newfoundland to dy.
Virginia westward to British Columbia, Minpe-
sota, Illinois, and Kentucky. It also has
been recorded for Tennessee, Alabama, Texas, Aplexa hypnorum (Llnnaeus 1758)
and Arkansas and from_ the Northwest Territor- This species is found from the New England
ies, Alaska, California, Utah, Idaho, Oregon, states west to Utah, Idaho, Washington, and
(?), Montana, Vlyonlng Colorado, and South Da- British Columbia. It also occurs as lar north
kota (La Rocque, 541, 543; Clarke as Alaska, theNorthwest Terntones and Vic-
1973, 'p. 378?. tona Island, and as an_isolated Eopulatlon
Loulslene g a Rocque, 1968, p. 55 larke,
P. gyrina is found in many permanent and 197 p. 385-386).
permanent and temporary aquatic habitats 1in-
cluding lakes, ponds, streams, creeks, rivers, A. hypnorum is a common physid of ephemeral
marshes, and awamps (Dawson, 191 1 . 4-44; aquatic habitats—temporary onds, intermit-
La Rocque, ? an and berg,1971 tent streams roadside ditche swam s, and
11; Clark e, 19 3, p 78 Bottom sediment - marshes (La Rocque, 1968 p. 551— "Hazman
seems to have little effect on the abundance and Berg, 1971, p. 16; Ciarke 1973 85
and dxstnbutxon of this species, but it is Mud bottoms areusually present and the nlount
enerally more common in areas of mud bottoms of vegetation is variable (Clarke K
?a Rocque, 1968, p.' 54l;Harman and Berg, 385). In Livingston County, M1chxgan, the



32

specxes was found in a tamarack bog pool, Po-
%gonum pool marsh pool, and a pasture pool
rcher, 1939, 13)!

A. hypnorum occurs throughout Michigan. It
has been recorded for East Saginaw, Saglnaw
County (Walker, 1894, p. 128); Lake Gogebic,
Ontonagon County (Ruthven, 19b4, p.190); Isle
Royale (Walker, P. 292);  Schoolcraft
County and Isle Royale (Winslow,

13); marsh atMagician Lake, Cass and Van Buren
Counties (F. C. "Baker, 2 swwmps 1n Dick-
inson County (H. Baker 1922 tam-
arack swamp near thte ake Oaflan County
1926, p- Mud ake g

Ean County (Jewel and Brown, 1929, . 43
1p ewa andD1ck1nson Count1es, chram’s

unty; and Pelkey Lake,
Schoolcraft unty &Goodrlch and vander Scha-
lie, 1939 g ); and the Ann Arbor

gi Was tenav C unty (Goodrich, 1943,

fi Renx 949, p. 3 ? ) {t was found in the
Little Goose Lake deposit of the present study.

reei( Mackinac

Family Carychiidae

Ca&{chlum exiguum (Say, 1822)
is species is generally d1str1butedchrough—
United States from the Atlantic

out theeastern
and North

Coast toNew Mexico, Colorado, Iowa,
Dakota. In Canada, it ranges from Nova Sco-
tia and Newfoundland west to Manitoba. It has
also been liste or two isolated localities
—Vancouver Island and Alaska (LaRocque, 1970,

P-

C. exiguum 1is found on the margins of mar-
shes, swamps, ponds, and streams; and in wood-
land areas. It typicall occurs in shady,
damp aress, in moist 1ea¥ debris; in rotten

ogs; and under bark stones and dead wood

(La Rocque 1970, p. 558
The specles occurs throughout the state of
Michi common in the Ann Arbor re-

gion Goodr1ch 1943,p 15) and inhabits grass
mars illow-red osier-dogwood, and oak-hick-
ﬁa 1tats in Livingston County (Archer,
§9 p. 6-8 L exiguum was found in the
bog woods of "Che boygan County (Archer, 1936,
an an asE cedar swamp, alder- ash-
8ogwood-hazel co-nunxty and on a fl odplain
in Dickinson County (H:B. Baker 1922, p. 44,
7, 48 The sp ecxes was also found in Onto—
nagon ounty (Ruthven, 190 p- 190), Alcona
County (Winslow, 4),"and a number of
other counties (Walker, 1906 chart).

4 Cain et al (1950, p. 541) found C., exiguum
in the up eat unit of the lacustrine depo-
sit of Sog Eske, Oakland County. It has al-
so been recorded from Wisconsinan peats of
Fourmlle Lake, Washtenaw County (Camp, 1973,
g 22) and Marl Lake, St. Joseph County (Camp,
972 In this stud { the spec1es was
ouna at each of the three localities.

Family Polygyridae

Stenotrema leat (Blnne& 1842)
. leai occurs from New Brunswick into Que-
bec and Ontarxo and from New York, Pennsyl-
vania, and Vir lnla across the northern states
to Minnesota, South Dakota, Nebraska nd Kan-
sas. It has also been listed for bk lahoma
Eg;gs, and Louisiana (La Rocque, 1970, p. 568-

It is found in deciduous and coniferous woods
near water bodies and on stream banks. Dam
shady areas under stones, logs, bark, and lea
litter are the favored niches (Laﬂocque, 1970,

P-
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The range of the specxes inMichigan is south
of the Saflnaw Grand ver valley an 1n the
e loca 1cy, Alpena County (Wa ker, 19 E
4 . It also occurs in Sa 1naw Count al
1894 ), Ontonagon aut

1 04 180 Magician Lake, C
ren Countles {F.C. Baker, 1914), Oscoda Coun-
x 1ns ow 1921 25, Cheboygan County
(Arch 8 6}1 L1v1nfston ounty Ar-
ch er, -1

ands of Wwshtenaw
Countx (Goodrxch 1943 P and a number
of other counties (Walker, 1906

hven,
ass and Van Bu-

chart

leai was collected from theMarl Lake de-
osx Sk Josep County (Camp, 1972, p. 95
n this stud l e species was found in t
Little Goose Lake and L:me Lake deposits.

Triodopsis albolabris (Sa 1816)
is snail ranges from ew Brunswick and No-
va Scotia to Florlda westward through the

eastern states, Quebec, and Ontario to Mani-
toba, Minnesota, Iowa, Kansas, Okln oma, and
Texas (La Rocque, 1970, p. 596-597).

T. albolabris llvesxn mainly deciduous wood-
lands, but some may live in ‘emlock and pine
woods . is found in leaf litter and under
logs and bark (La Rocque, 1970, p. )

This species is abundant throughout the state
of Michigan. It has been foun 1nbee« -maE
aspen, an og woods and ogen 1e s in Che-
boygan County (Archer, Y3 an. e
pine forest with lime-rich su strate and along
a river inDelta County (van der Schalie, 1939,
1940); and in fern meadow, willow-red osier-
dogvood oak-hickory, oaksavanna, aspen-shrub,

rass and numerous man-made communities in
1v1nfsc0n County (Archer, 193 e species
has a been recorded for East Saginaw, Sagi-
naw County (Walker, 1894 p. 126); orcuplne
ountains and ake Go ebic tor agon County
(Ruchven, 19 4 isie Ro ale (Walker,
E ﬁ4g southwestern rrien Coun:
tz F aker ); Isle Royale and Alger,

1¥pewa, and choolcraft Counties (Winslow,
Alcona Crawford and Oscoda
1921, 2): Dickinson

Countxes 1W1nsiov
Macﬂlnac Islan

County (Goodrich, 193 ;
(Archer 1934, 8. ashtenaw County (Good-
: and se:eral other counties

1543
fazlﬁer, 196%, chart)

T. albolabris was found only in the upper
part of the Little Goose Lake zep051t

Family Zonitidae

Euconulus fulvus (Miller, 1774)
is species occurs throughout the United

States except in the southeastern states an
Colorado and Nebraska. It has been recorded
from Nova Scotia to British Columbia, New found-

land, and the Yukon Teriitory in Canada, The
nortﬁernmost occurrence in North America is
1n central Al aska, but it has been found at
a lﬁ er latitude west central Greenland
(La Roeque, 1970, p 608-6 9% .

E. fulvus inhabits wooded areas, ususlly oc-
curring 1nshady,,d amp spots in leaf m un-
der 38 ko )ogs, and stones (La Rocque, 1970
p. 608-6

This species is of general distribution
throughout Michigan, It been found in
beech-maple woods ofC eboysan County (Archer,
1936, 4), in pine woo {ta County

(van’ der Scﬁalle, 1940, p. 368), an lzrelm
flats in Dxckxnlon County (H. B! Baker 1922,
5 also occurs inaw Count

Pieiker, 104 e R ety s
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p. 286), Alcona County (Winslow, 1921, p.
aﬂd 1? several other counties {Walker, 1
chart

ven, 1904, p. 190), Isle Royale (Walker, 19%?,
906,

E. fulvus has been reﬁorted from peat depo-
sits at Sodon Lake, Oakland County (Cain et
il “op, ose Lake, Lenawee Coun-
t; (Hale et al., 1903, p. 101; Camp, 1972, p.
7 and Marl Lake, St. Joseph Count¥ (Camp,
1972, p. 94). In this study it was found at
Little 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 Scotia, Quebec,
Ontario, and Manitoba. It has also been re-
Bo;ted from Nevada, Utah,northern Mexico, and
aja California (La Rocque, 1970, p. 620).

It lives in_damp habitats in deciduous and
-pine woods. e species often is found under
stones and logs and in leaf litter (La Rocque,
1970, p. 619).

R indentata occurs throughout Michigan. In
Cheboygan County, the species lives in beech-
magle, pine, and aspen woods (Archer, 1936, E.
4-6). It is associated with fern meadow, oak-
hickory, oak sayanna, aspen-shrub, and grass
communi ties inLivingston County (Archer, 1939,

b X t has also been reported from
%aginaw County (Walker, 1894, p. 126); Onto-
nagon County (Ruthven, 1904, p. 190): Copper

arbor, Keweenaw County (Goodrich, 1931 p-4);
Mackinac Island (Archer, : Delta dounty,
(van der Schalie, 1940, p. 368); the Ann Arbor
region, Washtenaw County (Goodrich, 1943, p.
15); and a number of other counties (Walker,
1906, chart).

R. indentata has been recovered from Wis-
consinan deposits at Sodon Lake, Oakland Coun-
ty (Cain et al., 1950, p. 541),Fourmile Lake
Washtenaw County (Camp, 1973, p. 20), and Mar
Lake, St. Joseph County (Camp, 1972, p. 95).
The species 1is present in each of the three
deposits of the present study.

