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D i s t r i b u t i o n  a n d  N a t u r a l  H i s t o r y  o f  t h e  Snai l

P o m a t i o p s i s  c i n c i n n a t i e n s i s  ( L e a )1

HEN RY V A N  DER SCHALIE  and L O W E LL  L. GETZ
U niversi ty  of M ic h igan ,  A n n  A rbor ,  and  U nivers i ty  of  C onnecticu t,  Storrs

A b s t r a c t : T h e  regional and loca l d istribution of Pom atiopsis  cincin­
natiensis , a snail inhabiting  river banks, w as studied to determ ine some 
of the factors lim itin g  its range. Soil texture w as n ot a factor. T h e  fre­
quent flooding of streams a n d /o r  the  considerable silt and clay deposition  
on their banks are detrim ental to both  the snails and their eggs, particu­
larly  the latter. Stream s subjected  to such conditions did not sustain  
P. cincinnatiensis.  W hen present, snails occur in a  narrow zone on the 
banks of rivers. Experim ents ind icate that this zonation results from  the 
preference show n by this species for a  relatively narrow range of sub­
strate m oisture (approxim ately  70%  of saturation) ; other factors studied  
w ere not effective in  this regard.

T h e eggs o f P. cincinnatiensis  are la id  usually  betw een  m id-M ay and  
la te  Ju n e; the  young hatch  from  early A ugust to late  Septem ber. M ost 
of the popu lation  hatch in early A ugust and m ay reach sexual m aturity  
before going into hibernation in la te  O ctober. Som e copulation  occurs 
betw een  these ind ividuals, but no successful egg developm ent can occur 
so  late  in the fall. By m id-M ay  of the fo llow in g  spring, about a m onth  
after the snails em erge from  hibernation, copulation  reaches a  peak. It 
is clear that P. cincinnatiensis  is an  annual species, in w h ich  alm ost all 
the adult population  dies off betw een  m id-A ugust and m id-O ctober. T h e  
sex ratios o f the  new ly hatched  snails ranged from 2 to 4  fem ales per 
m ale; am ong the adults the ratio was from 1.5 to 1.8 fem ales per m ale.
A  greater survival o f the m ales w as indicated . N o  difference w as found  
in  the diurnal and nocturnal behavior of P. cincinnatiensis.

I
I n t r o d u c t i o n

Six years of field an d  laboratory  work w ith  Pomatiopsis cincin­
natiensis, a  N o rth  A m erican p rosobranch  snail rela ted  to  O ncom elania, 
the in term ediate  host of Schistosom a japonicum  in the  Pacific, area, 
have led us to  believe th a t this species is in m any ways d ifferen t from  
an o th er com m on local species, Pomatiopsis lapidaria, as well as from 
the  fou r nom inal species o f O ncom elania. In fo rm ation  bearing  on the 
com parative sim ilarities an d  differences between these snails will 
ap p ear in ano ther publication  (van der Schalie and  Getz, in  press). 
In  this repo rt we review th e  regional and  local d istribution  as well as 
the  n a tu ra l history of Pom atiopsis cincinnatiensis. A lthough  in fo rm a­
tion of a  sim ilar n a tu re  was previously published concerning this 
species (van d e r  Schalie an d  D undee, 1955; van  der Schalie and  
W alter, 1957), new  d a ta  a re  now  available so th a t it is possible to 
exam ine the conclusions of the  earlier studies m ore critically.

A cknow ledgm en ts .— B onifacio  D azo and G eorge D avis w ere generous in  
assisting w ith  certain  phases o f  this study. Mrs. A nne G ism ann exam ined the

1 T h is work w as sponsored by the Com m ission of Parasitic D iseases, Arm ed  
Forces E pidem iological Board, and  supported by T h e  O ffice of the Surgeon  
G eneral, D epartm ent o f T h e  Army.
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m anuscript critically and assisted in  its preparation. M rs. Stanlee Lonsdale  
m ade m ost o f the graphs and  draw ings, W illiam  Brudon the rem ainder.

G e o g r a p h i c a l  D i s t r i b u t i o n

K N O W N  RANGE
W hile Pomatiopsis cincinnatiensis, a  snail species living' on river 

banks, is a t present relatively a b u n d a n t in  southeastern  M ichigan and 
northw estern  O hio  (van  der Schalie and  D undee , 1955), its general 
range is n o t well know n. T h e  scattered  records from  In d ian a , Illinois, 
Iow a, K entucky, M ichigan, O hio  and  V irg in ia  ind icate th a t the species 
was, a t least a t one tim e, ra th e r  w idely d istribu ted  th roughou t the 
upper Mississippi d rainage a n d  low er G rea t Lakes region. T o  obtain 
a  better understand ing  of its p resent distribution , as well as an  ind ica­
tion of its form er range, surveys w ere m ade of several stream s in O hio, 
Illinois and  M ichigan.

I t  was found m ost expedien t to  check stream s w herever roads 
crossed them . A t such sites a  close exam ination  was m ade of those 
banks w hich appeared  to have the  p roper h a b ita t conditions for P. 
cincinnatiensis, i.e., a fine-textured an d  sufficiently m oist substrate. T h e  
banks w ere exam ined fo r ab o u t a  h u n d red  yards bo th  above an d  below 
the bridge. Soil sam ples w ere taken a t  m ost stations and  observations 
of the general conditions of the bank  and  stream  w ere recorded.

P. cincinnatiensis was n o t found  in Illinois. I t  was discovered, 
how ever, in  a  few new localities in  M ichigan  an d  in  fourteen  new  ones 
in O hio  (Fig. 1 ). U nfo rtunate ly , stream s in  th e  la tte r state have been

DISTRIBUTION OF 
POMATIOPSIS CINCNNATENSS

•  ■POSITOE LOCALES,0*NEGATTVE LOCALES
 WATERSHED BOUNWBES

SCALE OF M tE SMICHGAN

/ ■ "

Big. 1.-— R ecent distribution  of Pom atiopsis  cincinnatiensis  in O hio and  
southeastern M ich igan  (m ostly  new  lo ca lities ). N egative  localities are those 
sites at w h ich  this species w as n ot found.
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greatly  d isturbed by m an. M any w ere heavily po llu ted  w ith  sewage 
an d  industria l wastes and  others had  been dredged  to  clear and 
stra igh ten  the  banks (prim arily  in  the headw aters) ; the lower reaches 
w ere all ra th e r  heavily silted. Extensive fa rm in g  in  th a t state causes a 
rap id  runoff of ra in  w ater, producing  flood conditions in the stream s 
du ring  the  year. Such high waters n o t only render th e  banks unsu it­
able as hab itats for P. cincinnatiensis du ring  an d  afte r the  floods, but 
also deposit an  unfavorable layer of silt an d  clay on the portion  of the 
banks occupied by these snails. T h e  com bined effects of pollution, soil 
particles in  the  w ater, and the scouring of th e  w ater itself, all u n d o u b t­
edly ac t adversely upon these snail populations. Such conditions are 
particu larly  h arm fu l to the eggs since no t only w ould  m any be washed 
aw ay, b u t the  pollu tion  w ould tend to  reduce th e  hatch ing  po ten tia l 
am ong those rem ain ing  on the  bank. T h e  layer of silt and  clay depos­
ited  on the  b an k  dries ou t to  form  a  h a rd  layer over the surface. Eggs 
so covered are  n o t likely to  hatch . If  they d id , the  young w ould be 
u n ab le  to survive.

T h e  survey indicated  th a t P. cincinnatiensis was able to m ain ta in  
itself only in the  headw aters of the stream s exam ined (o r th e ir  small 
tribu ta ries) w here there was little pollu tion and  w here the banks of 
the river w ere n o t subjected to  frequen t flooding. O nly  a  few and 
very sparse colonies w ere found in  some of the  stream s th a t w ere g rea t­
ly d isturbed. T hese  collections indicate th a t this species m ay have 
been m ore a b u n d a n t a t one tim e b u t th a t it is now becom ing ex ter­
m ina ted  in the  stream s suffering from  h u m an  disturbances.

Based on a  consideration of the  know n colonies of P. cincinnatien­
sis, th e  species was probably form erly presen t in  all of the  m ajo r 
d rainages in O hio  (Fig. 1 ). I t  was n o t found  in the M uskingum  
R iv er d ra inage during  the p resen t study, b u t this stream  has been 
g rea tly  disturbed. T h e  upper regions of som e of the tribu taries appear 
to  have suitable bank  characters and  soil types, particu larly  the Kill- 
buck  an d  M ochian  (M uddy  F o rk ) , b u t P. cincinnatiensis  was no t 
fo und  in them . T h e  stream s in this region have suitable banks for only 
five miles, approxim ately , of their course. T h e  rap id  runoff of w ater 
from  th e  su rround ing  agricu ltu ral areas brings ab o u t a  sudden increase 
in  stream  size as one progresses dow n river from  th e  headw aters. C on­
sequently , they soon becom e too large to have the type of banks upon  
w hich  P. cincinnatiensis is norm ally  found ; this developm ent leaves 
only a  short portion  of the stream s w here this species m igh t occur. In  
O h io  the best colonies w ere found in the V erm ilion and  Black rivers, 
an d  th e  n o rthern  tributaries of the  M aum ee, w hich are  m uch  less dis­
tu rb ed  th a n  are  those to the  south.

