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PLEISTOC~NE MOLLUSCA OF THE COLON DEPOSIT, 
ST. JOSEPH COUNTY, MICHIGAN 

CLYDE FRANCIS WOOTTON 

Ohio State University 

INTRODUCTION 

Purpose of inve,tigation 

A study was made of a Pleistocene mar 1 deposit in 
Michigan. Emphasis wu placed on .a quantitative 
study of the Mollusca which could be identified 
from the calcareous mud. The purpose was to re
construct the paleoecology of the deposit using 
the ecologic factors provided by the mollusks. 

Location of deposit 

The deposit was sampled near the shore of an 
abandoned marl pit 1.7. miles north of the town of 
Colo~ (Fig. 1) in east-central St. Jos~h Count~, 
M1ch1gan (R. •9 .W., ·T. 6 S., Sec. 2). The depos1t 
can be reached via Farrand Road and Blossom Road 
west and north of Colon, r~ap·ectively. · Access is 
by a farmer's lane wh.ich leads from Blossom Road to 
the site; Permission for inspection and collection. 
was obtained froiD the ow.ner of the p·roperty. 

The pit was mined for its marl and w~en abandoned 
was allowed to fill ,rith water, the water table 
being only two to t ·hree feet below ground level. 

Method of investigation 

A small pit was · excav.ated about 15 feet west of 
the abandoned pit, in . an ar.ea which did not seem 
to have been disturbed by the mining operations. 
From one side -of the pit a column of marl 12 X 12 

inches was e:octra.cted·, e.ach two vertical inches bag
ged separately and labeled. In this report each 
of these samples is termed a collection. Depth of 
sampling was limited by the shallow water table, 
which made collecting below 59 inches impossible. 

The samples were stored in plastic bags until 
they could be proce11sed in the laboratory. Each 
sample was washed in a nest of sieves; the smallest 
used was 100 mesh. A nest of sieves was used only 
to speed up the · washing operation, the fractions 
from each collection bein~ joined and dried after 
the marl was removed. . 

The siev~d and dried collections were fed through 
a Jones spfitter until a fraction was obtained 
which contained about 1000 mollusks. The fractions 
of each collection were hand-picked until 1000 
shells had been removed. These shells were then 
identified and counted· to determine the relative 
abundance of each species. 

Ackno111ledgeaen ts. 

I wish to express my appreciation to Prof. Au
rele La Rocque who suggested this study and pro
vided a great deal of expert assistance in identi
fication and interpretation. I would also like to 
thank Mark J. CI!JIIp forthe suggestions he made, 
and my wife, Oleryl, for assistance in sampling of 
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the marl and for her moral support during prep'ara~ 
tion of this thesis. 

GEOLOGY OF THE AREA 

Gener~l Geology 

lllring the Cary Substage of Wisconsinan Age the 
Michigan, Saginaw, and Erie lobes advaqced serosa 
Michigan and Wisconsin into·Ohio, Indiana, and Il
linois. lllring the retreat phases the Sasinaw lobe 
dissipated faster than the other two lobes reaul t
ing in a reentrant in the ice . front (Wayne and z.u.. 
berge, 1965, ·p. 72). This reentrant was located 
in parts ofSt. Joseph, Branch, Kalauzoo, and Cal-
houn Counties, Michigan (Fig. 2). · 

When the ice was at the position of the .. '':felunl• ' 
aha 11oraines of the Michigan and Saginaw lobea and 
at the Misaisainewa and Wabash eoraines of the 
western flank of the Erie lobe, tributaries drain
ing the meltwater co·alesced tci for. the Kankakee 
Torrent (Fig. 2). In southern Michigan and north
ern · Indiana, a well developed sy1 te11 of underfi t or 
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unoccupied stream channels marks the location of 
the torrent ( Zumberge, 1960, p. 1178). 

Colon deposit 

The Colon deposit is located near the St. ·Joseph 
River in a glacial valley of the Kankakee Torrent 
11hich contains a chain of marl lakes, ' In these 
lakes, Hale and others (1903, p. 103) reported find
ing one to 50 feet of marl underlain by white quartz 
sand in most cases. 

The pit excnated for this research exhibited 
the five units of strata described below. 

Unit Thiclrnus 
(inches) 

1 7 - 8 

2 1 - 2 

Description 

Poor soil profile. developed in 
peat.· Upper few inches had been 
disturbed by the •ining operation. 
Lower inch almost entire! y peat. 
No fossil mollusks observed. 

Sand and . gravel, poorly sorted. 
No shell a observed. 

.. 
' 
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3 47 Light-gray, fine-grained marl 
with abundant mollusks, plant frag
ments~ and ostracodes. Collections 
l to ~3 and upper i ·nch of collec
tion 24 made here. 

4 1/ 16 - 1/32 Compressed peat layer, too thin 
to collect and examine for · shells. 
Included in collection 24. 

5 unknown Lower inch of collection · 24 and 
collection 25 were taken here. Very 
fossiliferous, light-gray, fine
grained · marl as in Unit 3. Marl 
was brought up by a one-inch auger 
9 feet · below this level without 
penetrating the bottom of the de
posit. 

The owner of the property said that a twenty-foot 
rod had been driven int.o the bottom of the mar 1 pit 
when it was active without penetratiqg the bottom 
of the deposit. The active pit was estimated at 
20 to 25 feet in depth which would indicate more 
t han 40 or 45 feet of ma.rl. 

SYSTEMATIC PAL.EOIITOLOGY 

General Statement 

This section sunwnarizes data for each of the 
species identified for the Colon deposit. It in
dudes an abbreviated synonymy, a diagnosis of 
shell character's, and information on ·ecology, type 
locality, general distribution, and geologic range 
for each species. 

Much of the information is from La Rocque (1966, 
1967, 1968, 1970) and Clarke (1973). Other valu
able sources of information, especially on ecology, 
are Clark (1961), Baker (l928), Goodrich and van 
der Schalie (1944), Mowery (1961), van der Schalie 
and Berry (1973), Herrington ·and Taylor (1958), 
Herrington (1962}, and Clowers (1966). 

PHYLlM K>U.USCA 

a..ASS IUV AL VIA 

.Order Teleodesmacea 

Family Sphaeriidae 

Sphaeriua fabale (Prime) 1851 

CyClas fabalis Prime 1851, Boston Soc. Nat. Hist. 
Proc., v. 4, p. 159. . 

Sphaeriua fabalis Prime 1865, Mon. Am. Corbiculi
dae, p. 40, fig. 33. 

Sphaeriua fabale Dall 1905, Harriman-Alaska Exped., 
v. 13, p. 137, fig. 103. 

---- ---- La Rocque 1967, Pleist. Moll. Ohio, pt. 
2, p. 314, pl. 2, fig. 3. 

1YPE LOCAL.I1Y. Lake Superior. 

DIAGNOSIS. Shell compressed; surface uneven; 
striae uneven! y spaced, weaker in region of beaks 
(La Rocque, 1967, p. 314). 

ECOLOGY . . Herrington (1962, p. 190) reports that 
· S. fabale is an inhabitant of creeks and small r i 

vers, found .generally in bottom sediments of coarse 
gravel or gravelly sand. 

GENERAL DISTRIBU110N. Mostly east of the Missis
sippi River (Vermont to Alabama and Georgia). Re
cords for Manitoba and Alberta, Canada, are pre su
mably erroneous (La Rocque, 1967, p . . 314). 

GEOLOGIC RANG:. Pleistocene: Sangamon to pres
ent (Baker, 1920a, p. 383). 

REMARKS. This species is represented by si ngle 
specimens in collections 11 and 23 (Fig. 3). 

Sphaerium lacustre (Muller) 1774 

Tellina lacustris· Miille·r 1774,Verm. Terr. etFluv.; 
p. 204. 

Cyclas rosacea Prime 1851, Boston Soc. Nat. Hist ., 
Proc., v. 4, p. 155. 

Sphaerium rosaceum Johnson 1915,Fauna New England , 
p. 50. 

Musculium lacustre Sterki 1916, Cat. N. Am. Sphae
riidae, p. 442. 

Sphaerium lacustre La Rocque 1967, Pleist. Mo ll. 
Ohio, pt. 2, p. 295, pl. 2, fig. 1. 

---- ----Clarke 1973, Malacologia, v . . 13, p. 154, 
pl. 16, figs. 5 and 9. 

TYPE LOCALITY. Europe, probably Denmar k. 

DIAGNOSIS. Shell large; beaks prominent, dis 
tinctly raised above dorsal margin; shell high i n 
outline; dorsal margin rounded; smaller shell s di s 
tinguished by striae fading out in region of beaks ; 
posterior end and dorsal margin rounded to for m an 
obtuse angle; posterior . end truncate, beaks swol
len (La Rocque, 1967, p. 295). 

ECOLO()'Y. This species has a preference for small 
bodies of water, but can also be found in large 
lakes and rivers. 'It is generally found in shal
low water · where · the bottom is composed of mud and 
vegetation is present. Current is usually slow to 
imperceptible. It has been collected in water with 
a pH of 6.4-7.64 and a fixed ~arbon dioxide ratio 
of 9.3- 18.87 ppm. 

GENERAL DISTRIIlJTION: Throughout the United States 
except the Southwest, in.Canada as far north as the 
Northwest Territories; Japan, Hawaii, and Europe. 

GBDLOGIC RANGE. Pleistocene: Illinoian to pres
ent. 

REMAft{S. This species was found in only four 
collections with a maximum of two specimens per 

· collection (Fig. 3). 
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tion nuabers are on the ordinate; percentages on the abscissa. 
8 

Sphaeriu• partuaeiu• (Say) 1822 

Cyclas partuaeia Say 1822, Aced. Nat. Sci. Phila· 
delphia Jour., v. 2, p. 380. 

Sphaeriu• pellucidua Prime 1865, Mon. ln. <Arbicu.; 
ladae, p. · 45, fig. 42. 

Sphaeriu• (Musculiu•) partua,iu• Dall 1905, Harri
man-Alaska Exped., v. 13, p. 139. 

Sphaeriu• partuaeiua La Rocque 1967, Pleist. Moll. 
Chio, pt. 2, p. 299, pl. 1, fig. 5. . . 

•••• •• •• Clarke 197 3, Malacologia, v. 13, p. 155, 
pl. 16, fig. 6. 

TYPE LOCALI1Y. Gerinant,own, near Philadelphia, 
Pennsylvania. 

DIA<H>SIS. Shell more than 8 mm. long; beaks 
prominent, raised above · the dorsal margin; dorsal 
margin straight, posterior end more or less at 
right . angles to it; very fine striae; anterior mar
gin of shell slopes upward; surface glossy. 

ECOLOGY. This species is common in bodies lack· 
ing in current, e. g., ponds, swamps, lakes, slow 
moving streams, bogs, summer-dry pools, an~ tempo· 
rary woods ponds. It is generally found in aaso• 
ciation with a ·substratum of mud where there is • 
considerable vegetation. It occurs commonly in 
small colonies. 

G:NERAL DISTIUBUI'ION. 'Saskatchewan, southern 
Ontario, Quebec, and New Brunswick, south to Cali-

.. 



S1 ERK I AU NO. 57, MARCH 1975 

fornia, Nevada, Texas, Louisiana, Mississippi, Ala
bama, and Flori'da' (La Rocque; 1967, p. 300), 

GEOLOGIC RANGE. Pleistocene: Nebraskan to pres
ent. 

!'£MARKS. More sp~cimens of S. partumeium were 
found than of any other Sphaerium, although the 
species is represented by only 7 shells. The high
est percentage reached wa·s 0. 4 in collecti'on 12 
(Fig. 3). Of the 20 specimens of · Sphaerium sp. 
identified, half (10) were from collections 10, 11, 
and 12. 

Sphaerium rhomboideum..(Say) 1822 . 

Cyclas rhom.boidea Say 182-2, Acad. 'Nat, S~i: Phila
delphia, Jour., v. 2, p. 380. 

Sphaeriu111 rhomboideu111 .Prime 1865, Mon. Affi. Corbi-
.culadae, p. 39, fig . . 31. . 

---- ~--- La Rocque 1967, Pleist. MoiL Ohi.o, pt. 
2, p. 300, pl. 1, fig. 3. 

---- ---- Cluke 1973; Malacologia, v. 13, p. 138, 
pl. 16, fig. 2. . 

1YPE LOC:ALI'IY. Lake Otamplain. 

DIAGNOSIS. Shell large; beaks not prominent, 
only very slightly raised above dorsal m~rgin; 
shell more or less rect.angular in outl;ine. 

ECDLOGY. This species has a preference for a 
muddy bottom with vegetation. Baker (1928, pt. 2, 
p . 346) states that it is as common in rivers as 
in lakes. 

GENERAL DISTRIBUTION. Northern United States, 
Ontario, Quebec, · . Manitoba, $askatchewan , Alberta., 
British Columbia, and Nevada. 

GEOLOGIC RANGE. Pleistocene: Sangamon to pres
ent. 

REMARKS. Three specimens were found in collec
tion 16 (Fig .' 3). 

Sphaerium striatinum. (Lamarck) 1818 

Cyclas striat ina Lamarck 1818, Animaux sans ver
tebres, v. 5, p. 560. 

Sphaerium striatinum Prime 1865, Mon. Am. Corbicu
ladae, p. 37, fig, 29. 

---- ---- La Rocque 1967, Pleist. Moll. Ohio, pt. 
2, p. 306, pl. 2, fig. 5; pl. 8, figs. 10, 12-16. 

---- --·· Clarke 1973, Malacologia, v. 13, p. 145, 
pl. 16' fig. 1. 

TYPE LOCALITY. Lake George, New York. 

DIAGNOSIS. Shell inflated, subovate, moderately 
thick and strong; s_triae .uneven! y spaced, not weak· 
er in region of beak; surface even except for rest 
marks and striae; ·hinge fairlY .. long, unev.enly cur
ved. 

ECOLOGY. S. striatinu111 has adapted to several 
habitats, the main requirement seeming to be s'uf-

ficient current to oxygenate the water . For this 
reason such places as ponds, lagoons, swamps, and 
bog ponds are not favorable. It is found on all 
sor.ts of bottoms, with and without vegetation. Six
ty-five of 76 collections of this species were· made 
from riv·ers and streams of various sizes by Clarke 
(1973, p. 147). 

GENERAL DIS'IRIBUTION. Great Slave Lake · in Cana· 
da south to Panama, east to New Brunswick and New 
Yor\1., south to Florida. 

GEOLOGIC RANGE. Pliocene to present. 

RFMARKS. Collection 16 ~ontained 2 specimens. 
Co~m~only reported as a stream or riv.er species, it 
was probably introduced int<) this environment at 
the time this collection was being deposited, but 
could not survive. · 

Pisidium casertanum (Poli) 1791 

CQ rdium casertanum Poli 1791, Test. utr. Sicil., 
p. 65, pl. i6, fig. l. · .. 

Pis idl.um abdi tua Haldeman 1841, Acad. Nat. Sci. · 
Philadelphia Proc., v. 6, p. · 53. 

Pisl.dium. casertai-&wrl Woodward 1913, Cat. Brit. Pisi-
dia, p. 31. · 

··-- •••• La Rocque 1967, P1eist. Moll. · Ohio, pt . 
2, p. 342, pl. 4, fig. 1; pl. 7' fig. 7 0 

---- ---- Clarke, 1973, Ma1aco1ogia, v. 13, p. 171, 
pl. 17, figs. 3, 4. · 

11'PE LOCALITY. Sic i1 y. 

DIACNOSIS. Shell tapering ventrally. in end view; 
without heavy ridges' or with ridges only on beaks; 
hinge long, more than ·~ shell length; anterior end · 
rounded; anterior cusp of left valve not twisted , 
but parallel to dorsal margin; cardinals near an· 
terior cusps; cusps of A2 with steeply inclined 
sides, but not too~hpick like. 

ECOLOGY. This is 'by far the most common Pisi
dium' (Herrington, 1962, p. 3.4). It is found al
most everywhere except in deep water. It is even 
found · in swant>S and pools that dry up during the 
summer, It generally lives .in the protected areas 
of water bodies, buried in mud or among the roots 
of vegetation. Clarke (1973, p. 174) found it ge
nerally present in a mud bottom with vegetation in 
various amounts. It has been collected in water 
with a pH of 5.8 • 7.95 and a fixed carbon dioxide 
ratio of 5.5 to 30.56. 

GENERAL DISTFUBUTION. Nearly cosmopolitan: Eur
asia, Africa, Australia, NewZ.ealand, and the west
ern hemisphere fr·om Patagonia to Alaska. 

GEDu:XiiC RANGE. Pliocene t~ presen .t. 

REMARKS. P. casertanua was present in all the 
collections and varies from about 3 to 35% (Fig. 
3). It is most abundant from collections 9 to 13, 
comprising 20· to 25% of the ' identified specimens. 
Its abundance decreases toward the. top of the depo
sit except, for a lar'ge increase in co.llei:tion. 4. 
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Pisidium coapressum Prime 1851 

Pisidium co111pressu• Prime 1851, Boston Soc. Nat. 
Hist. Proc., v. 4, p. 164. 

---- --·· La Rocque 1967, Pleist. Moll. Ohio, pt. 
2, p. 329, pl. 5, fig. 2; pl. 7, fig. 14. 

--·- --·· Clarke 1973, Ma1aco1ogia, v. 13, p. 174 
pl. 17, fig. 5. 

TYPE LOCALITY. Fresh Pond, near Cambridge, Mas
sachusetts. 

DIA(N)SIS. Shell of medium size. and heavy, var
ies from short and high to moderately long; beaks 
prominent, quite far back and narrow; striae medium 
coarse to moderately fine; anterior cusp of left 
1111 ve not twisted, but parallel to dorsal margin: . 
shell tapers ventrally · in end view, anterior end 
rounded; cardinals central or subcentral; anterior 
and posterior ends sloped at different angles, i. 
e., not parallel; shell with ridges on beak. 

ECOLOGY. In the literature this species is often 
referred to as a stream species, but of 82 collec
tions by Clarke (1973, p. 176) it was found in 34 
lakes and ponds and 48 streams or rivers. Mud was 
the most frequent bott011 material and vegetation 
was present at all stations but two. Herrington 
and Taylor (1958, p. 15-16) stated that shells from 
'creeks and rivers tendtobe high and to bear well . 
developed beak ridges,' but 'in marl-forming lakes, 
slow-moving rivers and in the deep water of large 
lakes they are longer, the ventroanterior angle is 
blunter, and the beak ridges are weaker.' Other 
reports have shown it in the following habitats: 
sandy, shallow bottom with vegetation; 20 meters 
deep in a lake; creeping on aquatic vege.tation; and 
burrowing in a firm, mud bottom. It feeds on de
tritus and plankton. 

GENERAL DISTRIBU110N. Great Slave Lake to south· 
ern Hudson Bay to Prince Edward Island, Canada. 
Throughout the United States and in Mexico. 

GEOLOGIC RANGE. Middle Pliocene to present. 

fiDdAIV<S. P. cof1P.ressua is found in all of the 
collections, but has a smaller relative abundance 
than other species of Pisidiua (Fig. 3). It exhi
bits decreases and increases in abundance which 
are comparable to P. casertanu•, but reaches its 
peaks one or two collections lower in the section. 

Pisidiua ferrugineua Prime 1851 

Pisidiua ferrugineua Prime 1851, Boston Soc. Nat. 
Hist. Proc., v. 4, p. 162. 

--·· ---- La Rocque 1967, Pleis.t. Moll. Ohio, pt. 
2, p. 340, pl. 4, fig. 6; pl. 7, fig. 12. 

---- ---- Clarke 1973, Malacologia, v. 13, p. 181, 
pl. 18, fig. 3. 

TYPE LOCAI..ITY. Cambridge, Massachusetts. 

DIA£N>SIS. Shell s~~all, usually much inflated, 
wall thin, without heavy ridges or with ridges on~ 
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ly on beaks; bea'ks subcentral, tubercular, or even 
low and broad, ususll y do not blend in to shell r.ea
di1y; hinge long (more than~ shell length); stri
ae coarse to faint; dorsa~ margin rounded; ventral 
margin rounded as much as dorsal margin, but long
er: posterior end rounded or vertical: anterior 
el!d also rounded; laterals short with rather point
ed cusps; cardinals near anterior cusps which on 
left valve are not twisted but lie parallel to dor
sal margin; cusps of A2 with nearly vertical and 
parallel sides. 

ECOLOGY. Herrington (1962, p. 40) states that 
those specimens found on a sandy bottom have pro
minent striae and the beaks are more or less tuber
cular whereas those from marl-forming lakes or 
lakes with amuck bottom are smoother, have a great
er diameter, and the beaks are not tubercular. The 
species is usually found among vegetation and al
gae on mud, sand, or marly clay bottoms of ponds, 
lakes, and some rivers. It currently shows a mark
ed northern range and is known from Wisconsinan 
deposits, both of which suggest an adaptation to 
cooler climates. It has been found in water up to 
3 meters deep, with a pH of 7.23 • 8.14, and with 
a fixed carbon dioxide ratio of 10.8 to 22.5. 

G'liiERAL DISTRIBUTION. Throughout most of Canada 
and south to California, Utah, Illinois, Indiana, 
Ohio, New York, and New Jersey. Also Europe. 

GDLOGIC IWG:. 
present. 

Pleistocene: Wisconsinan to 

REMARKS. This is the second most abundant spe
cies of Pisidiua in the · sample (Fig. 3). It exhi
bits a negative relationship with P. compressum, 
being most abundant when the latter species is 
scarce. The specimens are smooth and the beak is 
not tubercular, indicating a marl-forming lake ha
bitat, and not introduction from inflowing streams 
(See Ecology, preceding species). 

Pisidiu• obtusale Pfeiffer 1821 

Pisidiua o'btusale Pfeiffer 1821, Naturg. deutsch. 
Moll., p. 125. 

Pisidiua vesiculare ·Sterki 1896, Nautilus v. 10, 
P· 21. 

Pisidiua obtusale La Rocque 1967, Pleist. Moll. O
hio, pt. 2, p. 345, pl. 4, fig. 4; pl. 7, fig. 
10. 

TYPE LOCALITY. Europe, probably Germany; not 
ascertained. 

DIAGNOSIS. Shell tapering ventrally in end view; 
hinge short (less than ~ shell length); anterior 
cusp of left valve not twisted but parallel to dor
sal .. rgin; cusp of P2 central., distal, or proxi
mal. In specimens with the cusp of P2 distal, an
terior end curves gently into the dorsal margin: 
beaks never with ridges; dorsal margin well round
ed. In those with cusp of P2 central or proximal: 
surface glossy; finely striated (more than 30 stri
ae per .... ); anterior _ (proxi~~al) end of posterior 
sulcus in right valve -closed. 
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ECDI.l)GY. The species lives in stagnant, slug
gish, or muddy waters in the presence of dense a
quatic vegetation or dead leaves of trees. It is 
found in waters of pH 5. 8 - 6. 2 and with a fixed 
carbon dioxide ratio of 1.97 - 9.90 ppm and 'occurs 
in wwter consistently deeper than do other Sphae
riidae' (Mowery, 1961, p. 8). Herrington and Tay
lor (1958 , p. 16-17) state that the form rotunda
tum prefers shallow water and is found principally 
in ponds, bog ponds, lagoons, and flood plains, 
whereas the form ventricosum lives in lakes . Clarke 
(1973, p. 200-203) recognizes P. ventricosum as a 
species and the form rotundatum as a variety of 
that species. 

GENERAL DISTRIBUTION. Northwest Territories and 
Alberta east to Quebec and Maine, south to Cali for
nia, Utah,Colorado, South Dakota , Minnesota, Illi
nois, Ohio, and New Jersey. Also Mexico and Eura
sia from Ireland to Japan. 

GEOLOGIC RANGE . Pleistocene: Illinoian to pres
ent. 

ff:MARKS. This species is found in all collec
tions, and like P. casertanum and P. ferrugineua, 
has its greatest relative abundance in the central 
third of the section (Fig. 3). 

U.ASS GASJIUlODA 

Order Ctenobranchiata 

Family Valvatidae 

Valvata sincera Say 1824 

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

---- La Rocque, 1968, Pleist. Moll. Ohio, pt. 
3, p. 363, fig. 219. 

Clarke · l973, · Malacologia, v . . l3, p. 222, 
pl. 20' ·fig. 1. 

1YPE l.OC.ALI1Y. 'Northwest Territories' (Say). 

DIA<N>SIS. Shell conispiral, nearly as high as 
wide, with widely spaced lamellae; whorls accurate
ly rounded, covered with {ine regularly spaced 
crowded riblets, crossed in early whorls by minute 
revolving lines; aperture in contact with penulti
mate -.horl; outer lip thin; umbilicus large ; ex• 
hibiting the volutions. 

ECOLOGY. A lake species, generally found in deep 
water on a mud bottom. It has been found in cold, 
shaded brooks and rivers. 

GENERAL DISTRIBUTION. Newfoundland and Maine 
west to Alberta, south to southern Michigan and 
northern New York. Variety danielsi Walker has 
been found · living in Minnesota and as a Pleisto· 
cene fossil in Wisconsin and Illinois; variety ny· 
landeri occurs living in Maine, Ontario, Michigan, 
New York, and Wisconsin. 

GEOLOGIC RANGE. Pleistocene to present. 

PEMAPl{S. One specimen was found 1n collection 
15 (Fig. 4). 

Valvata tricarinata (Say) 1817 

Cyclostoma tricarinata Say 1817, Acad. Nat. Sci. 
Philadelphia Jour., v. 1, p. 13. 

Valvata tricarinata Call 1900, Moll. Ind., p. 417, 
pl. 8, fig. 17. 
· ---- La Rocque 1968, Pleist. Moll. Ohio , pt. 
3, p. 367, pl. 9, figs . 14, 15. 

---- ---- Clarke 1973, Malacologia, v. 13, p. 234, 
pl. ll, fig. 7; pl. 20, figs. 4, 5, 6. 

TYPE LOCALI1Y. Delaware River. 