Nesovitrea binneyana (Morse, 1864)

. binneyana occurs from Maine to Pennsyl-
vania and west through West Virginia, Ohio,
Michigan, Wisconsin, and on to Montana, Wyo-
mzng, and Colorado. In Canada it is found in

ebec, Ontario, Nova Scotia, and Manitoba.
uestionable records are available for Wash-
égg?on and Alberta (La Rocque, 1970, p. 626-

The species lives inmoist, mainly deciduous
woodl ands, wooded floodplains, and some bogs.
It occurs under and around 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. t has been 1dentified from Ontonagon
County (Ruthven, 1904, p. 190); 1Isle Royale
(Walker, 1909, p. 285); Schoolcraft County and
Isle Royale (Winslow 917 P ; Alcona
County (Winslow, 1921, p. 2); Cheboygan County
(Archer, 1936, p. 4;; elta County (van der
Schalie, 1939, ; and Chippewa, Emmet,
Kent,Mackinac, and Marquette Counties (Walker,
1906, chart).

The only Wisconsinan occurrence in Michigan

is in the

Little Goose Lake deposit, Lenawee
County. :

Hawaiia minuscula (Binney, 1840) g
is species occurs, tzroughout the United
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States althou%h it is less common in the Pa-
cific Coast states. It is also reported from

Newfoundl and to Manitoba, Vancouver Island,

- the Northwest Territories,Mexico, and the West

Indies (La Rocque, 1970 p.

H. minuscula seems to prefer moist areas of
floodplains, fields, and woodlands. It oc-
curs under stones and wood in leaf litter (La
Rocque, 1970, p. 639). In Livingston County,
Michigan it lives inwillow-red osier-dogwood,
oak-hickory, aspen-shrub, and in several ar-
tificial communities (Archer, 1939, p. 7-13).

The species is generally distributed in the
Lower Peninsula o ichigan. t has been i-
dentified from East Saginaw, Saginaw County
(Walker 1894, p. 126); Alcona County (Winslow,

p. 3); in the Ann Arbor reguon, Washte-
naw County (Goodrich, 1943, g. 15); and seve-
ral other counties (Walker, 1906, chart)

Wisconsinan deposits from a Saline River
terrace, Monroe County (Kapp and Kneller 1962
f. 0); Marl Lake, St. };seph County (Camp,

973, p. 22); and_ Little Goose Lake of this
s tudy Eave yielded the species.

Zonitoides arboreus (Say, 1816) i
The species occurs throughout the United
States, Canada and Mexico (La Rocque, 1970,
6532654). 1Its northernmost occurrence is
in Alaska and the Northwest Territories. Wood-
land habitats, both deciduous and coniferous,
seem to be preferred by thkis snail, but it al-
so has been collected from fields. It is
found under logs, stones, and leaf litter (La
Rocque, 1970, p. 652-654). In Cheboygan Coun-
ty, Michigan 1t lives in beech—mapfe glne,
asgen, and grass communities (Archer, 1636, p.
4-7). In Livingston County, it occupies tama-
rack bog, grass marsh, sassafras, oak-hickory,
aspen-shrub, and several artificial communi-
ties (Archer, 1939, p. 5-13).

Z. arboreus is common throughout Michigan.
It has been collected from East Saginaw, Sa-
inaw Count + Ontonagon
Eounty (Ruthven, 1904, p. Isie RoYale
(Nelkar 1909, p. 285 Hieslow, 1917, p. 13):
Magician Lake, Cass and Van Buren Counties
F. C. Baker, 1914); Schoolcraft, Alger, and
ippewa Counties (Winslow, 1917, p. 4, 13);
Alcona and Oscoda Counties (Winslow, 1921, P-
3): Dickinson County (H. B. Baker, 1922 6 p.
263-_Keweenaw County (Goodrich, 1931, p. 5?;
Mackinac Island (Archer, 1934); Delta County
(van der Schalie, 1939, p. 3; 1910, p. 368);
the Ann Arbor region, Wasgtenaw County (Good-
rich, 1943 Y. 14); and most of the remaining
counties (Walker, 1906, chart).

Faunal assemblages of Wisconsindn age con-
ta1n1nE Z. arboreus have been regorted from
Huron County (Walker and Lane, 1900, p. 250);
Cedar Lake, Montcalm County (Haleet al. 1903,
P- 1): Sodon Lake, Oakland County (Cain et
al., 1950, p. 541); Saline River terrace, Mon-
roe County (Kapp and Kneller, 1962, Y. 140);
M County (Camp, 1972,

4, p. 126)
be);

arl Lake, St. Joseph 2,.p-
95;' and Fourmile Lake,Washtenaw County (Camp,
1978 5" 22); It was found at each o the
three localities of the present study.

Family Limacidae
Deroceras laeve (Miller, 1774) :

D. laeve isdistributed throughout theUnited
States, Canada, and some parts of Central Amer-
ica. It occurs as far north as Baffin Land
and Alaska (La Rocque, 1970, p. 668).

This slug inhabits a wide variety of habit-
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ats, but is most common on moist floodplains
and terraces under wood, stones, and vegeta-
tion. In Livingston County, Michigan it has

been found inwillow-red osier-dogwood, aspen-
shrub, and several artificial communities (Ar-
cher, 1939, p. 7, 9-12 Farther north 1in
Cheboygan County this slug ispresent in beech
magle woodlands under logs and humus (Archer,
1936, p. 4). H. B. Baker (1922, col -
lected D. laeve from a

T
_number of Eabi;ats in
Dickinson County including a swamp, pine and
eciduous woods loodplains, and a tag ald-

er—dogwood-hazei—ash hollow communi ty.

D. laeve is common and has a general distri-
bution in Michigan. It has been collected in
Ontonagon County (Ruthven, 1904, p.190); Isle
Royale (Walker, 1909, p. 287; Winslow, 191
Baker, 1915);

g.hIS); e rrien C?%pty (F. $§17 T e
t t i o Phe H -
c§n§°é§§3cy Winslo 1?3%?Yp. 2% an Mackinac

w
Island (Archer 934); in  Delta County (van

der Schalie, 1939 P ; the Ann Arbor vici-
nity, Washtenaw Count (Goodrxgh 1943, .
12); and Wayne County IWalker, 1 05, chart).

found in the Little Goose
deposits of the present

was

This species
Lake

Lake and Lime
s tudy.

Family Endodontidae

Discus cronkhitei (Newcomb, 1865)

This species occurs in all states except
Alabama, Mississigpi,Lpulsiana,Georgxa, South
Carolina, North arolina, an Tennessee and
in all the provinces of Canada (La Rocque,
1970, p. 675). .

D. cronkhitei usually
lands under dead wood or
Rocque, 1970, p. 676).

It is generally distributed throughout Mi-

lives in damp wood-
in leaf litter (La

chigan. e species has been recorded from
Isle Royale (Walker, 1909, p. 287; Winslow,
1917, p. 13); Magician Lake, Cass and Van Bu-
ren Counties (F.E. Baker, 1914); southwestern
rrien County (F. C. Baker, 1915); Chippewa
County (Winslow, 19 p. 5 13)3 lcona an
Oscoda Counties (Winslow, 1921, p- 3); Dickin-
son County er, 22, b 26): Copper
arbor, Keweenaw County (Goodrich 19317 pi
4); Mackinac Island (Archer, 1934); Del ta Coun-
ty (van der Schalie, p- 3; 1940, p. 368);
Livingston_ Count (Archer, 1939, 'p. 9-10);
Washtenaw County YGoodrich‘ 1943 T. 13); and
mgst f the other counties (Walker, 1906,
chart).

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

Helicodiscus parallelus (Say, 1821)

. parallelus is generally distributed along
the Atlantic Coast westward to Manitoba, Min-
nesota, South Dakota, Iowa, Kansas, and New
Mexico. It has also been reported from Idaho,
California, andColorado (?) (La Rocque, 1970,
p. 684-685).

This species is found in deciduous and coni-
ferous woodlands, bog hummocks, and along
floodplains. A shady moist habitat usually
in leaf litter or under logs, bark, andstones
seems to be preferred. In Dickinson County,
Michigan itoccurred in the following habitats:
rock outcrops, sandy outwash plains, hardwood
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forests, cedar- tamarack bog, arborvitae swamp,
woodland clearing, and floodplains (H. B. Ba-
ker, 1922, 5. 24-59). In Livingston County
it was found in the oak-hickory community and
feveg?l man-made habitats (Arczer, 1939,p. 8,

H. parallelus is of general distribution in

Michigan. It has been recorde rom tonagon
ounty (Ruthven, 1904, “P' 190); Isle BRoyale
(Walker, 9, p- 288; Winslow, 1917, p. Y3;;

Schoofcraft Counties (Winslow, 1917,

Alggr and
ﬁ. , 13); Alcona County, (Winslow 1921,d>. );
ackinac Islan rcher, ; Delta Coun

k tsland (Arch 1934); Delt ty
(van der Schalie, 39, p. 3); the Ann Arbor
region, Washtenaw County (Goodrich, P-
12); and a number of other counties (Walker,
1906, chart).

Specimens of Wisconsinan age have been re-
ported from Gratiot County (Hale et al., 1903,
p. 101): Sodon Lake, Oakland County (Cain et
al. 1950, . 541); and a Swline River terrace
in Monroe Eounty (Kapg and Kneller 1962, p.

0). It occurs in the Little Goose Lake and
Marl Lake deposits of the present study.

Family Succineidae

Ox*goma retusa (Lea, 1834)

e general distribution of Oxyloma retusa
seems to indicate a northern species. It is
found fﬁomMain ifNew York; Ohio and Michigan
west to Iowa an ontana; inKentucky, Georgra,
Wyoming and Colorado; fromNewfoundland through
Quebec to British Coiumbla;_and.north to Alas-
ka and the Northwest Territories (La Rocque,
1970, p. 698-699).

Amphibious habits characterize this species.
It is often found on shoreline vegetation of
water bodies, in plant debris, and in marshes
(La Rocque, 1970, p. 697-699).