In  the Saline R iver in M ichigan, P. cincinnatiensis was found m uch  
fu rth e r  upstream  (a  colony was found  above M ila n ) th an  was pre­
viously repo rted  (van  der Schalie an d  D undee, 1955). Because there 
was an  old, an d  presum ably erroneous, record  from  the G rand  River, 
a  fairly  tho rough  check was undertaken  of the H u ro n , G rand , and  
K alam azoo  rivers, as well as several sm aller stream s em ptying into
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T a b l e  I .— Soil texture (average and extrem e percentages) at sites posi­
tive and negative for Pomatiopsis  cincinnatiensis  in O hio  and M ich igan

N o. of 
sites Sand

S o il texture
Silt Clay

P ositive localities 24 62 (3 9 -7 9 ) 26 (1 3 -4 2 ) 12 (7 -2 4 )
N egative  localities 54 57 (1 2 -9 0 ) 29 (6 -5 6 ) 14 (2 -5 1 )

w estern L ake Erie. P. cincinnatiensis was n o t found in  any of those 
stream s.

T h e  analysis of the m any soil samples exam ined ind icated  th a t 
types of soil probably are no t a  lim iting  fac to r in the  n o rth e rn  exten­
sion of the  range of P. cincinnatiensis (T ab le  I ) .  T h e  soil tex tu re  was 
ra th e r  sandy in  some streams, b u t in  others it was alm ost iden tical w ith 
th a t on river banks in w hich the species is abu n d an t. T h e  G ra n d  River 
(except for th e  Sandstone Creek tr ib u ta ry ) , in  p articu la r, h a d  banks 
th a t appeared  to be favorable. T h e  m ain  river has been heavily  pol­
lu ted  from  Jackson dow nstream ; above Jackson it  m ay be too small. 
A lthough  it is possible th a t this species did occur in th e  G ra n d  R iver 
d rainage p rio r to the  hum an  disturbances of the river, it is doubtful 
th a t any colonies now exist on its banks.

In  a  survey of southern Illinois, w e  checked the fo llow in g  localities, w hich  
w ere, how ever, all negative for P. cincinnatiensis:  M ud Creek, 17 m i S Crescent 
C ity, Iroquois Co.; V erm ilion R ., 5 m i W Paxton, Ford C o.; Sangam on R ., 
17 m i W  C ham paign, Piatt C o.; S a lt Creek, 5 m i E C linton , D e  W itt Co.; 
Sugar Creek, 8 m i W L incoln , L ogan  C o.; Q uiver Creek, 6 m i N  H avana, 
M ason C o.; “ small stream ,” 1 m i N  Jacksonville, M organ C o.; A p p le Creek, 
12 m i N  G reenfield, G reene C o.; M acou p in  Creek, 5 m i S C hesterfield, 
M acoupin  C o.; L ittle Shoal Creek, 1 m i N  G reenville, Bond C o .; Crooked  
Creek, 2 m i E Salem , M arion C o.; Crooked Creek, 3 m i S Salem , M arion Co.; 
Casey Fork, 1 m i E M t. V ernon , Jefferson C o.; East M uddy R iver, 4  m i W 
M t. V ern on , Jefferson C o.; “ sm all stream ,” 4  m i S C oulterville , R an d olp h  Co.; 
“sm all stream ,”  2 m i E E den, R andolph  C o.; Beaucoup R iver, 2 m i E Pinck- 
neyville , Perry C o.; “sm all stream ,” 5  m i N W  Lesser, Perry C o.; D utchm ans 
Creek, 3 m i W  V ien n a, Johnson Co. ; “sm all stream ,” 2 m i N  D ixon  Springs, 
Pope C o .; South  Fork, Saline R iver, 6 m i S H arrisburg, Saline C o.; F ox River, 
7 m i S M t. Erie, W ayne C o.; E lm  R iver, 5 m i W M t. Erie, W ayne C o.; B ig  
M uddy Creek, 2 m i N E  Sailor Springs, C lay C o.; E ast Fork, 2 m i E C offeen, 
M ontgom ery C o.; K askaskia R iver, 1 m i E Shelbyville, Shelby C o.; L ittle  
W abash, 3 m i W  M attoon , Coles C o .; Embarrass R iver, 3 m i N W  Oakland, 
C oles Co.

All of these rivers w ere also greatly d istu rbed ; silting was con­
spicuous. T h e  survey was m ade betw een 18 an d  29 A ugust, 1959. A 
heavy ra in  in  the region about ten  days before the  trip  p roduced  flood­
ing in  m ost o f the streams. All rivers w ere back to  the ir norm al level 
w hen the  survey began. T h e ir  banks, however, w ere com pletely plas­
tered  w ith  a  1 to  2 cm  layer of silt and  clay. T h e  period  a fte r the 
rains was h o t and  sunny and , as a  result, the m u d  was baked hard . 
S ince these floods cam e during  th e  period in  w hich the  young w ould 
norm ally  be hatch ing  (van der Schalie and W alter, 1957), it was
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ap p aren t th a t it w ould be d ifficult for P. cincinnatiensis to  m ain ta in  
itself under such conditions.

T h e  w idely scattered  records availab le on this species, an d  the 
observations of h a b ita t changes on the banks of rivers in  relatively 
recen t times lead  to the conclusion th a t before the arrival of the w hite 
m an, P. cincinnatiensis  was distributed  th roughou t O hio , In d ian a , 
Illinois, eastern Iow a, and  sou thern  M ichigan. W hether the  K entucky 
an d  V irg in ia records available in  the  M useum  of Zoology (U niversity  
of M ichigan) represen t relict populations, o r w hether the species also 
occurred th ro u g h o u t those regions until fairly recen t tim es is no t 
known. T h e  in form ation  as to its form er range in Illinois is som e­
w h at tenuous since only one recen t colony has been located there. T h e  
single m useum  record  from  ad jacen t extrem e southw estern In d ian a  
and  th e  observations th a t the stream s in  this area  ap p ear a t one tim e 
to  have h ad  su itab le banks for P. cincinnatiensis indicate th a t the 
species m ay have occurred  in  cen tral and  sou thern  Illinois before the 
clearing of the  land . I t  is ev iden t th a t one may never acqu ire  an 
understanding  of its d istribution  p rio r to settlem ent.

i n f l u e n c e  o f  s o i l  t e x t u r e

Field studies.— As indicated  below, w hen given a  choice, P. cincin­
natiensis will select a  finer tex tu red  substrate, i.e., one w ith  less sand. 
In  th e  regional survey, soil sam ples w ere taken a t m ost of the  sites 
visited to  determ ine the influence of soil tex tu re  (percentages of sand, 
silt and  clay) on th e  d istribution  of P. cincinnatiensis. In  the  case of 
some stream s the  sam ples w ere taken a t regu lar intervals along their 
course so as to  co rre la te  the com position of the  soil w ith  the  presence 
or absence of snail colonies a t  those p articu la r sites. In  th ree  such 
drainages, the  R aisin , Saline an d  St. Joseph rivers, P. cincinnatiensis 
was absent in  th e  headw aters w hile colonies w ere a b u n d a n t below. 
Series of soil sam ples w ere taken  in those rivers, therefore, in both  the 
negative upper an d  positive low er regions.

T h e  soil sam ples w ere ob ta ined  by pressing a  16-ounce o in tm ent 
can  in to  the  bank  in  a  zone th a t appeared  to  be typical a t  th a t site. 
A modified Bouycous m ethod was used to determ ine the  tex tu re  of the 
soil samples. T h ey  w ere air-d ried  in the laboratory  for a t least th ree 
weeks and  then  rolled and  sieved th rough  a  2 m m  m esh sieve. A 51 
g ram  subsam ple (equ iva len t to 50 gram s of oven-dried soil) was 
p laced in a  200 m l flask w ith  approxim ately  150 m l of w ater and  10 
m l of “calgon” dispersing agent. T h e  flasks w ere shaken an d  then 
allow ed to slake fo r 15 m inu tes; they w ere then  p laced on a  shaker 
tab le  for 20 m inutes. T h e  contents of a  flask w ere p laced in  a  sedi­
m en tation  cylinder, w ater was added  to  the  app rop ria te  level and  the 
cylinder was then  shaken vigorously for one m inute. A n hydrom eter 
read ing  was taken  40 seconds a fte r cessation of shaking an d  again 
two hours la ter. T em pera tu res w ere also recorded a t each read ing  and 
th e  hydrom eter values corrected  accordingly (0.2 units added  or sub­
tracted  for each IF  above or below 67F, respectively). T h e  corrected
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hydrom eter readings give the actual gram s of soil particles left in  sus­
pension. A t the  40 second read ing  the sand particles have settled o u t; 
both th e  silt and  clay fractions a re  still in suspension. A fter two hours, 
only the  clay fraction  rem ains in suspension. I t  is possible, therefore, to 
calculate the percentages of sand, silt and  clay in the original sample.

In  the Raisin R iver th e  soil becomes m ore sandy above M an ­
chester (78 to  88%  sand as com pared to  40 to 69%  below th a t tow n). 
P. cincinnatiensis was n o t found above M anchester (th e  positive local­
ity show n by van  der Schalie and  D undee, 1955, resulted from  an  error 
in the  p repara tion  of the  m a p ). T his species was found, how ever, on 
banks of o th e r stream s in w hich the  soil h ad  a sand con ten t as high as 
79 per cent. Since sand of a t least th a t percen tage is n o t a  lim iting 
factor elsewhere, it appears doubtfu l th a t soil tex ture lim its the d istribu­
tion of this snail in the R aisin  River. T h e re  was also no correlation 
between soil tex tu re  and  snail distribution in  either th e  Saline or St. 
Joseph rivers. T h e  banks of the Saline, an d  to a  certain  ex ten t those 
of th e  St. Joseph (M au m ee  d ra in a g e), have been greatly  disturbed. 
T h e  resulting  changes in  th e  banks probably are  the  prim ary  reason 
for the  absence of this snail in  the headw aters of those tw o streams.