DIAGNOSIS. Shell small , about 2~ times as broad 
as long; sutuTes distinct and impressed; nuclear 
whorl planorboid, with microscopic spiral striae, 
-.boris with three sharp carinae, one at top, one 
in the center, and one at the base; any one or all 
of these carinae may be obsolete in some or all of 
the postnuclear whorls, but their position is gen
erally indicated by a spiral angulation; lowest ca
rina covered · by the following whorl; umbilicus o
pen, deep , and round; aperture round and entire. 

ECDLCXiY. The species is found in many types of 
permanent wa~er bodies with all kinds of bottom 
conditions arid vegetation. It has been found in 
water up to 9 meters deep with a pH range of 6.8 
ppm. Clarke (1973, p. 237) noted an absence· of V. 
tricarinata in · a large number of small permanent 
bodies of water. 

GENERAL DISTRIBUTION. 'New Brunswick to Virgin
ia, west in the St. Lawrence and upper Mississippi 
River drainage areas to Iowa and Nebraska, north 
in the Canadian Interior basin to James Bay and 
Hudson Bay, northwest within the treeline to the 
mouth of the Mackenzie River and west to Alberta' 
(Clarke, ibid.). 

GEOLOGIC RAI'lJE. A. B. Leonard (1950, p. 11) gives 
Yarmouth to Recent. Baker (1920, p. 286) gave 'Pro
glacial, • Aftonian, Yarmouth, Sangamon, and Wabash. 

REJ.lARKS . This species is one of the most abun
dant in the section, obtaining relative abundances 
as high as 26% (Fig. 4). It is most abundant in 
the lower and upper thirds of the section, being 
least abundant in the central third where the Sphae
riidae are at their peak. The most common form is 
(101) with (111) next in abundance, but scarce. 
Clowers (1966, p. 41) report.s that 'in most depo
sits, it appears to be best represented in inter-

. val s not characterized by thick vege.tation, although 
it ·may persist into shallow water sediments con
taining a moderate amount of plant matter.' 

Family Amnicolidae 

Aanicola liaosa (Say) 1817 

Paludina liaosa Say 1817, Acad. Nat. Sci. Philadel
phia Jour., v. 1, p. 125. 
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FI~ 4. RBLATIVB ABUNDANCES OF tD.LUSK SPBCIBS (Pt. 2). Collec
i\Oft nuabers are on the ordinate; percentages on the abscissa. 

Aanicola pallicla Haldeman 1841, Mon. Limniades N. 
A.., pt. 4, cover p. 3, 4. 

Aanicola .liaoaa Call 1900, Moll. Ind., p. 416, pl. 
8, fig . . 23. 

•••• •••• La Rocque, 1968, Pleist~ Moll. Ohio, pt. 
3, p. 384, pl. 10, fig. 1. 

---- -··· Chrke 1973, Mahcologia, v, 13; p. 257, 
pl. 21, ' fig. 10. 

1YPE ux:ALilY. Dehware and Schuylkill Rivers, 
Pennsylvania. · 

DJA(l()SIS. Shell broadly conic, sculpture of nar• 
row, low, crowded collabral lines; apex blunt, nu
clear whorl planorboid; later whorls round and 
somewhat shouldered, increasing gradually 1n si~e; 
body whorl round; sutures deep; ap.erture subrotund, 
mostly basal, about ~ the height of the shell; pe
ristome continuous, joined to body whorl by a thin 
callus; umbilicus deeply perforate. 

E<Dl.OGY. One of the most abundant species in 
~arl and also with the largest colonies and widest 
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distribution .of the New ·world amnicolaa (van der 
Schalie and Berry, 1973, p. 77). It can inhabit 
a wide range of habitats including streams, rivera, 
fresh- and brackish-water lakes and sw~~~~ps, and can 
be exterminated by unusually high suaaer te!llpera
tures. It is most abundant in thick beds of Chara, 
Potaaogeton, Valli.rneria, and Elodea whereitbrow
aes on the rich supply of diatoms and algae which 
the vegetation harbors. Clarke (1973, p. 259) 
found it more frequently in association with !otic 
muds and lentic sands. The species has been re
ported to eat certain plan ta in the absence of a 
fixed carbon dioxide ratio high enough to build 
shell material (Mowery, 1961, p. 8). The normal 
pH is about 7.95; and the fixed carbon dioxide ra
tio is 30.56 ppm. Van der Schalie and Berry (1973, 
p. ·77) found that a te~~perature of 24° C stimulated 
maximum growth, but only 27% of the individuals · 
survived. They found that maximum sur vi val could 
be obtained at 6.7 • 7° C. 

GENERAL DISTRIBUTION. Labrador, New England and 
New Jersey, west to Utah, and south to Texas and 
Florida. 'In the Canadian Interior Basin it occurs 
only south or slightly beyond the tree-line from 
the Eastmain River system in Saskatchewan and Mani• 
toba. It is much less abundant in the prairies of 
Manitoba and Saskatchewan than in the boreal for· 
esta.' (Clarke, 1973, p. 259). 

G:OUXJIC RAI'«iE. Pleistocene: Yarmouth to present. 

REMARKS. A. liaou is present iri all · collec
tions, but more abundant in the lower half of the 
section (Fig. 4). 

Aanicola lustrica Pilsbry 1890 

Aanicola lustrica Pilsbry 1890, Nautilus, v. 4, p. 
53. 

Marstonia decepta Clarke 1973, Malacologia, v. 13, 
p . . 244, pl. 21, fig. 6. 

TYPE LOCALITY. Unknown. 

DIAGNOSIS. Shell thin, translucent, turreted, 
rel'ati vely attenuated; sculpture of numerous shal
low, fine, collabral threads and striae; spire co• 
nic, somewhat looger than aperture, with straight 
or convex ·aides; whorls· rather convex, roundly · 
shouldered, regularly, but not rapidly, increasing 
in diameter; sutures well impressed; nucleus small, 
of about one whorl; ·poatnuclear whorl i~~~~~ediately 
bepna to descend;' aperture roundly ovate, rela
tively small, more or leas distinctly angled above; 
periata.e continuous, thin,· appresaed to body whorl 
for a short distance near the upper terminations; 
base of shell broadly rounded; small narrow umbil
icus. 

EOLOGY. This species is often described as in
habiting .the s..e envirooment aa A. liao.ra since 
they are often ·fou·nd in aaaociatioo: i.e., in riv
era and lakes pn atooe• and vegetati~, being par
ticularly abundant in aasociation with fila.entous 
algae. Clarke, (1973, p. 245) states that the 
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snail was collected only four times in that study 
and all four times in eutrophic lakes where the 
vegetation was thick to moderate and the· bottom of 
sand, mud, or sand and mud . 

G:NERAL DISIRIBUI'ION. . Great Lakes and St. Law
rence River system from Minnesota to Indiana, New 
York, southern Ontario and Quebec. Also from some 
adjacent Hudson Bay drainage areas in Ontario. 

WX.OOIC RANGE. Pleistocene : Wisconsinan to pres
ent. 

RatARKS. This species is the most abundant in 
the Colon deposit, twice attaining an abundance of 
nearly 38%. It is most abundant in the lower half 
of the section, except for a marked increase in 
collection 1 (Fig. 4). Clowers (1966, p. 41) and 
others have reported that this species and its 
close relative, A. liaosa, often make up many of 
the specimens in the upper parts of ma.rl depoai ts. 
Except for collection 1, this is not tr.ue for the 
Colon deposit, however, and may indica·te removal 
of some of the marl at the time or before the time 
of deposition of the gravel (Unit 2). 

Order Pulmonata 

Family Lymnaeidae 

Fo.rsaria ' obru.rsa (Say) 1825 

Lyaneus obrussus Say 1825, Acad. Nat. Sci. Phila
delphia, J~ur., v. 5, p. 123. 

Galba obrussa Baker 1911, Lymnaeidae N. and Mid. 
America, p. 270, pl. 29, figs. 8-13; pl. 31, figs. 
2-37. 

Fossaria obrussa Baker 1928, Fresh water Moll. 
Wis., pt. I, p. 293, pl. 16, fig. 14; pl. 18, 
figs. 14-24. 

---- •··· La Rocque 1968, Pleist. Moll. Ohio, pt. 
3. p. 473, pl. 9, figs. 8, 16. 

TYPE LOCALITY. Harrowgate, Philadelphia County, 
Pennsylvania. 

DIAGNOSIS. Shell subconic, pointed, oblong, ra
ther thin, coa.only somewhat inflated,surface com
monly .. lleate, with numerous coarse growth lines 
and very fine spiral linea; whorls shouldered, the 
shoulder being near the sutures which are deeply 
indented; last whorl very · large, being ·half the 
len«th of the entire shell, generally compressed; 
aperture very elongate, ovate; peristome thin, a
cute, inner lip reflected over the umbilical chink 
to form a thin, narrow expansion, which is common
ly appreaaed to the umbilical region, giving the 
axis a slight twist; parietal callus very thin; um• · 
bilical chink varies frOM distinctly open to scar• 
cely observable; spire acute, sharply conical; nu• 
clear whorls . 1~. 

Eai.OGY. This is an inhabitant of shallow bodies 
of water where it lives on atic~, atones, pianta, 
and any other debris which happens to be available. 
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It is semi-amphibious, capable o! living out of 
water for a considerable amount of time on debris 
or moist mud flats. Bottom ·strata are usually soft, 
sticky mud with algae. It eats pond scum, diatoms, 
and the stems of water plants and may .become car
nivorous if the need presents itself. Often found 
on the ·stems of vegetation protruding from the wa
ter. Reported in water with a pH of 5.86-8.37 and 
a carbon dioxide content of 1.26-25.75 ppm. 

GENERAL DISTRIBUTION. Most of the United States, 
Newfoundland to the Mackenzie District, Canada. 

GEOLOGIC RANGE. Pliocene to present. 

REMARKS. Present in all of the collections, this 
species was most abundant in the upper half of the 
section (Fig. 4). Some of the speCimens included 
are of F. o. decaapi affinity, but are not separa
ted here due to similar ecologic niches. Also the 
collections in the lower part of the section con
tain shells with the prominent shoulder and flat-
tened aperture of F. o. decaapi, but as collections 

higher in the section are examined, the flattening 
of the, aperture becomes less common, and even far
ther up in the section the upper part of the whorls 
becomes more rounded. 

Fossaria parva (Lea) 1841 

Lyanaea parva Lea 1841, Am. Philos. Soc. Proc., v. · 
2, p. 33. 

Galba parva Baker 1911, Lymnaeidae N. and Mid .. Am~ 
erica, p. 243, pl. 29, figs. 5-14; pl. 30, figs. 
9-12. 

Fossaria parva Baker 1928, Fresh water Moll. Wis., 
pt. I, p. 285, pl. 16, fig. 7; pl. 18, figs. 1-5. 

---- ---- La Rocque 1968, Pleist. Moll. Ohio, pt. 
3. p. 477, 'fig. 332. 

Ly1111aea parva Clark.e 1973, Malacologia, v. 13, p. 
279, pl. 22, fig. 4. 

TYPE LOCALITY. Cincinnati, Ohio. 

DIA£N>SIS. Shell small, turreted, translucent, 
surface shining; sculpture begins abrupt! y near nu
cleus, growth linea closely set and well marked, 
rarely elevated and rough, spiral lines very fine 

.or absent; whorls very conve.x; regulady increas
ing in size; spire el.evated, acute; generally long
er than aperture; nucleus of 1~ whorls, satiny, 
rounded in outline, first whorl large, sutures 
deeply incised; aperture roundly and regularly el
liptical, continuous 'in many specimens; outer 1 ip 
thin; inner lip ~~&rkedl y and broad! y reflected over 
umbilicus, forming a broad, even expansion; parie.
tal · c.allus well marked, thick; umbilical chink well · 
marked, open; axis not twisted. 

ECDI:.CXJY. 'The species lives in wet, marshy places, 
generally ·out of water, . on sticks, stones or auddy 
flats. It is more prone to leave the water than 
any other spe~ciea of the family' (La Rocque, 1968, 
p. 478). 

GENERAL DISTRill!fiON. Most of Canada south of 
36° N latitude, Maine west to Idaho, south to Mary
land, Tennessee, Oklahoma, New Mexico, and Ari
zona. 

STERK I AliA 110. 57, MAR at 1975 

GEOLCXJIC RANGE. Pleistocene: Wisconsinan to 
present. 

FIDIARKS. F. parva is present in collections 1, 
17 to 20, and 22 (Fig. 4). It never gains a rela
tive abundance of over 1%. 

Family Planorbidae 

Gyraulus circuastriatus (Tryon) 1866 

Planorbis (Gyraulus) circuastriatus Tryon 1866, Am. 
Jour. Conchology, v. 2, p. 113. 

Gyraulus circuastriatus Baker 1928, Fresh Water 
Moll. Wis., pt. I, p. 378, fig. 162. 

---- ---- La Rocque 1968, Pleist. Moll. Ohio, pt. 
3, p. 493, pl. 12, figs. 10, 13, 14, 16-18 . . 

---- ---- Clarke 1973, Malacologia, v. 13, p. 397, 
pl. 25, figs. 9, 10. · 

TYPE LOCALITY. Artificial pond at Weatogue, Con
necticut. 

DIAGNOSIS. Shell with rounded periphery, nearly · 
or completely planispiral; sculpture of rather 
coarse growth lines with fine spiral lines frequent
ly visible, several raised revolving lines common
ly on · base, whitish collabral streaks present on 
some specimens; ·body whorl slightly flattened a
bove, obtusely · angulat-e below; aperture roundly o
vate, prosocline and in same plane as the body 
whorl or slightly below; lips often joined by pa
rietal callus; sutures deeply impressed; base flat
tened with all whorls visible to spire; umbilical 
depression wide, shallowandvery similar to apical 
depression; whorls rounded. 

ECII.OOY. This species is characteristic of small, 
clean se&uonal water bodies such as wood pools, 
marshes, ponds on fl.ood plains, spring-fed pools, 
seepages, and di~hes • . It is commonly in or on 
cle.an sand with little vegetation, although report-

· edly collected from among water cress. In any re
gard the water bodies are of doubtful permanence. 

GENERAL DISTRIBUTION, Not precisely known . Con
necticut west to Quebec and Ohio, north to Macken
zie drainage, south in the Rocky Mountains and Me
xico. 

GBOLOGIC RANGE. Pleistocene: Kansan to present. 

REMARKS. This species is found in all but three 
collections and has a .peak re 1 ati ve abundance of 
3.2% in collection 14 (Fig. 4) · 

Gyraulus parvus (Say) 1817 

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

Gyraulus parvus Call 1900, Moll, Ind., p •. 413, pl. 
8, fig. 14. 

---- ---- La Rocque 1968, Pleist. Moll. <llio, pt. 
3, p. 491, pl. 12, figs. 2, 3, 5, 6, 8, 9, 11, 
12, 15. 

TYPE LOCALITY. Delaware River, near Philadel
phia, Pennsylvania. 
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DIAGNOSIS. Shell small, ultradextral, depressed; 
growth 1 ines oblique, crowded, fine, commonly cros
sed on base by several fine spiral lines; distinct 
spiral striae; whorls rapidly enlarging, rounded 
below the periphery, flattened above; base slight
ly concave ; body whorl flattened; spire flat, first 
two whorls depressed; nucleus small, rounded; um
bilical region wide, shallow, exhibiting all volu
tions; aperture long-ovate, prosocline, very nearly 
in same plane as body whorl in most specimens, de
clined in others, outer lip thin, acute, sharp, su
perior margin produced very much over the inferior 
margin; inner lip with a thin callus. 

Ea>LOGY. This species is found in a variety of 
habitats; the main factor seems to be an abundance 
of vegetation and quiet, shallow water. It has 
been collected in bodies of water varying from lar
ge lakes, vernal ponds, swamps, rivers, streams to 
ditches. It will burrow when faced with desicca
tion. Bottom strata are not an important criteri
on. Small specimens have been found by the hundreds 
on the stems of vege.tation and on the underside of 
the leaves of .water lilies. It bas a .PH range of 
7.0-8.16 and a fixed carbon dioxide range of 8.16-
30. 56 ppm. 

GENERAL DISTRIBUTION. North America, from the 
northern . limit of the boreal fore13t in Alaska and 
Canada and from coast to coast. In Cuba and 'per
haps also in Northern Eurasia' (Taylor, 1960, p. 
58). 

GEOLOGIC RANGE. Middle Pliocene to present. 

REMARKS. This species is presentin all collec
tions, but is most abundant in the upper two-thirds 
of the section (Fig. 4). Forms resembling G. al
tissiaus and G. circu~str.iatus walkeri were obser
ved, but these are gradational forms with G. par
vus, so they are included here. 

Helisoma anceps (Menke) 1830 

Planorbis bi car ina tus Say 1817, Nicholson's Encycl. 
1st. ed . , v. 2, no. 2, pl . I. fig. 4. 

Planorbis anceps Menke 1830; Syn. Meth., p. 36. 
He l isoaa anceps Robertson and Blakeslee 1948, Moll. 

Niagara Frontier, p. 65, pl. 6, figs. 31, 32. 
---- ---- La Rocque 1968, Pleist . Moll. Ohio, pt. 

3, p. 498, pl. 13, figs . 1, 6, 7. 
Helisoaa anceps anceps Clarke 1973, Malacologia, 

v. 13, p. 428, pl. 14, figs. 1-3. 

'IYPE LOCALITY . Virginia. 

DIAGNOSIS. Shell discoidal , ultradextral; umbi
licus deep andnarrow; whorls sharply angled on pe
riphery of the early whorls and rounded on the bo
dy whorl; collabral structure fine, in most speci
mens carinate on the upper surface of the body 
whorl and near the umbilicus, c~rinae when present 
rounded, sharp, or corded; aperture ear-shaped, ex
panded in some specimens, commonly thickened in
ternally and !With a moderately thick callus depo
sit on the parietal wall; outer lip thin. 

'E<DLOGY. It is most numerous in lakes or ponded 
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regions of creeks and rivers; also found in areas 
of rapid current. It is able to adapt to lower 
temperatures, hence it is found in small, deep 
lakes and spring-fed ponds as low as 15° C. It 
seems to always occur in permanent bodies rather 
than temporary . ones. 'It is possible that both the 
warmer waters 'and some eutr-ophication will tend to 
favor the He l iso111a group so that they may become 
dominant species while the lymnaeids would disap
pear .... ' (van der Schalie and Berry, 1973, p. 
85) . 

G.:NERAL DISllUBUTION. Throughout North America 
from Great Slave Lake south to Oregon and north
western Mexico, east to Alabama and the Atl .an.tic 
Coastal states. 

G.:OLOGIC RANGE. Lower Pliocene to present. 

REMARKS. This species is present in all but one 
collection, and slightly more abundant in the up
per half of the section (Fig. 4). 

Helisoma campanulatum (Say) 1821 

Planorbis ca111panulatus Say 1821, Acad. Nat. Sci. 
Philadelphia Jour., v. 2, p. 166. 

Helisoma ca111panulatum Goodrich 1932, Moll. Mich ., 
p. 32. 

---- ---- La ROcque 1968, Pleist. Moll. Ohio, pt. 
3, p . 504, fig. 356. 

Helisoma (Planorbella) campanulatum campanulatum. 
Clarke 1973, Malacologia, v. ·13, p. 445, pl. 13, 
figs. 9-11; pl. 26, figs . 7-9. 

TYPE LOCALITY. Cayuga Lake, New York. 

DIAGNOSIS. Shell rounded, ultrasinistral, "with 
early whorls slightly raised above the later ones, 
more often smooth than striate; last whorl pinched 
in before a flaring, bell-like lip; spire more or 
less · flattened; early whorls on apical side all 
visible and slightly immersed below penultimate 
whorl, which may often extend perceptibly above the 
body whorl; umbilical side commonly exhibiting only 
the ultimate and penultimate whorls; collabral 
sculpture of rather coarse, closely spaced, raised 
lines. 

E<XX.DGY. This species is characteristic of ·lakes, 
but is also found in quiet parts of rivers and 
creeks. It is an inhabitant of shallow water with 
all types of bottoms and with or without vegeta
tion. It is 'one of the most common snails in some 
lakes, a mat of dead shells often found on the 
beach . Van der Schalie and Berry (1973, p. 66) re
port maximum growth at 30° C and a maximum survival 
at 24° C, but with an optimum temperature of 25° C. 

GENERAL DISTRIOOTIU'i. 
North Dakota and north 
age. 

Newfoundland to Ohio to 
to Mackenzie River drain-

GBOLOGIC RANGE. Pleistocene: Late Wisconsinan 
to present. 

REMARKS. This species ts found throughout the 
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lower two-thirds of the section, but never attains 
a relative abundance of 2% (Fig. 4). It is rare 
in the upper third. 

Promenetus exacuous (Say) 1821 

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

Proaenetus exacuous exacuous Baker 1945,Moll. fam. 
Planorbidae, p. 182, pl. 41, figs. 1-10; pl. 42, 
figs. 1 - 3,. u, 12; pl. 46, figs. 3, 4; pl. 48, 
figs. 4, 5; pl. 50, fig. 8; pl. 67, fig. 1; pl. 
122, figs. 14-19, 26, 28. 

Proaenetus exacuous La Rocque 1968, pt . 3, Pleist. 
Moll. Ohio, p. 510, fig. 362. · 

Proaenetus exacuous exacuous Clarke 1973, Malaco
logia, v. 13, p. 409, pl. 13, figs. 3-5. 

TYPE LOCALI1Y. Lake Champlain, New York, Ver
mont, and Quebec. 

DIAGNOSIS. Shell very mich depressed, planorbi· 
form, ultradextral; sculpture of fine lines of 
growth, common! y elevated, crossed by very fine 
spiral lines; periphery keeled close to or below 
center of body whorl; whorls rapidly increasing in 
diameter, sloping in a flatly rounded curve to the 
acutely keeled periphery; nucleus small, rounded, 
with fine spiral lines; spire very flat, all of 
whorls in same plane or apical whorls slightly 
sunken be low that plane; sutures well impressed; 
umbilicus rather narrow, deep, exhibiting all vo
lutions; aperture obliquely, obtusely triangular 
or ovate, prosocline; outer lip thin, acute; inner 
lip with thin callus; superior part of outer lip 
very much produced beyond the inferior part and ex
panded near the periphery . 

Eax.DGY . This species is an inhabitant o.f quiet, 
shallow water. Clarke (1973, p. 412) found it in 
areas of moderately thick to thick vegetation .and 
generally where the bottom was of mud. 

GENERAL DISTRIBUTION . Northern North America 
from Macken:r:ie drainage to James Bey, · south in 
northern United States to Mexico. 

G:Cll.OOIC RAI'«iE. Pleistocene: Yarmouth to pres. 
ent. 

flEMARKS. P. exacuous is found only in collec
tions 10, 14, 15, 21, and 23 (Fig. 4). Three spe• 
cimens per collection is the maximum. 

Family Ancylidae 

Ferr issia para lle la (Haldeman) 1841 

Ancylus parallelus Haldeman 1841, Mon. Limniadea N. 
Am., . pt. 2, p. 3 of cover; 1844, p·. ll, pl. 1, 
fig. 6. . 

Ferrissia parallela Walker 1918, Synopsis and Cat. 
Fresh-water Moll., ·p. 119. 

La Rocque 1968, Pleist. Moll. Ohio, pt. 
3, p. 521, fig; · 375. 

---- ---- Clarke, 1973, Malacologia, v. 13, p. 481, 
pl. 28, figs. 9, 10. 
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n'PE LOCALI1Y. New England. 

DIAGNOSIS. 'Shell narrow, elongated, the later
al margins nearly straight, widening more or less 
anteriorly, ends well rounded; snte·rior slope ratlt
er long, slightly conTex; posterior slope shorter 
than· anterior, straight or but slightly concave; 
right lateral slope nearly straight, left lateral 
slope slightly convex; apex . sub-acute, slightly 
turned toward the right and slightly anterior of 
the center of the shell; radially striate; 1 ines 
of growth fine, irregular, but well marked; the 
peritreme of the shell may be even or it uy be 
concave at both ends •... ' (Baker, 1928, p. 395). 

E<DLOGY. This species is typical of shallow wa
ter in ponds and lakes. It is generally found on 
aquatic vegetation of many kinds. 

G:NERAL DISTRIBUilON. Nova Scotia and New Eng
land west to Manitoba and Minnesota; Rhode Island 
to Illinois. 

GEOLOGIC RANGE. Pliocene to present. 

~. Only two specimens were found singly 
in collections 11 and 18 (Fig. 3). 

Family Physidae 

Physa heterostropha (Say) 1817 

Lianea heterostropha Say 1817, Nicholson's Encycl., 
Am. Ed., pl. 1, fig. 6. 

Physa heterostropha Say 1821, Acad. Nat. Sci. Phi- · 
!adelphia Jour. v. 2, p. 172. 

La Rocque 1968, Pleist. Moll. Ohio, pt. 
3, p. 545, fig. 399. 

lYPE I..OCALI1Y. Delaware River, near Pb.iladel
phia, Pennsylvania. 

DIAGNOSIS. · Shell thin, . elongate, somewhat cy
lindrical, imperforate; sculpture of distinct 
growth lines; ultimate whorl very large, compressed 
or flatly rounded; spire pointed, acute, whorls 
flatly rounded; aperture large, 7/10 the length of 
the entire shell; outer lip flattened and slightly 
shouldered above, broadly rounded below, narrowed 
above; lip with a slight callus. 

E<lLOOY. This species has become adapted to a 
wide variety of environ~~ents and depths. It is 
found in water from 3 inches deep to the bottom of 
lakes and on all sorts of bottoms. It is one of 
the most tolerant ·species to pollution (van der 
Schalie and Berry, 1973, p. 67), and is often abun
dant in polluted water. 

CENERAL DISTRIII.ITION. Maine south to the Poto
mac and <llio Rivers and west to Wy~ing and north 
to Manitoba; also ·Texas, Louisiana, and Utah. 

GDLOOIC RANCE. Pleistocene: Sangamon to pres
ent. 