0, retusa is widelz ?istr'buted inMichigan.
It has been collecte rom ﬁorc Austin, Huron
County (Walker and Lane, 1900, p. ; Onto-
nagon Count uthven, 1904 g. 250); Isle
Royale (Walker, 1909, p. 288-289; Winslow,
1917, p. 13); Magician Lake, Cass and Van Bu-
ren Counties’ ( aker, 1914); southwestern
Berrien County 915); Alger
County (Winslow 13); Alcona Coun-
tﬁ ﬁ inslow, 1921, o 3): ickinson County
(.. B. Baker; 1922 -p_ 6, '] 8, 26) Good-
rich and van der Schalie, e ); Meno-
minee County (Goodrich and van der Schalie,
1939, p. 10); Delta County (van der Schalie,
1939, p. ; the Ann Arbor area, Washtenaw
County (Goodrich

1943, p. 14); and several
other counties (Walker, 1806,

chart).
Wisconsinan specimens are limited to Sodon
Lake, Oak!land Eounty (Cain et al., i
541& and the three deposits of the present
study. .

Quickella vermeta (Say, 1829) & :
nfusion in the taxonomY of this species

and Succinea avara has resulted in sketchy in-

formation about the distribution and ecology

of this sgecxes. It occurs from Delaware to
Iowa, in North Dakota and Michigan, Alberta,
Manitoba, Ontario, and Quebec. vermeta in-

habits shoreline areas of lakes and ponds (La
Rocque, 1970, p. 699).

_Walker (1906, p. 503) reported a general
distribution of this species throughout Michi-
gan. e only Wisconsinan occurrences are in
the three deposits of the present study.
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Family Strobilopsidae
Stgobtl?ps affinis Pilsbry, 1893

inis occurs in Ontario and Alberta,
the New England states; New Jersey westward to
Kansas, northward to Michi an, Wisconsin, and
Minnesota, southward to Oklahoma, Texas
kansas, and Alabama (La Rocque, 1970, p. 115

Floodplain andmarsh shorel:ne habitats seem
to be favored by this species. S. affinis pro-
bably has a wide dlstrxbut1on in’ Michigan;
however, confusion with S. labyrinthica has
lxmlted the number of known occurrences. Walker
(1906, chart) records it for Eatan Genesee.
Kent, Lapeer, Lenawee, Macomb, Oakland, St.
Joseph and Washtenaw Countxes It has also
been listed for the Ann Arbor region, Washte-
naw County (Goodrich, 1943 p. 23) and for
Erasa marsh and fern meadow commupities in

1v1ngston County (Archer, 1939, p. 6

. affinis ofWisconsinan age was found in
each of the deposits of the present study.

Family Pupillidae

Gastrocopta contracta (Saﬁ 1822)

is snail occurs from a1ne tonrE1n1a and
westward to Illinois, Iowa, North Dakota;
New Brunswick to Man:toba, d 1nAlaska Kan-
sas, Oklahoma, Texas or lorlda, and
Mexico (La Rocque, 1970, p ?20—

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
Rocque, 1970, p. 720). In Dickinson County,

ichigan it 'has been recorded for hardwood
forests and flood lains associated with tag
alders, dogwo azels, and ashes B.

ker, 2 5-26). It was found in fern
meadow, wil ow red osxer dogwood, sassafras,
oak-hlckory and artificial communities _in
%iglngston County (Archer, 1939, p. 6-8, 10-

found throughout M1ch1gan
It has been recorded forEasc Saginaw, Exnaw
County (Walker, 1894, p. 12 & Ontonagon oun-
‘ (Ruth ven 1904, p. 190Y;  Alcona Co unty
(Winslow Cheboygan County (Ar-
cher, 193 , p '6); Deita County (van der Scha-
lie, 1939, p. 3); the Ann Kor v1c1n1ty,
Washtenaw County (Goodrich, 1943 Y 3)
ah nu?ber of other counties (Wa ker
chart).

contracta 1is

1906

Wisconsinan occurrences of this snail have
been reported from Sodon Lake, Oakland County
(Cain et al. 950, p, 541); a Saline River
terrnce in Monroe County (Kapp and Kneller
1962 140); and Little Goose Lake and Mar
Lake o% the present study.

Gastrocopta pentodon (Say, 1821) :

G. pentodon occurs Kronghout the United
States except on the Pac: 1c Coast. It is
found in the southern provinces of Canada,
ggglgg,) and Guatemala (La Rocque, 1970, p.

fpentodan inhabits wooded and open slopes
and forests It lives amongst plant debris,
under bark and dead wood (La Rocgue 1970, p.
723). 1n L1v1n ston County, Michi the spe-
cies was foun nssocxate " with 1rch -mai
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
Kalama
St. Cl
1906,

(Walker, 1894,p. 127
200, Kent, Macomb 0

B
i
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enz1e Gratiot,
land, Ontonagon,

air, and "Washtenaw Counties (Walker,

chart

It has been identified from Wisconsinan de-
near Colon in St. Joseph County (Woot-

posits
ton,
County

of the present study.

1974) and fromLittle Goose Lake, Lenawee

Gastrocopte tappaniane (C. B. Adams, 1842%
The species 1sdistributed from Maxne to lo-

rida west toOntario, Mxnnesota
nd Alabama. It has

Iowa,
been

Illinois, Kentucky, a
reported from Kansas

South Dakota,

Oklahoma Texas

and Arizona (La Rocque, 1970, p. 725-726

Ao |
shea
litter,

P

%gpanlana occurs in low wetlands, mar-
oodplains; usually under wood orplanc

It was found 1in

an

chganson County, Michigan (H.

alder swam

B. Baker,1 22,

This speciesis generallydxsttlbuted throu

o
naw
e

= il
un at the
inaw Coun—

Royafe (Walker
1921,

Aflona County (Winslow,

che Ann Arbor v1c1n1ty,Washtenaw Coun-

ker

nd several OCher
1906, chart).

urs in each of the three deposits of Wis-

out Michigan.. It has been
lowing localities: EastSa i
tg (Walker 1894 sl

);
gy (Goodrich, 1943, p. g
counties in Michigan (Wal
It occ
consinan age of the present study.
Vertigo morsei (Sterki 1894)

m

sey we

orsei ranges from New York and New Jer-

stward to Illinois.

iv

also has been

found in southern Ontario and Kansas (La Roc-

que, 1

970, p. 736-737).

Very little information is available on the

ecology

of this species.

It

seems to be an

inhabitant of floodplalns and wetlands.

er (1906, p. 516) has recorded this spe-
rom Eaton andKent Counties in Michigan.

Walk
cies
Goodri
Arbor
aorted

ashte
of the

Vallon

V.
Stateg
and Pa

curs

ch (1943 p. 223 < 'liw
area Washtenaw Count

ts
s

it for the Ann
It has been re-

rom Wisconsinan deposits in Bay and
naw Counties and from three localities

present study.

Family Valloniidae

ia pulchella (Miller,

17

74)

ulchella is found throughout the United

but its distribution iIn the southeast
c1f1c states is unclear because of the
uncertainty of published records. It also oc-

ward to Manitoba and in

1970,

The
habi ta

ch fields, pasturel and,

p. 157-758).

Ala

from Nova Scotia and Newfoundland west-

ska (La Rocque,

species seems to have a wide range of
t tolerances. It hasbeen collected from

and

occurs around

d building foundations (Arche:-, 1939, p. 10-

nxnsuf

ulchflla occurs throughout the Lower Pe-

ichigan. It

East Sagxnaw Sa inaw Count

Poos-

County
Kent,

Wayne
sinan
Lake

Little Go
study.

g o ale (Wal
cﬁart 2 the o

Lapeer, Mack 1n|c,
Counties (Walker, 190
specimens have been
Washtenaw County (Cam
Goose Lake and Lime

ker,

bor
( Goo rlch, 943 ﬂ; )3 kd Ingham,
nroe Oa an .

6,

Oﬂ

tak

een listed for
(Wal ker, 189
1909 . 288}

area, ashtenaw

and
chart). Wiscon-
nd at Fourmile
1973 22) and
eof the present



36

Vallonia costata (Miller, 1774)
costata ranses from Alberta eastward to
Quebec, Maine, and Ne York: southward to Vir-
fxnxa; and westward to Illinois (La Rocque,
0. p. T60)
This species occurs in_a number of diverse
habitats from wet floodplains to woodlands to
%gggstone talus slopes (La Rocque, 1970, p.

Walker (1906, p. 521) listed this species as
uncommon in Michigan; occurring only in Owosso,
Shiawassee and Monroe Counties and on Isle
Rorale. It has also been found on Mackinac
Island (Archer, 1934); in Livingston County
(Archer, 1939, p. 10, 12); and Washtenaw Coun-
ty (Goodrich, 1843, p. 22}

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

Family Cionellidae
Cignella lubrica (Miller, 1774)

. lubrica is found throughout the United
States, Canada, and Mexico EL& Rocque, 1970,

%. ).. It occupies a number of habitats;
lood%laxn, marshy shoreline, woodland, grassy
open fields, talus slopes d_rock outcrops

an
(La Rocque, 1970, p. 769-770). It usually oc-

curs under leaf litter, logs, stones, or de-
ris.

The snail is fenerall distributed through-
out Michigan. t has been listed from Onto-
nagon Count (Ruthven, 1904, w@ 90); Isle
Royale (WalZer, 288; inslow

909, p; i

B 13); Schoolcraft County (Winslow, 1917, p.
6); Alcona County (Winslow, 1921, p.4); Dick-
inson County (H. B. ker, 1922, g. 65; CoYL
per Harbor, Keweenaw County (Goodrich, 1931,
E. 4); Mackinac Island (Archer, 1934); Delta
ounty (van der Schalie, 1939, p. 3); the Ann
Arbor area, Washtenaw County {Goodrich, 1943

p. 13): and a number of other counties (Walk-
er, 1906, chart).

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

CLASS BIVALVIA
Order Teleodesmacea
Family Sphaeriidae

Sphaerium rhomboideum (Say, 1822)

is sphaeriid occurs from Maine to Penn-
sylvania and west through Ohio, Michigan, Wis-
consin, Minnesota, South Dakota, Montana, to
. Idaho. In Canada 1t ranges from New Brunswick
west to Abberta and possibly British Columbia
(ia Rocque, 1967, ». 501-302] Clarke, 1913, p.

S. rhomboideum isan inhabitant of muddy bot-
toms of large and small lakes, streams, an
rlvez?)(ﬂerr1ngton, 1962, p. 25; Clarke, 1973,

Pl

In Michigan this species has been recorded
from the Saginaw River, Saginaw County (Walker,
1894, p. 125); the Union River, Ontonagon Coun-
ty (Ruthven, 1904, p. 191; Goodrich and van
der Schalie, 1939, "p. 31); Chippewa County
(W%nslow, 1917 P- f ; Goodrich and van der
a

Schalie, 1939, 'p. 31); Tamarack Lake, Dickin-
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son County (H. B. Baker, 1922, p. 40); and
Luce, Mackinac, Marquette, Menominee, an
Schoolcraft Counties (Goodrich and van der
Schalie, 1939, p. 30-31).