O ver-all com parisons of the soil tex tu re  of positive an d  negative 
localities indicate th a t the  present geographic distribution is n o t con­
trolled by soil tex tu re  (T ab le  I ) .  M any stream s in  w hich no colonies 
of this snail w ere found  h ad  soils less sandy than  o ther areas in  w hich

]  LOAM 

I  SAND

F ig . 2.— A rrangem ent o f soil types in the clay dish used in determ ining  
substrate texture preferences. In another series of experim ents, clay was sub­
stituted for the  sand.
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T a b le  I I .— S u b stra te  te x tu re  p re fe ren ce  show n  by Pom atiopsis  cincinnati­
ensis ( lo c a tio n  o f snails 24  h o u rs  a f te r  be in g  p laced  on  ex p e rim en ta l design  
show n  in  F ig . 2)

T rial number T ota l
N um ber of snails 

O n  loam O n  sand
1 39 30 9
2 47 30 17
3 48 31 17
4 52 36 16
5 44 32 12

T otal 230 159 71

they w ere abu n d an t. I t  appears, therefore, th a t factors o th e r than  soil 
type are influencing its distribution.

E xperim en ta l studies.— Soil texture preferences: I n  order to test 
the  possibility th a t P. cincinnatiensis  m ay select o r show a  preference 
for certain  kinds of soil, loam  (from  the banks inhabited  by P. cincin­
natiensis) an d  sand (from  banks in  w hich they d id  n o t occur) were 
arranged  in  a  clay dish on a  w ater tab le in  a  p a tte rn  as shown in F igure 
2. T h e  anim als were placed in the cen ter of the d ish  an d  the num bers 
p resen t on each soil type w ere recorded  24 hours later. F ive such tests 
ind icated  th a t there was a  definite preference for loam  as com pared 
w ith  sand (T ab le  I I ) . A  sim ilar experim ent was conducted using loam  
an d  clay (from  Illinois river banks w here the  snails w ere n o t fo u n d ) . 
T h re e  trials showed th a t clay was definitely preferred  to loam  (T able 
I I I ) ,  in  spite of the fact th a t these snails w ere n o t found on such a 
substrate in  Illinois. Evidently , P. cincinnatiensis shows a  preference 
fo r a  finer tex tu red  substrate.

M o vem en t:  Since P. cincinnatiensis has a  pecu lia r loping type of 
locom otion, it seemed possible th a t locom otion m igh t perhaps be som e­
w h a t im peded on a  sandy type of substrate. T o  determ ine this possi­
bility, ten pe tri dishes w ere filled w ith  m oist loam  an d  ten  w ith  moist 
sand. By pressing the  top of a  ja r  against the substrate, a  circle approx­
im ately  2.5 inches in d iam eter was form ed in  each dish. O ne snail was 
p laced  in  th e  center of each circle and  the  tim e requ ired  fo r it  to reach 
the edge was recorded. T e n  observations w ere m ade on each sub­
stra te  w ith  each snail.

T a b l e  I I I .— Substrate texture preference shown by Pom atiops is  cincin­
natiensis  (location  of snails as in T ab le I I )

T r ia l number T otal
N um ber of snails 

O n clay O n loam

1 25 20 5
2 25 24 1
3 25 25 0

T otal 75 69 6
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T h e  snails appeared  to  m ove faster, although  n o t significantly so, 
on sand  th an  on loam. Since it was show n th a t they tended  to  avoid 
sand, it  is possible th a t this g rea ter m ovem ent was in  response to  some 
unfavorab le stimulus. A t any rate , these observations suggest tha t 
m ovem ent is no t im peded by a  sandy substrate. T h e  m an n er of loco­
m otion of several individuals on b o th  sand and  loam  was exam ined 
under a  dissecting microscope. T h e  sand did n o t ap p e ar to im pede 
th e ir  m ovem ent.

L o c a l  D i s t r i b u t i o n

IN F L U E N C E  OF SOIL M OISTURE

Preferences.— F ield  studies: T h e  zonation observed th roughout 
several seasons of the year on the  banks appeared  to  be in  response 
to  a  m oisture gradient. T h e  significance of this fac to r seemed im por­
tan t, thus some studies w ere designed to obtain a  b e tte r m easure of 
the  m oisture differences in  the  hab ita ts. O n  O ctober 12, 1960, a  tran ­
sect was established on th e  bank  of the  R iver R aisin  four miles below 
T ecum seh, M ichigan (“T ecum seh  S ta tio n ” ) . T h is site appeared  to 
have a  typical soil m oisture profile an d  it contained  a  large num ber of 
snails. T h e  transect, 50 cm  w ide an d  120 cm high, was m arked  off on 
the bank  to form  12 horizontal zones, 10 cm  wide. T h e  num ber of 
snails in  each zone was then  recorded. T o  m easure th e  degree of 
m oisture in the upper layer of the g round , two soil samples w ere taken 
from  each  of these horizontal zones, using round  o in tm en t cans (6.7 cm 
in d iam eter and  1.6 cm  deep) ; each sam ple was taken  approxim ately 5 
to  10 cm  from  the edge of the  transect. A sam ple was collected by 
p lacing  the  can on the soil (open  end  d o w n ), cu ttin g  around  it  w ith 
a  spa tu la  (to  a  dep th  of abou t 2 to  3 cm ) and gently pressing the can 
into the soil. W hen the  bottom  of the  can  was flush w ith  the ground 
surface, the spa tu la  was slipped u n d er it  and  a  p lug  of soil removed. 
T h e  excess soil was sliced off level w ith  the  edge of th e  can so th a t a 
sam ple was obtained w ith  little d istu rbance to the  original soil struc­
ture. T h e  can was then closed an d  th e  position of the  sam ple recorded.

T h e  am ount of w ater in  each sam ple was determ ined  by com paring 
w et an d  dry w eights; the  la tte r  was ob ta ined  by oven-drying the 
sam ple a t 100 C for two days. T o  obta in  the percentages of sa tu ra­
tion of th e  original field samples the  am oun t of w ate r required  to 
sa tu ra te  each sam ple was determ ined. D istilled w ater was added  to the 
soil in  each can un til a  film rem ained  on the surface. T h e  samples 
w ere left for an h o u r; m ore w ater was added then , if necessary, and 
the  sam ples inverted on a  2 m m  m esh screen un til no m ore w ater 
d ra ined  out. Each sam ple was shaken slightly before being tu rned  u p ­
righ t to insure th a t no w ate r was trapped  aro u n d  the  edges. T h e  
am o u n t of w ater contained  in each sam ple was again  determ ined  by the 
g ravim etric m ethod m entioned above. F rom  the  dry w eight it  a p ­
peared  th a t little soil h a d  been lost (less than  0.1 g per sam ple) in the 
handling , no r did the  structu re  of the  soil ap p ear to be altered.

A com parison of the  m oisture g rad ien t w ith  the  zonation of the



1962  v a n  d e r  S c h a l i e  e t  a l . :  H i s t o r y  o f  t h e  S n a i l  2 1 1

——  soil moisture 

 number of snails

no

too

90

oCO
ll_
o 70

<
OL
3

40

30 -

o ' 2 0  •

0 10 20 30 40 50 60 70 80 90 100 110 120

CM
2

45 O

U _
O
CC
LÜ
CD
23

DISTANCE UP B A N K  (CM.)

F ig . 3.— C om parison  of substrate m oisture and d istribution o f  P o m a t io p ­
sis cincinnatiensis  on a  bank of the R iver R aisin , 12 O ctober 1960.

snails on the  bank  ind icated  th a t the  snails w ere d istribu ted  on soils 
w ith  a  m oisture con ten t 75 to 92 per cen t of sa tu ra tion  (Fig. 3 ) .  T h is 
value is som ew hat h igher than  th a t observed in the laboratory  experi­
m ents (see below ). T h e  differences m ay be ’due in  p a r t  to the  failu re 
of th e  field m ethod  to m easure the m oisture conditions a t the very 
surface of th e  soil, i.e., the  layer m ost im p o rtan t in  regard  to  the  zona­
tion  of these snails. As m oisture evaporates from  the surface, this 
po rtion  becomes d rie r than  the  soil below the surface. E ven  though 
the  plugs of ea rth  used in  this study w ere abou t as th in  as feasible for 
accuracy in  determ in ing  m oisture values, they w ere still too deep to 
give th e  precise percentages of sa tu ra tion  a t the surface.

E xperim en ta l studies: C om parison of substrate m oisture preferences 
betw een young a n d  ad u lt P. cincinnatiensis was recently  published 
(van  der Schalie an d  Getz, 1961). T h e  substrate used in  those experi­
m ents consisted of pads of pap e r toweling. W hile th a t m edium  p ro ­
v ided su itab le com parisons am ong the  d ifferen t size groups of this 
species, i t  seem ed desirable, also, to ob ta in  substrate m oisture p refer­
ences using soil as the  substratum . T h is m ore recen t series of m oisture 
g radients was established in a  m etal box (30 x  2%  x  2)4  in ) sepa­
ra te d  into ten  (2 )4  x 2^4 x  2 in) com partm ents. All the  co m p art­
m ents w ere filled w ith  soil of a  un iform  tex ture p roduced  by screening
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i t  th rough  a  0.4 m m  m esh sieve. T h e  am oun t of m oisture needed to 
sa tu ra te  com pletely the soil of a  com partm en t of the  box was deter­
m ined  by filling a  pressed paper box of the sam e size as a com partm en t 
w ith a  sim ilarly tex tu red  soil a n d  sa tu ra ting  th a t soil w ith  distilled 
w ater. V arious decreasing series of substrate m oisture could  then  be 
established and  m ain ta ined  in these com partm ents. T h e  snails were 
given freedom  in selecting any of the com partm ents.