RFJ.WU<S. This species is found in all collec. 
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tions. It decreases rapidly in relative abundance 
downward from collection 21, and decreases more 
slowly upward from collection 21 (Fig. 4). Most 
specimens have an affinity for the form sayii, ty
pical of lake dwellers of the species. 

Family Pupillidae 

Subfamily Gastrocoptinae 

Gastrocopta pentodon (Say) 1821 

Vertigo pentodon Say 1821, Acad. Nat. Scl. Phila
delphia Jour., v . 2, p. 376. 

Gastrocopta pentodon Pilsbry 1916, Man. Conchology, 
v . 24, p. 28, pl. 3, figs. 2, 3, 5-B. 

La Rocque 1970, Pleist. Moll. Ohio, pt. 
4, p. 723. fig. 578 . 

TYPE LOCALITY. Pennsylvania. 

DIA(N)SIS. Shell rimate, oblong-conic with ob
tuse summit, smooth, last . whorl with rounded ridge 
or crest close behind the lip, and flattened near 
the base behind the ridge; teeth typically five; 
palatal folds standing on a low callus ridge, the 
lower fold compressed and entering a little more 
deeply than the smaller, tuberculi form one; peri
stome thin, narrowly expanded., with a thin, straight 
callus between the widely separated ends. 

ECOLOGY. 'Lives on wooded hillsides or in well 
drained groves, among leaves in the underbrush; al
so common among grass in forest and on open slopes' 
(La Rocque, 1970, p. 723). 

GENERAL DISTRIBUTION. Prince Edward Island to 
British Columbia and south toMexico and Gu~temala, 
but not on the Pacific slope (La Rocque, ibid.). 

GEOLOGIC RANGE. Pleistocene: Yarmouth to pres
ent. 

ft:MARKS.. This species was only found in the up
per part of the section. It occurs singly in col-
1 ections 3; 6, and 9 ,. and three specimens were 
found in collection 1. 

OJ'i<LUSIONS 

General Statement 

In order to evaluate the significance of any 
Pleistocene assemblage, it must be compared to oth
er assemblages, both living and dead. A unique op
portunity exists here for the student of Pleisto
cene fossils that is not available to workers in 
older deposits·. Since many of the fossil mollusks 
involved are still living today, the opportunity 
is available to study 1 i.ving representatives and 
rule out the shell characteristics which are inva
lid to ·use in identification. The opportunity is 
also here to examine in detail the habitats of li v
ing mollusks and apply this information to Pleis
tocene assemblages. 
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Most Pleistocene assemblages represent a thana
tocoenosis, which consists of organisms that were 
not associated during life, but have been brought 
together after death by some natural agent. Accord
ing to the rule of relative abundance (La Rocque, 
1966, p. 17), 'In a given environment, the native 
species (autochthones) should be more abundant than 
those brought in from other environments ( alloch
thones):• Interpretations of assemblages must not 
be based si111>lY on the numerical abmdance of any 
species, but on · the relative abundance, because 
some autochthones can be more prolific than others 
under similar environmental conditions. For exam
ple , species of Ferrissia, Pro111ene tus, and Pseudo
succinea are often of low relative abundances even 
in areas of favorable environment (Clowers, 1966, 
p. 48). It can generally be assumed that the most 
abundant species are those which are more favored 
by environmental conditions. 

Paleoecology . 

Faunal assemblages similar to that of the Colon 
deposit have been found, and a study of these as
semblages can aid in accurate determination · of the 
former environment. La Rocque (1966, p. 9-111) has 
compiled a number of fossil, as well as Recent, as
semblages into a convenient volume. While no as
semblage should be expected to match another exact
ly, several of those listed (ibid.) "have reason
ably close similarity to the assemblage identified 
from the Colon deposit. Of note are 2-27 OHIO (p. 
38-·39), W-34 OHIO (p. 41), MINNEffiTA-11 ( p. 69), 
MINNEffiTA-17 (p. 70), and OHI0-29 (p. 86). An in
terpretation of the Colon deposit based on the si
milarities between these assemblages would be that 
of a basic, shallow lake with a bottom of marl or 
organic detritus and abundant vegetation. 

Several studies conducted since the compilation 
by La Rocque have demonstrated assemblages similar 
to that of the Colon deposit. These sections are 
from White Lake deposit, Langlade County, Wiscon
sin (Roy, 1964, p. 37-38, and Table 3); Box Marsh 
deposit, Renfrew County, Ontario (Clowers, 1966, 
p. 48-54 and Table 2); Manitou Lake deposit, Gati
neau County Quebec (Bickel, 1970, p. 35-38 and Ta
ble 1); and Clark County deposit, Ohio (Nave, 1969, 
p. 37-38 and Table 5). Perhaps the closest resem
blance is with the Big Turkey Lake deposit, Steuben 
and LaGrange Counties, Indiana (Ca111>, 1973, p. 5-8 
and Table 1) which is located less than 30 miles 
SSE of the Colon deposit along another of the aban
doned tributaries of the Kankakee Torrent. 

lbe non-marine molluscan fauna of the Colon de
posit is comprised of 23 species. The majority of 
these are typical lake forms and have been identi
fied from deposits elsewhere. Four species of cte
nobranchiate (gill-breathing) gastropods, nine spe
cies of pulmonate (lung-breathing) gastropods, nine 
species of sphaeriid clams, andone species of ter
restrial gastropods are represented. This assem
blage has been .quantitatively analyzed, and the re
lative abundance and vertical distribution of each .. 
sp~cies has been determined (Table 1) and graphed 
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(Figs . 3 and 4). The estimated total number of 
shells in each collection (288 cu. in.) has been 
determin~d (Table 1) and graphed (Fig. 5). The 
number of shells per 1000 ml has also been calcu
lated (Table 1). 

The overall abundance ofAmnicola limosa, A. lus
trica, Gyraulus parvus,Pisidiu• casertanu•, P. ob
tusale, and Valvata tricarinata indicates a shal
low water environment, abundant vegetation with 
clear areas, and some depressions in the lake bot 
tom where conditions were more nearly anaerobic. 
This view is too simple, however, as a study of 
the vertical variations in the assemblage indica
tes. 

As indicated earlier in the various 'Remarks' 
sections under . each species and as observable ·in 
Figures 3 and 4 and Table 1, the section of the Co
lon deposit can be divided into three intervals of 
about one - third each on the basis of faunal chan
ges. 
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Interval C can be observed to have A111nicola li
IIIOsa, A. lust rica, and V~lvata tricarinata in abun• 
dance with numerous, but varying, numbers of Pisi
diu• casertanua and P. obtusale (fewer than in In
terval B). P. co~&pressu•, P. ferrugineu•, Gy.rau
lus parvus, Fossaria obrussa, andPhysa heterostro
pha are present, but scarce. Fossaria parva, Pro
aenetus exacuous, Valvata sincer·a,Heliso•a anceps, 
H. ca~&pcmulatu•, and species of Sphaeriu• are rare. 
This assemblage indicates clear, shallow water with 
little disturbance by wave action due to the fact 
that many of the clUt shells are not disarticulated 
and the presence of abundant ctenobranchs. Vegeta
tion was · probably abundant, but a few clear areas 

F:!GIJRB S. IISTtlt\Ti!D N~BER OF IIJLLUSK SlllitiS IN I!ACII COLLECTION. 
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were probably present as indicated by the numbers 
of Pis idium caser tanum. The water was probably 
cool , indicated by the abundance of ctenobranchs. 
The lake may have had deeper areas or areas with 
more nearly anaerobic conditions to account - for P. 
obtusale. Conditions outside of the water were 
evidently not favorable for the presence of ter
restrial gastropods because a small hil1 north of 
the deposit would surely have added some of these 
snails to the deposit by slope wash. The bottom 
was of algal-produced lime mud as evidenced by . 
strands and fragments of algae in the marl, and al
most no material was being introduced from outside 
the lake. · The rare presence of Fossaria parva may 
indicate nearby mud flats or vegetation that ex
tended above the water l~vel. A comparison of av
ailable data shows that the pH would ha~e most 
1 ikely been 7. 0-8.0 and the fixed carbon dioxide 
content from 20-30 ppm. 

The assemblage of Interval B (Table 1) is domi
nated by Fossaria obrussa, Pis idium casertanum, and 
P. obtusale. Amnicola li•osa, A. lustrica, and 
Valvata tricarinata are abundant in the lower part 
of this zone, but decreased upward. Gyraulus par
vus and Physa heterostropha are common, and Gyrau
lus circumstriatus, Helisoma anceps, H. campanula
tum, Pisidium compressum, and P. ferrugineum are 
scarce. Half of the 20 identified specimens of 
Sphaerium are found in this zone. This assemblage 
shows that vegetation was becoming less abundant. 
The decrease in the ctenobranchs and increase in 
Pisidium indicates vegetation, butconditions still 
seem to have bees of shallow water with little cur
rent action because many of the clams are not dis
articulated. The water could have been somewhat 
turbid as indicated by the low abundance of cteno
branchs. The Sphaerium are poorly preserved and 
exhibit some cqrrosion and may have been introduced 
from an area of current action. The same can be 
said .. for the specimens of Pisidium compressum which 
are not as worn, but very · few articulated specimens 
were found. Complete absence of Fossaria parva 
seems to indicate that there was no mud flat area 
on the lake edges. This may have been due to a 
slight deepening of the lake and covering of any 
such areas which may have existed. The abundance 
of Pisidium obtusale indicates an · anaerobic envi
ronment. These clams must have lived in isolated 
patches or · in slightly deeper water to have been 
in a favorable habitat. In any case they were not 
moved far for many of the shells were articulated. 
A compari -son of available data on the water condi
tions required by the species represented shows . 
that the ~~ would have been less than in Interval 
Cor 6.5 to 7.5 and the fixed carbon dioxide 10 to 
25 ppm. 

The upper part of the Colon deposit (Interval A) 
has an abundance of Valvata tricarinata, Pisidiu• 
casertanu•, P. obtusale, ·Gyraulus parvus, and Fos
saria obrussa. Amnicola limosa and A. lustrica are 
mor-e numerous than in Interval B, but do not regain 
the abundance of Interval C. Common forms include 
He l isoma anceps and Pisidiu• ferrugineum. Physa 
heterostropha decreases upward in relative. abun
dance. Fossaria parva appears again in collection 
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1; Helisoma campanulatum disappears; Gyraulus cir
cumstriatus becomes very rare. Gastrocopta pento
don is first found in collection 9 and appears but 
rarely in Interval A. Its presence indicates that 
the environment surrounding the marl- forming lake 
had become favorable for habitation by terrestrial 
gastropods. Most of the assemblage suggests a re
turn to the conditions of Interval C. The tempe
rature was not as cool because specimens of Amni
cola are not as abundant , and there were more pla
ces where Pisidium obtusale could exist. There was 
evidently more vegetation and less turbidity tha-n 
in Interval B as indicated by the increase in cte
nobranchs. The water was a little shallower, how
ever, because many of the clams are disa_rticulated 
and there is evidenc_e of mud flats. The species 
present indicate a pH of -7 to 8 and a carbon diox
ide ·content of 20 to -30 ppm. 

Large numbers of Goniobasis livescens were noted 
on the shore of the abandoned marl pit, .but none 
appeared in any of the samples that were picked. A 
very few specimens occurred in material that was 
not picked. The presence of these snails in a marl 
deposit signifies a large lake with coarse bottom 
material or the nearness .of a stream or river. In 
either case the water was well aerated. 

Traces of naiad fragments were found in the picked 
collections, but none of them could be identified. 
Samples collected from the bank of the abandoned 
marl pit included Lampsilis and Anodonta and also 
indicate the presence of a coarse bottom or nearby 
stream and well aerated water. 

Since it has been reported that a chain of marl 
1 akes occurs in this area (Hale and others, 190 3, 
p. 103), it may be that the marl lakes now obser 
vable are all bottomed in a continuous marl bed in 
an old glacial meltwater valley. This valley may 
have been the location of a large marl-forming lake. 
The Col ton deposit could be just a sample of a near 
shore area of the large lake and thus would have 
few specimens from the deeper, more coarse-bottomed 
central portion of the lake. The shells of Gonia
basis could have been washed by current action in
to the marl at the location sampled a·nd accumulated 
on or near the shore line. Or they could be more 
indicative of conditions early in the formation of 
marl in the Colon deposit and have washed into the 
shore line of the abandoned pit from deeper in the 
section. Some current action i"s probable, however, 
because 118ny of the specimens of Goniobasis were 
covered by oncolites. 

' The presence of the naiades might indicfilte bur
rowing from above during depositior\ of the gravel. 
If this is the case the upper few inches of the 
current marl deposit m)lst have been reworked, how
ever, because the shells were not recovered in 
their growth positions or in an articulated condi 
tion. To obtain an answer to this problem, it 
would be necessary to sample the deposit closer to 
the old shore line and also deeper in the lake ba
s:tn. 
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Age and Correlation 

Wetzel (1970) made a study of Pretty Lake, La
Grange County, Indiana. Data obtained from that 
deposit should correlate approximately with the 
Colon deposit, because Pretty Lake is just 25 miles 
SSE of Colon on an old tributary of the Kankakee 
Torrent which drained the western edge of the Erie 
Lobe (Zumberge, 1960, Fig. 1). The Sturgis moraine 
(Fig. 2) lies between the two marl deposits. 

A warming trend occurred with the retreat of the 
ice · during the Valders Substage at about 11,000 
B.P. This resulted in increased deposition of or
ganic products followed by approximately 3,000 · 
years of accumulation of organics. From 6, 500 to 
5, 500 B.P . the deposition of organic material de
creased and the deposit.ion . of carbonate · increased 
markedly (Wetzel, 1970, · p . . 496). Considering this 
information .from Pretty Lake the initiation of main 
catbonate deposition of the Colon deposit probably 
came at 5, 500. to 5,000 B.P. 
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EFFETS DES VARIATIONS DE LA TEMPERATURE DE L' EAU SUR 
PLANORBI-. QUELQUES ·ESPECES DE PHYSI DAE, 

CAE ET HYDROB I I DAE 
LYMNAEIDAE, 

(GASTROPODA) 

Guy Vailliwcourt1 et fhchard Couture 2 

INTRODUCTION 

Les mollusques Gasteropodes constitllent des ou
tils ideaux pour tester les conditions de l' envi
ronnement. A cause de. leur comportement: poikilo
therme, peu demotilite, ils peuvent et ils doivent 
subir les changements anormaux de la t~Riperature 
de 1' eau qui resul tent d' operation de centrales 
thermiques et nucleaires. Ajoutons .qu' il est ·pos
sible de conserver en aquarium certaines especes 
communes ce qui permet d' elaborer des travaux ex
perimentaux relatifs a la pollution thermique. 

Les travaux axes sur la quantite d'eau chauffee 
usee que 1' on d~verse dans les ri vie res, les estu
aires, les oc&ans ou les lats sont etonnamment re
v~lateurs des dangers occasionnes par la pollution 
thermique (Cairns, 1968). N.ous savona que '!'eli
mination des differentes especes dependra de leur 
degre ·de sensibilite; or, nous coiiiiJlen~ons seulement 
a nous rendre compte que certaines d'entre · elles 
sont tres sensibles a !'apport thermique. 

Les travaux d' Arnold ( 1969) ont mis en lumi.ere 
la recrudescence des problemes lies a la pollution 
thermique et a l'energie nucleaire dans les Grands 
Lacs. 11 a souligne que la temperature est un fac
teur tres important dans les processus autant phy
siques que ' biologiques. De tela probleMes sont ap
peles !I a' amplifier puisqu'on a predit que la de
mande en energie electrique doublerait tous les 10 
an!!. 11 appert, selon Arnold (op. cit.) que . l'ef
fet leplus vraisemblable des decharges d'e~u chau~ 

1. Deuxieme these sur .la proposition de faculte 
soutenue a Paris VI le 1er juin ·1974 en pre
sence de Messieurs La•otte,Chodorowski, Dreux 
et Testard conati-tuant le jury. 

Adresse actue.lle de · M. Vai'llancourt, Uni versi te 
du Quebec a Trois-Rivieres. 

2. M. Rich,rd Couture est profea.seur. au departement 
de Chimie-Biologie de l'Universit~ du Quebec 
a Trois -Rivieres. 

de se traduit par' une augmentation de la produc
tion biologique dans la region avqisinante et cela 
peut creer des fleurs d'eau qui constituent deja 
un probleme dans les lacs Ontario .et E;rie et dans 
quelques regions du lac Michigan. Nous pouvons a
jouter que les changements des conditions de tem
peratvre affectent non seulement la prod~ction bi
ologique mais aussi est susceptible d'eliminer les 
mollusques qui habitent ces lacs. Ces changements 
ne sont pas insignifiants puisque, en biomasse, les 
Gast1hopodes sont de beaucoup superieurs aux aut res 
groupes d' invertebres. Pour le lac Saint-Louis, 
au Quebec, les observations de Magnin . (1970) man
trent que les Gasteropodes constituent 40% de la 
biomasse des inve rtebres benthiques. 

MacKenthum et Koup (1969) ont eux aussi etabl i 
que la temperature est 1' agent regi.dateur primor
dia l des processus naturels de 1' environnement a
quatique a cause de sa capacite a determiner le de
gre de met.abo.lisme. Dependant de l' importance du 
changement des temperatures du milieu, les qrganis
mes peuvent ~tre ac tives, affaiblis, r~streints ou 
tues. 

Merriman (1970) a etudie la pollution thermique 
sur le site de generateurs nucleaires a !'embouch
ure de la riviere Connecticut. Selon cet auteur, 
il ne suffit pas de faire face carrement aux pro
blemes ecologiques causes par les besoins crois
sants en energie, il faut en plus elaborer paral
lelement aux programmes de cons truction de develop
pement energetique des programmes de recherches sur 

, l'environnement de fa~on a minimiser les effets de 
l'energie thermique et nucleaire. 

Abrahamson (1972) nous informe egalement par ses 
travaux de certains effets ecologiques tributaires 
de l' operation des usines thermiques et nucleaires. 
ll a notamment declare que plus des deux tiers 
(2/3) de la quantite de chaleur produite par une 
sta tion nucleaire est dechargee comme residu dans 
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le .milieu environnant. Pour peu qu'on libere cet
te quantite de chaleur dans les lacs, les rivieres 
ou les estuaires, on peut s'attendre a de nombreux 
changements serieux. Les problemes refatifs a la 
pollution thermique ont ete bien dHinis par Cairns 
(1972) et il a presente des alternatives a ceux qui 
se preoccuppent du maintien de 1' equilibre a 1' inte
rieur des ecosystemes naturels. L'augmentation ra
pide de la pollution thermique dans les cours d' eau 
due aux utilisations industrielles croissantes ne
cessite des changements fondamentaux dans les po
litiques d'utilisation et ce, pour un meilleur con
triile de la quali te de I' en vi ronnement. Pendant 
que 1' on discute de fa~on detai llee de problemes 
de techniques, d~ observations et d' analyses pour 
deceler les modi fication·s du milieu dues aux eaux 
chau.ffees, les compagnies d'electricitee et toutes 
les autres qui utilisent l'environnement pour eva
cuer leurs dechets considerent que c'est un mal 
pour un bien puisque la civilisation en profite. 
Nous sommes places devant !'alternative suivante: 
ou nous continuons d'accroitre la pollution de l'en
vironnement, ou nous l' wtiliaons rationellement 
de maniere qu'il serve le plus possible a des uti
lisations benefiques. Si nous prenons la premiere 
solution, nous n' aurons bien tot plus aucun choix. 
Si par contre, nous optons pour la seconde, nous 
devrons creer des institutions pour coordonner et 
au tiller les decisions complexes qui concernent les 
utilisations de l'environnement et sa sauvegarde. 

11 est evident que beaucoup plus d' experiences 
en laboratoire seront necessaires pour arriver a 
eprouv.er les effets de la temperature sur une va
riete de groupes be nthiques affectes. La modifica
tion structurale de la biocenose d'une piece d'eau 
peut se mesurer de deux fa~ons: par la reduction 
du nombre total d'especes trouvees dans cette pie
ce d' eau et par les variations du rapport entre les 
especes tolerantes et non tolt!rantes aux change
ments de temperature. Cette derniere fa~on est 
sans aucun doute la plus difficile a utiliser car 
les effets physiologiques specifiques lies aux va
riations de la temperature sont encore mal connus. 

Les changements physiologiques consequents aux 
variations anormales de temperature . . ant ete signa
lea par Cairns (1968). 11 y aurait des aberra
tions internes fonctionnelles (oxygene reduit, rup
ture de 1' approvisionnement en nourri ture, baisse 
de la resistance aux substances toxiques), !'inhi
bition de la reproduction ou des autres activites 
critiques du cycle vital, un remplacement competi
tif par des especes plus tolerantes et enfin, la 
mort des orgJlnismes resultant de 1' effet de la tem
perature. Ces nombreux effets sont evidents dans 
les experiences poursuivies par van der Schalie et 
Berry (1972) concernant les effets du rechauffement 
de l'eau sur les Gasteropodes. Par exemple, pen
dant que certains Gasteropodes s~ developpaient 
bien dans une eau plus chaude que la normale, sou
vent ces derniers ne reussissaient pas a se repro
duire. De plus, les elevations de temperature de 
1' eau peuvent occasionner une modification de la 
structure des bioce.noses benthiques. Le deplace
ment des especes indigenes telles les Lymnaeidae 
peut favoriser 1 'etablissement de conditions pro-
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pi~es a certains Planorbidae tels les Biomphalaria, 
qu1 peuvent, comme on le sait, servir d'hotes in
termediaires aux schistosomiases. 

La biologie des mollusques est etroi tement 1 iee 
aux temperatures ambiantes. Par consequent, il faut 
non seulement s'assurer de leur capacite a ·suppor
ter les changements brusques mais aussi apprendre 
comment la temperature normale et anormale influ
ence leur comportement. 

Ce present travail a pour but de mettre en evi
dence les correla·tions entre les variations de la 
temperature de 1' eau et !a bio1ogie de certaines 
especes de mollusques. Nous nous limiterons a !'e
tude des Gasteropodes pulmones et prosobranches 
des families Lymnaeidae, Planorbidae, Physidae et 
Hydrobiidae, parce que les Gasteropodes constituent 
la majeure partie de la biomasse benthique dans la 
region de Gentilly ou s'effectuent nos travaux; de 
plus, la densite des Lamellibranches de ce secteur 
est faible et la litterature traitant des effets 
thermiques sur les bivalves est pauvre. Les para
metres biologiques, objets de notre etude, seront 
1 a croissance, la reproduction, 1 a mort a 1 i te, 1' as
pect epidemiologique et les migrations. Notre re
vue de litterature s' attachera a decrire ce qui a 
ete fait a ce propos, surtout en Amerique du Nord. 

GENERALITES 

Alors que de nombreux travaux indiquent que la 
temperature joue un role important sur la biologie 
animale, il est souvent difficile de trouver des 
renseignements specifiques quant a son influence 
sur les especes ou sur les groupes d'especes. Une 
serie d'etudes sur les effets de !'elevation de 1a 
temperature sur les poissons se retrouvent dans 1es 
ouvrages de Britton (1924), Brues (1928), Binet et 
Morin (1934), Brett (1944), Charlon (1968), Hold
away, Resi, Thomas, Parrish, Stewart et Mackenthun 
0967) et Raney et Menzel (1969). Les premiers 
travaux sur les Gasteropodes ont ete ceux de Hogg 
(1854) et de Semper (1881) qui ont etudie la bio
logie d.e Lymnaea stagnalis (Linn.). De Witt (1954) 
au Michigan et Dewit (1955) aux Pays-Bas ont tous 
deux reconnu !'importance de la temperature de 
1' eau sur les especes · appartenant au groupe de Phy
sidae. McNeil (1959) 1960, 1961 et 1963) a fait 
des recherches sur la survie des Lymnaeidae et des 
Physidae en hiver, dans le systeme de drainage du 
Columbia dans l'etat de Washington. Shiff (1964a, 
1966) I Sturrock (1966) et Jobin (1970) ont etudie 
le role de la temperature sur la biologie des Pla
norbidae qui servent d'hotes intermediaires aux 
parasites du sang qui causent des maladies telles 
que la schistosomiase en Afrique et a Porto Rico. 
A partir de leurs travaux sur ces especes tropica
les, il a ete demontre que certains Planorbidae ant 
tendance a mieux se developper dans une eau chaude. 

Standen (1952) a ete le premier a effectuer des 
recherches completes en laboratoire sur les effets 
du rechauffement de I' eau sur 1' espece Biompha lar ia 
glabrata (Say) . de la famille des Planorbidae. Mich-
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elson (1961) , utilisant aussi le Biomphalaria gla
bra ta (Say) a decouvert que 30° C consti tuai t la 
temperature optimale pour une croissance maximale 
mais que la reproduction ne se faisait plus a cet: 
te temperature. Shiff (1964b, c) a decouvert que 
le Bulinus (Physopsis) globosus (Morelet) qui ap
partient aussi ·a la famille des Planorbidae sere
trouve a une temperature de 180 c mais en labora
toire sa temperature optimale est de 25 C. Aprh 
des recherches en laboratoire sur le Bio11phalaria 
pfeifferi (Krauss), ·Sturrock 0966) suppose que les 
Gasteropodes hates intermediaires des Schistosot~Ja 
11ansoni ne peuvent supporter Une expOSltlon a des 
temperatures excedant 280 C a 300 C pendant plu
sieurs mois d~ns la nature. 

Chernin (1967) a compare les effets d'un rechauf
fement de l'eau sur l'espece Bio.phalaria glabrata 
(Say) et l'espece Bulinus truncatus (Audouin) a 
l'espece Lyanaea elodes (Say). La premiere eapece 
citee se trouve dans un milieu moderement chaud. 
Lyanaea e lodes (Say) a tendance a se concentrer 
dans un milieu relativement froid, etBulinus trun
catus (Audouin) se r~partit aussi bien en• milieu 
chaud qu'en milieu froid. Jobin (1970) a etudie le 
comportement de Bio.phalaria glabrata ·(Say) dans 
trois mares d'une ferme portoricaine; il rapporte 
que la temperature optimale pour la production 
d' oeufs est de 25° C et que la reproduction cesse 
lorsque la temperature descend au-dessous de 20° C 
ou monte a plus de 300 C. 