Wisconsinan specimens have been found at
Marl Lake, St. Joseph County (Semken et al.,
1964, p. 830) and at Marl Lake, Livingston
County of the present study.

Sphaerium sulcatum (Lamarck, 1818)

S. sulcatum is distributed from New Bruns-
wick to Virginia and west to Illinois, JIowa,
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 Michigan. S. sulcatum has been re-

orted from Chippewa County (Winslow, 1917 g
1; Goodrich anfvan derScKalie, !939, P 12?;
Alcona and Crawford Counties Winslow, 1921,
P ; in lakes and creeks of Dickinson 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,
11); and the Ann Arbor vxcinitf, Washtenaw
County (Goodrich, 1943, p. 19). It was found
in the Wisconsinan deposits of Lime and Marl
Lakes of the present study.
Pisidium casertanum (Poli, 1791)
. P. casertanum occurs throughout North Amer-
ica, as_far north as the southern Arctic Isl-
ands. It also occurs in South America, Eura-

sia, Africa, and Australia (La Rocque, 1967,
p. 343; Clarke, 1973, p. 173-174).

This species maz inhabit a wide range of a-
?uatxc habitats, both permanent and temporary.

t has been found in garge and small lakes,
permanent and temporary ponds, rivers, streams,
swamgs, and temporary pools §La Rocque, 1967,
p. 342: Clarke, 1973 p. 1747, casertanum
usually 1s found on a mud substrate, but_may
also be found on sand (Clarke, 1973, p. 174).
It 1s usually found in shallow water (0.5 to
3 meters) (La Rocque, 1967, g. 3), but has
been collected atdepths of 35 to 40 meters in
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.

P. casertanum is one of the commonest sphae-
riids in Michigan. It has been reported for
Lake Gogebic,Ontonagon County (Ruthven, 1904,
p. 191): Txle Borale (Walker, 1909 . 296);
a brook in Schoolcraft County (Winslow, 1917,

ik £ i temporarg swamps _1in Dickinson County
Th. B Beker. 1992 5. 15, A1), 'near. Whits
Lake, Oakland County (F. C. Baker, 1926 p-
51, 52); Independence _and Arnold’s Lakes,
Washtenaw County (Goodrich, 1943, p. 26); and
in Fleming and ﬁi}l Creeks in Washtenaw Coun-
tz and Ore Creek in Livingston County (Heard,
1965, p. 384, 3895).

Wisconsinan specimens have been found in a
Saline River terrace in Monroe County (Kapp
and Kneller, 1962, p. 140) and a marl deposit
near Colon, St. Joseph County (Wootton, 1974).

casertanum was found in each of the three
deposits of the present study.

Pisidium obtusale Pfeiffer, 1821 2
P. obtusale occurs from Maine through Vir-
ﬂ;nxa and west through the northern states to
issouri, lowa, 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 in Montana and Arizona, Mexico,
and Eurasia (La Rocque, 1967, p. 346-347).

This isa 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, 1909, p. 296); Dickinson
County ' (H. B. Baker, 1922, p. 7, 42); White
Lake, Oakland County (F. C. Baker, 1926, p.

); and the Ann Arbor area, Washtenaw County

{Goodrich, 1943, p. 25).

Wisconsinan specimens have been collected
from marl deposits in the Bad Axe area of Hu-
ron Count Walker and Lane . wp 252)
and near Colonm, . 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 feologlc time for many of the species
are still part of the present environment. In
the case of lacustrine environments this 1is
even more true. Representatives of all mol-
lusk species collected during this study are
still fiving al though some are apparently ex-
tinct in southern Michigan. 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 1
species to obtain an understanding of their
probable ecologic niches during the 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 biological 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 areused 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-
Yos;ted.' They are found throughout a litho-
logic unit representing thatenvironment,often
in large numbers. he 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, 1966, p. 18) whereas otherse.g. fresh-
water limpets, are never very common even in
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 o th indigenous species and intruders
that have been deposited together after death.

The abundance of a species at any time is
part_l*_decemlngd by the availability of its
specific ecologic_requirements and the effect-
ive poﬁulauon of its competitors and preda-
tors. However, this relative abundance i1n the
natural environment of a particular species
may be difficult to estimate on the basis of
1ts relative abundance in a fossil assembl age.
As an example, currents and waves may lead to
transport and hydrodynamic sorting of empty
shells in the shore zone.

Among the indigenous species and intruders,
certain species may be considered significant
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species. A significant species is one that
makes up a considerable volume of the sample,
i. e., 1t 1is either extremely abundant or o
large shell size (e.g., Helisoma). Thus, not
all indigenous species are necessarily signi-
ficant, nor are all intruders necessarily in-
significant.

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 study. It must be remembered that the
interpretation made from a section isonly va-
lid for the immediate area. It es not ne-
cessarily apply for the entire lake basin. In
the typical marl lake the stratigraphic column
contains three_ma_}.or sediment types. e ori-
ginal lake basin formed on till or outwash, so
the lowermost sediment is gravel and sand. A-
bove this is a unit of marl, often of consid-
erable thickness. The section is cggggd by a
peat unit, representing 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 change in habitat. Na-
iades, characteristic open water inhabitants,
often dominate the lower sandy unit. Fresh-
water mollusks, ostracodes, diatoms, and cha-
rophytes are characteristic of the marl zone.
The peat and muck, 1f 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 Count.I
Dhio, reported a water level rise of 8 to 10
inches during periods of increased runoff and
9rec1g1 tation and a corres§ond1n decrease of

to 8 inches during droughts. ese fluctu-
ations respectivel increased and decreased
the range of freshwater mollusks living in
nearshore areas (Dexter | ).  The range of
terrestrial forms living in the fringing marsh
would also be affected by the fluctuations,
but in the opposite direction. ese changes
in distribution are reflected in the sediment
column as variation in the abundance of spe-
cies from collection to collection. empera-
ture conditions may also bedetermined from an
analysis of the fauna. Certain mollusks and
assemblages of mollusks, e.g. Lymnaea stagna-
lis and ctenobranchs in general are indicative
of cooler wwter temperatures and presently on-
15 inhabit more northern regions (La Rocque,
1966; Frye and Leonard, 1967, p. 434).

LITTLE GOOSE LAKE, LENAWEE COUNTY

Glacial Geology. Little Goose Lake is
located along .an_interlobate moraine of the
Sagxnaw and Erie lobes (Martin, 1955; Zumberge,
1960, p. 179; Striker and Harmon, 1961, p. 54).
o the west of the lake is an extensive pitted
outwash plain and to the north lies a north-
east-southwest trending esker. These features,
considered with the overall topography of the
area, indicate that the ice front must have
extended in a northwest-southeast direction
and have been very near the present Goose Lake
for a consxderab{ellength of time. The lake
formed from themelting of astagnant ice block
covered by outwash deposits after the ice re-
treated from this area dunnf the Care{.Sub-
age (Striker and Harmon, 196, p. 54). Little
Goose Lake was part of a much larger lake
which also included 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-
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in the surrounding lowlands (Striker and Har-
mon, 1961, map 1). Goose Lake revealed sev-
eral different surficial sediment types. The
sediment directly underlying the marsh vege-
tation was a dark-brov? peat. is material
caps a low wave-cut bluff above the beach zone.
Several auger borings were made in_ the marsh
on the north side of the ]ake. Qhe borings
revealed continuous muck and peat to a depth
Striker and Harmon (1961, map 1)

lof 3 feet. ! I
reported that thesoil in this area_is Edwards
Muck. e Edwards Series overlies marl in

marshes and lowlands (Striker and Harmon, 1961,
ﬁ. 10). A profile description of the Edwards
uck 1s given ‘ :

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

muck, may contain a few
small shell fragments
below 24 in.leht grp¥ to dark gray, marl,
ossiliferous
(Adapted from Striker and Harmon, 1961, p. 10)

Along the eastern shore thepeat zone is less
than 1 foot thick. Below the muck and peat is
a layer of gray marl, at least 6 feet in thick-
ness as determined by an auger boring.

At times of low water the beach zone at Lit-
tle Goose Lake is covered a layer of mol-
lusk shells and fragments. ~Below this thin
layer of coarse shell material is a zone o
sandy shell marl underlain by a gray marl. The
sandy marl may be the result of the winnowing
action of waves which has removed the finer
sediments. arl was deposited in the shal-
lower areas of the lake forming terrace-like
deposits. Nearshore areas were soon filled in
by marl accumulation of terrigenous detritus,
encroachment of plants, .fd' lowering water
level. Marsh vegetation claimed nearshore a-
reas and peat was_deposited on the marl. Wave
action durin times of high water eroded a
section of the peat and formed a beach and
wave-cut bench.

Stratigraphic Section

Thickness

Description
¢ Inches

Unit Collection
1 1-2 ' Dark-brown peat, abun-
dant plant matter, some
mollusk shells. Upper
12 inches not sampled 16

3-4 Peat-marl transition 4
5-11 Light tan marl fossil-

iferous (mollusks, os-
tracodes, charophytes) 14

w N

Brown marl, fossilifer-
ous (mollusks, ostraco-
des, charophytes, abun-
dant plant matter, peaty
in upper part 44

4 12-33

5 34-43 Dark gray marl, fossil-
* j iferous {molluaka, os-
tracodes, charophytes).

d
Eg}}: t; 43 nog si1eved.

“and 43 are
in. thick

Total 102

Faunal abundance ;

Hale et al. (1903) listed the following Mol-
lusca from the Goose Lake marl without abun-
dance data.

‘and Pisidium casertanum in t
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TABLE 2. Pleistocene Molluscan Fauna of Goose

Lake Deposit. (Adapted from Hale et al.
B 5. 1L S Mo e, T B,
Naiades Fossaria humilis

Sl ; ossarie obrussa
Pisidium edanmst Gyraulus parvus
errugineum G. deflectus
. nitidum Helisoma anceps
P. variabile : H. campanulatum
Sphaerium rhomboideun L{nnaca stagnalis (?)
S. simile Physa elliptica
S. striatinum P." heterostropha

Carychium exiguun
Euconulus fulvus:
Gastrocopta pentodon
Vertigo elatior

Amnicola limosa
. lustrica

A. walkert

Valvata sincera

V. tricarinata

The mollusks collected in the present study
are listed in Table 3 and the more important
%gecxgs are included in Plates I chrough .

e Little Goose Lake section yielded 36 mol-
lusk species, including 22 terrestrial pulmo-
nates, 4 ctenobranchs, 9 aquatic pulmonates,
and 1 sphaeriid.