In  the first series of experim ents a  sa tura tion  g rad ien t o f 100 to 10 
per cen t was established. T h e  sa tu ra tions dow n through  40 per cent 
w ere m ade by pouring  distilled w ater directly in to  the  com partm ents, 
since it  h a d  been found experim entally th a t the w ater requ ired  for 
these percentages of sa tura tion  soaked com pletely th rough  the soil. 
T h e  saturations of 30 per cent and  below requ ired  a  m ixing of the 
soil an d  th e  w ater in  a  bowl (w ith  an allow ance for evaporation) ; 
these soils were then  p laced im m ediately in the p roper com partm ents 
of th e  box.

T h e  tests w ere m ade by placing  20 snails on the soil of each com ­
partm en t. T h e  top  of the box was covered w ith  a  plastic, sheet ( “ Saran 
W ra p ” ' to  m ain ta in  a  p roper hum id ity ; a  glass p la te  was placed over 
the la tte r. T h e  en tire  box was covered w ith an  opaque clo th  to  elim ­
ina te  any possible influence of light. T h e  box was left undisturbed 
for a  day before th e  snails in each  section w ere counted. A fter several 
trials it  was clear th a t th e  snails avoided the sections w ith  a  m oisture 
sa tu ra tion  of 90 to  100 p er cent. O n the o ther han d , the  snails in  the 
low er p a r t  of the  range (th e  10 and  20 per cen t sa tu ra tion  com part­
m ents) w ere unab le  to  move. T hose snails th a t did m ove into the 20 
per cen t sa tu ra ted  com partm ents also becam e inactive. E ven  the 
snails in  th e  30 and  40 per cen t com partm ents experienced difficulty 
in  m oving, especially in th e  form er. T his situation  was p artly  due to 
th e  looseness of the  soil (a  resu lt of the  m ixing of these soils w ith 
w a te r ) .  T h e  snails on the loose soils exuded a  large quan tity  of slime 
and  m any individuals eventually  becam e bogged down. T hese experi­
m ents ind icate th a t the  snails showed a  preference fo r a  substrate w ith 
a  m oisture ranging  betw een 50 a n d  80 per cen t of sa turation .

W ith  these experim ents as a  guide, ano ther series of tests were 
m ade using a  range of sa tu ra tio n  between 50 and  80 per cent. In  order 
to  elim inate the difficulties previously encountered due to  loose soil, 
the  w hole box was tw ice filled w ith  distilled w ate r an d  dried  in an 
oven fo r four days. T his trea tm e n t produced  a  reasonably solid soil sur­
face w ith  the  particles adhering  m ore firmly. W ith  the  reconditioned 
soil surfaces just described, the  com partm ents w ere then  m oistened in 
the  follow ing descending an d  ascending sequence of percentages: 
1 0 0 T , 80, 70, 60, 50, 50, 60, 70, 80, and 1 0 0 + . T h e  two com partm ents 
a t each end. w ere k ep t supersa tu rated  so as to have a  film of w ater 
over th e  soil surface a t all tim es. E vaporation  from  these sections 
m ain ta ined  a  relatively h igh  hum id ity  th roughou t the  box an d  helped 
to  c u t dow n the evaporation  from  th e  o ther com partm ents. A fter 20 
snails h ad  been p laced in each of the  com partm ents the box was again
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covered as previously indicated . T h e  distribution of th e  snails was 
recorded afte r two days. T w o  trials of this kind (Fig. 4) show ed th a t 
the  snails largely avoided soils 80 per cen t sa tu ra ted  and  definitely 
p referred  a  substrate sa tu ra tion  of approxim ately  70 per cent. M ore 
snails w ere recorded  on the 50 an d  60 per cen t sa tu ra ted  com partm ents 
than  were found  on the 80 per cen t sa tu ra ted  soil.

W hile the  field d a ta  ind icated  a  substrate m oisture preference 
h igher than  th a t of the  experim ental studies (75 to 92 per cen t com ­
pared  to 70 per c e n t) , these d a ta  are in relatively close agreem ent. T he 
surface of the  banks is probably slightly d rie r th an  the  d a ta  of the 
field studies ind icate ; this difference m ay account for the discrepancy 
noted. H ow ever, it is clear th a t P. cincinnatiensis is found only in a 
fairly narrow  range of soil m oisture. This fac to r may be one of pri­
m ary  im portance by way of restricting  this species to a  narrow  zone on 
the banks of rivers.

Slope of bank and w idth  of zonation: T h ere  is a  correlation  be­
tw een the slope of a  bank an d  its soil m oisture g rad ien t; the less the 
degree of slope, th e  m ore of the capillary fringe zone will be exposed. 
In  this zone only a  certain  percen tage of th e  soil interspaces are filled 
w ith  w ater and  therefore the  soil m oisture con ten t is som ew hat below 
saturation . I f  the  snails selected som e portion  of the capillary fringe, 
one w ould expect a  m uch w ider zonation on banks w ith  a  lesser 
am o u n t of slope th an  on those approach ing  the  vertical. T his w ould
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F ig . 4 .— Substrate m oisture preferences of Pomatiopsis  cincinnatiensis.  Solid  

bars represent d ata  from  an experim ent utilizing a m oisture range of 50 to 80  
per cent of saturation; the stipp led  bars are indications o f tendencies observed 
on  a  m oisture gradient of 10 to 100 per cent of saturation.
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Fig. 5.— A verage w idth  of zonation  of Pom atiops is  cincinnatiensis  (from  

five different counts) in com parison to  slope of the river bank at five localities  
on the R iver R aisin.

be evident particu larly  on banks in w hich the u p p er areas are high 
enough to  be well above the  capillary  fringe and  thus too dry to sup­
port P. cincinnatiensis.

As p a r t  o f ano ther study (van  der Schalie and  Getz, 1961) five 
transects w ere established on the  banks of the R iver Raisin. T h e  slope 
of these five banks ranged  from  15° to  75° from  the horizontal; all 
w ere high enough to  be dry a t th e  top of the  transect.

Five counts w ere m ade of th e  distribution of snails in each transect 
between 16 August and  20 O ctober 1959. I t  has, therefore, been 
possible to  com pare th e  w id th  of zonation of the  snails w ith  the slope 
of the bank  a t  these sites. T h e  d a ta  for all the  counts a t each transect 
w ere to taled  to give an  average figure for the w idth  of the  zonation 
and  to  avoid any variations caused by rains, or o ther disturbances, to 
a  particu lar transect.

T h ere  was a  ra th e r close correlation between th e  w id th  of zona­
tion of the snails an d  slope of th e  bank  (Fig. 5) ; thus, the  zonation 
was particu larly  narrow  on the  steeper banks. G eneral observations on 
the w id th  of zonation a t various o ther places on the R iver R aisin also 
indicated  th a t the  steeper banks h ad  th e  narrow er zones of distribu­
tion. T his evidence, therefore, suggests th a t soil m oisture is an  im ­
po rtan t factor in the  local d istribution  of P. cincinnatiensis.

D istribution on the bank o f a small tributary stream .— A small 
stream , leading from  a  spring, em pties in to  the  R iver R aisin  a t the 
Tecum seh station. A t its confluence the backw ater of the  river forms 
a  pool approxim ately  5 to 6 m  w ide, 10 to  20 cm deep, an d  20 to 25 
m  long. Above this pool th e  stream  rap id ly  narrow s and , approxim ate­



1962  v a n  d e r  S c h a l i e  e t  a l . :  H i s t o r y  o f  t h e  S n a i l  2 1 5

ly 40 m  from  the  outlet, it  is b u t a  small trickle. T h e  m oisture on the 
banks of this stream  corresponds to the size of the stream , i.e., the banks 
a re  qu ite  m oist un til the stream  size decreases, an d  a t the  u p p er end 
they becom e relatively dry.

In  o rder to obtain fu rth e r  in form ation  regard ing  the  influence of 
m oisture u pon  the distribution of P. cincinnatiensis, com parisons were 
m a d e  of tbe num bers of snails on the banks a t given points u p  the 
tribu ta ry . N ine stations, five m eters ap a rt, w ere established along its 
banks, sta rting  a t its outlet to th e  river. T h e  num ber of snails in two 
(one-half square m eter) quad ra ts  was determ ined fo r each station. 
T h e  d a ta  ob ta ined  ind icated  th a t the re  was a  steady decrease in  the 
ab u n d an ce  of snails from  the backw ater a t  the ou tle t to  the  point 
w here  the  stream  was no  m ore than  a  trickle (Fig. 6 ) .  A dditional 
evidence was furnished, therefore, to  ind icate th a t m oisture plays an 
im p o rta n t role in  the  local distribution of P. cincinnatiensis.