Le meilleu~ resume rela~if a l'acclimatation des 
mollusques semble etre celui de Segal (1961) qui 
declare: 'Nous savona que les taux de croissance et 
les autres fonctions du metabolisme des po1kilo
thermes de milieux differents sont fonctions de va
riations de temperature. Les poikilothermes qui 
se conforment passive'll8nt a la temperature du ml
lieu montrent par contre des changements dans les 
taux de croissance et dans les degres de metabo
lisme en adaptation. aux temperatures qu' ils ren
contrent a des latitudes ·differentes, des saisons 
et des microhabitats.' · 

Les caracteristiques de l'eau douce tant physi
ques que chimiques et biotiques sont tres varia
bles. Les variations maximales que doivent subir 
les mollusques dulcicoles correspondent pratique
ment aux limites absolues du metabolisme des meta
zoaires . Les Gasteropodes pulmones Lymnaea elodes 
(Say) et Fossaria perplexa Baker et Anderson sur
vivent tout l'hiver dans des canaux draines subis
sant ainsi une periode de 55 jours a des tempera
tures inferieures a 0° C (McNeil et Walter, 1957). 
L'espece Paludestrina aponensis L., Gasteropode 
prasobranche, a ete observee par Issel (1908) dans 
les eaux thermalea d' Abba no, au nord de 1' I talie, 
a des temperatures de 32° c a 36° c et meme jus
qu'a 46° C. L'espece coaunune Ly111naea peregra Lam,. 
Gasteropode pulmone, survit i des temperatures de 

.45° C dans les sources thermales des Pyrenees (Is-
sei, 1908). Physa virginea Gould a ete observee 
par Brues (1928) a des te~aperatures de 35, 5° C a 
38,7° C dans les sources thermales de !'ouest des 
Etats-Unis. Des etudes d.u' World Health Organisa
tion' (1957) ont montre que le planorbide Bio.pha-
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Zaria glabrata (Say) (bote des Schistosomes)survit 
a des temperatures auasi basses que oo c et aussi 
hautesque420 c et parfois meme jusqu'i 520 c pour 
guelques minutes. Cette espece peut se reproduire 
a des temperatures pouvant atteindre parfolS 32° C. 

Tel qu' il est indique dans les nombreux travaux 
cites plus haut, la majorite des etudes qui ont ete 
faites, en particulier celles sur les especes de '!a 
famille des Planorbidae, sont restreintes aux seu• 
les regions tropicales. Par cantre, on sait peu de 
choses sur lea effets de la temperature dans les 
regions temperees en depit du fait que les especes 
de la famille des Planorbidae vivant dans la region 
des Grands Lacs sont plus nombreuses et plus di· 
ver.sifiees que celles que l'on trouve dans les re
gions tropicales. Ces especes sont d'un interet 
capital en ce sens qu'elles constituent une impor• 
tante source de nourriture pour lea poissons. La 
pollution thermique est devenue un des problemes 
lea plus ~raves de la region des Granda Lacs, ce i 
cause du grand nombre de reacteurs installes sur 
le pourtour deceux-ci et sur lea rivieres enYiron· 
nantes pour produire l'Hectricid. Du reate, on 
prevoir d'en installer d'autres dans un futur im
mediat. On ne sait pas quels effets ils auront sur 
la faune malacologique. 

CROI SSMCE 

Lymnaeidae 

Un des premiers travaux connus sur la croissance 
de Lymnaea stagnalis (Linn.) (Hogg, 1854) ne tenait 
pas compte de 1' influence de la temperature. · Les 
travaux de Semper (1881) sur }'influence du volume 
d'eau sur la croissance revelerent que lorsque la 
temperature de son laboratoire diminuait a 13° c, 
les jeunes Ly111naea stagnalis (Linn.) cessaient de 
se nourrir et de cr.oitre et que les petits speci
mens n' atteignaient i cette temperature que 3 mm 
de longueur en 25 jours comparativement i une lon• 
gueur de 10 mm i la temperature normale (21° C). 

Dans une sene d'etudes sur Lymnaea stagnalis 
(Linn.) a11 Michigan, Crabb ( 1929) a mis en evidenc~ 
l'effet de la temperature et de la lu~aiere sur Ia 
croissance de ce Gasteropode. Cependant, il de
clare que ces recherches n'indiquent ni la quanti
te ni la quali te tolerable quant a. ces deux. fac
teurs. 

Ces quelques travaux cites indiquent bien la na· 
ture qualitative des premieres observations scien
tifiques. Les travaux posterieurs s'attachent plu· 
tot a delimiter de fa~con precise les tolerances 
physiologiques des organismes en regard des tempe 
ratures. 

Imai (1937) . a demontre l'effet de la temperature 
sur la croissance des embryona de Lyanaea japonica 
Jay. Les embryona soumis a une temperature de 28° 
C pendant 195 heurea .~aeaurent 0 672 mm tandis 
qu'aux temperatures de 23° C et 18b C, les tailles 
atteintes apres la melle peri ode sont respectivement 
de 0, 512 et 0,293 mm; de plus, il a demontre que la 
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taille A 1' eclosion est en fonction inverse de la 
temperature s~it: 0 , 673 mm a 28° C, 0,705 mm a 23° 
C et 0, 750 mm a 18 C. Il souligne egalement que 
pour les adultes de cette espece, la temperature 
optimale pour. la croissance est de lao C. A des 
temperatures plus elevees (23° C- 28° C) la crois
sance est serieusement ralentie. 

Forbes et Crampton (1942) ont demontre la pre
sence de races genetiques di fferentes chez Lymnaea 
elodes (Say); en effet, les groupes ayant des 
croissances differentes dans le milieu nature! gar
dent ces memes differences lorsque eleves en milieu 
srtificiel controle. 

Les travaux de Vaughn (1953) illustrent bien 
1' effet de la temperature sur la croissance de Lya
naea . stagnalis (Linn.). Neuf cultures comprenant 
chacune 50 specimens mesurant de 6 a .15 mm de lon
gueur au debut des experiences ont ete maintenus 
aux temperatures suivantes: 3,4; 6,9; 11,5; 20,1; 
24,2; 28,1; 32 et 36° C. L'elevage temoin etait a 
temperature de 24,1° C et 1es experiences durerent 
six semaines. Les specimens glaces dans les aqua
riums a la temperature de 32 c et de 36° c sont 
morts apres une .semaine; par contre, ceux exposes 
a des temperatures de l, ordre de 6, 9° c ou mains 
n'ont pas reussi a croitre. A la suite de ses ob
servations, Vaughn (op. cit.) a fixe le zero bio
logique de cette espece au tour de 11° C et que la 
croissance ne peut se faire a temperature inferi
eure. · Ce chiffre est tres pres de celui precise 
par · Belhradek (1935) pour cette espece soit 12° C. 

En substance, en plus de de couvrir les limites 
thermiques dans lesquelles cette espece peut etre 
maintenue (11° Cet32° C) Vaughn (op. cit.) a eta
bli qu'a 24°. C, la croissance est rapide mais, par 
ailleurs, le taux de mortalite est tres eleve. Les . 
limites optima de temperature se situent entre 16° 
C et 20° C. En effet, c'est a ces temperatures que 
1' auteur observe a la fois une croissance relative
ment rapide liee a une survie . Uevee. Les l'esul
tats de Vaughn corroborent 1 'essentiel des obser
vations de Noland et de Carriker (1946) sur la bi
ologie d·e Ly11.naea stagnalis (Linn.). 

Les observations de McCraw (1961) sur la biolo
gie de Lyanaea huailis Say en milieu nature! indi
quent que 1a croissance suit un cycle annuel. Il 
note en effet · un ralent;issement de la croissance 
du mois de decembre au mois de mars, periode pen
dant laquelle la temperature de 1' eau et de 1' air 
est inferieure a 10° c. 

Van der Schalie et Berry (1972) ont etudie les 
effets des variations de la temperature de l' eau 
sur la biologie de deux Gasteropodes de la Camille 
des Lymnaeidae ~oit s~r les especes Lyanaea cata
scopiua Say et, L. stagnalis (Linn.). La croissance 
a ete determinee a des temperatures variant de 6° 
C a 36o C. Les . resultats decoulant de ces travaux 
indiquent que la croissance optimale de ces especes 
se si tue aux temperatures variant de 180 c a 21!'0 c. 
L' augmentation de taille est tres reduite a 28 C 
et plus. ainsi qu. a moins de 12° c. Ces deux es
peces semblent avoir les memes exigences thermi
ques. 
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Physidae 

Dewit (1955), etudiant la longevi te de Physa fon
t ina lis (Linne) dans la region d'Amsterdam, aux 
Pays-Bas, a mesure 1.' influence de la temperature 
de l'eau sur les taux de croissance. 11 a trouve 

· qu'en hiver, lorsque la temperature moyenne est 
generalement inferieure a 6° _C, ces animaux ne re
ussissent pas ~ se nourrir et a se developper. 11 
a etabli une correlation entre la croissance, la 
reproduction et le·s saisons, mais aucune donnees 
precises sur la temperature n'ont ete fournies. 

Une etude comparee (Clampitt, 1970) a ete faite 
sur Physa gyrina Say et , Physa integra (Haldeman) 
dans la region du lac Okoboji, Iowa, pour recon
naitre la distribution locale de chaque espece et 
ses causes. L'auteur mentionne que dans les popu
lations naturelles . de ces deux especes, la crois
sance est plus forte au printemps (d'avril a iuin) 
et est plua faible en hiver. Physa gyrina Say a 
uDe croissance notab1ement plus rapide dans la na
ture qu'au laboratoire et cette espece est d'une 
plus grande taille que Physa integra (Haldeman~. 
les maxima de croissance etant respectivement de 
14 et 6 mm de longueur. 

La grande taille et le taux rapide de croissance 
de Physa gyrina Say necessite un besoin d' oxygene 
atmospherique, ce qui limite cette espece en ete 
aux eaux tres peu profondes, comme les mares. Physa 
integra (Haldeman), plus petite et de croissance 
plus lente a peu besoin d'oxygene atmospherique et 
de ce fait peut se suffi.re des conditions plus sta
bles des lacs par rapport aux mares. Notons aussi 
que cette espece a une periode de reproduction po
tentiellement plus longue et un taux de dispersion 
plus lent. 

En somme, peu de travaux ant ete faits sur la 
crolSsance en fonction de la temperature pour les 
Physidae. Par contre, colilme nous le verrons plus 
loin, on remarquera une grande plasticite de ces 
especes tant par leur mode de reproduction que par 
leur _resistance lorsqu' elles sont exposees a de 
grands ecarts de temperature. 

Planorbidae 

La repartition des Planorbidae est tres repandue 
specialement en Amerique et en Afrique. Certains 
genres tels que Bultnus (Physops is) (en Afrique) 
et Biomphalaria sont respectivement les vecteurs 
de Schistosoma hae111atobiu111 et Schistosoma mansoni 
qui transmettent les bilharzioses. Les variations 
de la temperature de l'eau influencent non seule
ment la croissance de ces Gasteropodes mais, en 
plus, le cycle de ces parasites, ce qui ajoute de 
l' importance aux etudes thermiques (Sturrock, 1965). 

Michelson (1960) a etudie en laboratoire les ef
fets de la temperature sur la croissance de Bio•
phalaria glabrata (Say); il deClare que le mBln
tien de la temperature a 30° C parait ideal pour 
une croissance maximale. 

En effet, a cette temperature, on note une aug-
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mentation de taille de 1' ordre de 7 mm apres 20 
jours. A une temperature de 25° C, la croissance 
est rapide (4 mm en 20 jours) mais inferieure a 
celle observee a 30° C. Les animaux exposes a 35o 
C ont une croissance presque nulle et une tres for
te mortalite. 

Shiff (l964a, b, c) a publie une sene de trois 
travaux sur la biologie duBulinus (Physopsi s ) glo
bosus (Morelet) de Rhodesie: I. L' influence de la 
temperature sur le taux d'accroissement des popu
lations; II. Les facteurs influen,ant la relation 
d'une population naturelle vivant dans un bassin 
provisoire. · Selon Shiff ( 1964b) Ia croissance de 
Bulinus (Physopsis) globosus (Morelet) est anorma
le a 18° c ce qui indique des conditions de t empe
rature defavorable; de plus, la croissance est plus 
lente a 22,5° c et a 27° c et le meilleur taux de 
croissance observe se situe a 25° C. Ces donnees 
se rapprochent de celles publiees par le meme au
teur (Shiff, 1964a) en ce qui a trait a la c r oi s 
sance en milieu nature!. 

Van der Schalie et Berry (1972) · ont etudie la 
croissance de Heliso111a trivolvis (Say), H. anceps 
(Menke) et H. ca•panulatu111 (Say). Leurs resultats 
concernant H. trivolvis (Say) sont assez fragmen
taires puisqu'une mortalite elevee due a la mani
pulation a decime les · specimens en experience; ce
pendant, ils ont trouve que la temperature de 30° 
C est optimale pour une meilleure croissance. Par 
contre, chez H. anceps (Menke) la croissance est 
presque nulle a des temperatures inferieures a 12° 
C; la croissance optimale est observee en t re 22° C 
et 24° C; a 30° C, la croissance enregis t re une d i 
minution tandis que la survie est faible. Cette 
meme etude revele que chez H. campanulatum (Say) la 
temperature optimale de croissance gravite autour 
de 25° C. 

Hydrobiidae 

Pinel-Alloul et Magnin (1971) ont demontre que 
la croissance esti vale de Bi thynia tentacu lata 
(Linn.) est assez rapide chez les indi vidus de la 
generation printaniere: le taux moyen de croissan
ce est de 0,5 mm/semaine. En hiver, la croissance 
des gros indi vidus s. arrete; les petits indi vidus 
semblent par contre poursuivre leur croissance jus
·qu'au printemps mais i un taux ralenti , Lilly 
(1953) fait egalement mention d'une croissance hi 
vernale chez Bithynia tentaculata (Linn.) 

Van der Schalie et Berry (1972) ont ~tudie les 
effets de . 1' augmentation de la temperature de 1' eau 
sur la biologie d'Aanicola l i111osa (Say). Selon 
ces auteurs, la croissance chez cette espece est 
nulle a des temperatures inferieures a 12° C; a 18° 
C, on observe une augmentation de taille de 1,6 mm 
apres 70 jours; cette augmentation est de 2,7 mm a 
24° C apres egalement 70 jours. Par contre, d'au
tres experiences menees par les memes auteurs sur 
la meme espece ont donne des -resultats differents 
particulierement concernant la croissance aux tem- · 
peratures Uevees. Ainsi, a 24° C, . ils ont enre
gistre un accroissement de taille de 1, 3 mm apres 
70 jours, ce qui es~ inferieur a la croissance en-
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P.~Distree a 18 C (2,3 mm);a 30Q C,apres 70 jours, 
ils ont note un accroissement de taille de 3.2 ~. 
A Ia suite de ces travauxm nous crayons que la tea
perature idea1e pour une croissance optimale pour 
cette esphe se situerait entre 18 et 24° ~ envi· 
ron. Pour corroborer cette assertion, noua nous 
appuyons sur les resultats de Pinel-Alloul et Ma
gnin (1973) sur •A111nicola li111osa Say du Lac Saint• 
Louis. En effet, ces auteurs observent une crois
sance optimale durant les mois de 1' ete alou que 
Ia temperature de l'eau se situe entre 18° C et 
24° c. 

No t ons enfin que Scheltema (1967) a etudie la 
croissance des larves veligeres de Nassarius obso 
letus (Say) (opercule marin de la famille des Nas· 
sariidae) a des temperatures de 16, 21, 24,8 et 
29,5° C. Apres 18 jours d'expthiences, i1 a con• 

,c lu que la temperature optimale pour la croissance 
etait aux environs de 2SO C car la- croissance en· 
regis tree a 29,5° c etait legere~~ent inferieure· 
tandis qu'entre les temperatures :de 16 el 21° C, 
e1le etait serieusement inhibee. 

REPRODUCTIOII 

Lymnaeidae 

Les premiers chercheurs qui etudierent les e£
fets de la temp~rature de l'eau sur la ponte et le 
deve loppement des oeufs des Lymnaeidae furent Ba
rach et Cardot (1924). lls ont observ~ pour Lya• 
na ea s tagnalis (Linn.) que la tempP.rature maximale 
est de 29° Cpour les premiers stades du developpe• 
ment ; mais a cette temperature Ia fin du developpe· 
ment s' accomplit avec lenteur et on obtient fina· 
l ement des embryons d' aspect anormal qui ne sortent 
pas de 1' oeuf pour 1' eclosion, 1' optimum etant pl~-
to t de 27 a 280 c. 

Imai (1937) a egalement -etudie !'influence de · la 
temp~rature de l'eau sur la reproduction des Lym• 
naeidae; I1 observe entre autres que 1a maturation 
des gonades et la ponte ohez Lyanaea japonica Jay 
sont etroitement 1iees a 1a temperature. En effet, 
apres avoir plac~ des sp~cimens a des temperatures 
diff~rentes, il observe que la ponte s'effectue ·a· 
pr es 8){ jours pour les specimens aoumis a 28° c, 
12){ jours a 23° c et apres 16 8 17 jours • une tem• 
p~rature de 18° C. De plus, lmai (op. cit.) donne 
la dur~e des divers stages de developpe~~~ent (lea 
pulmon~s sont caractetise~ par les atades trocho· 
phores, veligeres et bien formes) en fonction de 
la temperature pour Lyanaea japon·ica Jay. Le atade . 
trochophore dure de 35. a 40 heures a 380 c, dt! 55 
a 60 heures a 23° c et de 65 • 70 heurea 8 18° c. 
Par ailleurs, le stade veligere dure 65, 95 et 130 
heures aux temperatures precitees. L'etape ·ou 
l ' embryon est bien forme soit. l'ecloai,on aoit a 
survient apres 205 heures a 28° c, 300 a 23° c et 
410 heures a 18° . c. De fa~ con generale, on note 
d' apres le11. chiffres mentionnea par !'auteur qu'une 
diminution de temperature de l'ordre de 10° C dou~ 
ble 1a duree . de !'incubation. · 

Fraser (1946) a etudie la reproduction de Lya· 
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nae a s t~gnalis (LinnJ; il not e qu a une tempirat~
re de 23° C, l'eclosion de s oeufs commence apres 
13 a 15 j ours. Pour sa part, Vaughn (1953) a de
c ouvert que les oeufs de cette meme espece eclosent 
a des temperatures variant e n t re 10° c et 28° c. 
Toutefois, le developpemen t s uit un scheme rei ie 
de pres a 1' augmentation de temperature; elle se 
produit apres 93 jours ala temperature de 11,5° c, 
50 jours a 16,5° c. 25 jours a 20° c et 24° c et 
21 jours a 28° c. 

A des temp~ratures plus el evees, en parti.culier 
a 27,5° c. les masses d'oeufs montrent un develop
peme nt inegal; et lorsque la temperature at.teint 
32° C, le developpement devi e nt. extr~mement inegal 
tandis que t aus les embry ons me ure nt au bout de 10 
jours. Aux temperatures infe r i e ures a 6, 8° C, il 
n'y a pas de developpement d'oeufs. 

Joosse ( 1964) dans une etude effectuee dans la 
region d'Amsterdam, demontre une periodi ~ ite de 
l'ac tivite spermatogen,!tique ch..,zLymna e a sta!(r~alis 
(Linn.). Cette activite serait parallele a celles 
des cellules neurosecretri ces et du ganglion cere
bral. La spermatogenese debuterait en mars pour 
s'accentuer en avril. En mai, les cellules sper
matiques seraient matures; par c ontre, Ia propor
tion de pre-oocyte, oocyte et de pos t -oocyte ne 
montre aucun changement tout au long de 1' annee. ll 
semblerait exister un me c anisme de c ontrole base 
sur la temperature qui determinerait le c yc le re
produc teur et qui serai t fon c ti on du budget ther
mique annuel. D' ail leurs, dan s s on etude sur Lym
naea humilis Say, McCraw (19~ !) confirme le role de 
Ia temperature sur le d~vel oppement des gonades: 
'II n'y a pas d'a ccumulation d~ oeufs avant le de
but du mois d' avril al o r s qu e Ia t empera t ure de 
l'eau est de 13° C.' 

Vander Schalie et Berry . (l97 2) ont etudie !'in 
fluence de la temperature sur la ponte de Lymnaea 
stagnalis (Linn.) et de Lymna e a catascopium Say. 
Ils demontrent que la produc t i on d ' oeufs pour Lym
naea stagnalis (Linn.) es t plus forte lorsque la 
temperature est egale ou lege r ement superieure 8 
22° C. Toutefois, la viabilite de ces oeufs est 
reduite. Les co~ditions op t ima de reproduction 
s'et:.ablissent entre . 19° C et 22° C. En effet, a 
6° C, i1 n'y a pratiquement au c un developpement et 
bien que 1es gonades s~ient visibles, il n'y a pas 
de differenciation sexuelle. A 12° C, les gonades 
sont developpees mais il n'y a pas encore appari
tion d'oeufs ou de sperme. Lorsque 1a temperature 
est maintenue ii 18° C, cette espece approche son 
mei1leur niveau · de reproduction et on peut consta
ter le developpenaent de sperme et d' oeufs. A 24° 
C, les gonades sont actives avec sperme et develop
pement d'oeufs, mais leurdeveloppement est modere. 
A 30° C, les gonades ne sont pas developpees et on 
note 1' absence d' oeufs. Le eye le de Ly/II.Tlaea s ta
gnalis (Linn.) de 1'etat d'oeufs 8 celui d'adulte 
est de 4 rllois. 

Des experiences subsequentes de van der Schalie 
et Berry (op. cit.) sur Lymnaea catascopium Say 
dans des aquariums dont la temperat~re variait en
tre 18 et 28° C par intervalle de 2° C demontrent 
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que ·Ja temperature optimum de r e produ c ti on se si
tue entre 22° et 24° C. A une temperature superi
eure a 26° C, on constate une baisse de Ia produc
tion d'oeufs et par ailleurs, ces oeufs sont moins 
viables. 11 est evident que la reproduction chez 
ces deux especes est relativement semblable, les 
conditions optima n' etant distincles que de quel
ques degres. Ajoutons egalement qu'a tou t e fin 
pratique l'aire de repartition de ces especes es t 
presque identique. 

Dans une etude sur les rythmes endogenes , van de r 
Steen (1970) trouva qt e Ia temperature de l' e au in
fluen~ait Ia production d' oeufs mais non le nombre 
d'oeufs par capsules chez l' e spece Lymnaea stagna
li s (Linn.) De plus, l'effet de Ia temperature 
sur la ponte deL. stagnalis (Linn.) peut e re mo· 
difiee par d'autres facteurs. C'e s t ainsi que van 
Nieuwenhaven et Lever (1946-) obser vent que Ia ponte 
de Lymnaea stagnalis (Linn.) peut etre stimulee par 
!'introduction d'Hydrocharis dans un aquarium. La 
stimulation de la ponte est causee par la consom
mation accrue ' d'oxygene lorsque le Gasteropode en
tre en contact avec les feuilles. 

Physidae 

Selon DeWitt (1954) la reproduction de PhyRa gy
rina Say en milieu nature! e s t reliee a la t empe
rature; elle debute au printemps lorsque l' eau a t 
teint 10° C. La periodi c it.e saisonniere dans la 
ponte disparait cependant en labora t o i re dan s des 
conditions de temperature constante. L' e ffet in
hibiteur des basses temperature s e ta n t e nl e ve, Ia 
ponte se fait lorsque les gonade s sont mature s . 
Chez les individus vivant en milieu na t ur e !, la pe
riode de repr odu c tion dure 25 jour s ta ndi s qu' e n 
laboratoire, elle dure de 86 a 94 jours sel on que 
les specimens sont eleves isolement ou en groupe. 
Soul ignons egalement qu' Agersborg (19 32) a demon
tre que l'espece Phy s a gyrina Say vivant a p r oxi
mite d'un effluent d'eau chaude, pondait de fa ~o n 
continue nonobstant les conditions sa i s onnier es . 

De Witt (l954b) observe en laboratoi r e que Ia pon
te chez Physa gyrina Say es t indui te par un e au g
mentation de la temperature de 1' eau. Le s spec i
mens recueillis en hiver et transportes au labora
toire commencent a pondre a pres avoi r ete exposes 
2 a 3 heures 8 la temperature de la p i e ce. Si les 
specimens sont deposes dans un refrigerateur (4° c 
a 5° C), la ponte est interrompue mais re commence 
des que l' on replace les specimens a une tempera
ture de 20° C 8 23° C. 

DeWitt (1955) a compare Ia ponte de Physa gyrina 
Say de 1a region de Ann Arbor, Michigan, a la pon
te de ce me me Gasteropode d' un etang s i t.ue a 300 
milles (480 km) plus au nord. A Ann Arbor, la pon
te de Physa gyrina Say debute en avril lorsque la 
temperature de l'eau atteint 10° C et a Black River 
Pond, soit 300 milles (480 km) plus au nord, la 
ponte s'effect~e 8 Ia mi - mai lorsque l'eau atteint 
la meme temperature (10° C). 

Cooley et Nelson · (1970) ont trouve par ail leurs 



que chez l'espece Physa heterostropha Say, une tem
perature de 25° C, comparativement a 15° C, augmen
te de fa r;:o n significative la production de ·capsules 
qui contiennent les oeufs par un facteur de 2,04 
et la production d' oeufs par un facteur de 2, 50. 
La temperature elevee n'a aucun effet significatif 
sur la production moyenne d'oeufs par capsules et 
sur le pourcentage d'oeufs eclos. . 