Indigenous mollusks are Fossaria obrussa,
Gyraulus parvus,Helisoma anceps, Physagyrina,
: s ﬁe marl part of
the section (Units 3, 4, and 5) Collections
from the lower 4 feet of the section (Units 4
and 5) yield several other indigenous species
---Amnicola limosa, A. lustrica, Valvata tri-
carinata, Gyraulus circumstriatus, and Heli-
soma campanulatum. Carychium exiguum, Gastro-
copta contracta, -G. tappaniana, Helicodiscus
arallelus, Oxyloma retusa, Quickella vermeta,
trobilops effints, and Vertigo morsei a%pear
to be indigenous during the deposition of the
Eeat (Unit'1). e significant species are
strocopta tappaniana,Uxyloma retusa, Quick-
ella vermeta, Fossaria obrussa, Gyraulus par-
vus, and Pisidium casertanum, e peat also
contains a significant number of Carychiunm
exiguum, Helicodiscus parallelus, and Strobi-
lops affinis.

Fossaria obrussa and Gyraulus parvus _show
two peaks of maximum abundance (%Iate 1IT)
oﬁe in the upper part of the mar]l (Unit 39 and
the other 40 inches below the surface (Unit 4).
Pisidium casertanum exhibits similar peak ab-
undances,  but the latee number contained in
Collection 26 (Plate IV) may be due to sampl-
ing error. The terrestrial pulmonates-—-Gas-
trocopta tappaniana, Oxyloma retusa, Quickella
vermeta, and Vertigo morsei undergo a sudden
increase in number between the peak abundance
of the aquatic forms.

Ostracodes are present in most of the col-
lections, but are most abundant in lower Unit
4, the brown marl. Candona ohioensis_is ex-
tremely common from Col!lection 24 to 33. Cy-
pridopsis vidua_is abundant throughont Unit 4
and upper Unit 3. Candona acuta, C. truncata,
ﬁandopa sp., and Cyclocypris sp. have also

een identified.

The relative abundance of shells in each
collection 1s fairly constant throughout the
Lx;tlg Goose Lake section (Table 3). Lower
Unit 3 (Coll, 8-11) contained the lowest es-
timated total number of mollusks.

Nature of the environment

.The wol lusks of Little Goose Lake inhabited
the waters ??d shoreline of a large kettle
lake. Unit 5, a dark gray marl, probably re-
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resents the initial marl deposition in the
ake. The aquatic molluscan fauna was most
diverse during this stage. Twelve species were
present. Gyraulus parvus was the dominant
species during this early stage; followed by
Fossaria obrusse. Gyraulus parvus favors water
from 1 to4 feet deep with abundant vegetation
(La Rocque i ; Harman and Berg,
1971, p.'32 . F. obrussa is an amphibious
form l1v1nE on debris in shallow water and a-
long the shoreline (La Rocque, 1968, p. 475).
any species of Fossaria are known to live on
emergent veqetatlon and mud flats (La Rocque,
1968, %. 467-482; Harman and Berg 1, p.
20).  Terrestrial gastropods are only repres-
ented by small numbers of Oxyloma retusa an
ggickella vermeta. Thus, themollusks of earl
ittle Goose Lake tend to indicate a time o
shallow water and adequate vegetation for the
area of the section. e paucity of land
snails may be explained by the absence of suit-
able habitats along the 'shore. Marsh vegeta-
tion and mud flats are inhabited by some suc-
cineids (Strandine, 1941; La Rocque, P-
708), which accounts for the presence of Oxy-
loma and Quickella. The absence of any dis-
tinctive woodland species such as Nesovitrea
electrina, Stenotrema leati, and Zonitoides ar-
boreus (Fr;e and Leonard, 1967, p. 433; La
Rocque, 1970, p. 624 ). indicates that the
immediate area probably did not yet ;upgort
deciduous forests. the shoreline did have
favorable habitats for terrestrial snails per-
hags it was at some distance from the section
and the shells were not washed into the area.
e succineids could have reached the area on
imgrgent vegetation and floatingplants and de-
ris.

Cooler water temperatures are suggested 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 (Fartos, 1933, p. 420; Delomme, 1971,
chart). Candona acuta, which is common in U-
nit 5, may be typicaul of cooler water habitats
(Hof?’ 1932, p T100; “Staplin, 1963, p. 763;
Teeter, 1970, p. 587). Cypridopsis vidua_to-
lerates most freshwater environments eand 1is
uncommon only in cold water with little bottom
vegetation (Staplin, 1963, p. 1183; Teeter,
1970, p. 587). ghus the presence of C. vidua
in Units 4 and 3 suggests anincrease in water
temperature. Candona ohioensis is most common
in lakes bordered by mixed forests and ranges
northward to the southern edfes of the boreal
forest (Delorme, 1970, p. 11I2).

The sedimentary boundary between Unit 5 and
Unit 4, a brownish marl, 1s irregular and not
well marked by changes in mollusk abundance,
Gyraulus parvus is extremely abundant (69.2%)
in the lower half of this unit, but abru%cly
drops innumbers_(3.4%) in Collection 21. Fos-
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 5-——now reﬁresentatlves
of 12 species are present. In the upper part
only 4 species of aquatic mollusks are present.
The reduction in abundance o obrussa and
G. parvus correlates well with theincrease in
abundance of Deroceras laeve, Gastrocopta tap-
paniana, and Quickella vermeta. This susgests
that the lake waters temporarily receded from
the area of the section probably due to a
drought. During this time terrestrial forms
may have been the 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, 1972, p. 76). The absence of cteno-
branchs in upper Unit 4 supports a warming
climatic trend.

Unit 3, a tan marl, marks the resumption of
aquatic conditions in the area. The boundary
between Units 4 and 3 is irregular and marked

y an increase in the diversity of mollusks.
Table 3 shows an apparent increase in percent-
age abundance of mollusks in lower Unit 3;
however, this 1is only the result of plckxna
a larger volume of sediment to obtain 100
individuals.

The gradual transition from themarl of Unit
3 to the peat of Unit 1 is designated as Unit
This unit marks the second major encroach-
ment of plants or the section area. Peat be-

gan to form in the shallow nearshore zone.

. Peat deposition continued in Unit 1 allow-
ing terrestrial snails torepopulate the area.
e gresence of Helicodiscus parallelus, Re-
tinella indentata, Stenotrema leai, and Zoni-
toides arboreus points to the occurrence of
deciduous woodlands near the lake rye an
%gzgard, 1967, p. 433; La Rocque, 1970, p. 619,

Molluscan Ecology

General. A general study of the living
mollusks in the shallow littoral zone of Lit-
tle Goose Lake, Lenawee County allowed tenta-
tive comparison with the Wisconsinan fauna.
Only aguatxc species were examined for it is
assumed that the terrestrial fauna isonly par-
tially represented in the Wisconsinan peat.
The sampling was random and quantitative data
equivalent to those obtained in the Wisconsin-
an section were not obtained. As a result the
data are tentative. A more comprehensive mol-
luscan survey of this lake and several other
lakes in southern Michigan is in the planning
stage.

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

Table 6, Comparison of Wisconsinan and Living
Aquatic Moglusks, Little Goose Lake

Wisconsinan Species Living Species

Amnicola limosa Amnicola limosa
Amnicola lustrica

Valvata sincera

Valvata tricarinata

Aplexa hypnorum
Fossaria obrussa
Fossaria parva s
yraulus circumstriatus
gyrqulus parvus
elisoma anceps
Helisoma campanulatum

Fossaria obrussa

Gyraulus parvus

Helisoma campanu-
i atum

Physa gyrina Physa gyrina
Promenetus exacuous

Pisidium casertanum Pisidium casertanum
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Figure 4 Cross Section of Shoreline and Littoral Zone, Little Goose Lake, Lenawee County, Michigan

~ Gyraulus parvus is found in abundance on and
in the marly bottom sediments. he specimens
were collected by removing samples of the bot-
tom material. ew, specimens were also col-
lected from floating plants. G. parvus is
found in bottom sediment out to depths of
feet where sampling was terminated.

Pisidium casertanum is also common in and
on the marl substrate out todepths of 4 feet.

Helisoma campanulatum is an inhabitant of
the periphytic niche, found on water milfoil,
Potamogetor, reeds, and cattails. It is rare-

ound on Chara. campanulatum occurs
wherever plant growth is well established.
hysa gyrina eltheroccgpxes.agerxph tic niche
or grazes on the underside of the surface film.
It seems to always be associated with an area
of plant growth.

The apparent absence of abundant ctenobranchs
from theshallow littoral zone of Little Goose

ake is probably the result of inadequate col-
lection for they have been listed for many
lakes in Michigan. Amnicola lustrica is usu-
ally found on coarser substrate than is foun
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, Fossaria parva, Gyraulus
circumstriatus, Helisoma anceps, and Promene-
tus exacuous are not significant species in
the Wisconsinan section at Little Goose Lake
and this seems to be the case today. If thez
are present 1t is improbable that they woul
be detected in a general survey. i

Depth of water. The shallow littoral
zone, defined as from shoreline to feet in
depth, contained abundant mollusks. Anmnicola
limosa, Fossaria obrussa, Gyraulus parvus, He-
lisoma’ campanulatum, Physa gyrina, and Pisi-
dium casertanum occupy various niches in this
zone. Shells of these species are deposited
together after death with other shells washed
in from other aquatic and terrestrial habitats
to form thanatoccenoses.

Water depths greater than 4 feet were not
examined in this study. From previous  work
1t appears that Valvata and Naiades may inha-
bit this zone.

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 E 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
some areas, shoreline plants provide protec-
tion.

Floral assoctiations. Fossaria obrussa and
Helisom cgnpqnulatum areco?mon on water mil-
fo1l, the dominant plant of depths less than
2 feet. These species also occur on the sub-
merged parts of stems of reeds and cattails.
Amnicola limosa is found on Chagra which occurs
in patches on the shallow marl shelf.