IN F L U E N C E  OF TEM PERATURE

Studies of the  tem peratu re  preferences of P. cincinnatiensis (van 
der Schalie and  Getz, in  press) showed th a t this species tended  to con­
cen tra te  a t tem peratures a round  21C. Soil surface tem peratu res were 
m easured on fou r widely separated  strips dem arca ted  u p  the  bank  of 
th e  R iver R aisin. T h e  zones selected by the  snails w ere then recorded 
to  determ ine if the ir distribution could be explained as a  response to
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Fig. 6 .— D istribution  of Pom atiops is  cincinnatiensis  on the banks o f a  sm all 
tributary of the  R iver R aisin , quickly narrow ing at a  poin t 20 m above its 
m outh.
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Fig. 7.— Surface tem peratures at 10 cm  intervals up  the banks of the R iver  
R aisin  a t selected  localities w ith  d ifferent bank gradients, 22 A ugust 1961. T he  
75° bank was exposed to sunlight and the  others were shaded.

a  tem pera tu re  gradient. S urface tem peratures w ere ob ta ined  by 
p lacing a  glass therm om eter flat on the  bank  an d  pressing it in to  the 
soil un til the  bulb was abou t h a lf  buried . T h e  m easurem ents were 
m ade betw een 1330 and 1500 on  22 A ugust 1961, w hen the a ir tem ­
p era tu re  was abou t a t  m axim um . All sites were shaded  except the 75° 
transect (Fig. 7 ) , w hich was exposed to sunlight.

A slight tem peratu re  g rad ien t o f tw o to  th ree  degrees was observed 
along the  th ree shaded transects; two h ad  the higher tem peratures at 
the bo ttom  of the bank  while th e  opposite g rad ien t was observed in 
the th ird  (Fig. 7 ) .  T h ere  was n o  tem peratu re  g rad ien t on the sunlit 
bank  a t  the fourth  locality. N o correla tion  could be m ade between the 
distribu tion  of the  snails and  th e  surface tem peratures of the  bank 
(Fig. 7 ) .  T h e  sm all tem pera tu re  difference observed, therefore, does 
no t ap p e ar to  be an  im p o rtan t fac to r in  the zonation of P. cincinnati­
ensis on river banks.

P o p u l a t i o n  S t u d i e s

F rom  previous w ork it was established th a t a  few individuals may 
survive for 14 to 18 m onths; fo r all p rac tica l purposes, however, P. 
cincinnatiensis is an  annual species (van  der Schalie an d  D undee, 
1955). T h e  d a ta  available also ind icated  th a t fem ales w ere both 
larger an d  m ore ab u n d a n t than  th e  males. H ow ever, these conclusions 
were based on relatively few data . Consequently, a  series of 13 periodic 
collections w ere m ade between 10 A ugust 1959 and  11 A ugust 1960
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a t bo th  th e  T ecum seh  S tation  and  the  C lin ton  S tation  (R iver Raisin, 
1 m ile N orth  of C lin ton, M ichigan) to ob ta in  m ore com plete d a ta  on 
grow th an d  sex ratios. T h e  samples w ere ob ta ined  w ith  the assistance 
of a  square  fram e to insure com plete sam pling of all size classes. T h e  
fram e was p laced on the bank  an d  all the  snails w ith in  it were rem oved. 
D uring  th e  tim e th a t newly h a tched  snails w ere present, a  read ing  glass 
was used to  ob ta in  as com plete a  collection as possible. I f  the collec­
tion d id  n o t con tain  a t least 100 snails from  one sam ple, the fram e was 
shifted slightly to  one side an d  all the  snails in  th a t area  w ere then 
taken. T h is process was repeated  un til a  m in im um  sam ple of 100 snails 
was obtained.

T h e  snails collected w ere relaxed w ith  nem butal (van  der Schalie, 
1953) an d  fixed in  form alin. T h e  shells in each series w ere then 
m easured w ith  an  ocular m icrom eter in a  dissecting m icroscope. A fter 
m easurem ent, each snail was p laced in  a  separate , num bered  vial and  
th e  shell was rem oved w ith  Bouin’s solution. T h e  sex of the anim als 
was then  determ ined  by the  presence or absence of the  verge. I t  was 
found th a t  the  verge was presen t in  recently  h a tched  m ales (1.5 m m  
lo n g ) . In  this way it was possible to  ascertain  th e  size and  sex of each 
snail in each series.

G row th rates.— L ate  in the  growing season, on 17 A ugust 1960, 
w hen it seem ed safe to assume th a t the  snails h a d  reached the ir m ax ­
im um  grow th, a  series of adults was obtained from  each station. T hey  
were m easured to  ob ta in  an  average m axim um  size (shell length) for 
each sex. T h e  values ob ta ined  w ere 3.8 m m  and  4.8 m m  for m ales and 
females, respectively. T h e  m easurem ents of th e  snails in all the  p re ­
vious reg u la r collections w ere then  converted to  a  percentage of the 
average m ax im um  grow th to m ake the grow th  rates of the two sexes 
m ore easily com parable.

T h e  g row th  rates w ere approxim ately  the same at each station 
(Figs. 8 a n d  9 ) .  T h ere  did appear, how ever, to be a  slight trend  
tow ard  m ore rap id  grow th of the m ales a t bo th  stations. A heavy rain  
on th e  day a fte r the collection on 20 O ctober 1959 b ro u g h t the river 
to the  top of its banks. W hen th e  w ater subsided, approxim ately  ten 
days la ter, the  snails w ere all found  to be in h ibernation  u n d er dead 
vegetation, logs and  leaf m old. T herefo re, the  20 O ctober samples 
represent th e  m ax im um  grow th  of the  young before they en tered  h ib e r­
nation . A t th a t tim e m any of the anim als had  reached  their full g row th  
(Figs. 8 an d  9) o r very nearly  so.

T h e  spring  of 1960 was ra th e r  la te ; the first snails did n o t appear 
on the  banks before 12 April. T h e  spring rains and  h igh w ater m ade it 
impossible to  ob ta in  the first series of snails earlier th a n  22 A pril. T h e  
small difference in  the  size d istributions between the  20 O ctober 1959 
and  22 A pril 1960 series ind icated  th a t little grow th h ad  occurred  
between th e  tim e th e  snails em erged from  h ibernation  and  the tim e 
of the  first collection. G row th  was relatively rap id  afte r the first week 
of M ay ; m ost specim ens w ere nearly  full grown by the  first w eek of 
June.
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F ig. 8 .— Size distribution  (shell len gth ) o f Pomatiopsis  cincinnatiensis  col­
lected  at the T ecu m seh  S ta tion ; the m easurem ents have been converted to a 
percentage of the average m axim um  grow th attainable for each sex (4 .8  and 3.8 
m m, fem ales and m ales, resp ective ly ). Fem ales are show n above the line, males 
below.

T h e  young appeared  a t  approxim ately  the sam e tim e (3 A ugust) 
a t b o th  stations in the  sum m er of 1959. H ow ever, in 1960 the  young 
d id  n o t ap p ear a t th e  T ecum seh station  until abou t one week after 
they w ere first observed a t the  C lin ton station. T h e  reason for the 
delay was n o t determ ined.

S ex  ratios and survival.— v an  der Schalie an d  D undee (1955) 
found  th a t the fem ales o u tnum ber the males (in  the  ratio  of 4 to 1).
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F ig . 9.— Size distribution (shell len g th ) o f Pom atiopsis  cincinnatiensis  co l­
lec ted  a t  th e  C lin ton  Station; the  m easurem ents have been  converted to a 
percentage o f  the average m axim um  grow th  attainable for each sex (4 .8  and 
3.8 m m , fem ales and m ales, resp ective ly ). Fem ales are show n above the line, 
m ales below.

T h e  presen t d a ta  indicate, how ever, som ew hat less unbalanced  condi­
tions in general, an d  also th a t the  ratio  difference is m ore pronounced 
am ong the  younger anim als th a n  am ong the m ore m a tu re  groups 
(T a b le  I V ) . T h e  sex ratios for the  young of the year collected 10 and 
16 A ugust 1959 vary between two an d  four females per m ale. A com ­
b ined  to ta l of all anim als, ha lf grow n or less, yielded a  sex ratio  of 2.3 
fem ales to 1 m ale. O n th e  o ther h an d , a  com bined total of all anim als 
reach in g  90 p er cen t or m ore  of g row th  yielded a  sex ratio  of only 1.4 
fem ales p er m ale. Consequently, it  appears th a t w hile there a re  con­
siderably m ore young females th a n  males, the  m ales m ay have a  some­
w h a t h igher survival so th a t th e  sex ratio  becomes m ore balanced by 
the  tim e th e  anim als reach m atu rity . T hese results differ from  those 
of van  der Schalie an d  D undee (op. c it.) ,  w ho indicated  a  lesser sur-
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T a b l e  IV .— Sex ratios of Pom atiops is  cincinnatiensis  as determ ined  from  
a population  of snails hatched  in the sum m er of 1959

D ate  of C lin ton  Station T ecum seh  Station
sample Fem ales M ales Fem ales M ales

10 Aug 59 55 28 108 27
16 Aug. 59 112 35

3 Sep 59 33 18 144 49
17 Sep 59 120 99
29 Sep. 59 90 58

2 Oct 59 79 36
20  Oct. 59 74 31 83 48
22 Apr 60 73 59 75 88

6 -May 60 85 50 65 58
20 May 60 70 56 86 67

3 Jua 60 89 64 100 29
28 Jul. 60 68 54 79 48
11 Aug 60 81 54 83 43
Totals 718 473 1134 627
Sex ratios 1.5 1 1.8 1

vival am ong the males. H ow ever, they d id  no t separate  the  young of 
the  year from  the  adults of the  previous year, so com parison of sur­
vival values could n o t be m ade.