Van der Sc~alie et Berry (1972) ont demontre que 
la temperature de 1 'eau j oue un role tres important 
dans la reproduction · de Physa gyrina Say. La moy
enne d'oeufs pondus par 'des specimens gardes a une 
temperature de 30° C est de 15,4 et de 39,2 chez 
ceux gardes a 14o C; a 34o C, il y a une tres fai
ble production d'oeufs. Il est evident, comme ces 
chiffres le demontrent, que la production d' oeufs 
est meilleure a des temperatures relativement plus 
froides. Comme nous 1 'avons vu precedemment, la 
croissance est favorisee par 1' augmentation de tem
perature, cependant, · la production d' oeufs est a
lors ralentie. D' apres ces auteurs, il est inte
ressant d'observer que Physa gyrina Say peut sere
produire ·sur de plus grands ecarts de temperature. 
A 6° C, . on remarque deja un bon developpement des 
gonades; a 12° C, les gonades contiennent des ovo
cytes et des spermatocytes; a 24° C, les gonades 
sont fonctionnelles et les oeufs sont produits en 
grande quantite; a 300 c, on constate le develop
pement normal des tissus, a 36° C, temperature trop 
elevee. pour la reproduction de 1 'ensembl'e des Gas
teropodes examines, le d1heloppement des gonades de 
Physa gyrina Say est normal mais les effets des 
hautes temperatures se refletent dans la ponte qui 
est tres faible. 

Planorbidae 

Michelson (1961) a etudie la reproduction chez 
Biomphalaria glabrata (Say). Il a expose des spe
cimens dans des aquariums dont la temperature de 
1' eau variait de 5° c a 35° c par intervalles de 
so C. Le temoin etait a 25° C. Il rapporte qu'a 
plus de 30o C, le processus de la reproduction est 
inhibe et qu'a une temperature inferieure a 20° c, 
la reproduction est reduite. A des temperatures 
elevees (+300 C) la glande alburnine s' atrophie et 
des coupes cytologiques des gonades montren t que 
les elements femelles sont peu developpes alors que 
les elements miles paraissent normaux. On ne re
marque aucun · dommage aux tissus gonadiques somati
ques lorsque la temperature est inferieure a 20° c. 
Les specimens reprennent des act i vi tes normales 
lorsqu' ils sont transferes a la temp~rature opti
male de 250 C. 

Jobin (1970) effectua des recherches concernant 
les effets de la temperature sur la reproduction de 
Biomphalaria glabrata (Say) a Porto-Rico. Ces re
sultats montrent que la · te'mperature optimale pour 
cette espece s'echelonne entre 25° C et 28° C et 
que la ponte cesse aux temperatures inferieures a 
20° C et supecieures aux temperatures de 30° C. Vu 
que la temperature des pieces d'eau objet 'des etu
des de Jobin (op. cit.) etait inferieure a 20° c 
durant l'hiver et superieure a 30° c en ete, la 
ponte s'effectue au printemps et a l'automne. 
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Le developpement des gonades ~ hez les especes 
Helisotaa trivolvis (Say), H. anceps (Menke) et H. 
campanulatum (Say) a ete etudie par van der Scha
lie et Berry (1972). Pour !'etude de H. trivolvis 
(Say), ils ont expose un groupe de specimens pen
dant 77 jours a des t.emperatures variant de 20° c 
a 34° c, avec un intervalle de 2° centre elles et 
un autre groupe pour une duree de 51 jours a des 
temperatures de 1' ordre de So C a 30o C, avec un 
intervalle de 6° C entre celles-ci. Dans le pre
mier groupe, les produits somatiques se developpent 
normalement entre 20° C et 240 C. Le developpement 
optimum des gonades et la meilleure production 
d' oeufs sont enregistres a 26° C. Les conditions 
chaudes ont tendance a accelerer le developpement 
des gonades mais la production d'oeufs reste foi
ble. A plus de 320 C, le developpement est anor
mal. Dans la seconde Sfrie d' experiences (6° C ii 
30° C) il n'y a aucun developpement des gonades a 
la temperature de . 6° C et les auteurs observent une 
petite masse de tissu colore et sombre la ou doi 
vent apparaitre les gonades. A une temperature de 
12° C, ils observent une petite differenciation, 
tandis qu'a 18° C, les gonades se developpent fai
blement. Les oeufs et les spermes apparaissent a 
24° C. Dans une eau chaude, 30o C, les gonades 
connaissent un developpement raisonnable mais il 
n'y a aucun depot d'oeufs. 

L' etude de He l isoma anceps (Menke) demontre que 
la production d' oeufs debute a 18° c pour atteindre 
son maximum a 246 c. LtHBqua l"s speC'liiiBnli sont 
main~enus a 30o C, les gonades sont anormales et 
aucun oeuf viable n' est produit. Les etudes sur 
Helisoma catapanulatum (Say) montrent que la tempe. 
rature de l'eau agit .de la meme far;:on que chez He
lisoma anceps (Menke) c'est-a-dire que la tempera
t ure optimale pour la reproduction se situe autour 
de 25° C. 

Hydrobiidae 

Pinel-Alloul etMangin (1971) ont demontre que la 
ponte de Bi thynia tentaculata (Linn.) dulac Saint• 
Louis, au Quebec, s'effectuait en juin et en juil
let ainsi · qu'en octobre et ndvembre mais de far;:on 
beaucoup moins importante dans ce dernier cas. L'e
closion massive des oeufs a lieu en juillet et en 
aout c'est-a-dire dans la p!hiode la plus chaude 
(19° C- 23° C). 

Selon van der Schalie et Berry (1972), la tempe
rature joue un role important dans le developpement 
des gonades d'Amnicola limosa (Say). Pour mettre 
en evidence ce fait, ils ant entrepris des etudes 
sur des specimens places dans des aquariums main te
nus a 6o C, 18° C et 24o C pendant 84 jours. A 6° 
C, ils ne notent aucun developpement important des 
gonades; a 18° c. les gonades sont rendues pres
qu's maturite tandis qu'i 24° C, il y a production 
d'oeufs et de spermes. Comme nous l'avons vu dans 
les etudes de crois.sance, 1 'Aanicola l i111osa (Say) 
semble tout a fait sensible a l'eau chaude, i tel 
point que ses temperatures optimales pour la ponte 
seraient de l'ordre de 18° C i 24° C. 

Selon Pinel-Alloul et Magnin (1973) . qui ont tra-
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vaille dans les eaux du lac Saint-Louis, au Quebec, 
la ponte chez A11micola liaosa {Say) avait lieu 
lorsque l'eau avait une temperature variant entre 
19° C et 23° C ce qui correspond aux temperatures 
enregistrees en juillet, aout et septembre dans 
cette region. 

L'opercule marin, Nassarius obsoletus {Say) dela 
famille des Nassariidae a ete !'objet d'etudes en
treprises par Scheltema (.1967). Les resultats de 
ces travaux ont de111ontre la relation existant entre 
le developpement des embryons et la temperature de 
l'eau . Le temps requis entre la ponte et !'appari
tion de la larve ·veligete s'accroit de 0,25 jour 
pour une diminution de 1° C entre les tempera~ures 
de 28 et 20° C. Entre 20 et 16,5° C, la' periode 
d'incubation s'accroit de 2 jours pour une diminu
tion de 1° C. Ala temperature de 11,5° C, led~
veloppement est incomplet ·et il n'y a aucune eclo
sion meme apres · 9 semaines; toutefois une bonne 
proportion de ces embryons survivent et se deve
loppent normalement jusqu, a 1' eclosion si on les 
ramene a la temperature de 22° C. Apres 13 jours 
d'incubation, 99% des oeufs maintenus a 28~C . eclo
sent comparativement a 93% maintenus a 19,5° C. A 
des temperatures plus basses, la periode d'incuba
tion est grandement augmentee; c'est ainsi que seu
lement 55% des oeufs eclosent apres 16 jours lors
qu'ils sont maintenus a 16,5° c et aucune eclosion 
n'a lieu chez les specimens gardes a la temperature 
de 11,5° C. 

HORTAL.ITE 

Les elevat i ons anormale s de la temperature de 
l'eau peuvent occasionner trois types de reactions 
chez les Gasteropodes: elles peuvent inhiber le de
veloppement des oeufs, influencer la croissance et 
causer des dereglements metaboliques entrainant 
ainsi la mort des i ndividus. 

Notons aussi que la temperature joue un role pri
mordial dans la repartition des diverses especes 
de Gasteropodes. Toute modification dans le regim~ 
de temperature, qu'elle soit brusque ou a long ter
me, peut provoquer la disparition de certaines ea
peces. A titre d'exemple, ~entionnons que Lyanaea 
auricularia Linne i mporte d'Eurape et autrefois a
bondant dans les eaux du lac iri' a aujourd'hui 
disparu suite aux variations a long terme de le 
temperature. Les variations a long terme peuvent 
aussi provoquer des changements dans l'aire de rE
partition d'une espece; c'est ainsi que Lyanaea 
stagnalis {Linn.) ne vit plus dans les lacs au sud 
du Michigan, mais on le re t rouve a 150 mille~ plus 
au nord. Sa disparition est proba.blement due a la 
temperature legerement plus elevEe des lacs pendant 
les dernieres decenn i es; cette difference de tem
perature etant suffisante pour causer des problemes 
critiques de reproduction. · 

Lymnaeidae 

Vaughn (1953 ) a montre l'effet de la tempErature 
sur la mortal i te des oeufs de Lyanaea stagna lis 
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{Linn . ) Les oeufs eclosent a des temperatures va
riant generalement entre 10° C et 28° C. A 28° C, 
il observe un developpement inegal et une mor t ali
te elevee chez les embryons. Les embryons soumis 
a une temperature de 320 c meurent au bout de 10 
jours. L'auteur mentionne que la viabilite des em
bryans qui se developpent a 24° c est plus faible 
comparativement a ceux maintenus a des temperatures 
de 15,70 C et 20,1° C. 

Soulignons qu'une etude su·r le terrain faite par 
McNeil {1963) dans le but d'evaluer la survie pen
dant l'hiver de Ly,maea elodes (Say) dans les ca
naux d'irrigation du Bassin du Columbia (Etat de 
Washington) reve!e que la survie d'une population 
exposEe a l'air libre, aux rigueurs de l'hiver en
tre la fin du mois d'octobre et la fin du mois de 
mars est de 25%. 11 a rapporte ,egalement que les 
specimens de grande taille survivent mieux que les 
petits. 

Recemment, Foster (1971) signalait que l'espece 
Lymnaea buli111oides {Lea) hate de Fasciola hepatica 
peut vivre pendant plus de 3 mois avec ou sans nour
riture dans une eau dont la temperature est d'envi
ron 5° C. En fait, Foster {1971) c onfirme l es re
sultats de Boray (1964) qui a etudie Lymnaea tomen
tosa egalement hate de Fasciola hepati ca et qui 
mentionne que la temperature optimale pour cette 
espece est de 26° C. Les individus peuvent sur
vi vre 6 semai nes dans 1' eau a une t emperature de 
36° c, et resten en vie pendant 3 mois a de s tem
peratures variant de 2° c a 5° c. 

Des etudes de .van der Schalie et Berry (19 72) 
montrent que Lyanaea stagnalis (Linn .) ne supporte 
pas les temperatutes chaudes et qu' il meurt rapide
ment si on le place dans une eau de 30° C. 11 est 
evident que Ly111naea stagnalis {Linn.) ne supporte 
pas un climat chaud et que sa repartition dans le 
nord · du Michigan est probablement conditionnee par 
les vagues annuelles de chaleur dans cette region. 

Les resultats decoulant de leur re cherche demon
trent qu'aux temperatures de 26° c et de 28° c le 
taux de mortalite chez les adultes est d' environ 
50%. La temperature optimale pour !'initiation de 
la ponte est de 24° C, mais il semble que la tem 
p~rature de 26° c s' avere la meilleure pour la sur
vie des embryons qui est alors de 100%. Van der 
Schalie et Berry (op. cit.) ont egalement etudie 
1' effet des variations de la temperature sur Lym
naea catascopiua Say. Des jeunes specimens {d'une 
longueur . de 2 mm environ) furent places dans des 
bassins dont les temperatures etaient de 6° c. 22° 
c et 30° c. L'age de ces animaux variait de 4 a 14 
jours au debut de !'experience. La survie dans les 
bassins ayant des temperatures de 6° C et 30° C est 
faible puisque seulement la moitie des animaux sur
vit apres 3 semaines. 

Bien que les travaux de van der Schalie et Berry 
{1972) indiquent que Lyanaea catascopium Say soit 
plus tolerant aux hautes temperatures que Lymnaea 
stagnalis {Linn.), il n'en reste pas · •eans que 
Clar.k ( 1973) donne pour ces especes des aires de 
repartition identiques. 
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Physidae 

La fami l l e des Physidae cons t itue un groupe par
mi les plus communs et il est repandu dans tous les 
grands cours d'eau dulcicole. 11 est toutefois 
difficile de trouver des renseignements quant a la 
tolerance des specimens de cette · famille aux ex
tremes thermiques auxquels ils sont soumis dans la 
nature. Les Physidae abondent egalement dans les 
eaux polluees; c'est ainsiqueWurtz (1949) declare 
que Physa .he terostropha Say constitue 1' espece la 
plus resistante qui ait jamais ete trouvee. Tra
vaillant avec la meme espece, Cairn et Scheier 
(1952) ont declare que la toxicite des acides nap 
teniques augmente sous l'effet d'une elevation de 
temperature. Dans le meme ordre d' idees, Cooley 
et Nelson (1970) ont demontre que la temperature 
joue un role important dans les reactions physio
logiques impliquant les effets de 1' irradiation 
chronique sur la population de Physa heterostropha 
Say. Ils ont note .. cependant qu' a moins de 25° C, 
la temperature n' avait aucun effet act if chez l e s 
specimens gardes en laboratoire. 

A cause de leur capacite a supporter de grands 
ecarts de temperature, les Physidae occupent une 
place unique parmi les Gasteropodes etudies. Precht 
(1958) resume divers concepts relatifs a · l'adapta
tion des poikilothermes et groupe le phenomene en 
deux categories: 1) 'Capacity adaptation' dans l e 
quel 1' adaptation se fait dans les limites normales 
de temperature et 2) 'Resistance adaptation' qui · 
concerne !'adaptation aux temperatures extremes. 
11 note que les deux categories d'adaptation ne 
sont pas toujours liees int r ins equeme nt et que l e 
second type est apparemment plus commun que l e pr e
mier. Selon Beames et Lindeborg(l967) Phys a ana
tina Lea possederait les deux types d 'adap tation 
ce qui lui permettrait durant l'ete de subir ave c 
succes des temperatures variant de 26° c a 40° c 
dans la region des source!! the r males de Montezuma 
au Nouveau Mexique. Les auteurs ont en effet de
montre que Physa ana tina Lea vivan t dans la r i viere 
a une temperature de 26° C durant l'e t e a une con
sommatipn d'oxygene superieure lorsqu'elle est gar
dee a 35° c comparativement aux specimens qui se 
trouvaient en permanence ii cette tempera t ure dans 
les effluents des sources thermales . Beames et 
Lindeborg (op ~ cit.) concluen t que Physa anatina 
Lea effectue une adaptation metabol i que se reliant 
a ·la 'capacity adaptation' de Precht (1958) pour 
s' adapter ii des changements du mi 1 ieu . Les travaux 
des memes auteurs sur les temperature s letales de
montrent que Physa anatina Lea provenant de la r i 
viere ii un taux de survie de 60% lorsque exposee a 
une temperature de 41° C pendant une he ure. Des 
mesures similaires chez les spec i mens provenant de s 
effluents des sources thermales on t une s urvie de 
66% si exposes pendant une heure a une temperature 
de 43 C. Ces resul tats demontren t que Physa a
nat ina Lea peut developper une resistance ii 1' eleva 
tion de la temperature; end' autres mots, cette es
pece possede egalement la 'res i stance adaptation' 
de Precht (1958). 

Notons par ailleurs que les Phys idae ne se retrou
vent pas seulement dans les milieux ii temperatures 
elevees mais egalement a de basses temperatures. 
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C' est ainsi que Ap lexa hypnorwn (Linn.) a une re
partition circumpolaire et vit dans des climats ex
tremement rigoureux. Les travaux de Hertog (1963) 
sur cette espece n'indiquent les effets de la te~
perature de l'eau qu'en terme de saisons. Cepen
dant, Ylasbom (1971) affirme que la temperature op
timale pour cette espece varie entre 10° C et 17° 
C. -De plus, les temperatures estivales exception
nellement chaudes et persistantes occasionnent de 
fortes mortalites chez les jeunes individus de Phy-. 
sa fontinalis (Linn.); en effet, Hunter (1961) 
constate qu' ii la suite de fortes canicules, les 
jeunes ne constituent que 4,5% de !a population to

' tale a la fin de l'ete. 

Clampitt (1970) a etudie la resistance ii la cha
leur de Physa gyrina Say et de Physa integra (Hal
deman), deux especes ameticaines, communes et tres 
repandues. 11 a d. abord acclimate ces deux espe
ces a la temperature de 23° C - 25° C. · Dans une 
premiere serie d'experiences, il les soumit ii une 
temperature de 40° C et dans une seconde serie d' ex
periences, il les pla a a 35° C. Ce dernier obser
ve a la suite de ces deux series d experiences que 
Physa gyrina Say supporte mieux et plus longtemps 
les hautes temperatures que Physa ·integra (lfalde
man). A 40° C, le taux de mortalite de 50% (L.D. 
50) se situe entre 7 et 16 heures d'expositiQn chez 
la premiere espece tandis qu' il se situe entre 5 
et 10 heures chez la seconde espece. En conside
rant les resul tats de chaque experience comme un 
seul ensemble, la difference entre les deux especes 
est · statistiquement significative (P<. .01). A 35° 
C, les deux especes ont survecu plus long temps qu' ii 
40° C; le taux de mortalite de 50% a ete atteint 
e ntre 11 et 13 jours chezPhysa gyrina Say et entre 
5, 7 et 8,7 jours chez Physa integra (Haldeman). La 
e ncore, la difference entre les deux espec.es est 
s tatistiquement significative (P<.OOS). Clampitt 
( op. cit.) conclut que la difference de tolerance 
'a la chaleur chez les deux especes peut expliquer 
la presence de Physa gyrina Say dans les etangs et 
! 'absence de Physa integra (Haldeman) dans de tels 
habitats. 

Planorbidae 

Des etudes en laboratoire de Michelson (1961) ont 
demontre que l'espece Biomphalaria glabrata (Say) 
ne peut pas resister ii des temperatures superieures 
ii 35° C pendant plus de 15 jours. D' autre part, 
Shiff (1964c) dont les travaux etaient axes sur 
!'influence de la temperature de l'eau sur les mi
grations verticales de Bulinus globosus (Morelet) 
a de~ontre que ce Gasteropode cherche ii eviter des 
t emperatures superieures a 25° c. 

Sturrock (1966) a etudie l' influence de la tern-
. perature sur le Biomphalaria pfeifferi (Krauss), 

1' bote intermedi a ire du Schistosoma manson i en A
f rique. 11 soutient que la temperature constitue 
un facteur determinant dans la repartition geogra
phique de cette espece. 11 insiste sur le role que 
jou.e la temperature en disant: 'Dans les regions 
ou l. on s. at tend a trouver des temperatures exce
dant 28° C ii 30° Cpendant plusieurs mois de suite, 
comme sur la plaine cotiere de Tanzanie, il ·est 
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inYraisemblable qu'un habitat nature! soit un jour 
colonise avec succes par le Bioaphalaria pfeifferi 
(Krauss); il est done raisonnable d' assumer que les 
hautes temperatures ont ete, e t resteront, une bar 
riere majeure ala colonisation de tels habitats.' 
11 estime que la temperature optimale -est de 25° C; 
la survie est bonne a 19° c mais elle s'avere dif
ficile a 30° C. La plus haute temperature toleree 
est 32° C, bien que 1' auteur doute que cet te es
pece puisse survivre longtemps a des temperatures 
superieures a 28° c dans des conditions naturelles. 

Che r nin (1967) a etudie les reactions de BiomphaT 
Zaria glabrata (Say), de Bulinus truncatus (Audou
in) etde Lymnaea elodes (Say) soumis a un gradient 
thermique en eau peu profonde . Ses resultats men
trent que Biomphalaria glabrata (Say) evite les 
temperatures extremes pour se chercher des zones 
dont la temperature avoisine 27 C a 32 C; done, 
Bioaphalaria glabrata (Say) prefere les milieux re
lativement chauds. L'espece Lymnaea elodes (Say) 
a tendance a se regrouper dans la portion relati
vement tiede du gradient, tandis que Bulinus trun
catus (Audouin) se repartit uniformement sur tout 
le gradient. L' ensemble ·des resul tats de Chernin 
contribue a une meilleure comprehension de quelques 
unes des influences determinant la localisation de 
la discontinuite des colon i es naturelles des Gas
teropodes. 

Van der Schalie et Berry (1972) ont etudie le 
stress thermique (sana acclimation) sur les especes 
Helisoma trivol v is (Say)etHelisoma anceps (Menke). 
C'es t ainsi que des specimens de l'espece Hel i soma 
trivolvis (Say) furent subi t ement transferes de 
bassins . a temperature de 25° c a des temperatures 
de 6° C, 120 C et 300 C. Apres 14 jours, l a mor
talit~ atteint.e est de 100% pour les indiv i du s sou
mis a des temperatures de 6° C et de 30° C et de 
90% pour deux places a 12° C. Helisoaa . anceps 
(Menke) de•ontre que cette es pece supporte mieux 
les eaux chaudes que les eaux froides. Les speci
mens d'Heliso•a anceps {Menke) vivant dans des bas 
sins a la temperature de la piece (approximative
ment 24° C) ont ete retires e t places brusquement 
dans des aquariums :aux temperatures de 6° C, 12° C, 
22° C et 30° C. Aux temperatures les plus basses 
(6° C et 12° C)· la survie es t faible. Dans 1' aqua
rium a 22° C, la survie est bonne et, a 30° C, la 
survie s.' avere diffi c ile. Les resultats de ces ex
periences font dire a van der Schalie et Berry que 
H. anceps (Menke) aupporte mieux les eaux chaudes 
que H. trivolvis (Say). 

Hydrobiidae 

De toutes les especes du genre A111nicola du Nou
veau Monde, Amnicola limosa (Say) e_st la plus re
pandue; il forme de plus grandes colonies que les 
autres especea du meme genre . . Sa repartition cou
vre 1a region· des Grands Lacs. Ses limites gene
rales Est-Ouest s' etendent de 1' Atlantique a l'Utah 
et ses limites Nord-Sud du Labrador a la Floride. 
L'Aanicola v1t dans des habi tats .differents comme 
lea ruisseaux, lea rivieres et la plupart des lacs. 
Les donnees obtenues a partir des experiences de 
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van der Schalie et Berry (1972) montrent que cette 
espece survit mieux dans l'eau froide, 7° c a 24° 
c, et qu'elle n'arrive pas a supporter les tempe
ratures chaudes (30° C et plus). Les resultats 
fragmentaires de leurs etudes montrent que la sur
vie d'Anmicola limosa (Say) en aquarium varie de 
40 a 25% . apres 80 jours pour des temperatures de 
6° C a 18° C. Toutefois, a des temperatures de 24o 
C, 30° C et 36° C, la mortalite atteint 100% apres 
80 jours . Cependant, d'apres les auteurs, les don
nees recueillies ne refletent pas la realite vu les 
grandes diff.icu-ltes a garder cette espece en ele 
vage. 

PARASITISM£ 

La facilite d'effectuer des travaux sur les ef
fets de la temperature tant sur le terrain qu'en 
laboratoire a incite plusieurs chercheurs a etudier 
1' influence de la temperature sur les cycles vi
taux des schistosomes et de leurs hates. En resume, 
il a ete demontre que la temperature peut influen
cer: 1) la capacite d'infection des miracidies; 2) 
le developpement des larves schistosomes; 3) !'evo
lution des cerca.ires; et 4) la transmission des pa
rasites aux autres organismes (Gordon et al., 1934; 
Standen, 1952; DeWitt, 1955; Stirewalt, 1954). 

La temp~ratur.e influence aussi 1' efficaci te des 
pesticides utilises pour le controle des mollusques 
(Hoffman et Zakhary, 1951; Kuntz et Wells, 1951; 
Kuntz, 1957). Les etudes sur les effets de la t em
perature sur les hotes, les Gastthopodes, ont ete 
faites generalement pour: 1) etablir les s eui l s 
thermiques maxima et minima; 2) pour tenter de re
lier la repartition des Gasteropodes en fonction 
de -la temperature de -l'eau et 3) pour observer la 
viabilite des. oeufs a differents gradients thermi
ques (Gordon et al., 1934; Brumpt, 1941; Zakaria, 
1955; W.H.O., 1957; Gaud, 1958; Perlowagora-Szum 
lewicz, 1958) . 

11 est prouve que· les .infections par les trema 
todes sont · souvent reglees par les temperatures aux
quelles sont soumis leurs. hotes, les mollusques . 
Ce facteur controle directement quelques unes des 
maladies ·humaines graves telles que 1• infection par 
le Schistosoma denaatitis et la schistosomiase . 
L'apport thermique originaire des centrales nucle
aires pourrait favoriser le developpement des pa
rasites infectieux pour les animaux et les humains 
et dont .certains Gasteropodes sont les vecteurs. 
Nous avons done voulu faire une breve revision des 
travaux concernant leseffets de la temp~rature sur 
le cycle de ces parasites . 