Faunal associations. Ostracoda of genus
Candona are found among water milfoil with
Fossaria obrussa and Helisoma campanulatum.
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TABLE 7. Summary Diafram of Lithologic Distribution of Mollusca from
Little Goose Lime, and Marl Lakes, Michigan

SPECIES PEAT MARL SAND

TERRESTRIAL PULMONATES Upper Lower Upper Lower Top Upper

Carychium exiguum X
Cionella lubrica
Deroceras laeve x
Discus cronkhitei X :
Euconulus fulvus
Gastrocopta contracta X
G. pentodon
tappantana

Hawaiia minuscula
Helicodiscus parallelus
Nesovitrea binneyana
Oxyloma retusa
guiqkella vermeta

etinella indentata
Stenotrema leat
Strigtura ferrea
Strobilops a{{tnis ’

riodopsis albolabris
Vallonia costata

V. pulchella

Vertigo morseti
Zonitoides arboreus

CTENOBRANCHS

Amnicola limosa X x

A. lustrica

Valvata sincera X
tricarinata X

AQUATIC PULMONATES

Aplexa hypnorum X X X
errissia garallela

Fossaria obrussa b X X
parva 1

Gyraulus circumstriatus

G. parvus X X

Helisoma anceps X X
campanulatum

Lzmnaea stagnalis

Physa gyrina x x

Promenetus exacuous

Stagnicola catascopium

S. palustris

SPHAERI IDS

Pisidium casertanum X X x
. obtusale :

gphaerium rhomboideum
. sulcatunm

MM KK KR HKHHER XNHX
KX X XM XX X RMXXX ]
*® XX HEXHXXXX X *®
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x x
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EE
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Leeches are also inhabitants of the floating
vegetation and often are found attached to
shells of H. campanulatun.

LIME LAKE, LIVINGSTON COUNTY

Glacial Geolo : :

Lime Lake igyone of several small lakes si- esker extends from southern Genesee County in-
tuated in the Charlotte moraine of the Saginaw to Livingston County, passing through the
lobe., To the northwest of the lake lies a towns of Oak Grove and Howell and termlpatlng
rolling till plain and beyond it, the Lansing in a depression in the Charlotte moraine,
moraine (Bergauist and Price, no date). The miles west of Lime Lake (Leverett and Taylor,
Huron Valley Plain and interlobate moraines 1915, p. 213). A series of subparallel eskers
of the Saginaw and Erie lokes are southeast of intersect theCharlotte moraine xnlnﬁham Coun-
Lime Lake (Martin, 1955). West and_ southwest t; §Leverett and Taylor, 1915, p. 208; Martin,
of the town of Chilson is a %romxnent kame 1955). These suggest a prolonged stillstand
field (Leverett and Taylor, 1915, p. 214). An of the ice in this region.
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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 g 2 During the
formation of the interlobate moraines, melt-
water flowing into the valley built up great
outwash deposits., Lime Lake probably formed
1nla gepresnon left after a buried ice block
melted.

While the ice was at the Charlotte moraine,
rainage appears tohave been to the west a-
long the 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. 20 rain-
age continued to the west’unCiY development of
Lake Maumee I caused drainage to turn south-
ward (Bay, 1938, p. 32-33). As glacial lakes
in the Erie basin became more extensive, the
resent eastward drainage developed. Lime Lake
as a present outlet to the south by way of
South Ore Creek.

Lime Lake, as the name implies, has extensive
marl deposits. ergquist and Price (no date
reported up to 12 feet of marl along the nort
shore. The lake has been dredged in recent
years and the dredgings, consisting mainly of
marl, have been dumped on the north shore. A
narrow shelf of marl projects from the north

shore and thén the water abruptly deepens.
Auger sampling revealed 2 feet of peat cover
e remain-

along the marsh¥ northern shore,
ing perimeter of Lime Lake has been partially
developed for a cottage, farm, and camp.

Wheeting and Bergquist (1928) have mapped
Carlisle Muck soils along the shore of the lake
and sandy loams on the swells around the lake.
Carlisle Muck consists of dark brown to black
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id ounty, Michigan.

muck underlain at adepth of 3 feet or less by

clay or marl. layer of wood fragments is

reported below a depth of 12 to 20 inches
eeting and Bergquist, 1928).

In the vicinity of Lime Lake are several
other marl deposits. A deeos1t 10 to 14 feet
thick occurs in Worden’ ake to the north-
east (Bergquist and Price, no date). Long,
Crooked, and Pardee Lakes contain pockets of
mar]l in certain areas. Marl also underlies
ﬁluch)of the marshland (Bergquist and Price, no
ate).

Although no radiometric dates are available
or this deposit, several are available in
Livingston County. rings in a much deposit
of asmall lake in the Edwin S. George Reserve
of theUniversity of Michigan yielded the fol-
lowing radiocarbon ages.

) Depth eet) Age ears B.P.
M-219 pth, (f &5 (56°% s00
M-220 20 4,550 500
M-221 25 5,970 ¥900
M-222 30-31 8,570 + 400
M-223 35-36 11,450 + 600
M-224 40-41 11,450 % 600

(Crane and Griffin, 1959, p. 173)

In an earlier study, Andersen (1954) con-
ducted apollen analysis of apond in the Geor-
e Reserve. The pollen at a depth of 54-55
eet indicates a warming trend which Andersen
§1954, . 151) correlated with the Two Creeks
nterval. The Two Creeks Interval ended about
11,850 years a (Broecker and Farrand, 1963).
The earlier pollen anll{gil is thus supported
y later radiocarbon dating in the same area.
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Figure 6. Cross Section of Shoreline and Littoral Zone, Lime Lake, Livingston County, Michigan

Another set of radiocarbon dates is available
for a peat deposit at Dunlavy Lake in Hambur
Township (Crane and Griffin, 1966, p. 7
core from this deposit yielded ages of 7,120%
520 years B.P. at 150-165 cm and 8,630% 300
years B.P. at 200-210 cm in degth. The gla-
cial stratigraphy of this area does not allow
correlation with Lime Lake.

Stratigraphic Section

Unit Collection Description Thickness
(Inches)
1 Dark-brown peat, abun-
dant plant matter, some
mollusk shells. Upper
2 inches not sampfed 14
2 2-12 Gray marl, fossilifer-
ous (mollusks, ostra-
codes) abundant Chara
strands. Sandy inColl.
12 22
3 13=27 Tan sand with pebbles,
ossiliferous (mol-
lusks) 10
Total 46

Faunal Abundance

Thirty species of mollusks were identified
from the Lime Lake section——- 14 terrestrial
gulmogate;, % aqgggic pslmoy:teslfﬁ4biteﬁo-

ranghs, s rijds, and_upidentifiable Na-
iad ??egmentg {fable " 4 s Indi enous species
of Units 2 and 3 are Amnicola [imosa. A. lus-
trica, Valvata tricarinata, Fossaria obrussa,

Gyraulus parvus, Helisoma anceps, Physa gyri-
na, Pisidium casertanum, P. obtusale‘ and
Spﬁaerluu«sulcatum.‘ e indigenous species of
Unit 1 are land snails, but the lower part of
the unit, the only part sampled, contains a
considerable number of aquatic moflusks, mark-
ing the transition from aquatic to terrestrial
conditions. Fossaria obrussa, Gastrocopta
tappaniana, Carychium exiguum, andOxyloma re-
tusa are themost common forms of lower Unit

Terrestrial gastropod sEecies exhibit two
maxima of abundance; one in Collection 1 (Unit
1); and the other in Collection 5 (Unit 2)
The aquatic mollusks present in these collec-
tions show a corresponding decrease in per-
centage abundance  (Plates V, VI, and VII).
Fossaria obrussa increases upward in the sec-
tion to amaximum abundance (84.6%) 1in Collec-
tion 4. Valvate 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 Pisidium appear. P. casertanum began
to replace P. obtusale as the dominant sphae-
riid.

Nature of the Environment

.The Lime Lake section reflects the inward
migration of the shoreline into the central
asin. The gravel and sand of Unit 3 consist
of reworked till and outwash and represent
the initial bottom sediment of Lime Lake. Val-
vata tricarinata tolerates sand and gravel bot-
toms and depths from 1 to more than 30 feet
La Rocque,_g968 p. 3BT, Gyraulus parvus
also has awide preference of bottom material,
but prefers depths less than 4 feet (La Roc-
que, 1968, g. 291). Both species thrive in
areas of a ugdant rooted vegetation (La_ Roc-
que, 1968, p. 367, 491; Harman and Berg, 1971,
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p. 32, 52). V. tricarinata was probably char-
acteristic of the lake basin during this early
stage, but was gradually replaced by its com-
petitor, Gyraulus parvus in the area of the
section. %hls. may have represented a number
of related environmental changes including a
gradual warming in water temperature, chamging
vegetation, and shallowing water depth.

The sandy bottom supperted a population of
Naiades, which disappeared when marl began to
form. The Naiades grobably found the marl un-
sui table for their urrowxng activities. Sphae-
riids have been reported to favor sand and peat
bottoms over clag substrate (Dawson, 1911,
37-38). The sudden disagpgarance of Pisidium

lower Unit is unexplained. It
Pisidium obtusale and P. caser-
tanum_both occupied the same habitat during
Unit 3 time. Upon the disappearance o ob-
tusale, P. casertanum underwent a rapid exgan-
sx?n into areas formerly occupied by P. obtu-
sale.

obtusale in
appears that

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 gresence of
large amounts of plant matter in the marl and
the abundance of Gyraulus parvus, a species o
heavily vegetated areas, seems toindicate that
the merl also supported a rooted-plant commu-
nity.

P. casertanum and Gyraulus parvus lived on
and in the marl bottom. ysa_gyrina and He-
isoma anceps occupied a periphytic niche.
Fossaria obrussa probably lived on the mud

/
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flats of the shore zone and were washed into

the Unit 2 marl.
A sharp decrease in the abundznce of many
aquatic species (Plates V, VI, and VII) in

Collection S5may be interpreted as due to a low
water stage. Terrestrial snails became more
abundant at this point. Fossaria obrussc ex-
perienced a(freat increase in numbers during
this time and probably flourished on muddy
flats. Water level rose again_ 1in the upper
part of Unit 2 and aless diversified fauna of
aquatic mollusks became re-established. Amnti-
cola limosa,Gyraulus parvus, Helisoma anceps,
Physa gyrina, and Pisidium casertanum were the
dominant forms (Plates V and VII).