T h e  average sex ratio  for all specim ens (2,952) of all ages, from 
both  stations, was 1.7 females to 1 male. T h is ratio  is considerably 
m ore balanced than  the values of 4 to  1 given by van d er Schalie and 
D undee (op. c it.) . T h e  recent ratios a re  based upon m ore than  twice 
as m any specimens and  are probably  m ore reliable.

A c t i v i t y

M o v e m e n t .— T h e  activity  of P. cincinnatiensis was studied in the 
field to  determ ine the factors th a t influence m ovem ent in  its norm al 
hab ita t. T o  ob ta in  such d a ta , th ree quadra ts (8 x  13 in ) w ere estab­
lished on the banks of the R iver R aisin  a t the C lin ton  S tation. Short 
pegs w ith  nails driven in to  the  top of each w ere p laced  a t the  corners 
of the  quadra t. W ith  these m arkers as anchors, a  w ire grid  m ade of 
h ard w are  cloth (J/i-in  m e sh ), m arked  off into 1-in squares, was set 
on the  pegs across and  above the  bank  so as to allow the observer to 
sight the position of the snails u n d er the  grid. T h e  position of each 
snail in  the q u ad ra t was then  located and  plo tted  on sheets of Y^-in 
g rap h  paper.

T w o  quadra ts (N um bers 1 an d  3) w ere established on the west 
bank  of the river. T hey  w ere selected so th a t N um ber 1 was on an 
exposed and  open bank, w hile N um ber 3 was in  a  zone shaded by 
overhanging brush. Q u a d ra t N u m b er 2 was p laced in  an  exposed 
position on the east bank  of the river. A Serdex laboratory  hygrom ­
eter was p laced n ear each g rid ; leads from  a  therm ister therm om eter 
w ere inserted l/% in  below th e  surface, a t 2-in intervals up  the bank 
a t q u ad ra t N um ber 1. In  o rd er to insure accuracy only five snails



1962  v a n  d e r  S c h a l i e  e t  a l . :  H i s t o r y  o f  t h e  S n a i l  2 2 1

w ere left u n d e r  each q u a d ra t; the others, as well as all those snails th a t 
w ere in the  vicinity of each q u ad ra t, were removed.

T w o  of th e  snails in  each square w ere m arked  w ith  yellow pain t 
to fac ilita te  d ifferen tia ting  individuals w hen trac ing  their m ovem ents. 
A ny snail observed approaching  the q u a d ra t from  th e  outside was 
rem oved. S tudy snails found craw ling o u t of the q u ad ra t w ere placed 
back in the  cen te r of the  grid. T h e  locations of the snails w ith in  th e  
q u a d ra t w ere p lo tted  a t  hourly  intervals an d  soil tem p era tu re  an d  air 
hum id ity  readings were taken. Soil m oisture was no t determ ined , bu t 
ap p aren tly  was w ithin the “ optim um ” range. T h e  presence o r ab ­
sence of sun ligh t was also recorded. W ith  the use of the  m ethods 
described, a  series of observations were m ade on  2 to 3 A ugust 1960. 
O bservations w ere begun 1200 on 2 A ugust, an d  readings w ere m ade 
every hou r un til 0100 on 3 August. A t th a t tim e a  heavy ra in  w ashed 
m ost of the  snails from  the banks and  it was necessary to discontinue 
the  observations. A lthough this study was in te rrup ted , sufficient d a ta  
w ere ob ta ined  to  indicate th a t there w as no essential difference as 
betw een n ig h t an d  day (Fig. 10) in the am oun t of activity expressed 
in m ovem ent.

Since the  sky was overcast th roughou t the entire day of 2 A ugust, 
it seem ed advisable to rep ea t the  observations on a  clear, sunny day. 
W hen th is was done on 11 A ugust, it was again ev ident th a t there 
w ere no differences in the  am oun t of d iu rnal and  noctu rna l activity 
(F ig . 11).

T hese  studies of the  m ovem ent of P. cincinnatiensis du ring  August 
a t the  he ig h t of norm al activity revealed th a t this snail is ab o u t equally 
active a t all tim es of th e  day and  night. Also, w ithin th e  ranges of 
tem p era tu re  (17 to 24C) an d  hum idity  (50 to  100% ) recorded during
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F ig . 10.— A verage m ovem ent o f Pomatiopsis  cincinnatiensis  on  the bank of 
the  R iver R aisin  at the C lin ton  S tation  in relation to tim e of day, tem perature, 
and air hu m id ity  (overcast d a y ).
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those periods, there was no  ind ication  th a t e ither o r bo th  factors in ­
fluenced the m ovem ents of this snail. Evidently  th e  variations in  the 
am o u n t of sunlight on the  banks also h ad  no  noticeable effect.

Dispersal.— T h e  m ovem ent studies showed th a t, fo r its size, this 
species is qu ite  active. Consequently, it seemed desirable to learn  some­
th in g  ab o u t the  tendencies of P. cincinnatiensis to disperse along the 
river banks.

A series of adu lt snails (150 individuals) w ere b ro u g h t in to  the 
labo ra to ry  on the afternoon  of 23 Ju n e  1961. T h e ir shells w ere cleaned 
and  d ried  w ith  pap e r toweling, following w hich the  u p p e r 3 to 4  whorls 
w ere d ipped  into yellow pain t. A fter the p a in t h a d  dried  overnight 
th e  snails (a ll alive) w ere released again  a t the ir original site on the 
river (C lin to n  s ta tio n ). T h e  anim als w ere p laced on the bank  in a 
circle ab o u t 10 cm  in diam eter. A t intervals du ring  the  first m onth

11 August, 
I960
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Fig. 11.— A verage m ovem ent o f  P om atiops is  cincinnatiensis  on  the bank of 

the R iver R aisin  at the C lin ton  S tation  in relation to tim e of day, tem perature, 
and air hu m id ity  (sunny d a y ).
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an d  a t  the end  of th e  second m o n th  the bank  was carefully exam ined 
to  determ ine the ir d istribution. U n til la te July, the  norm al tim e for 
n a tu ra l m orta lity  to begin, i t  was possible to locate approxim ately  half 
of th e  individuals released each tim e the bank  was checked.

A fter 30 days a  few snails h ad  m oved as fa r  as 12 m eters from  the 
release po in t; the  d istribution  afte r 60 days was essentially the sam e as 
th a t of the 30 th  day (T ab le  V ) . W hile the  experim ent was in  progress,

T a b l e  V .— D ispersal o f m arked Pom atiopsis  cincinnatiensis  both  upstream  
and dow nstream  from  release p oin t on river bank from  3 to 60 days later

D istance in N um ber o f  days after release
m eters from 3 6 17 30 60
release point U p D ow n U p  D own U p D ow n U p  D ow n U p D ow n

0- .5 30 28 20 13 6 5 3 11 5 8
.5- 1.0 6 9 7 15 8 10 8 4 3 4

1.0- 1.5 5 5  6 5 5 6 1 5
1.5- 2.0 6 3 5 6 4 2 4
2.0- 2.5 3 1 3 4 6 3 4 1
2.5- 3.0 2 4 1 5 3 ..
3.0- 3.5 3 2 1 2
3.5- 4.0 .. 1 1 ..
4 .0- 4.5 2 1
4 .5- 5.0 1
5.0- 6.0 1
6 .0- 7.0 2
7.0- 8.0 1 2
8.0- 9.0 2
9 .0-10 .0 1

10.0-11.0 2
11.0-12.0 2

vegetation grew  dow n th e  bank  to w ith in  3.5 m  upstream  of the 
release point. I t  was difficult to find the  snails in  this vegeta tion ; the 
sm aller am oun t of up river m ovem ent recorded m ay have resulted, 
therefore, from  n o t finding the  snails ra th e r th a n  from  the ac tua l ab ­
sence of m arked  specim ens 3.5 m  above the  release point. A heavy 
ra in  occurred between the 17th an d  30th day observations; some of 
the  snails m ay have been w ashed in to  the w ater and  carried  dow n­
stream . T h is could account, a t  least in  p a r t, fo r some of the 
dow nstream  m ovem ent.

D ispersal dow nstream  could be accom plished very rapidly  by ind i­
viduals w ashed in to  the  river an d  carried  fa r dow n to new  localities. 
U pstream  dispersal w ould depend  prim arily  on the  locom otive ability 
of the  snails themselves or th rough  the  action of m an  or o ther anim als. 
T h e  young snails w ould have approxim ately  two m onths in  the fall in 
w hich to m ove before going into h iberna tion ; d u ring  the spring and  
sum m er they could disperse over a  period of an o th er four m onths 
before com pleting the ir egg-laying. Based on the  above figures, one 
could an tic ipate  th a t  these snails m igh t disperse upstream  on their 
ow n a t a  ra te  of approxim ately  15 to  20 m eters p e r generation.
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R e p r o d u c t i o n

Seasonal pa ttern .— R eproduction  of P. cincinnatiensis  was studied 
by van der Schalie and  D undee (1955) an d  van  der Schalie and 
W alte r (1957). T hey  found  th a t egg-laying occurred  m ainly from  
la te  M ay to  early Ju ly ; m ost of the  eggs h a tch ed  in A ugust an d  in  
early Septem ber. M ost copu lating  pairs w ere observed in  the  early 
spring (A pril to  M a y ). G row th  is quite rap id  so th a t m any individu­
als are alm ost ad u lt size before they go in to  h ibernation . In  view of 
these developm ents it seem ed of in terest to determ ine w hether the 
gonads had  m atu red  and  w hether any copulation  occurred before h iber­
nation  began.