Dans des etudes sur le Schistosoaa dermatitis 
(r.esponsable de la dermite du nageur qui se carac
terise par des demangeaisons), faites dans le nord 
du Michigan, Cort, McMullen, Oliver et Brackett 
(1940) ont relie aussi bien le developpement de 
1' hate Lymnaea emarginata angu lata Sower by ,et celui 
du cercaire aux conditions saisonnieres. 11s ne 
donnent pas lea temperatures, mais il · est evident 
d' apres ·leurs observations, que les hautes tempe-
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ratures dans la reglon jouent un role important. 
Ils ont declare: 'Nos notes demontrent que les sym
ptomes d'infection par Schistosoaa dermatitis com
mencent a apparaitre tard au mois de juin, et que 
les maxima se produisent generalement au debut du 
mois de juillet, specialement durant et apr·es les 
canicules. Done, le cycle des parasites trematodes 
est etroitement lie au · changement saisonnier de 
temperature. ' 

Quelques etudes ont ete fai tes pour determiner 
l'effet de la temperature sur le cycle des parasi
tes dont certains Planorbidae sont les vecteurs. 
Standen (1952) travailla sur une variete egyptien
ne de Schistosoma aansoni et son h.ote Biomphalaria 
glabrata (Say). 11 observe que la temperature op
timale necessaire au developpement adequat du pa
rasite (sporocyste) varie entre 26° C et 28° C. 
Stirewalt (1954) etudia une variete portoricaine du 
meme parasite. Quelques unes de ses cmclusions 
sont importantes en ce sens qu' elles indiquent 
clairement le degre de. tolerance du Biompha lar ia 
glabrata (Say) aux temperatures relativement chau
des. Ses resultats peuvent se resumer tres succinc
tement par cette declaration: 'A des temperatures 
de 23° c a 25° c, 28% des specimens exposes deve
loppent des infection$, 32% survivent. Lorsque l a 
temperature est elevee au point d' atteindre 31° C 
a 33° c, le taux de mortalite augmente mais, des 
indi vidus qui survi vent, 52% developpent des infec 
tions. A des temperatures de 33° C a 35° C, le 
taux de· mortalite est restreint, eta des . tempera
tures de l'ordre de 360 c a 38° c. taus les spec i 
mens meurent au bout de trois jours , ' Pour ex pl i 
quer !'interaction parasite, .hate et temperatu r e , 
Stirewalt (op. cit.) propose !'hypothese qu 'une 
temperature basse retarde le metabolisme du par q
site et aussi celui de son hate. La croissance e t 
la di~ision cellulaire des schistosomes peut alors 
devenir si restreintes que: 1) l' infection est ou 
bien completement supprimee, ou encore tres faibl ~ ; 
2) le developpement des schistosomes de l' eta t de 
miracidie a celui de . cercaire est retarde, ceci • 
tant le resultat de la longue periode prtHa ten e 
decrite; 3) enfin, la duree de ces infections q ~ i 
vont s'aggravant est limitee du au fait que l e s 
cercaires se developpent dans les sporocystes r e 
tardes, jusqua ce que ces derniers soient epuises , 
terminant ainsi plusieurs de ces infections. On 
est porte a penser que les cercaires qui eljlergen t 
de ces sporocystes n'ont peut-etre pas atteint to lJ 
te leur maturi te dans leur developpt·ment sensor ie l , 
musculaire ou enzymatique. 

MIGRATION 

11 est bien connu que la plupart des formes an i 
males executent des deplacements pe ri odiques. Ce s 
deplacements ou migrations sont influences par dFs 
facteurs physico-chimiques du milieu qui agissent 
directement ou indirectement sur les processus ph ·
siologiques de l'organisme. Les Gasteropodes mol 
trent ce type de comportement. 

Les effets de la temperature. de 1' e au sur les mi 
grations de ces animaux ont ete dec r ites par Che . -
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tum (1934). 11 observa que lorsque la temperature 
de 1'eau decroitde21o C a 10o C, les Gasteropodes 
des genres Lymnaea (L. catascopium Say, L. stagna
lis Linn. et L. elodes (Say)), Helisoma (H. tri
volvis (Say), H. campanulatum (Say) et H. anceps 
(Menke)) et ' Physa (P. parkeri Currier, P. sayii 
Tapp. et P. gyrina (Say)) migrent des zones super
ficielles aux zones profondes. Un changement de 
temperature inverse, c'est-a-dire un accroissement 
de 10° a 21° c s'accompagne d'une migration des zo
nes profondes vers les zones de surface. Ces mi
grations s'effectuent suivant unmodide saisonnier; 
a l'automne, on observeunemigration vers les eaux 
profondes ou 1es individus hivernent et, avec le 
rechauffement de l'eau a la fin du printemps et au 
debut de l'ete, les Gasteropodes se deplacent vers 
1e rivage. Ajoutons egalement que la declivite du 
fond jque un role sur la vitesse des migrations. 
Les indi v,idus habitant des zones abruptes migrent 
plus tot a 1'automne et reviennent plus rapidement 
au printemps que les individus habitant des fonds 
a pentes plus douces. Ceci est du apparemment a la 
plus courte distance a parcourir vers ou hors des 
zones profondes dan~ le cas des pentes abruptes. 

Hutchinson (1947) a etudie 1' activite du proso
branche Viviparus malleatus (Reeve) en fonction de 
la temperature. Plusieurs experiences 9nt ete ef
fectuees a des temperatures s. echelonnant entre 
12,5 et 37,5° C; 1' intensi te lumineuse dans tous 
les cas etait de 10 pieds-chandelle. Les resultats 
indiquent que les specimens sont inactifs aux tem
peratures inferieures a 12,5° c. 11 se manifeste 
une augmentation de l'activite lorsque la tempera
ture s'accroit jusqu'a 17,5° C; les activites de
me urent stables entre 17,5° C et 27,5° C. A partir 
de 27° C, 1' acti vi te diminue pour cesser totalement 
·a 35,5° C, temperature letale pour cette espece. 

Selon Cleland (1954) les migrations de Valvata 
p u cinalis (Miiller), qu'on trouve en Europe, sont 
conditionnees par la presence de deux facteurs: le 
de gre de maturite des gonades et les conditions 
climatiques des saisons. 

CONCLUSION 

En general, la temperature affecte la croissance 
de s embryons de la fa~tOD suivante: aux hautes tem
pe ratures, l'eclosionsefait plus rapidement mais, 
pa r contre, la taille a la naissance est inferieure 
aux tailles qu'ont les specimens incubes aux basses 
t empera tures. Cependant, il faut noter que la . du
r c e d'incubation aux basses temperatures est beau
coup plus longue. Le taux de croissance des embry
ons aux hautes temperatures est plus eleve qu' aux 
basses temperatures; cependant, la croissance to
t a le a de basses temperatures est plus grande. 

Si on compare les temperatures optimales pour les 
di ff~rerltes families etudiees, on s'aper~toit que 
l e s Lymnaeidae et les Hydrobiidae preferent les eaux 
p l us froidea. En effet, les auteurs consultes rap
por tent que •la croissance optimale pour certaines . 
es peCeS incluSeS dans CeS familles S I effectue a deS 
t emperatures variant entre 18° C et 24° C. Par con-
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tre, la famille des Planorbidae demontre des exigen• 
ces thermiques plus elevees pour leur croissance. 
C' est ainsi que les especes du genre He l isoaa ont 
une croissance optimale . entre 22° C et 24° C; le 
genre Bulinus aux environs de 27° C et le genre Bi 
omphalaria a 30° c. 

L'effet de la temperature sur la croissance peut 
varier SUlVant l'ige des individus • . Les etudes de 
Gillespie (1969), DeWitt (1954a) et Tsikhon-'Luka
nina (1963) ont demontre que 1& croissance des mol
lusques suit une courbe sigmoi:de alors que 1' aug
mentation de taille diminue avec 1' ige de 1' animal. 

lmai {1937) mentionne qu'en general une diminu
tion de 1' ordre de 10° C double la duree die 1• iacu• 
bation. Cette assertion est partielleatent vraie. 
En 'effet, chez les · Lymnaeidae, la duree d' incuba
tion a 16° ' C est deux fois plus longue qu'a 24° c. 
tandis ~u'a 11° C elle est quatre fois plus . longue 
qu'a 20 C (Vaughn 1953). Ceci est egalement cor- · 
robore par les trnaux de Schel tema (1967) sur. Nas
sarius obsoletus (Say), opercule marin . En effet, 
il observe qu'entre les temperatures de 28° C et 
de 20° C la duree de !'incubation augmente de 0,25 
jour par diminution de 1° C tandis qu'entre les 
temperatures de 20° C et 16,5° C une diminution de 
1° C accroit la duree de !'incubation de 2 jours. 

Aux basses temperatures il y a latence des go
nades et aux hautes temperatures, il y a degeneres
cence des . produits sexuels. Ainsi de fa~on gene
rale, on ne remarque aucun developpement d' oeufs 
che·z les Lymnaeidae aux temperatures inferieures a 
12° C. Par contre, les gonades des Physidae se. de
veloppent a des temperatu r es plus froides e t c'est 
ainsi qu. on observe un deve loppement d. oeufs a pa r 
tir de 4° C et la ponte c!ebute a 10° C. Chez les 
Planorbidae, le developpemen ~ d'oeufs debut~ ~ 18° 
C et aucune po.nte .ne ae fait avant que la tempera
ture n' ait .atteint 20° C. O!ez ' les Hydrobiidae, 
la latence des gonades est observee entre . 6° C et 
18° C. Cependant, chez les Nassariidae le develop• 
pement des produ i ts sexuels debute lorsque la tem
perature atteint 11,5° C. 

Les hautes temperatures par contre inhibent le 
developpement normal des gonades, engendrent de11 
desordres physiologiques au niveau de la reproduc
tion et diminuent la visbilite des oeufs. Chez lea 
divers groupes etudies, les temperatures de dese
quilibre se situent generalement a partir de 26° c 
pour les Lymnaeidae .et de 30° C pour les Planorbi
dae . Chez les Physidae, · la quantite d'oeufs pondus 
COIII!Ience a diminuer lorsque !a temperature de 1' eau 
atteint 30o C et devient nulle a 34° C; Notons 
illlllediatement les grands ecarts de temperature que 
1' on observe chez lea especes de cette famille. Lea 
temperatures optima lea de la ponte sont generalemerit 
quasi identiques chez les Lymnaeidae et lea Hydro
biidae etudies; . elles se situe.nt entre 18° c et 
·24° C. Par ailleurs, lea. Planorbidae preferent d~a 
temperatures plus elevees, les optima -etant de 25° 
c a 28° c. 

Precht (1967) a demontre que la photoperiode et 
lea hautea intensites lumineuses peuvent modifier 
!'influence de 1' temperature sur la ponte. En ef-
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fet, chez Planorbis corneus (MUller) la ponte est 
hitee apres la saison froide soit au printemps oil 
les journees sont plus longues (photoperiode ac
crue) et ou la luminosite est variable. Toutefois, 
cette influence disparait graduellement avec l'a
vancement de la saison. L'auteur remarque !'absen
ce de cette influence due a la photoperiode chez 
Lyanaea stagnalis Linn. et Lyanaea elodes (Say). 

L'effet des temperatures sur la survie des orga
nismes depend du type de variation. Nous pouvons 
avoir d'une part des variatiOJIS faibles mais a long 
terme qui peuvent soit agrandir ou diminuer l'aire 
de repartition et d'autre part, nous avons des va
riations a court . terme qui peuvent entrainer la 
mort, dans de brefs delais. A quelques exceptions 
pres, les effets a long terme de faibles variations 
de temperature n'ont pas ete etudies. Par contre, 
quelques travaux met tent bien en evidence les ef
fets des changements brusques de temperature. Les 
hautes temperatures letales sur·viennent general,e 
ment lorsque la temperature excede 30° c et ce, 
pour les. specimens etudies appartenant aux . fami lles 
Lymnaeidae, Planorbi.dae et Hydrobiidae. Pour leur 
part, les Physidae sont caracterises par une bonne 
adaptation aux hautes temperatures. 

C'est ainsi qu'on re.trouve Physa fontinali s 
(Linne) dans des sources thermales dont la tempera 
iure de l'eau est superieure a 40° C. MSme les in
dividus qui vi vent en eau plus froide peuvent s ubir 
avec un taux de survie de 50%, 10 j ours d' expos i
tion a. 40° C; toutefois,. leur consommation en ·oxy
gene . est plus· elevee que les individus qui vi vent 
dans les sources thermales. · 

Les temperatures letales m1n1ma ont ete peu etu
diees. Si, d'une •part, une diminution brusque de 
temperature, comme. par exemple le passage de 25° C 
a 6° c, occas ionne ' une mortal i te de . 100% chez les 
Planorbidae, 6nretrouve quand mame des especes ap
partenant a cette famille dans nos regioQs, l 'hi
ver, dans des eaux dont la temperature est pres du 
point de congelation. Par contre, le taux de mor
t .alite naturelle durant la saison froide est in -

·connu. Chez les Lymnaeidae, on observe un taux de 
mortalite de . l'ordre de 25% durant l'hiver (2° C-
5° C); il est curieux de -noter que les petits in
dividus ont une mortalite superieure aux individus 
de grandes tailles. 

On peut conclure, a partir des donnees et des re
sult·ats exposes precede11111ent que les effets d'un 
apport thermique sont similaires sous plusieurs as
pects aux effets resultant de la pollution chimi
que. En effet, une legere augatentation de la tem
perature 'de l'eau n' a p'as d'effet nefaste et par
lois peut etre meme henefiquej par ailleurs, une 
charge moderee pour.ra e~re responsable de la dis
parition. de formes aensibles uns toutefois detru
ire· completement la dynamique des biocenoses, tan
dis qu'un apport important detruira quasi toute 
forme de vie .sauf les organismes excep·tionnellement 
'toUrants et, par consequent, inhibera ainsi 1 'e-
quilibre ec~l~gique. . . 

Lea connaissances · acquiaea ne nous permettent 
pas encore de cerner lea effets complets de 1' aug-



mentation de la , tempe rature sur toute la biocenose 
d' une piece d'eau. Toutefois, nous croyons ~ue 
dans notre region, !'apport thermique 0r1g1na1re 
des centrales nucleaires ne d~vrait jamais contri
buer a elever la temperature normale du fleuve 
Saint-Laurent a plus .de 28° C. sinon il y aurait de 
serieuses · repercussions sur les Gasteropodes pre
sents dans ce secteur. 
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THE LAND SNAILS OF NEW YORK STATE 
PREL1MINARY .REPORT 

K-HANS WURZINGER 

Museum of Zoology, Univer si ty of Michigan 

I NTROOUCT ION 

Although terrestrial gastropods are a major comr 
ponent of the invertebrate fauna of any area, there 
has been no state-wide review of this group of ·ani
mals since that of Le tson (1905). Numerous publi
cations on speci fie areas of s pecies in New York 
State have appeared since that time. It is the ob 
jective of this report to summarize the published 
records of . New York State land snails. The infor
mation contain~d herein ~s derived mostly from the 
literature supplemented by ma te rial in the Museum 
of Zoology, University of Michigan, and the inv.er
tebrate collection of the SUNY College of Environ
mental Science · and Fo restry, Syracuse, New . York. 
No attempt was made at this time to .verify the iden
tifications of the specimens in either collec~ion. 

GASTROPODA 

Stylo11111atophora 

AOIATINIDAE 

*Lat~ellaxis graeil is (Hutton) .. Nassau, Suffolk. 

*Opeaa pu111ilu11 (Pfeiffer). Nassau, Suffolk • . 

ARIONIDAE 

*Ar ion eireu•aeript us Johnston. Alba~y, Chau-
tauqua,. Erie, Essex, Herkime.r, Madison, Montgomery, 
New York, Niagara,Oneida, Onondaga, Suffolk, Tomp
kins, Warren. 

*Arion haeiatua (Nilsson). Onondaga, Warren. 

*Arion hortensis Ferussac •. Erie, Onondaga • . 

*Arion interMedius (Normand) . Erie. 

To date, 102 species a·nd a number of subspec:ies 
of Stylommatophora have been reported as - occurring 
in the state of New York. These belong to 14 fam
ilies and 47 genera. Of these 102 species, 19 are 
introduced spec ies belonging to 6 families. The .se 
are often found in or near greenhouses and other 
human buil.dings. 'They are indicat·ed in the listing 
of species by an asterisk. The organisms are ar 
ranged alphabetically both by family and within a 
faniily. The distribution of each species is given 
by county. Each species name is followed by a list 
of synonyms under which the animal was reported 
from New York State. This listing is not intended 
to be a complete synonymy. 

*Arion subfuseus (Dr.aparnaud).. Cayuga, Chemung, 
Erie, Putnam, Queens, Suffolk, Tompkins, Westches, 
ter. 

Cionella lubriea (Miiller). (Synonym·s: Achatina 
lubrica Miiller, l3ulimus lubricus Bruguiere, Cia 
nella subcylindrica Linne, Coc·hlicopa lubrica Miil
ler,· Ferussacia s'ubcylindrica Linne, Zua subcylin-
dricaChem.) · 
, A~bany, Cattaraugus,Ch~utauqua, Cayuga, Dutchess, 
Erie, Herkimer,Livingston, Madison, Monroe, Niaga
ra, Oneida, Onondaga, Orleans,. Qu~ens, Rensselaer, 
Richmond, Rockland, Tompkins, Washington, West ches-
ter, Wyoming. · 

ENIOXM'IDAE 

Anguispira alternate (Say). (Synonyms: lfelix al
ternata Say, Patula alternata Say, Pyra•idula al
ternata Say). 

Alba11y, Allegany, . Cattaraugus, Cayuga,. Clinton, 
Chemung, Erie, Genesee, Hamilton, Herkimer, Jef
ferson, Kings, Livingston, Madison, Monroe, Niaga
ra, Onondaga, Otsego, Queens, Rensselaer, .Richmond, 
Rockland, Suffolk, · Tompkins, Washington, Westches
ter, Wyoming. 



Discus catskillensis (Pilsbry). Albany, Cort
land, Dutchess, Erie, Essex, Greene, Hamilton, Ma
dison, Oneida, Rensselaer, Richmond, Roc kland, Tomp
·kins, Ulster, Warren, .Westchester. 

Discus cron~hitei (Newcomb). (Synonyms: Pyrami ~ 
dula striatella Anthony, Helix st riatella Anthony, 
Patula striatella Anthony) 

Cattaraugus, Chautauqua, Delaware, Dutchess, E
rie, Essex, Herkimer, Livingston, Madison, Monroe, 
Oneida, Onondaga, Rensselaer, Ri chmond , Rockland, 
Tompkins, Washington, Wayne. 

Discus patul us (Deshayes). (Synonyms: Helix pn
spectiva Say, Patula pe rspectiva Say, Pyrarnidula 
perspect iva .Say) 

Cattaraugus, Cortland, Cayuga, Erie, Herkimer, 
Madison, Monroe, Niagara, Onondaga , Rensselaer, 
Tompkins. 

*Discus rotundatus (Muller), New York, Queens, 
Suffolk, Tompkins, Westchester. 

Hel icodisc:us parallelus (Say). (Synony ms : Heli
codiscus lineatus Say, Helix l:ineata Say, Hyalina 
lineata Say) 

Albany, Catt~raugus, Cayuga, Columbia, Dutchess, 
Erie, Essex,Greene, Hamilton, Herkimer, Jefferson, 
Ki ngs, Livingston, Madi son , Monroe, Nassau, Onon
daga, Otsego, Queens, Rensselaer, Ri chmond , Rock
land, Tompkins, Warren,Ulster, Wayne, Westcl, ·esl.er. 

Punctum minut issimum (L.ea). (Synonyms: Conulus 
minutissima Lea, Helix minutis si ma Lea, Punrtum 

Albany, Cattaraugus, Cayuga, Cli nton, Herkimer, 
Niagara, Tompkins, Westchester, Washington, Long 
lslanq. 

HAPLOrnEMATIOAE 

Haplotrema c:onc:avum (Say). (Synonyms: Circina
r ia concava Say, Helix concava Say, Helix p lanor
boides Rafinesque, Macrocycli s concava Say, Sele
nites concava Say) 

Albany, Cattaraugus, Erie, Genesee, Hamilton, 
Herkimer, Livingston, Madison, Monroe, Niagara, O
neida, Onondaga, Rensselaer, Tompkins, Warren, 
Washington, Westchester, Wyoming. 

HELICIDAE 

*Cepaea hortensis (Muller). (Synonyms: Helix 
hortensis Muller, Helix subglobosa Muller, Ta chea 
hortensis Muller) 

Queens, Monroe, Long Island. 

*Cepaea nemoralis (Linne). Monroe, Queens, Suf
folk, Kings, Nassau. 

LIMACIDAE 

Deroeeras laeve (Muller). (~ynonyms : Limax cam
pestris Binney, Agrtoltrnax campestris Binney) 

Albany, Allegany, Broome, · Cattaraugus, Cayuga, 
Chautauqua, Chenango, Cortland,Delaware, Dutchess, 
Erie, Franklin, fulton, Greene, Herkimer, Jeffer
son, Livingston, Madison, Monroe, Nassau, Niagara, 
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Oneida, Onondaga, Ontario, Orange, Queens, Rensse
laer, Richmond, Rockland, Saratoga, Schenectady, 
Schuyler, Seneca, Suffolk, Sullivan, Ti oga, Tomp
kins, Ulster, Warren, Washington, Wayne, Westches
ter, Wyoming. 

*Deroeeraa . retieulatum (Muller). (Synonyms: A
griolimax agrestis Linne, Agriol imax reticulatus 
(Muller), Deroceras agreste (Linne),Eu!imax agres
tis Linne, Li•ax agrestis Linne) 

Broome, Cattaraugus, Cayuga, Delaware, Dutchess, 
Erie, Fulton,Genesee, Herkimer, Jefferson , Living
ston, Monroe, Niagara, Oneida, Onondaga, Ontario, 
Orleans, · Queens, Richmond, Saratoga, Schenectady, 
Steuben, Sullivan, Tioga, Tompkins, Warren, Wayne, 
Westchester. 

•Lehmannia valentiana (ferussa c) . (Synonyms: Li~ 
max poirieri Mabille, Limax marginatus Muller) 

Albany, Cayuga, Chautauqua, Chemung, Chenango, 
Cortland, Delaware, Dutchess, Erie, Franklin, Gen
esee, Herkimer, Jefferson, Madison, Monroe, Mont
gomery, Niagara, Oneida, Onondaga, Ontario, Orange, 
Orleans, Queens, Richmond, Rockland, Saratoga, Sche
ne c tady, Schuyler, Steuben, Suffolk, Sullivan, Ti
oga, Tompkins, Ulster, Warren, Wa shi ngton, WP.st 
ch,es ter. 

•Limax flavus Linne. (Synonyms: Eulimax f lavu s 
(Linne)) 

Albany, Cayuga, Herkimer, Monroe, Onondaga, Suf
folk, Tompkins. 

*Limax maximus Linne. Albany, Cayuga, Chemung, 
Erie, Monroe, Queens, Rockland, Suffolk, Warren. 

*Hi 1 ax gagates <Draparnaud). 
Cayuga, Erie, franklin, Greene, 
Suffolk, Tompkins, Ulster. 

PHILCMYCIDAE 

Allegany, Uroome, 
Orleans, Steuben, 

Pall ifera dorsal is (Binney). (Synonyms : Phtlo-
mycus dnr s.alis Binney, Tebennophorus dorsalis Bin
ney) 

Albany, Cattaraugus, Erie, Herkimer, Monroe,On
ondaga, Tompkins, Ulster, Westchester. 

Philomyeus ca·rol inianus (Bose). (Synonyms: Tebl'n
nophorus caroliniensis Bose) 

Albany, Cattaraugus, C~yuga, Erie, Greene, He r• 
kimer, Jefferson, Madison, Monroe, Onondaga, Rich
mond, ·Suffofk, Tompkins, Ulster, Warren. 

POL¥GYRIDAE 

Allogona profunda (Say). 
funda Say, . Mesodon profunda 
Say, Ulostoma profunda Say) 

.Herkimer. 

(Synonyms: He l.ix pro
Say, Polygyra profunda 

Hesodon appreasua (Say). (Synonyms: Helix ap-
pressa Say, Polygyra appressa Say, Xolotrema ap
pressa Say) 

Niagara, Colwmbia. 
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Mesodon elevatus (Say) (Synonyms: Helix elevata 
Say, Polygyra elevata Say) 

Herkimer, Yates. 

Mesodon mitchell ianus (Lea) Erie, Herkimer, Hen
sselaer. 

Mesodon inflect us (Say) (Synonyms : Helix inf lecta 
Say, Isognomostoma inflecta Say, Polygyra inflecta 
::>ay) 

Cattaraugus, Erie. 

Mesodon sayanus (Pilsbry) (Synonyms: Helix dio
donta Say, Helix sayii Binney, Polygyra sayi Bin
ney) 

Albany, Cattaraugus, Cayuga, Erie, Essex, frank
lin, Greene, Hamilton, Herkimer, Madison, Monroe, 
Oneida, Onondaga, Otsego, Ontario, Schuyler, Tomp
kins, Ulster, Warren . 

Mesodon thyroidus (Say) (Synonyms: He·lix thyroi
dus Say, Polygyra thyroides Say) 

Cattaraugus, Cayuga, Chautauqua, Dutchess, Erie, 
Genesee, Hamilton, Herkimer, Livingston, Madison, 
Monroe, Nassau, Niagara, Onondaga , Orleans, Vueens, 
Rensselaer, Richmond, Ro~kland, Suffolk, Tompkins, 
Westchester. 

Mesodon zaletus (Binney) (Synonyms : Helix exole
ta Say, Helix zaleta Say, Mesodon exoleta Binney , 
Polygyra exoleta Binney) 

Cattaraugus, Erie, Herkimer, Niagara, Rockland, 
Tompkins. 

Stenotrema fraternum (Say) (Synonyms: Steno trema 
monodon var. fraterna Say, Polygyra monodon frater
na Say, Helix fraterna Say) 

Al·bany, Cattaraugus, Columbia, Du'tchess, Erie, 
Essex, Genesee, Gre~~e , Hamilton, Herkimet, Living
ston, Madison,. Monroe, Onondaga, Otsego , Ren'sselaer, 
Tompkins, Ulster, Warren, Westchester, Yates, Long 
Island. 

Stenotrema hirsutum (Say) (Synonyms : Helix hir
suta Say, Polygyra hirsuta Say) 

Albany, Cayuga, Columbia, Dutchess, .Erie , Monroe, 
Oneida, Onondaga, Richmond, Rockland, Tompkins, 
Westchester. 