A terrestrial community of various moisture-
lovin grasses grobpbly existed onshore. Ar-
cher fl 39, p. 0) 1jute the Mollusca from
such a community in southwestern Livingston
County-——Carychium exiguum, Euconulus chersi-
nus, Nesovitrea electrinu, Strobilops affinis,
Succinea ovalis, and Zonitoides arboreus. Ex-
cept for Nesovitrea, these,or close relatives,
are present at Lime Lake. Gastrocopts tappa-
ntana and Vertigo morsei are also character-
istic of this type of habitat (La Rocque, 1970,
R - TN

Unit 1 is the result of filling-in of the
lake in the area of the section by the build-
%ﬁ of peat deposits on the underlying marl.

e habitat was a typical marsh with shallow
water and emergent vegetation. Land snails
were dominant, many of them indigenous and a
few such as Stenotrema leai and Zonitoides ar-
boreus probably washed in from nearby wood-
lands, (La Roc%ge, 1970, 68, 652). Fogssa-
ria obrussa, e most abundant aquatic form,

robably lived on mud_ flats within the marsh
?La Rocque, 1968, p. 475)

MARL LAKE, LIVINGSTON COUNTY

Glacial Geology

Marl Lake is the southernmost water body in
an elonsate 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 this depres-
sion are in ground moraine. The Ionia moraine
lies to the south and east of the Marl Lake
basin. Lacustrine sediments have formed be-
tween the Fowler and Portland moraines 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 (Holcomb, 1972, p. 108).

the other lakes 1in

Marl Lake, along with
1 had a water level

this regxon, seems to have
nearly feet hlﬁher than at present (Scott,
1921, p. R6T ), arl underlies the southern
shore and forms 3-foot wave-cut bluffs on the

beach. The remaining perimeter of the lake
does not exhibit such we developed bluffs,
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.
Lowering of water level and deposition of marl
in shallow areas led to the division of the
lake into several smaller lakes.

Scott (1921, K. 262), in his study of Long
Lake, just north of Marl Lake, observed that
ét was elongate transverse to the endmoraines.

e suggesteg that the 1initial 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 8. Cross Section of Shoreline and Littoral Zone, Marl Lake,

Marl Lake is alsoelongated perpendicularly to
the end moraines and may have originated in a
similar manner.

Drainage during the early history of Marl
Lake waswestward down the glacial Lookingglass
River to the glacial Grand River and into gla-
cial Lake Dowagiac (Bretz, 1953, map). The
earliest possible formation ofMarl Lafe would
have been when the icewas at the Portland mo-
raine for before this time the area was covered
by ice. Today, drainage is to the north into
fse SbiawT ee River by way of Silver Lake

artin, 335)

Marl Lake contains an extensive marl deposit
which covers the shallow water areas formin
a shelf around the central basin. The deptﬁ
1s 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 we expose 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) e Edwards Muck comprises organic-rich
so1ls underlain by marl which form on till
g!a)ng and moraines. typical Edwards pro-

ile is given below.

Description Thickness
(inches)
Dark gray muck, well decomposed 0-8

Livingston County, Michigan

Dark gray or reddish-gray muck,
partly decomposed stems

Dark gray muck, with seams and a few
chunks of dark reddish-brown and
brownish-yellow marl 1

Gray marl with shells 2

(Adapted from Holcomb, 1972, p. 2

in the Marl Lake vicinity

The upland soils N
sands with clayls?d loamy

are loams and loam

sand subsoils (Holcomb, 1972, »p. Oak,
beech, sugar maple, hickorY and ash assem-
blages characterize the swells and oak, white

ine, red pine, red maple, and birch assem-
lages are found in the lowlands (Holcomb,
1975, p- 109).

A radiocarbon date of 11,400% years B.P. is
available for a mammoth tusk found at_a depth
of 12 feet in calcareous clay about 13 miles
northwest of Marl Lake and just south of the
g%g3t moraine (Crane and Griffin, 1966, p.

Stratigraphic Section

Unit Collection Description Thickness
(inches)
1 not sampled Dark brown peat,
plant matter common

wood at 1 foot depth 24

2 1-26 Light tan marl, fos-
siliferous (mollusks,
ostracodes, charo-
phytes, abundant tufa 52

Total 76
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Faunal Abundance i

e Marl Lake section yielded 30 mollusk
sBec1es including terrestrial pulmonates
10 aquatic pulmonates, ctenobranchs, and 3
sphaeriids (Table 5). The fauna is dominated
by Fossaria obrussa .Gﬁraulus parvus, and Pi-
sidium casertanum which are present in signi-
f&cang ﬁ?mbers throughout the section (Plates

an :

Lower Unit 2 (Collections 14-26) contains
a great diversity of aquatic and terrestrial
forms. Amnicola limosa, A. lustrica, Valvata
tricarinata, Gyraulus parvus, Helisoma anceps,
Physa gyrina, Stagnicola catascopium, and Pi-
sidium casertanum appear to be indigenous.
Significant species are Valvata tricarinata,
Fossaria obrussa, Gyraulus parvus, G. circum-
striatus, Helisoma anceps, campanulatum,
ysa _gyrina, and Pisidium casertenum. Upper
Unit 2 has only Fossaria obrussa, Gyrau%us
parvus, and Pisidium casertanum as 1ndigenous
orms. They are also the only significant
species. Unit 1 is a peat, is almost unfos-
s1liferous, and was not sampled.

. Gyraulus parvus and_Fossaeria obrussa show
inverse relationships_in abundance throughout
the section (Plates IX and Amnicola lus-
trica and Valvata tricarinate show direct re-
lationships (Plate VIII).

Six to seven terrestrial species occur in
the quer collections of the upper Unit 2, but
only Oxyloma retusa and Vertigo morsei occur
in significant numbers in the lower collec-
tions. The marl was extremely rich in mollusk
shells fromCollections 4 to9 and 18 to 22 an
Boor in shells between Collections 11 an

stracodes are abundant inCollections 1 through
13, but scarce in the lower part of the sec-
tion. Candona ohioensis 1is common between
Collections 5 an ‘ pridopsis sp. occurs
throughout the upper part of the section. Chara
oogonia are scattered 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 Lake at an early
stafe in 1its history, providing a favorable
molluscan habitat. Durlnﬁ the geposxtlon of
lower Unit_2 the fauna showed the greatest di-
ver51t¥. Terrestrial snails, such as Euconu-
lus fulvus, Retinella indentata, and Zonitoi-

es arboreus slgnl%g the presence of nearbé
deciduous woodlands fromwhich they were washe
into_the littoral zone (Frye and Leonard, 1967,
%ﬁ 433; La Rocque, 1970, 1 609, 619).

e most abundant land snails in this unit
Oxyloma retusa, Gastrocopta tappaniana, and
Vertigo morsei wereinhabitants of the wetlands
immediately surrounding the lake (La Rocque,
1970, p. 697, 725, 736). The habit of Lymnaea
stagna%is of crawling out of the water onto
emergent vegetation may account for its spo-
radic distribution in_the section. Upondeath,
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
deposition of lower Unit 2 (Frye and Leonard,
1967, p. 3 These species are not present
in upper Unit 1. The occurrence of large num-
bers of Stagnicola catascopium, Gyraulus par-
vus, and Amnicola limosa is alsoindicatiye o
cooler waters (Klassen et al., 1967, p. 439).

The marl shelf probably contained scattered
charophﬁtes and agundant growths of blue-green
algae. Rooted submergent and emergent vegeta-
tion was probably not common. Most present-

_p., 161)
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day mar] lakes have essentially barrenlittoral
zones (Wohlschlag, 1950, p. 323 ooted
plants may have pgrown along the shoreline
where orfan1c-r1c material accumulated(Wohl-
schlag, 1950, p. 323). Physa gyrina, Stagni-
cola catascopium, Helisoma anceps, and H. cam-
panulatum occupied a periphyton niche. The
sphaeriids and Gyraulus parvus inhabited the
benthic niches.

Fossaria obrussa,Gyraulus parvus, and Pisi-
dium casertanum are the only aguatic species
present in upper Unit 2, although they are all
present in significant numbers. Fossaria ob-
russa experienced a sharp increase in abundance
in Collections 4, 11, and 15 while Gyraulus
parvus decreased in number. G. parvus 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 stege exposing
shoals and mud flats. Abundant Gyraulus par-
vus seems to indicate more aquatic conditions
with abundant vegetation.

The paucity of land snails in_the lower part
of u%per Un1¥ 2 suggests ashallow water habi-
tat far from the shoreline where land snails
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_emergent vesetat;on (La Rocque, 1968, p.
47 5-476) . e land snails, Oxyloma retusa and
Quickella vermeta probably flourished in the
marsh surrounding PNlarl 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 peat. At
a depth of 1 foot a layer of wood fra;mepts
was encountered which suggests a time of high
water.

DISCUSSION

Little Goose Lake, Lime Lake, and Marl Lake
appear to be of similar ice-block origin. The
initial opening of the Saginaw-Erie interlo-
bate area of southern Michigan must have oc-
curred around 14,000 years or Ohio and
Indiana were reportedly first free of Wiscon-
sinan ice at this time (Forsyth, 1965, p. 226;
Wetzel, 1970, p. 495). According to these data
and the extent of the Carey deposits (16,000
to 13,500 years B.P.)(Dorr and Eschman, 1970,
it can be said that the earliest pos-
sible date o ormation of the lakes was be-
tween 14,000 and 13,500 years E Little
Goose Lake maz be the oldest lake since 1t 1is
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 Bo-
sition_ of the Portland moraine around 14, 000
years (Dorr and Eschmaa, 1970, p. 167)
all three lakes could have bee resent. There
could have been few separate 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



50

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 Lake being
older than Little Goose Lake.

During the initial opening of the interlobate
area, mollusks could have been brought into the
region by various methods of dispersal. Fresh-
water and terrestrial snails are known to be
distributed bz insects, fishes, turtles, birds,
storms, and floods (Rees, 1965 Mol lusks
could also have entered the region from Indi-
ana through the southwestward flowing drainage
s¥stem (Bay, 19g8, p. 27). Continued retreat
of themoraines brought amore extensive drain-
age system and more arteries for mollusk dis-
persion. Mollusks were able toenter the study
area from Ohio at about the time of the forma-
tion of Lake Maumee I (Bay, 1938, p. 321. Thus,
in the early history of at least Little Goose
Lake, mollusks may have arrived by way of
streams flowing intowestern Indiana and east-
ern Illinois. Later in the history of the
lake, mollusks may have been introduced from
western Ohio and the proglacial lakes.