O bservations w ere m ade of the  snails on  the banks in the  fall to 
discover copulating  pairs; a  few scattered pairs (all obviously young 
of th e  year) were found  copu lating  in  m id-O ctober, 1959. A series of 
snails (young of the  year) w ere collected on 20 O ctober 1959, just a 
few days before they w ould have gone into h ibernation . These animals 
w ere sectioned to  determ ine the  degree of gonad  developm ent as well 
as to observe w hether sperm  was present in the  females. T h e  gonads 
of these individuals w ere also com pared w ith  those of adu lt snails col­
lected 2 A ugust 1960. A lthough m ore detailed in form ation  on gonad 
developm ent will be published elsewhere, it  should be ind icated  here 
th a t, by late O ctober, the  gonads of the larger individuals (those tha t 
ha tched  early in  A ugust) w ere already well developed. T h e  fac t th a t 
sperm  were stored in  the  sem inal receptacles an d  bursa of a  few females 
was a  fu rth e r ind ication  th a t copulation  h a d  occurred. H ow ever, 
there was no  ind ication  th a t eggs w ere m oving th rough  th e  oviduct 
in  any of the females. C opulation , therefore, appears to be influenced 
by age an d  physical developm ent ra th e r than  by seasonal factors. Too 
few d a ta  w ere ob ta ined  to ascertain  w hether o r n o t eggs are laid  by 
the young of the  year in the  fall. Since in  the  latitudes w here  the 
species occurs, eggs deposited in  the  fall w ould  n o t have tim e to de­
velop before w inter, any eggs laid a t th a t season w ould probably no t 
hatch . A fter the snails em erge from  h ibernation  in the  spring, growth 
resum es and  the  anim als soon reach  full grow th (Figs. 8 an d  9 ) .  As 
they reach  m atu rity , breed ing  com m ences; copulation  occurs w ith 
greatest frequency during  the  period from  la te  M ay th rough  June.

D aily pa ttern .-—T o  ob ta in  m ore in form ation  on the tim e of egg- 
laying, a  series of snails was collected a t hourly intervals from  1030, 
2 A ugust to  0130, 3 A ugust, 1960. These anim als w ere im m ediately 
relaxed w ith  nem butal and  then  fixed and  sectioned. P articu lar a tte n ­
tion was given to  determ ine if eggs w ere passing th rough the  oviduct 
and  the  lower rep roductive tra c t ( “sperm athecal d u c t” of van der 
Schalie and  D undee, 1956). I t  was assumed th a t the presence of eggs 
in the lower trac t ind ica ted  th a t egg-laying was occurring. T h e  in for­
m ation  ob ta ined  from  exam ination  of 56 serially sectioned individuals 
ind icated  th a t th e re  was no daily p a tte rn  in  egg-laying (T ab le  V I ) .

A study of th e  tim e w hen copulation  occurred  was no t m ade. M any
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pairs w ere observed copulating a t all times of the  d ay ; it  is assumed 
th a t copulation  occurs th roughou t the  n igh t as well, since o ther activ­
ities of the snails w ere observed to continue over a  24-hour period.

D istribution of eggs.— In  a  study of the  zonal d istribu tion  of the 
eggs of P. cincinnatiensis, van  d er Schalie an d  W alte r (1957) in d i­
cated  th a t there w ere two zones of concentra tions of eggs, i.e., a  large 
one on  the  lower portion of the  bank  and  a  sm aller one slightly higher 
on th e  banks of the R iver Raisin. T hey  concluded th a t this a rrange­
m e n t was caused by fluctuating  w ate r levels of the river due to in te r­
ru p te d  w ater flow brought about by hydroelectric dam s upstream .

F or several years the dam  above the  C lin ton S tation  has n o t been in 
operation . Consequently, a  study was m ade of the zonation of eggs 
on the  banks a t this station to see if a  double concen tra tion  of eggs 
still persisted. T h e  distribution of eggs was determ ined  along  four 
transects (for the techniques em ployed, see van  der Schalie an d  W alter, 
1957) on 2 A ugust 1960. T h re e  of these showed no  ind ication  of a 
double zone of concentra tion  (Fig. 12). T h e  fou rth  transect did have 
a  sm all concentra tion  of eggs below the  m ain  concentra tion . Since this 
sm aller concen tra tion  involved only one soil sam ple, it  w ould appear 
ra th e r  to  be a  result of sam ple erro r th an  an  actual double zonation  of 
th e  eggs. Evidently , the double zonation  previously observed no longer 
occurs a t the C lin ton Station. T h e  facts available indicate th a t fluctu­
ating  w ater levels m ay have been responsible for the double zonation 
observed earlier a t this station.

C h a n g e  i n  R i v e r  C o n d i t i o n s

F or several years field w ork has been conducted  a t  the T ecum seh 
S ta tion . In  Septem ber, 1960, a  loop of the river a t this station  was cut 
off from  the m ain  course by the construction  of a  new  bridge over the

T a b l e  V I .— T im e of egg-laying of Pomatiopsis  cincinnatiensis  as indicated
by th e  presence o f eggs in  the low er reproductive tract (ov idu ct or sperm athecal 
du ct)

D ate
T im e of 

sam ple Exam ined
N um ber of snails
W ith  eggs W ithout eggs

1230 2 2 0
1330 5 5 0
1430 5 4 1
1530 6 5 1

A ug. 2- 1630 2 2 0
3 , 1960 1730 5 2 3

1830 4 3 1
1930 4 3 1
2130 5 4 1
2230 6 6 0
2330 3 3 0
0030 5 5 0
0130 4 3 1
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Fig. 12.— D istribution of eggs o f Pom atiops is  cincinnatiensis  (num bers in a 
circular area of a 3 /2  inch  d iam eter) at the C linton S tation , 2 A ugust 1960.

river an d  the opening u p  of a  new  connecting  channel. As a  conse­
quence, the banks of the dead arm  in this a re a  w ere isolated along 
w ith  a  large population  of P. cincinnatiensis. T hese banks are now 
being studied to determ ine th e  influence of this m ajo r change upon the 
snail population.

W hile the w ater level in the cut-off portion  of the river dropped 
by approxim ately  one m eter, w ate r rem ained  in it  th ro u g h o u t the  first 
year a fte r this change. T h e  eggs th a t h a d  been laid  in the spring and 
sum m er h ad  hatched  by the  tim e the  1960 cut-off becam e effective, and 
the  snail population  appeared  no rm al du ring  the sum m er of 1961. 
Y oung snails began appearing  in  the first week of A ugust, 1961, an 
ind ication  th a t reproduction  h ad  n o t been greatly disturbed. However, 
a  lapse of only one year is insufficient to determ ine th e  effects of the 
altered  conditions on this snail po p u la tio n ; this area  will continue to 
be exam ined periodically.

C u l t u r e  M e t h o d s

In  the  laboratory  m ain tenance of groups th a t have a  relationship 
to  m edical zoology, considerable difficulty has been encoun tered  in a t­
tem pting  to rea r P. cincinnatiensis (S tunkard , 1946; van  der Schalie 
an d  D undee, 1955; v an  d er Schalie et al., in press). T h e  inform ation 
contained  in this report, toge ther w ith  the  d a ta  in  a  publication  which 
com pares the m oisture and  tem p era tu re  responses of Pom atiopsis w ith 
those of O ncom clania  (van der Schalie and  Getz, in  press), indicates
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m ost of the im p o rta n t conditions th a t are requ ired  for success in  cu ltu r­
ing P. cincinnatiensis.

T h e  cu ltu re  techniques previously em ployed for this species (van 
der Schalie an d  D undee, op. cit.) have been  shown to provide fa r  too 
m oist an env ironm ent w hen com pared  to th e  conditions in  w hich these 
snails are found  in  natu re . A lthough several s tandard  m ethods of cul­
tu re  utilized for o th e r snails w ere tried, all of them  w ere unsuccessful 
because the substra te  was again  too wet. A  new  cu ltu re  cham ber has 
been designed in  w hich the  substrate reta ins a  constan t an d  suitable 
m oisture content.

T his v ivarium  is m ade by using a  clay flow erpot, seven inches in 
d iam eter a t th e  top and  five and  one-half inches high. A roll of filter 
p ap e r is inserted th rough  the hole in  the bo ttom  (Fig. 13) so th a t only 
one to  two inches of the p ap e r protrudes below  the  bo ttom  of the pot. 
T h e  p o t is then  filled w ith  loam  (tightly packed) to w ith in  an  inch of 
the  top. T h e  filter pap e r “w ick” is m oistened an d  trim m ed to  form  a 
solid roll of p ap e r approxim ately  3 /1 6  inches in  diam eter. T h e  p o t is 
then placed in a  rack  over a  w ate r tab le w ith  the filter p ap e r wick p ro ­
jecting  into the  w ater. T o  m ain ta in  a ir circulation, approxim ately 
h a lf  the top of th e  flow erpot is covered w ith  a piece of p la te  glass, the 
rem ainder w ith  screen wire. E vaporation  from  th e  cham ber produces 
a  relatively dry surface an d  keeps the  air hum idity  som ew hat below 
satura tion . T hese  conditions have proven m ost suitable for P. cincin­
natiensis. I f  th e  substrate becomes too moist, the wick is trim m ed to 
obtain a  sm aller d iam eter so th a t less w ater enters the soil in the  pot.