Stenotre~aa leal (Binney) (Synonyms: Helix monodon 
Rackett, Polygyra leai Ward, Polygyra monodon Hack
ett, Stenotrema monodon (Rackett),Stenotrema mono
don var. leaii Ward) 

Cayuga, Erie, ,Herkimer, Monroe, Onondaga, Ren
sselaer, Washington, Westchester. 

Triodopsis albolabris tSay) (Synonyms: Helix al
bolabris Say, Helix rufa DeKay, Mesodon albolabris 
Say, Polygyra albolabris Say) 

Albany, Allegany, Cattaraugus, Cayuga, Clinton, 
Columbia, Dutchess, Erie, Genesee, Hamilton, Her
kimer,Jefferson, Livingston, Madison, Monroe, Nas
sau, Niagara, Onondaga,'Orange, Otsego, Rensselaer, 
Richmond,Rockland, Suffolk, Tompkins, Ulster, War
ren, Washington, Westchester. 

Triodopais dentifera (A. Binney) (Synonyms: Helix 

dentifera Binney, Mesodon dentifera Binney, Poly
gyro dentifera Binney) 

Albany, Cattaraugus, Cayuga, Delaware, Essex,. E
rie, Franklin, Greene, Herkimer, Livingston, Madi
son, Onondaga, Oneida, Tompkins, Ulster, Warren, 
Washington, . Westchester, Wyoming, 

Triodopsis ~aultilineata (Say) (Synonyms: Helix 
multilineata Say, Mesodon multilineata Say, Poly
gyro multilineata Say) . 

Erie _, Herkimer. 

Triodopsis neglecta vulgate (Pilsbry) (Synonyms: 
Helix fallax Say, Polygyra fraudulenta Pilsbry, 
Triodopsis fallax Say, Triodopsis fraudulenta vul
gata Pilsbry) 

Erie, Herkimer, Monroe, Ontario. 

Triodopsis obstricta denotata (Ferussac) (Syno
nyms: Helix denotata Ferussac, Helix palliata Say, 
Polygyra palliata· Say, Triodopsis denotata Ferus
sac, Triodopsis notata (Desha_yes), Triodopsis pal
liata Say, Xolotrema palliata Say) 

Albany, Allegany, Cattaraugus, Cayuga, Columbia, 
Dutchess, Erie, Greene, Hamilton, Herkimer, Living
s~on, Madison, Monroe, Niagara, Onondaga, Ontario, 
Orleans, Otsego, Rensselaer, Schuyler, Tompkins, 
Ulster; Washington, Westchester, Yates. 

Triodopsis tridentate (Sly) (Synonyms: Helix tri
dentata Say, Polygyra tridentata (Say) 

Albany, Allegany, Cattaraug~s, Cayuga, Chemung, 
Columbia, Cortland, Dutchess, Erie, Essex, Genesee, 
Greene , Hamilton, Herkimer, Livingston, Madison, 
Monroe, Niagara, Onondaga, Rensselaer, Richmond, 
Rockland, . St. Lawrence, Schuyler, Suffolk, Tomp 
kins, Ulster, Washington, Wayne, Westchester, Wyo
ming, Yates. · 

PUPILLIDAE 

Columella edentula (Draparnaud) (Synonyms: fsth
m ia simp lex Gould, Pupa eden tu la Drapa rnaud, Pupa 
simplex Gould, Sphyradium edentulum Draparnaud, 
Vertigo simplex Gould) 

Cattaraugus, .Cayuga, Herkimer, Monroe, Onondaga, 
Suffolk. · 

Gastrocopta a rill i fer a (Say) (Synonyms: Bifidar ia 
armifera Say, Leucochila armifera Say, Pupa armi
fera Say) 

Erie, Essex, Livingston, Monroe, Niagara, Rich
mond, Westchester. 

Gastrocopta contracta (Say) (Synonyms: Bifidaria 
contracta Say, Pupa contracta Say, Leucochila con
tractu Say) 

Albany, _ Dutchess, Erie, Hamilton, Herkimer, Liv
ingston, Madison, Monroe, Niagara, Onondaga, Ren
sselaer, Richmond, Rockland, Suffolk, Warren. 

Gastrocopta corticaria (Say) (Synonyms: Bifidaria 
corticaria Say, Leucochila corticaria Say, Pupa 
corticaria Say) · 

Herkimer, Monroe, Niagara, Onondaga, Suffolk, 
Tompkins. 
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Gastrocopta pentodon (Say ) (Synonyms : Bifidar ia 
curvidens Gould, Bi fidaria pentodon Say , Pupa pen
todon Say, Pupilla pentodon Say) 

Albany, Cattaraugus , Erie, Herkimer, Monroe, On
ondaga, Rensselaer , Warren. 

Gastrocopta procera (Gou l d). Monroe . 

Gastrocopta rupicola (Say) (Synonyms: Bifidar i a 
rupicola Say, Leucochila rup i cola Say, Pupa rupi
cola Say) 

Monroe, Richmond . 

Gast'rocopta tappaniana C. B. Adams. 
rie, Richmond, Livingston . 

Albany, E-

Pupilla lllilscorum (Linne ) (Synonyms : Pupa badia 
Adams, Pupa muscorum Linne, Pupilla badia Adams ) 

Cayuga, Erie, Essex, Mon r oe, Niagara, Onondaga . 

Pupoides albilabris (C. B. Adams) (Synonym~ : 
Leucochila fall~x Say> Pupa f allax Say, Pupoides 
marginatus Say) 

Monroe, Niagara, Richmond, Suffolk. 

Vertigo bollesiana (Morse) (Synonyms : Isthm i a 
bollesiana Morse, Vert-i'go gouldi bollesiana Morse ) 

Cattaraugus,- Cayuga, 'Herk i mer, Kings, Onondaga. 

Vertigo gouldi (Binney) (Synonyms : Isthmia goul 
dii Binney, Pupa gouldii Bi nney) 

Albany, Cayuga, Erie , M<t dison, Monroe , Onondaga, 
Ontario, Richmond, Tompkins , Wes t ches t er. 

Vertigo mil iu111 (Gould) (Synonyms: I s thmia mil i 
um Gould, Pupa mi lium Gould) 

Albany, Cayuga , Monroe , Suffolk. 

Vertigo 1110rsei Sterki. Livi ngston, Monroe .' 

. Vertigo ovata (Say) (Synonyms : Isthm i a ovata Say, 
Pupa ovata Say) 

Bronx, Catt"raugus, Cayuga, Erie, Herkimer, Liv
ingston, Monroe, Niagara, Onondaga, Queens, Rich 
mond, Suffolk, ·Yates . 

Vertigo pygn~aeum (Draparnaud). Liv i ngston, Mad
ison, Richmond . 

Vertigo tridentata Wolf. Rensselaer. 

Vertigo ventricosa (Morse)(Synonyms : Isthmia ven
tricosa Morse) 

Albany, Herkimer, Onondaga . 

S"JroBILOPSIDAE 

Strobilops aenea Pilsbry. Madison . 

Strobilops .affinis Pilsbry. Dutchess, Onondaga, 
Richmond. 

Strobilopa labyrinthica (Say) (Synonyms : Strobi
la labyrinthica Say, Strobilops virgo Pilsbry, He
lix labyrinthica Say) 

Cayuga, Erie, Monroe, Ononuaga, Rensselaer, Rich
mond, Suffolk, Washington, Westchester . 
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SUCCINEIDAE 

Catinella ver111eta (Say) (Synonym: Su ccinea avara 
(Say)) · 

Cayuga , Clinton, Dutchess, Erie , ' Essex, Genesee, 
Herkimer, Livingston, Madison, Monroe, New York, 
Niagara, Oneida, Onondaga , Richmond, Suffolk, War
ren , Washington. 

Oxyl oma ret usa (Lea) (Synonym: Succ inea re tusa 
Lea) 

Albany, Cattaraugus, Chautauqua, Dutchess, Erie, 
Genesee, Herkimer, Madison, Monroe, New York, Nia
gara, Onondaga, Otsego, Tompkins, Warren. 

Succi nea au rea Lea . Herkimer, Monroe, Nassau, 
New York, Niagara, Otsego, Richmond , Westchester, 
Long Island . 

Suceinea oval is Say (Synonyms: Succinea .obliqua 
Say , Succinea obliqua totteniana Lea, Succinea tot
teniana Lea) 

Albany, Cattaraugus, Cayuga, Clinton, Dutchess, 
Essex, Erie, Genesee , Herk imer, Livingston, Madi
son , Monroe, Niagara , Onondaga, Otsego, Vueens, 
Rensselaer, Richman~ , Rockland, Schuyler, Tompkins, 
Ulster, Warren, Washington, Westchester, Yates . 

YALLONIIDAE 

Planogyra asteriscus (Morse) . 
mond. 

Dutchess, Rich-

Vallonia albula Sterki. Tompkins . 

Vallonia costata (Muller ). Bronx , Erie, Herkimer . 

Vallonia excentrica St erk i. Albany, Erie, Her
kimer, Niagara, Ri chmond , Tompkins . 

·vallonia pulchella (Mu ll er) (Synonyms: Helix mi
nuta Say, Helix. pul chella Muller, Vallonia minuta 
Say) 

Ca yuga, Erie, Essex, Herkimer, Kings, Livingston, 
Mad is o~. Monroe, Nassau, Ni agara, Oneida, Onondaga, 
Queens, Rensselaer, Ri chmond , Rockland, Suffolk, 
West chester. 

Zoogenetes harpa (Say)(Synonym : Acanthinula har
pa Say) 

J efferson. 

ZONITIDAE 

Euconulus cherainus (Say) (Synonyms : Conulus cher·
s i riu s Say, Helix chersina Say, Zonite s chersina Say) 

Ca t taraugus, Livingston, Monroe, Onondaga, Rich
mond, Suffolk, Warren, We~tchester. 

Euconulua fulvus (Muller)(Synonyms : Conulus ful
vus Muller, Helix fulva Draparnaud) 

Albany, Erie, Hamil t on , Livingston , Madison, Mon
roe, Onondaga, Ri chmond, Tompkins, Westchester. 

Guppya aterki i (Dall). Onondaga. 

Hawaiia 111inuacula (Binney ) (Synonyms : Helix at- . 

\.• 
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nuscula Binney, Hy'a ~HhC: minU's'cit4d Binney, Oaphali
na 11inuscula Binney; P~eudohyalina ainuscula Bin
ney, Zonites minuscula Binney', Zonitoides lllinuscu-
lus Binney) ' · 

Albany, Erie, Herkimer, Livihgston, Monroe, Nia
gara, Onondaga , Rich~ond, Rockland, Suffolk, West
chester. 

H .. OIIIPhix cupreua (Ra'finesql,!e) (Synonyms:. Helix 
fuligi~osa Grif~ith, Hrali_na fulig _inosa Gr~f~ith, 
Oapha l tna fu l tg tnosa Grlfh th, Zon t tes fu l tgtnosa 
Griffith) 

Albany, Cattaraug'us, ~ayuga, Columbia, Dutchess, 
Erie, Genesee , G'reene ; .''Herkimer, Livingston, . Madi
son, Monroe, Niagara, Oneida, Onondaga, Ontario , 
Otsego , Rensselaer, Schenectady, Tompkins, Ulster, 
Washington, Yates. 

Heao.phbc inornatua (Say). (Synonyms : Helix .inor
. nata Say, Hyalina inornata Say , Omphalina inarna

ta Say, Zonites inornatus Say) 
Albany, Allegany, Cattaraugus, Cayuga, 'Erie ·, Ge 

nesee, Hamilton, Herkimer, Livingston, Madison, 
Monroe, Niaga·ra, Oneida, Onondaga, Ontario, Orange, 
Otsego , Rockland, Schuyler, Tompkins., Ulster, Wash
ington, · Westchester. · 

"Oxychi1ua all .iariua (Miller) . Dutchess , Kings, 
Suffolk. 

"Oxychi1ua ce11ariua (Miiller) · (Synonyms: Helix 
cellaria Muller, Vit ·rea cellaria Muller) 

Allegany, Erie, 'Kings, · Mallison, Monroe, New York, 
Onondaga, \)ueens, Richmond, 'We·s~chester. 

"Oxych i 1 us draparnal·d i ·Beck. Aibany, Allegany, 
Broome, Cayuga, Cortland, Delaware, Erie, Fulton, 
Genesee, Greene·; Jefferson, Livingston, New York, 
Niagara, Oneida, · Onondaga, Orleans, Rockland, Sara
toga, Schuyler, Sene.c,'a,' Steube'n, Tompkins, Warren, 
Wayne. · · .. · .. . , . . ·' · 

Paravitrea 11~1tidentat'a ' (Binney) (Synonyms: Gas
trocopta aultiden~ata Binney, .Helix mu.ltident'ata 
.Binney, Hyalina multident'ato.. Binney, Ventridens 
11ultidentata Binney, Zonifes lmltidentatus Binney) 

Albany •. Cattaraugus, Cayuga, E.ssex, Hamilton, Her
kimer, Monroe., Onondaga, .Rensselaer, Tompkins, Uls-
ter, Washington, Wayne. ' 

• . • ~ '._) j 

Retinella binneyana (Morse) (Syniinyms: Helix bin
neyana Morse, Hya l ina b inrieyani:i · Mbrse, Vi t-rea bin-
neyana Morse) · .... · · 

Cayuga, Essex, Hamilton·; MonrQe, Onondaga, Queens, 
Rockland, Ulster. 

Retiriella burringtoni (Pilsbry,>.. Tompkins. 

Retine1h ehtctrin.a (Gould) ('Synonynis:· He'lix el
ectrina Gould, Helix viridula Mke.·, Hyalina ·elec
trina Gould, Hya)ina radiatula Gould, Hya'lina vi
ridula Mke., O,.Phalina vi'ridula Mke.; Yitrea haa-
aonis Strom, Zonites vir.idu.lqs Mke.) . 

. Ca.yuga, Erie, Herkimer; Livingston, Monroe, Onon
daga, · Queens, Richmond, Suffolk, Tompkins, Warren, 
Washington, . W~s't.chester. . , 

Retinella indentata (Say) (Synonyms: Held: inden-
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tata Say~flyal ina electrina Say, Omphal ina indent a
S~ ~ay, ritrea indentata Say, Zonites .indentatus 

Cattaraugus, Cayuga, Erie, Herkimer, Livingston, 
Madison, Monroe. Niagara, Onondaga, Rensselaer, 
Richmond,, Rockland, Westchester. 

Retinella rhoadsi (Pilsbry). Albany, Dutchess, 
Herkimer, Madison, · Onondaga, Oswego, Tompkins. 

Retine'lla wheatleyi (Bland). Erie. 

Striatura exigua (Stimpson) (Synonyms: Hyalina 
exigua Stimpson, Oaphalina exiguus Stimpson, Zoni
toides exiguus Stimpson) 

Albany, Cattaraugus, Franklin, Greene, Hamilton, 
Herkimer, Monroe, Onondaga, Tompkins, Ulster, Wash
ington. 

Striatura ferrea Morse (Synonyms: ffyalind ferrea 
Morse, Ollflhal ina fer rea Morse, Vi t'rea fer rea Morse) 
· Cattaraugus, Erie, Herkimer, Onondaga, Tompkins, 

Warr·en. · 

Striatura -lli1 ium ~Morse) (Synonym : Zonitoides mi
l iu111 Morse) 

Cattaraugus, E'rie·, Niagara, Schuyler, Suffolk, 
Tompkins. 

Ventr idens i ntertextus. (Binney) (Synonyms : Gas
trocopta intert'exta Binney , Helix intertexta Bin
n·ey, Hyalina i.ntertexta Binney, Mesomphix inter
texta Binney, Zonites intertextus Binney) 

Albany, Cattaraugus, Cayuga, Chautauqua, Erie, 
Genes·ee, Greene, Herkimer, Livingston, Madison, 
Monroe, Niagara, On·eida, Onondaga, Ontario, Rens
selaer, Tompkins , Wayne. 

Ventridens. Hgera (Say) (Synonyms:Gastrodonta 
ligera Say., Helix ligera Say, Hyalina ligera Say, 
Me.somphix ligeraSay,. Omphalina ligera Say, Zonites 
l ige rus Say) 

Albany, Allegany,. Cattaraugus, Cayuga, Erie, 
Greene, Hamilton, . .He·rkimer, Madison, Monroe, Onon
daga, Ontario, Otseg·o, Riehmond, Tompkins, Ulster, 
Wyoming. 

Ventr idena 'auppreaaua (Say) (Synonyms: Gas t rodon
ta suppressa . Say, Helix suppressa Say, Zonites sup
pr:essus . Say) 

Herkimer, Monrue, Richmond, Ulster, Westchester. 

Vitrina 1 i111p ·ida (Gould) (Synonyms: Vitrina pel
lucida DeKay) 

Allegany, Cattaraugus, Cayuga, Clinton, Erie, 
Herkimer, Madison, Monroe, Oneida, Onondaga, Otse
go., Rensselaer, Tompkins, Warreq, Wayne. 

'zonitoidea arboreua (Say) (Synonyms: Helix arbo
rea Say, Hyalina · arborea Say, Omphalina arborea 
Say, Zonites arboreus. Say) . 

Albany, All~gany, Bronx, Broome, Cattaraugus, 
Olautauqua, Chemung , Cort.land, Erie, Hamilton, Her
kimer, Kings, biYingston, Madison, Monroe, Montgo
mery, Nassau, Niagara, Oneida, Ontario, Orange, 
Queens, Rensselaer, RichMond, Rockland·, Suffolk, 
Tompkins, Wsrre·n, Washington,· Wayne, Westchester. 

Zonitoidea 1 i .. tu1ua (Binney) (Synonyms: Hyalina 



limatula Ward, Pseudohyalina liaat'ula Ward, Zonite5 
l imatulus Ward) 

Cayuga, Onondaga, Tompkins, Washington·. · 

Zonitoides nitidua (Mi.iller) (Synonyms: flyalina 
nit ida Mi.iller, Omphalina nitidaMi.iller, Zonites ni
tida Mi.iller) 

Albany, Cattaraugus, Cay11ga, Dutchess, Erie, Her
kimer, Livingston, Madison, Monroe,. Onondaga, 
Queens, Rensselaer, Rockland, Tompkins, ·Washington, 
Wyoming. 

Based on these admittedly incomplete records, 'the 
following information becomes apparent. Eleven 
sty lomma tophoran specie_s are .reported from 25 or 
more counties, 19 species from 15 to 23 counties, 
37 species from 5 to 14 counties and 35 species are 
reported from fewer than 5 counties. 

The most widely distributed species appear to be 
the slugs Deroceras laeve (43 counties) _, Lehaannia 
valentina (37 counties) and Deroceras reticulatua 
(28 counties) .and the snails friodopsis tridentata 
(32 counties), Zonitoides arboreus (31 counties), 
Triodopsis albolabris (29 counties), Helicodiscus 
parallelus (27 count~es), Anguispira alte~nata (27 
counties),Succinea ovalis (26 counties), Oxychilus 
draparnaldi (25 counties) _and Triodopsis obstricta 
denotata (25 counties). ' 

Species with the most restricted distr,ibution in
clude both introduced species (Subulina octona, A
rion intermedius, Lamellaxis gracilis, Opeas pu•i
lum, Arion fasciatus, Arion hortensis and ·cepaea 
hortensis) as well as numerous native species. This 
'apparent' limited distribution -is probably an ar
tifact of the collecting that has been done, espe
cially in the case of the small native species 
which are easily overlooked. As more intensive 
collecting is done; and as more museum .record.s are 
examined and identifications · verified, the tr-ue · 
distribution within the state of New York of 11any 
of these animals may become known. ' 

The records of land snails in 11any of the .coun
ties is obvious! y biased towards those localities 
in which intensive collecting has been done. There 
are no records for a number of counties. }pe fol
lowing list indicates the . number of sp-ecies of 
land sna-ils reported from each of the 62 countiea 
of New York State. It is included · in this report 
primarily to indicate those areas of the state where 
extensive and intensive collecting is needed. 

County Species County Spec iea . 

Albany 41 Orleans 7 
Allegany 12 Oswego 1 
Bronx 3 Otsego 13 
Broome 5 Putnam 1 
Cattaraugus 38 Queena 2l 
Cayuga 43 . Rensaelaer 28 
Chautauqua 9 Rich110nd 39 
Chemung 6 Rockland 24 
Chenango 2 St. Lawrence 1 
C1 in ton 6 Saratoga 4 
Columbia 8 Schen_ecuday 4 
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County 
Cortland 
Delaware 
Dutchess 
Erie 
Essex 
Franklin 
Fulton 
Genesee 
Greene 
Hamil~on 
Herkimer 
Jefferson 
Kings 
Lewis 
Madison 
Monroe 
Montgomery 
.Nassau 
N~w York 
Niagara 

. Oneida · 
Onondaga 
Ontario 
Orange 

S,ec'iea. 
7 . ' 
6 

23 
·.62 ' " 

15 . 
6 
3 

·. rs 
15 
18 
57 
9 
7 
0 · 

37 
62 
·3 
9 
9 

35 
18 

'61 12' .· 
s 

C:OUn(~ 
·Schoharie 

· Schuyler 
· Seneca 
Steuben 
Suffolk 

· Sullivan 
Tioga . 
Torapkins 
Ulster 
Warren 
Wayne 
Westchester 
Wyoming 
Yates 

Species 
0 
9 
2 
4 

32 
3 
3 

50 
21 
26 
10 
35 
8 
7 

Since this report ia·: based almost exclusively on 
the literature, ,it ; ia probable that some of the 
records cited herein. ' .. y be in error. 

This pr~liaain~ry. report is the basis of a long· 
term project oli the ·biology , of New York State land 
snai 1 s being Coltducted. in cooperation with the Soi 1 
Invertebrate Ecology Group at the SUNY College of 
Environmental 'Sci'ence .. and forestry, Syracuse, New 
York, hea~e!f ·b.y ~· •. ,O.niel L. Dindal. 

I. would gre!lltly..·· appr~ciate having errors and o
missions brough_c. · to ·y· attention . I would also be 
moH grateful -for . diattibutional . records obtained 
from unpublished, 'ao•r~es. · 

I would like to .''eXpress 111y appreciation to Drs. 
J. B. ~reb and .He •. ry wen der Schalie of the Muse
um of Zoology, .Univeraity of Michigan, and to Mr. 
-Roy A. Norton, _Cur.ator of the invertebrate collec-

. tion, SUNY Collere .' ~f - ~nYironmental Science and 
Fgrestry for ' peniittiag me access to their collec
tions and recordli; e.4hapecially to Ms . Pat Erick
sen for initiatiftl .•• of the preliminary work and 
for suggeatinf thct ·poaaibility of thes project on 
New York State la.a snails. 
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NOTES ON THE CURRENT STATUS OF WISCONSIN UNIONIDAE 

WILLS FLOWERS 

Department of Entomology, Univer s ity of lhs consin, Madi so n, Wi s . 53706 

In recent years, there has been great conce.rn a. 
· bout the status of American mussels, · tht> Unionidae. 
Much of this concern arises from changes in river 
systems where Ortmann a11d other· .early workers re 
ported abundant naiad populations. He cen t surveys 

·•of these same st·reams have often shown marked re 
duction in species diversity ($tansbery, 1964, 1972; 
Starrett, 1971; Isom and Yokley, 1967, 1968; van 
der Schalie, 1973. One of the most thorough sur 
veys of the naiad fauna within the Mississi ppi 
drainage is the wo r k of Baker (1928) on Wis c ons in 
Unionidae. Since 1928, only surveys by Daw l ey 
(1947) of · the lower St . Croix and Mississippi Hi 
vers have dealt with the Wisc onsin fauna. 

Since 1972, I have visited many W'i sconsin stre ams 
and have found 1 iving naiad populations at 36 si t es 
(Table I and Fig. 1). Taking current synonymy i n 
to account, Baker found 45 species in Wiscons i n . 
Since 1970, !Ill but 7 of these species have been 
recorded alive or freshly dead (Table II). In t en-

. sive systematic sampling of the Mississippi and 
lower Wisconsin Rivers might turn up ni.ost of t he 
missing naiads, since current records include on ly 
specimens hand picked at a f ew easily accessi ble 
sites. 

Although human influence on abundance, ·.distri bu
tion and reproduction are still unkn.9wn, the num 
ber of species of Wisconsin Unionidae has not de 
creased significantly since Baker's time. The t..-o 
recently surveyed . rivers with the richest na i ad 
fauna, the St. Croix and the lower Wisconsin, are 
as yet relatively uninfluenced by pollution or ha 
bitat destruction ; they may remain so for some time. 
four species (Alasmidonta ~.alceolus , Anodontoide s 
ferussacianus, -Actinonaias ellipsiformis, Vill o.sa 
(Micromya) iris) apparently live only in the sou t h
eastern part of the state where human. activity is 
most intense. They are in greatest danger of ex
tinction in Wisconsin and their status should be 
watched carefully. 