_ If stratigraphic control could be obtained
in lake sediments, the amount of time (taking
into consideration a compaction factor) re-
uired to deposit a given thickness could be
etermined. Thus deposits could be compared
from one basin to another. Pollen and plant
pigment analyses seem to have limited use in
marl degos1ts where pollen is sometimes absent
or poorly preserved.

The effect of a change in mollusk dispersal
routes on the fauna o§ a lake could possibly
be observed if stratigraphic control could be
obtained. Study of tge graphs of species ab-
undance reveals many fluctuations in percent-
age abundance; many of these may be attributed
to variations in water level and temperature
changes. Perhaps some of these are due to a
change in the source area ofmollusks entering
the habitat. Drainage patterns are temporary
geologic features and stream piracy and con-
sequent reversal of flow are common events.

Terrestrial sneils are just as readily trans-
ported by streams as are aquatic forms. Some
species can survive lengthy periods of submer-
sion.

A species did not necessarily become imme-
diately established when it arrived in the new
habitat, even if conditions were favorable.
Species which had already become established
may have prevented the new species from form-
ing a successful population. The aggressive-
ness of a species, referring to its ability
to maintain 1tself, was certainly an important
factor. Periodic or continuous influx o spe-
cies into the new habitat may have occurred
over a considerable Ypriod of 'time before the
species became established as important mem-

ers of the community. Warming temperatures
and changes in sedimentation and vegetation
opened up the littoral zone for new species
which had not found the previous conditions
overly favorable. The original species either
migrated to more favorable parts of the lake
often deeper water, or gradually dlsappeare&
from the basin.

The rise and fall of lake level as sug%ested
by the fluctuations in the abundance ol mol-
lusk species has been explained by a blockage
or downcutting of the outlet and glteynat1n§
periods of above average precipitation an

drought. e author feels that workers have
neglected an important member of the Pleisto-
cene community---the extinct giant beaver,
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Castoroides.. The modern beaver is well known
for its ability to pond stream waters behind
its dams. Castoroides frobably occupied simi-
lar habitats. Gnawed logs have been found in
several peat deposits in Indiana (Ansel Good-
ing, 1974, personal communication). A linear
concentration of gnawed logs in a peat deposit
in Alaska has been 1nter§rcted as a preserved
beaver dam_ (Gooding, 1974, personal communi-
cation). It seems probable 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 greate new niches. Dgstruicion of a dgm
would result in a restriction of mollusk hab-
1tats.

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 the
sections, onlyone, Pisidium obtusale, is sig-
nificant. obtusale occurs inonly the lower
part of the Lime Lake section---the only sec-
tion to yield the initial sandy stage of lake
sedimentation. Therefore, obtusale maz be
present in the Little Goose Lake and Marl Lake
sections at a greater depth. Naiades exhibit
a similar .gattern of occurrence. Thus the
faunas exhibit no major overall differences.

Figure 9 shows the similarity in lithologic
sequence of the three sections and relates
this to suggested water depths and the occur-
rence of certain molluscan species. Each sec-
tion records a gradual transition from open
water to shoreline marsh. Amnicola lustrica,
Valvata tricarinata, and Gyraulus circumstri-
atus are generally limited to the older lake
sediments recordlng somewhat cooler water tem-

eratures (Frye and Leonard, 1967, p. 434; La
ocque, 1968, p. 500-501). Applying Walther’s
law to the Wisconsinan sections indicates that
these species are probably offshore inhabit-
ants. is may account for their absence in
the collection taken during themolluscan sur-
vey of present-day Little Goose Lake for depths
greater than feet were not collected. G.
parvus, Fossaria obrussa, and Pisidium caser-
tanum are the most significant species and oc-
cur in fluctuating numbers throughout the time
represented by each section (Figure 10). G.
parvus and F. obrussa_show aninverse relation-
ship in abundance. obrussa was probably
common at times of extremely low water (less
than 2 feet). parvus became more common
when the water deepened to 4 feet) and ve-
getation became dense. e inverse relation-
ship in abundance of these two species is al-
so evident in the abundance records of other
workers e.é.Clark, 1961, p. 32; Mowery, 1961;
Roy, 1964; Clowers, 1966, p. 51; Gibson, 1967,
.'7; Warner, 1968 p. 3-4; Nave, 1969, p. 43;
ickel, 1970, p. 36, 38, 45, 46).

In Table 7 the vertical distribution data
for mollusks found in the three Wisconsinan
sections have been combined to show their ge-
neral occurrence in sediments of a lacustrine
environment. is table shows that a parti-
cular species may occur inmore than one sedi-
ment type. Quantitative data, however, show
that a mollusk species is present in large
numbers 1in the depositional medium closer to
the habitat in which it lived, Terrestrial
gulmopates, for example, occur in greater num-

ers inshoreline sediment, usually peat. They
also occur offshore inmarl 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 occurrence
of an abundance of land species ina marl how-
ever, Frobably rgpres,ent.s a temporary shallow-
ing: o water and an increase 1n térrigenous
in ux

Table 7 shows that the common species of the
peat are the terrestrial pulmonates, Carychiun
exiguum, Gastrocopta contracta, G. tappaniana,
Oxyloma retusa, 6uickella vermeta, ﬁet»inella
indentata,Stenotrema leati, Strobilops affintis,
Vertigo morsei, Zonitoides arboreus; the aqua-
tic pulmonates, Fossaria obrussa, Gyraulus par-
vus; and the sphaeriid, Pisidium casertanunm.

Amnicola limosa; aquatic pulmonates Fossaria
obrussa, Gyraulus parvus, Physa gyrina; and
the sphaeriid, Pisidium casertanum. The upper
part of the marl also contains significant
numbers of the following terrestrial pulmona-
tes: Gastrocopta tappaniana, Oxyloma retusa,
?unckella vermeta, and Vertigo morsei. The
ower marl oftenyields abundant ctenobranchs,
e.g. Amnicola lustrica and Valvata tricarina-
ta. V. sincera occurs throughout the marl,
but is never abundant.

The marl is characterized bY the ctenobranch
m
h

The ctenobranchs Amnicola lustrica and V.
tricarinata; the aquatic pulmonates F. obrussa
and G: parvus; the sphaeriids Pisidium obtu-
sale and Sphaerium sp. and the Naiades are a-
bundant in the sand part of the section.

Table 7 can also beinterpreted in a lateral
sense using Walther’s law (Figure ¢ The
combining of data from the Wisconsinan sec-

Amnicola limosa, G. parvus

tions and the survey of living Mollusca sup-
orts the presence of a series of molluscan
abitat zones in and around marl lakes 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, Triodopsis al-
bolabris, Euconulus fulvus, Retinella indenta-
ta, Discus cronkhitei, and Helicodiscus paral-
lelus). This area is underlain by peat in
lower areas and sandy soils in better drained
areas.

Basinward from the upland zone is a peaty
slope habitat with moisture-loving land snails
e.g. Carychium exiguum Deroceras laeve,Stro-
ilops affinis, Gastrocopta tappaniana an
Vertigo morsei). This zone is often flooded
at times of high water and during storms.
Wave accumulations of aquatic mollusk shells
are often present.

The shoreline zone contains a mixed aquatic
and terrestrial molluscan fauna. A marl-peat
substrate supports marsh plant growth. The
indi genous terrestrial snails are mainly suc-
cineids (Quickellg vermeta and Oxylomaretusa).
ossaria obrussa is extremely abundant or mud
flats and vegetation. Gyragulus parvus, Physa
gyrina, and Helisomag ma e present. Ostra-
codes are most abundant in this zone, which is
often subject todrying out at times of drought
or low water level.

The floating plant zonecontains an abundant
molluscan fauna, including Gyraulus parvus,
hysa gyrina, Helisoma campanulatum, and Pi-
sidium sp. ‘The Chara zone supports abundant
Valvata tricarina-
ta, and Pisidium sp. may be present.
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Figure 10. Molluscan Habitats of a Typical Marl Lake

Depths greater than 5 feet probably contain
Amnicola lustrica (?), Valvata 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 thattemfcraturg is an important
limiting factor in mollusk distribution.Small
variations in water temperature (5 - 10° C),
which probably occurred throughout the time
represented 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,_56). us_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 é?gapte fro? van der Schalie

__and BeFry, 1973."p. 7, 68 iy
Growth- Reproduction
Surviva
Planorbids 22-25° C 22-25° C
elisoma anceps 26 26
. campanulatunm 24 26
Lymnaeids 19-22 19-22
Lymnaea stagnalis 20 22
Physids 12-30 12-30
Zbysatsyrina 26 20
Amnicolids

Amnicola limosa

cooler temperatures
24 18

CONCLUSIONS

1. Sedimentary sections taken along the mar-
gins of Little Goose, Lime, and Marl Lakes
typically include an upger peat underlain_ by
marl, often of considerable thickness, and a
lower sand zone. -

2. Distributional data from the Wisconsinan
sections and a survey of living Mollusca sup-
port the presence of a series of concentri
molluscan habitat zones around the lakes ©
the study area.

3. Stenotrema leai, Triodopsis albolabris,
Euconulus fulvus, Retinella indentata, Discus
cronkhitei, and Helicodiscus parallelus are
characteristic of the upland zone surrounding
the lakes and the peat. :

4. Carychium exiguum, Deroceras laeve, Stro-
bilops affinis, Gastrocogta tappaniana, and
ertigo morsei live on the peaty slope and
occur in the peat.

5. G. tappaniana, Oxyloma retusa, Quickella
vermeta, Fossaria obrussa, an yraulus par-
vus characterize the shoreline zone and the
lower peat.

6. The inner littoral zone incdudes Gyraulus
parvus, Helisoma campanulatum, 'and Pisidium
sp. These species are characteristic of the
upper marl.

7. The outer littoral zone supports Amnicola
limosa, G. parvus, V. tricarinate, and Pisidi-
um sp. ese species are also characteristic
of cﬁe marl.

a)
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Dep ths §reacer than 5 feet probably sup-
ort Amnxco lustrica, V. tricarinate, and
aiades. These forms occur in the sand unit
of Lime Lake.

9. Fossaria obrussa, G. parvus, and Pisidiunm
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.

53

11. F. obrussa and G. parvus show an inverse
obrussa
e in numbers,
decrease and vice

obrussa probably
less than

relanonsth in abundance
experiences a sharp increas
parvus shows a correspondin
versa. An abundance o

en

re;%resent.s extremely shallow water (
eet deep), whereas an abundance of G. pa
vus indicates shallow water (2 to 4 feet deep)

12. An abundance of Oxylom
seems to indicate astage o
posed mud flats.
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