Fig. 13.— C ut-aw ay v iew  of the  flower pot cham ber used to  cu lture P o m a t i ­
opsis cincinnatiensis,  show ing position  of filter paper wick w h ich  m aintains  
proper m oisture in  the loam  (st ip p led ).
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A d u lt snails p laced in  such a  cham ber in m id -Ju n e  have been 
observed in  copulation  an d  young have been produced. H ow ever, there 
was some initial m orta lity  (approxim ately  2 5 c/c )  am ong the  adults.

I t  has been show n elsewhere (van der Schalie and  Getz, in  press) 
th a t P. cincinnatiensis is very susceptible to high tem peratures. In  its 
hab ita t, sum m er tem peratures w ere found to average 20C ; they seldom 
w ent above 23 o r 24G over extended periods. Since the  laboratory 
room  tem p era tu re  in  cu ltu re  w ork  (bo th  in  the present p rogram  and 
th a t of van  der Schalie and  D undee, op. cit.) averaged 27C , it is 
possible th a t too high a  tem pera tu re  was a  factor in  the m ortality  
observed.

T o  investigate this point, tw o series of nine clay saucers (such as 
used previously in  cu ltu ring  this species, van  der Schalie and  D undee, 
1955) w ere provided w ith  loam  and  moist filter paper. T en  snails 
w ere p laced  in each saucer. T his series of v ivaria w ere m ain ta ined  a t 
20C an d  27C, respectively, for 50 days. A lm ost half of those snails 
subjected to  the higher tem peratu re  died, while less th a n  10 p er cent 
of those m ain ta ined  a t 20C died (T ab le  V I I ) .

T a b l e  V I I .— Survival of P om atiopsis  cincinnatiensis  m aintained  for  
50 days at 20 C and 27 C , respectively

Saucer 20 C 27 C
num ber D ead A live D ead Alive

1 0 10 7 3
2 0 10 6 4
3 0 10 6 4
4 0 10 2 8
5 1 9 5 5
6 1 9 3 7
7 0 10 3 7
8 4 6 1 9
9 0 10 9 1

T ota l 6 84 42 48

D u rin g  the course of these tests no  young w ere p roduced  or eggs 
deposited a t e ither tem perature . As already indicated , this type of 
v ivarium  tends to be too w et for successful cu ltu ring  of P. cincinnati­
ensis. A lthough  some of the snails a re  able to survive such moist con­
ditions, they apparen tly  d o  no t lay eggs. W hen they w ere m ain ta ined  
on d rier substrate, as described above, they produced  num erous eggs 
and  young. T h e  lack of success of the previous cu ltu re  m ethod is, 
therefore, believed to be caused by too high a  tem p era tu re  resulting 
in  increased m ortality  am ong adults and  too h igh a substra te  moisture, 
accounting for the  failu re in  ob ta in ing  eggs.

I t  is now  know n (van der Schalie and  Getz, 1961) th a t  young P. 
cincinnatiensis requ ire  slightly m ore m oisture than  th e  adults. T h ere ­
fore, survival of the  young m igh t be enhanced if they a re  provided
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w ith  m ore m oist conditions for the first m onth  afte r hatch ing . Experi­
m ents are in progress to determ ine am ounts of m oisture needed during 
early and la te  stages in developm ent.

W ith  know ledge of som e of th e  optim um  conditions required  for 
the  cu ltu re  of this species, fu rth e r studies a re  now  being undertaken  to 
determ ine w hat m odifications, if any, a re  required  for the best m a in ­
tenance of P. cincinnatiensis th ro u g h o u t its en tire  life cycle. T h ere  are 
already  indications th a t the new er techn ique appears to  be m uch  m ore 
successful than  any of those previously attem pted .

In  some of th e  prelim inary  studies, filter paper was used as a  source 
of food. W hile the  anim als can  subsist on a  cellulose diet, it w ould 
seem advisable to determ ine the p ro p er food for this species. Food 
studies have therefore also been in itiated .

D i s c u s s i o n  a n d  C o n c l u s i o n s

D istribution.— T h e  factors influencing the  regional distribution of 
Pomatiopsis cincinnatiensis have n o t yet been determ ined. U n fo rtu ­
nately, th e re  are too few early records to ind icate its original range. 
Since its present distribution has been greatly influenced by the a lte ra­
tions of the  conditions on the river banks it inhabits, its original d istri­
bu tion  can  no t be ascertained w ith  any degree of reliability. F rom  the 
records available, this snail apparen tly  reached its n o rthern  lim it in 
low er M ichigan and  its sou thern  lim it in  southern K entucky.

T h e  tests m ade indicate th a t soil type (tex tu re ) does no t ap p ear to 
be a  m ajo r factor in its regional distribution. I t  is possible th a t tem ­
p era tu re  m ay be a  factor. T h e ir to lerance to extrem es of tem perature 
an d  their preferences are given elsewhere (van der Schalie and  Getz, 
in  p re ss) . H ow ever, field d a ta  w ere no t ob ta ined  to learn  the  signifi­
cance of either of these experim ental factors upon  the regional dis­
tribution  of P. cincinnatiensis.

O bservations a t num erous sites occupied by P. cincinnatiensis, as 
well as a t those a t w hich it does n o t occur, ind icate th a t the species is 
found  only on the  banks of stream s. T h e  following type of stream  
seems to  be requ ired : a  stream  in w hich w ater can  reach its banks 
even during  the driest seasons; one th a t will always have a  suitable 
zone of soil m oisture : and  a  stream  w hich does no t cause enough bank  
erosion du ring  its h igh w ate r stages to  wash away the snails a n d /o r  
the ir eggs. S tream s whose banks are so eroded by w ater action as to 
give the  appearance of having been “ g raded” norm ally  do no t sup­
p o rt P. cincinnatiensis. Likewise, stream s w ith  banks subjected to 
frequen t floods a n d /o r  deposition of considerable am ounts of silt and 
clay usually do no t harbo r P. cincinnatiensis colonies.

T h e ir  local distribution , i.e., the  way in  w hich the anim als zone 
themselves on river banks, appears to  be rela ted  prim arily  to  m oisture 
conditions. P. cincinnatiensis has been shown to have a  very narrow  
range of m oisture preference (m ore so than  the  rela ted  species, P.
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lapidaria, w hich lives in m oist seepage areas; van  der Schalie and 
Getz, in press). I t  was also show n th a t th e  experim ental m oisture 
preference approxim ates the soil m oisture w ith in  the  zone of occur­
rence of these snails on the river banks. N o o th er factor correlated  as 
well as m oisture in the determ ination  of the  zonation of the snails. 
T em p era tu re  did n o t ap p e ar to  be responsible for the  zonation ob­
served. T h ere  is no ap p a ren t difference in the  availability  o f possible 
food sources on the banks (G eorge Davis, personal com m unication). 
A lthough a ir hum idity  m ay decrease on the u p p er portion  of the  bank 
(in  d irect correlation w ith  soil m o istu re), the  experim ental d a ta  in­
d icate  th a t air hum idity  is n o t a  p rim ary fac to r in  determ ining the 
position of these anim als in  their hab ita t. T h e  a ir  hum idity  in the 
experim ental cham bers was essentially the sam e th roughou t, yet the 
anim als selected a  given substrate m oisture. I t  m ust be concluded, 
therefore, th a t P. cincinnatiensis, w hich is found  only on river banks 
and  in  a  restricted and  narrow  zone on them , is so lim ited because it 
requires a  definite range of substra te  m oisture. O nly  river banks (as 
described above) seem to afford  situations in w hich the required 
m oisture range is always present. O th e r  m oist situations, such as 
marshes, fluctuate too m uch  in  m oisture con ten t to  present suitable 
conditions th roughou t th e  year.

N atura l history.— Y oung P. cincinnatiensis h a tch  in late sum m er or 
early fall and  survive un til the  follow ing sum m er. M ost of th e  snails 
th a t h a tch  in early A ugust reach  m atu rity  before going into h iberna­
tion in late O ctober; some individuals may m ate  in the  fall b u t no 
successful hatch ing  of eggs can  occur un til spring. A lthough the rela­
tive grow th of the m ales appears to  be slightly g rea ter th a n  th a t of 
the females, their rep roductive developm ent is slower than  th a t ob­
served for females (van  d er Schalie and  Getz, unpublished d a ta i .  I t  
is usually m id-M ay before m ost individuals a tta in  sexual m atu rity  and 
reproductive activity reaches a  peak. Eggs m ay be laid  from  m id-M ay 
until la te  Septem ber. Since few individuals survive th e  second w inter, 
this species has, for all p rac tica l purposes, an an n u a l cycle.

T h e  sex ratios of P. cincinnatiensis a re  always unbalanced  in  favor 
of th e  females. T h e  percen tage of females, how ever, is greater in the 
newly hatched  individuals than  in th e  adults. T h is evidence indicates 
a  h igher m ortality  ra te  for th e  females. H ow ever, d irect evidence of 
such a  difference in  survival was n o t obtained.

O bservations du ring  bo th  day and  n igh t failed to give any indica­
tion of difference between th e  noctu rnal and  d iu rnal activity of P. 
cincinnatiensis. T h e  anim als w ere as active du ring  the  day (on both 
sunny an d  cloudy days) as a t n ig h t; likewise, egg-laying occurred 
th ro u g h o u t the day an d  night. A lthough  observations were no t m ade 
of copulation  during  th e  n igh t, this activity was in  evidence th rough­
o u t the  day and  undoubted ly  occurs also a t n ig h t; these anim als a p ­
paren tly  m ain ta in  ab o u t th e  sam e pa tte rn  of behavior bo th  n igh t 
and  day.
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