Th e author wishes t c.thank llr . .Jolon Bates andMiss 
Sally Dennis for the i r he lp with identifi cation of 
spec i men s and nomen c l ature. 
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FIG. 1 (page 41) Localities with living naiad po
pulations in Wisconsin. 
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TABLE I, localities with 1 iving naiad 
populatioro: in wisconsin 

S1liEAM TWP RANGE SECTION 

Averill Creek 
Ashippun River 
Black River 
Crawfish River 
Unnamed creek 
Embarrass River 
Flambeau River, 
South Fork 

Lake Mendota 
Lake Michi gan 
Little Jump R. 
Little Somo R. 
Little Sum ico 

River 
Mecan River 
Mississippi H. 
Mississippi R. 
Otter Creek 
Pecatonica R. , 

E. Branch 
Pecatonica R. , 

.,. , Branch 
Pelican River, 

N. Branch 
Pine Riv e r 
Red Cedar ~iver 
St. Croix River 
St. Croix Rive'r 
St. Croix {{iver 
Scuppe rnong R .. 
Sugar River 
Sugar River 
Wisconsin River 
Wisconsin River 
Wiscons in Riv er 
Wisconsin River 
Wisconsin River 
Wis consin fliver 
Wisconsin River 
Wj sconsin River 
Wolf River 
Wolf River 
Yellow River 

Lincoln 
Waukesha 
Trempealeau 
Jefferson 
Iowa 
Ou tagami e 

Dane 
Door 
Price 
Oneida 

Oconto 
Waushara 
Crawford 
Pepin 
Sauk 

Iowa >-

L11·'fayette 

Oneida 
Florence 
Barron 
Burne tt . 
Burnett 
Douglas 
J efferson 
Dane 
Green 
Crawford 
Co lumbi a 
Dane 
Iowa 
Richland 
Richland 
Richland 
Richland 
Menominee 
Shawano 
Wood 

33 N 
8 N 

18 N 
7 N 
8 N 

23 N 

7 N 
30 N 
35 N 
36 N 

26 N 
18 N 
7 N 

23 N 
11 N 

5 N 

4 N 

16 N 
39 N 
32 N 
40 N 
40 N 
43 N 

5 N 
5 N 
4 N 
8 N 

11 N 
9 N 
8 N 
9 Ill 
9 N 
9 N 
9 N 

30 N 
28 N 
23 N 

5 E 
17 E 
8 w 

14 E 
4 E 

IS E 

28 E 
28 E 

1 E 
4 E 

20 E 
9 E 
7 w 
6 E 
6 E 

5 ~: 

2 E 

10 E 
18 E 
11 w 
18 w 
19 w 
14 w 
16 E 
8 E 
8 E 
3 w 
9 E 
6 E 
4 E 
1 E 
l E 
l E 
2 w 

1.5 f 
27 E 

3 E 

21, 28 
5 
1, 2 

20 
30 
32 

1 
21 
14, IS 
25 

23 
16 
25 
28 
28 

32 

21 

19 
22 

2. 3 
30 · 
35 
23 . 24 
14 
3 

20 
14 
6 

29 
30 
34 
35 
32 
36 
13 
13 
21, 28 

--------~------------------------------------~------
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TABLE 2. Early and Recent species recor~s for 
~isconsin Unionidae 

Species recorded 1928 1970-71l 

MARGARITIFERIDAE 
Cumberlandia monodonta 

UNION IDA£ 
ANOOONTINAE 

Alasmi donta ca1 ceo lus 
Alasmidonta marginata 
Anodonta grandi s 
A. i mbe c i 11 is 
Anodontoides ferussacianus 
Arcidens confragosus 
Lasmigona complanata 
L. compressa 
L. coslala 
Si mpsoniconcha ambigua 
Strophitus ru8osus 

UNION INA£ 
i\mblema costata 
Cy~lonaias tuberculata 
Elliptio complanalus 
E. c rass idens 
E. di latatus 
Fusconaia eben~s 
F. flava 
Megalonaias gigantea 
Plethobasus cy phyu s 
Pleurobema cordatum 
()uad rula metanevra 
Q. nodulata 

pustulosa 
Q. quadrula 
Tritogonia verrucose 

LAMPSJUNAE 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

0 

I x· 
X 
X 
X 
X 
X 
X 
X 
X 
x• 
X 

X 
X 
x· 
0 
X 
0 
X 
X 
X 
X 
X 
(} 

X 
X 
X 

Ac tinonaias ca rinata x· X 
A. ellipsiformis X X 
Carunculina parva X X 
l~snnmia triquetra X 0 
Lampsilis anodontoid es X X 
L. orbiculat a X 0 
L, siliquoidea X X 
L. ventricos a X X 
Leptode a fragilis X X 
L. laevissima X X 
L. leptodon o** 0 
Ligumia recta latissima X X 
Ob liquaria reflexa X X 
Obovaria olivaria X X 
Pl agiola lin~olata X X' 

1 

Pr opter a alata X X 
1 r uncilla donaciformis X 0 
T. truncata X x. 

--~~~l~~~-l~i~£~~~~l_i:i~-------------~-------~---
X : 
0: ... 
. . 
I : 

! I : 

spec ies present 
species absen t 
spel·i es t aken -on Iowa side of Mississippi River , 

pre sence 1n Wisconsin pres~med. 
co llection of Harold Mathiak . 
collection of Don Samuelson. 
Collection of Milwaukee Public Museum, muskrat 

specimen. 
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RHACTION.S OF HOOKED GLOCHIDIA. 

The larvre of Symphyn<Jta complanata, which are provided with stout hooks and 
as a rule find permanent lodgment only on the fins and other external parts of the fish, 
were used in studying the reactions of the hooked type of glochidium. In several re
spects they differ from the hookless forms. When removed from the marsupium and 
placed in water, they exhibit spontaneous contractions which occur at irregular and 
rather long intervals, and this irritability may continue in the laboratory for a day or 
two, or until the . glochidia begin to disintegrate. Under such conditions the valves 
are only partially closed at each contraction of the muscle, which, moreover, is never 
strong enough to bring the points of the hooks into contact. It is followed at once by 
relaxation of the muscle and the shell remains widely open until the next snap occurs. 

Hooked glochidia, in striking contrast with the behavior of the hookless forms, 
respond very actively to tactile stimuli, and, as has been stated, close completely and 
immediately when touched with any object. This reaction must be the m~n factor 
in bringing about their attachment to · the fish's fins, when they are brushed over by 
the latter while lying on the bottom. With glochidia like those of Symphyn<Jta com
planata the mere contact · is sufficient to produce complete closure of the valves, and, 
whether they are exposed to the fish's blood or not, attachment is possible as a result 
of the tactile stimulus alone. They do react to blood, however, and exhibit a few 
successive contractions·, from 5 to I 5, before final closure, but the way in which the 
response occurs is quite different from that shown by hookless glochidia under similar 
conditions. Instead of being thrown into violent and rapid snapping, the valves closing 
and opening alternately, there is only partial recovery after each contraction, while 
the valves are brought closer and closer together by a series of short jerks. The final 
act of closing is interesting. As soon as the points of the hooks touch, the contraction 
of the adductor muscle becomes continuous and the hooks are slowly bent inward 
against each other. Under the steady pressure exerted by the muscle, aided probably 
by the action of the myocytes, which have been described by Schmidt (I885b), the 
spines on the outer surface are apposed and the hooks t,urned in completely between 
the valves, the margins of which are brought together, if no object intervenes. It will 
be readily understood that, owing to the turning in of the hooks, the spines are pressed 
into the fish's tissues, when attachment to the host takes place, and a firm hold is thereby 
secured. 

When the glochidia of Symphyn<Jta complanata were exposed to salt solutions, the 
contractions produced were of the kind just described. KCl, KNO,, and NH.Cl in 
.solutions of 0.5 to I per cent caused a few successive jerks, the contractions being more 
vigorous and closure occurring sooner with the stronger solutions. NaCI and Na,C,O. 
in the same strength acted less energetically, and it was necessary to use a 2 per cent 

· solution to produce the. same effect as was obtained with the weaker solutions of potas
sium and ammonium salts. A 0.5 per cent solution of CaCl, produced no contractions, 
while a I per cent solution after a latent period of I5 minutes caused either partial or 
complete closure of the valves. MgC~ and MgSO., in solutions of 0.5 and I per cent, 
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inhibited contractions, and when the glochidia were allowed to remain in them they 
finally died in the expanded condition. When the Mg salts, however, were used in 
stronger solutions, closure of the valves occurred after a few s~modic contractions. 

IV. THE PARASITISM. 

ARTIFICIAL INFECTION OF FISH. 

In anv investigation ~hich attempts to ascertain the facts of most importance for 
the artifici~l propagation of a species, attention is at once directed to those points in the 
life history where wholesale de-struction of the individuals is most likely to occur. These 
points of wholesale waste are usually to be found in the earlier part of the individual's 
existence rather than during its adult life and are often preventable by artificial means. 
In common with 'other animals whid~ must overcome the chances of parasitism, the 
Unionidre produce enormous numbers of eggs, the great majority of which are by virtue 
of' the brooding habit of the female mussel carried safely through their embryonic 'period 
and discharged · as glochidia. We have not attempted to estimate the numbers of 
glochidia carried by full-grown adu1t females, but anyone who has seen the\ll taken 
from the gills knows that they must be numbered by the hundreds of thousands, or even 
millions, and had these glochidia any great chance of survival and development to the 
adult stage the supply of mussel~ would far exceed anything which has ever been known 
in nature. · ·when, however, the 'next stage of the larval history is sought for in nature, 
it becomes apparent that we have reached a point in the life cycle where the destruction 
and waste' of individuals is wholesale and probably in excess of that which occurs at any 
other stage. There is no evidence, save in the case of the species Strophitus edentulus, 
the metamorphosis of which we have discussed under another heading of this paper, 
that any one of the Utiionidre can pass beyond the glochidial stage without becoming a 
parasite upon some fish, for the failure of glochidia to develop when left in water has 
been observed by all 'investigators since Leeuwenhoek. 

The large element of chance involved in this shift from parent to fish, which has 
already been emphasized in our discussion of the glochidium, is again apparent when 
fish are examined in nature with a view to determining the abundance of the parasitic 
larvre under the conditions of natural infection, for all investigators agree that the para
sites exist in numbers which are insignificant when compared with the masses of glochidia 
which occur in the parent mussels. Only an occasional fish is found to be infected and 
itthus becomes dear that the purely accidental nature of the infection makes nece~ry 
the production of glochidia in such abundance as to overcome by sheer force of numbers 
the chances of destruction . . Fish become infected in nature by occasional glochidia, 
but the chance that any fish will carry under natural conditions the number of glochidia 
which our experiments have shown that individual fish are capable of ca{t'ying, when 
artificially infected, is a' negligible quantity. Here, then, we have the point of greatest 
destruction in the life cycle of the Unionidre; and the point of attack for artificial propa
gation is dear. The fish must be made to carry more glochidia. Under· experimental 
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laboratory conditions it is found that a given fish may carry successfully a load of gloehi~ · 
dia so much. in ex~ess of what the same fish would ever be likely to carry in nature that 
there is no .reason why a single fish should not be made, under the conditions of artificial 
infection, to do the work which a thousand fish perhaps could not do in the state of 
nature. This has been from the first our main point of attack, and, with this in view, 
we have studied the parasitism, first, by the infection of small lots of fish in aquaria 
and, later, by the infection of fish in larger numbers in a hatchery. Other points in the 
life cycle, as for example the stage immediately following the parasitism, may be found 
by later work to be places of wholesale destruction; we are convinced, however, that 
there can be no other where the mortality reaches such proportions as it does when the 
countless glochidia are spread upon the bottom and left to the chance that will bring 
them· in contact with the parts of a fish's body suitable for their parasitism. 

Throughout our experimental infections we have made use of small fish, usually 
those under 6 inches in length, . because such fish are mo~:e easily coliected in numbers 
and because we have not ·had proper facilities for the keeping of larger individuals. 
Wl;tere small numbers of fish are used and each individual can be carefully watched, the 
attainment ~f what may be termed an" optimum,, infection in every case may be secured 
with no great difficulty, and by f~llowing themethods practised by various investigatQrs 
ever sii)ce Braun (187'8) and Schmidt (1 885), we have obtained unlimited material 
whenever necessary. If the. glochidia are placed in shallow dishes and in water just deep 
enohgh t~ cover all p~uts of the fish, the latter will usually keep the water sufficiently 
agitat~d to insure a proper suspension'of the glochidia and tolerably constant results will 
follow. 

It is very necessary that the glochidia be so distributed in the water as to come in 
contact with the proper parts of the fish , and, in most cases, to guard against over rather 
than under infection. Active fish, such as the rock bass (Ambloplites rupestris), and the 
large-mouthed black bass (Micropierus saJmoides), are very favorable for gill infections; 
since they keep the water so well agitated that the glochidia hardly settle to the bottom 
at all, while their strong respiratory movements draw the suspended glochidia con
tinually against the gills. With fish like the crappie (Pomoxis annularis), which when 
undisturbed move about quietly and whose respiratory movements !lore less vigorous, the 
wat~r must be stirred to keep the glochidia suspended, or be so shallow that the fish are 
always near the bo~tom. The smaller gill slit of the · crappie is another factor which 
makes for a very light infection in'fish under 2 inches in length, since the giochidia reach 
the iills by way of the mouth and not from the opposite direction. For fin infections, 
sluggish fish like the German carp (Cyprinus carpio) need little attention, and the darters 
(Etheostoma caruleum spectabile), which habitually rest upon the bottom for considerable 
periods, become quickly loaded with glochidia upon both fins and gills; although, as we 
shall see, the latter fish appears to be particularly adapted for ridding itself of the entire 
infection. · · 

In the account which follows, we ar.e discussing the results obtained from the 
infection of fish in small numbers an'd kept under careful obsen~ation in the la~ratory. 
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There is no reason for believing that larger numbers of fish would present any more 
serious difficulties than are to be expected in the keeping of any fish in large numbers 
within a restricted space; and, if one could insure as uniform and careful an infection of 
the larger numbers, we have every reason to believe that such infections would prove 
as successful as those here described. 

INFECTIONS WITH HOOKED GLOCHIDIA. 

For the infections with booked glochidia, we have used principally A nodonta cata
racta from Falmouth, Mass., the species studied by Lillie (1895). With these we infected 
German carp under 6 inches in length and, unless otherwise stated, the following account 
refers to this combination which gives typical results. A smaller number of infections, 
made with Symphynota complanata and S. costata upon carp and other fishes, are referred 
to in a supplementary manner. The glochidia of .4. cataracta become attached in large 
numbers to the fins (fig. 19-25, pl. IX and x) and gills of the carp. They are also found 
upon the other external parts which offer the condition of a soft scaleless epithelium like 
that of the fins ; thus, the regiqn about the anus, the edge of the operculum, the lips and 
in very heavy infections, even the soft area of the ventral surface between the mouth and 
pectoral fins may become heavily loaded. Within the mouth cavity, the gill filaments 
and also the gill bars and rakers become well covered. The glochidia which attach to 
these mouth parts do not remain, for, although the fish may be carrying many of their 
fellows upon its external parts, in about one week after the infection all glochidia have 
disappeared from the gill filaments, which then become as clean as though never infected. 

· Scattered glochidia may remain upon the other internal mouth parts, for specimens are 
occasionally seen well embedded and in advanced stages of their metamorphosis, but in 
the main these parts also will become free of glochidia. 

The general distribution upon the individual fins may be seen by reference to figures 
19 to 25, plates IX and x, which show how great a proportion of the glochidia become 
attached to the fin margins. If a fish is. carefully watched, as its slight movements stir 
up .the glochidia during the infection, the latter are seen continually falling upon the 
upper faces of the pectoral and pelvic fins. They may even be collected with a pipette 
and heaped upon a motionless peCtoral fin, remaining there for some minutes without . 
more than an occasional specimen becoming attached. The margin of the fin is so much 
more favorable for attachment, that it is often thickly set with glochidia, when none are 
found upon the fin surface, and this despite the fact that glochidia must, during infection, 
strike against the surface of the fin many times for e\;ery time that one of them comes 
in contact with a fin margin. It is, therefore, the margin of the fin for which this glochi
dium is best suited, and, once fastened there, it is almost certain to remain and become 
embedded by the growth of the host's epithelium. 

Considered in a more detailed way and with reference to the parts of the glochidium, 
we may explain this more frequent attachment to the margin as due .to the fact that 
when the glochidium strikes against any flat surface the sensory hairs are not stimulated 
and the glocbidium, which, as we have already shown in the case of the hooked forms, . 
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responds principally to tactile stimulation, does not receive the stimulus to permanent 
closure which is given by the presence of any foreign object inserted between the valves. 
When a specimen does become attached to the surface of a fin, as is sometimes the case 
(fig. 21 and 22, pl. IX, fig. 25 and 32, pl. x), it presumably gains its hold by catching 
upon one of the ridges formed by the fin rays, for the hooks could hardly be used upon a 
perfectly fiat surface. Glochidia sometimes hold to the surface of a fin by a shred of 
tissue, under which their hooks have caught, remaining there after all the neighboring 
specimens are completely overgrown (fig 25, pl. x), only to be torn off later without 
having caused any noticeable hypertrophy of the fin tissue. Figures 25 and 32, plate x, 
show that glochidia may become overgrown either flat against the surface or upon edge, 
and figure 24, plate IX, shows a young mussel leaving a surface attachment after a 
parasitism of 74 days. 

The behavior and reactions of glochidia are of course significant in connection 
with the actual attachment when once the glochidium is brought in contact with a 
suitable part of the fish's body and receives the normai stimulus to close its valves. 
The bringing of the glochidium against just that part of the fish is a matter of the chance 
distribution in the water. Hence the distribution of the glochidia to the several fins 
is determined solely by the number likely to be brought in contact with a given part 
of the body. Those fins which brush against the bottom are always the more heavily 
loaded and the numbers elsewhere depend upon the extent to which the glochidia are 
kept suspended in the water. The importance of the mucus for the glochidia of Sym
phynota and of the larval thread for those of Anodonta and Unio in tangling the glochidia 
into masses and drawing others against the fish when a single one has become attached 
has probably been exaggerated, as explained in the section of this paper which deals with 
the function of the larval thread. 

Optimum infections, as we shall term those which are close upon the limit of the 
number of glochidia which a fish can safely bring through the metamorphosis, often 
show the glochidia very closely set one after another, as in figures 22 and 2J, plate 
IX, and figure 25, plate x, and several hundred may be safely carried by a fish 3 or 4 
inch~s in length. Prolonged exposure causes so heavy an infection of the margins 
(fig. 19 and 20, pl. IX) that the fin tissue appears unable to overgrow the mass of 
glochidia, and they then remain attached without overgrowth for a week or more. 

Figure I 9, plate IX shows how on a part of the fin having no overcrowding normal 
embedding occurred, while in the more crowded areas the glochidia were still uncovered 
even seven days after infection. In the middle upper margin of this fin it would seem 
that the overgrowth might well have taken place, for many cases like figure 25, plate x •. 
have been observed in which glochidia as closely set were properly embedded. The 
failure of overgrowth in this region is probably due to the presence immediately afteJ; 
infection of a greater number of glochidia many of which have since been detached. 
In all cases of this kind a smaller number will finally become embedded than in an 
infection where the fin has received more nearly the optimum load (fig. 2 I, 22 , 23, pl. IX, 

and fig. 25, pl. x), for the great majority drop off when the fin becomes so mutilated 
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that bacterial or fungus infection sets in. These over-infections sometimes cause such 
hypertrophy that the fins become swollen and the rays so drawn together that it is 
impossible for them to spread out normally. Often the fins are .raw and bleeding for 
some days and show red areas within where the blood vessels have become abnormal. 
The fish are likely to die from this or from the similar injury. to their gills, and these 
over-infections are unsatisfactory if one wishes to bring through their parasitism the 
maximum number of glochidia. 

The steps in the implantation of the glochidium by an overgrowth of the fish's 
tissue may be seen in figures 21 and 22, plate xx, and figure 25, plate x. Figures 21, 

plate xx, and 26, plate x, show the glochidium 3.% hours after attachment to the 
fish's fin. Most of the glochidia have bitten deep enough in from the margin to have 
a good hold for their hooks. The beginning of the hypertrophy appears as a faint 
mass of tissue, seen with its nuclei in the detailed figure 26, plate x. At the end of 
x 2 hours the overgrowth is well advanced and sometimes, as in figure 27, plate x, shows 
different stages even in neighboring glochidia. The ragged edge of the host's tissue 
rises up crater-like about the glochidium, tneeting above in a delicate mass, the nuclei 
of which are shown. Figure 22, plate IX, shows that in 24 hours most of the glocbidia 
are more' than half covered, whether upon the edge or the surface of the fins. At the 
end of 36 hours (fig. 25, pl. x) optimum infections of the carp show all the glochidia 
which have obtained a proper attachment well embedded, and from this time onward 
the only change which is visible in whole mounts is a slight increase in the opacity 
of the cyst, which renders the internal structure of the glochidium less distinct (fig. 23, 
pl. IX). Some of our infections show embedding in as short a time as 6 hours (Sym
phynota), and Harms (1909) gives xo to 12 hours as the time which he observed in 
A nodonta, so the time given for the figures above referred to is the maximum for hooked 
glochidia which have been well located. Glochidia upon the fin surface become embed
ded in a similar manner and are then in a very secure position (fig. 22, pl. IX, fig. 25 and 
32, pl. x). 

INFECTIONS WITH HOOKLESS GLOCHIDIA. 

Our experiments in artificial infection with hookless glochidia have been more 
extensive because this is the type of glochidium found in the species of mussels which 
are of commercial importance. Species of the genus Lampsilis (ligamentina, recta, 
anodontoides, ventricosa, subrostrata, and luteola) have been the most frequently used, 
but infections have also been made with several species of Quadrula and one of Unio. 
The list of fishes employed as hosts for hookless glochidia is also more extensive and we 
are, therefore, able to make statements which we know to be of wider application than 
those made for the hooked glochidia. 

When the same fish is used, the results for the several species of Lampsilis are 
very uniform and we can thus discuss the parasitism of this genus as a whole; but we 
do not find the same mussel giving uniform results with all species of fish. The glochidia 
of this genus have been used successfully for the infection of blue-gill sunfish (Lepomis 
pallidus), yellow perch (Perea fiavescens), crappie, large-mouth black bass, rock bass, 
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the red-spotted sunfish (Lepomis humilis), and the green sunfish (Apomotis cyanellus). 
As with the hooked glochidia, the infection!i'ha:ve ali been mad~ upon fish under 6 inches 
in length, upon which these ' glochidia rem~n in numbers only on the gill filaments, 
although during infection some may become attached to and even embedded upon fins 
and other external parts. Harms (xgo8) concludes that the''hootdess type persists in 
much greater numbers on the fuis of small than of large fish, and that the hooked type 
will survive upon the gills if large fish ~re . used. It is doubtless true that the size of 
the gills and fins is an ·importa;.t · factor in determining the place 'of attachment for 
each type, since the hookless form is better adapted for hotding to a delicate surface 
like a gill filament or a fine fin, while the hooked type seems likely to be easily tom 
from such a surface. When the hookless' form does orice beco_me established apon an 
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Flo. 2.-Roek-bass (Amblop/ilu ruJ>eslris) infected with elochidia of LamJ>silis liqa11Ufttma . About 2,500 were successfully 
carried throtlih the metamorphosis by each fish in this infection. Note the large number on the &ills. 

external part, it will develop there without Inishap, as shown by the figure of a hooked 
and a hookless glochidium developing side by side upon the margin of a fin (fig. 29, 
pl. x). Within the mouth cavity these glochidia become attached to .the gill bars and 
rakers, if these parts are covered by a sufficiently delicat~ epithelium, though they are 
always found in the greatest numbers upon the gill filaments. In most of our infec
tions the filaments are more heavily infected toward their outer ends (fig. 43, pl. XI), 
the distribution varying somewhat with the species of fish. For example, successful 
infections of rock bass with Lampsilis ligamentin:a show abOut seven glochidia upon 
the distal third of the filament to one upon the proximal two-thirds; of large-mouth 
black bass about 3 to x., and of yellow perch about x·,U to x-differences which are 
probably due to some particular configuration of the mouth ' parts, which causes the 
glochidia to fall more upon one region of' the filaments than ' another. 
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In a fish which will carry a given glochidium successfully, over-infection of the 
gills is easily aCcomplished and .easily f~tal, although species of fish differ greatly in the 
amount of infection they are able to withstand without serious mortality. In one 
of our most successful combinations (rock bass infected with Lafn,psilis ligamentina), 
fish 4 .inches in length were estimate4 to be carrying in the neighborhood of 2,500 
glochidia, an average of more tha.ikwo for every filament of the gills and yet there was 
almost no mortality among the fish. · A rock bass from this infection is shown in text 
figure 2, wt..1ch also illustrates the distribution of the glochidia on a single fish. In 
this case the success of so heavy an infection is perhaps explained by the distribution 
of the glochidia qpori the gill filamen~s, for we found by count that there were about 
seven near the tips to one on the proximal two-thirds 9f the filament, and thus the greater 
part of every filament was left unchanged and in full functional condition, while in 
other infections (large-mouth black bass with L. liga,.entina), where a much greater 
proportion of the glochidia were upon the sides of the filaments, the mortality of the 
fish was heavy, althpugh the amount of infection was much less. A gill of the latter 
fish infected with tb~ glochidia is shown in figure 39, plate XI. The number estimated 
for this fish, which was 4 inches in length, being only 450, is less than the optimum. 

Implantation upon the filaments occurs in a manner similar to that of the booked 
glocbidia upon the external parts, but much more rapidly. Figures 35, 36, 37, and 38, 
plate xr, show the appearance at 15 minutes, 30minutes, I hour, and 3 hours, respectively, 
after infection, and .)~r observations, showing that the cyst is completed within from 2 
to 4 hours, agree with what Ha~s (1909) has found for gill infections. The prolifera
tion will even continue after the gill has been cut from the fish and placed in a watch glass 
for observation under the microscope (fig. 54 and 55, pl. xm). An immediate result of 
the cyst formation is the obliteration of the lamellre upon either side of the gill filament, 
which thus becomes smooth and slightly swollen .in the vicinity of the glochidium (fig. 43, 
pl. xx). Figures 34 and 43, plate XI, show the general and detailed appearance of the 
cysts and the diversity in the angles at which the glochidia are attached. 

The older statement that the hooked glochidia are fin and the hookless gill parasites 
finds, therefore, confirmation from our work, although it would be better to say that the 
hooked attach most successfully to large strong margins like those of the fins, and the 
hookless to soft and fine filameqtous structures like the gills in fish . of moderate size. 
The reactions of the t~ types of glochidia to mechanical and chemical stimuli, with 
respect to the part they pl!i-Y in attachment, have already been d~ussed. 

SUSCEPTIBILITY OP PISH2S TO INP2CTION. 

The susce~tibility of different fishes to infection is a matter which has not been suffi
ciently considered by any previous iqveStigators. We have evidence that some species 
are much less susceptible than others to one or the other type of glochidium, and that in 
these cases any conSiderable infection is an impossibility. The most striking instances 
of this are the German carp, certain minnows, and the darters. 


