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Introduction 

The repor t  of t h i s  year covers t o  a large degree the same 

types of study as car r ied  on i n  previous years. The statement i n  

the 1937 repor t  t o  the  e f f e c t  t h a t  Goniobasis l ivescens i s  an 

inhabitant of the sandy shoals of Douglas Lake where the descent 

in to  deep water is qui te  abrupt and i n  some places quite close 

t o  shore needs no a l t e r a t i o n .  However t h i s  i s  not  t o  be con- 
t h a t  

strued a s  meaning/all por t ions  of the lake where the shores 

f i t  t h e  above descr ipt ion are  inhabited by the sna i l s .  The 

question of migration has always been one of the major phases 

of research on t h i s  s n a i l  and the migration toward Stat ion 7 

t h i s  year has been an item i n  the work demanding more than 

usual a t ten t ion  . The study of migration has in i t s e l f  been an 

in te res t ing  fea ture  but has opened up the wag f o r  other import- 

an t  fea tures  not accomplished i n  other periods of study. 

Equipment / 

Eqiiipment was the same a s  t h a t  used i n  previous work, except 

a one four th  square meter u n i t  sampler area borroweed from 

M r .  f iatchett .  Other equipment consisted of Tyler screens , 
a dustpan shaped screen sampler f o r  f i e l d  use, medium and f ine  

mud screens, g l a s s  bottomed bucket, vernier  ca l ipe r ,  and micro- 

scope with ocular micrometer, and the usual  f i e l d  bo t t l e s  and 

mater ia ls  f o r  t ransport ing speEimens. 



Explanation of terms 

Four t e r n s  which best descr ibe  c e r t a i n  groups of s n a i l s  

need explanation: 

Micro-snails r e f e r s  t o  those s n a i l s  small enough t o  be 

measured bes t  wi th  the  microscope and ocular  micrometer. They 

ranged fram 0.72 mm t o  2.5 o r  3.0 mm. 

Juveni les  is purely an abb i t r a ry  term used t o  des&gnate 

the  range of s n a i l s  between t h e  micro- s n a i l s  an& a  group 

beginning a t  10.0 mm approximately. They appear t o  be second 

year individuals .  

Adults i s  a  loose term r e f e r r i n g  t o  those s n a i l s  more 

than the  approximate length  of 10.0mm. The term is  not  intend- 

ed t o  imply t h a t  the  s n a i l s  a r e  a d u l t s  e i t h e r  c h r o n o l ~ g i c a l l y  o r  

physiological ly.  It is  a l s o  a  term of convenience. 

The term mossbacks i s  a  descr ip t ive  term used t o  designate 

individuals  which have accumulated a considerable coat ing of 

marl,  ind ica t ive  of individuals  which have not  been ac t ive  enough 

t o  keep the  s h e l l  polished by movement. 

Dis t r ibu t ion  

Goniobasis 'continues t o  occnr i n  a l l  the  regions  previous- 

l y  repor t ,  and has spread t o  a  noticeable degree i n  both d i r ec t ions  

from the  regions previously discussed.  In  S t a t i o n  3 the  s n a i l  

has not  previously made much progress although i n  nearby S ta t i on  4 

they have occurred i n  g r e a t  abundance. A s  the  l i t t l e  bay ca l l ed  

S t a t i on  3 i s  we l l  protected from the  s t rong winds beyond Grapevine 

Point ,  it m u l d  appear t o  be a  good s i t ua t ion .  During t h e  summer 

of 1941, however, the  s n a i l s  have occupied most of t he  beach 

i n  s p i t e  of more than the  u sua l  amount of winds from the  nor th  

and noptheast.  No p a r t i c u l a r  s tudy w a s  made of the  region of 

S t a t i on  3 and no worthwhile theory is advanced f o r  the  spread 



i n t o  t h i s  region. 

The o ther  region of apparently successful  m i g r a t i m i s  

that indicated i n  blue of S t a t i o n  7 on the  map inclosed. By 

1938 the  s n a i l s  seemed sucess fu l ly  es tab l i shed  upshoal as f a r  

as the s i t e  of t he  p i t c h e r  pupp beyond Old Log Lab. By 1939 

they had reached a pos i t i on  opposi te  the  path  leading t o  Old - 

Mess a a l l  of the  former camp. No records a r e  ava i lab le  f o r  1940, 

but by the  c lose  of t h i s  season they  are t o  be found i n  l imi t ed  

numbers as f a r  toward Big Shoal as the  first prominent po in t  beyond 

the  s i t e  of t h e  o ld  camp, commonly named Children's Po in t .  This  

is a dis tance  of approximately 200 yards,  and on much l e s s  secure 

foot ing than f a r t h e r  downshoal toward the  present  camp. 

The common redierence t o  the  f a i l u r e  of the  snails t o  spread 

upshoal because of loose sandy foo t ing  seems t o  have l i t t l e  t o  

back it up. Presen t  evidence seems t o  indicate  t h a t  they succeed 

very well  u n t i l  such seasons as the  one of 1941 when an unusual 

amount of beach building occurs. T h i s  w i l l  be discussed more 

under the  heading of --- The f a t e  of s n a i l s  Cer ta in ly  loose foo t ing  

has nothing t o  do wi th  oviposi t ion and- p rosper i ty  of micro-snails  . 
Well toward the  po in t  of disappearance the  loose sand coated i n  

places with f l occu len t  marl s n a i l s  of 2 - 3 mm. were t o  be seen 

i n  considerable numbers, even though adul t s  were were spa r se ly  

present and only a t  the  dec lev i ty  edge. The small s n a i l s  occupied 

shoal regions t e n  o r  more meters from the  declevi ty .  

An at tempt was made t o  secure da t a  vclich vrould c a s t  some 

l i g h t  upon the  s i z e  and age of s n a i l s  which were t o  be found 

i n  the  regions covered by migrat ions of the  p a s t  few years .  Two 

methods were t r i e d .  I n  t he  f i r s t  the  t o t a l  populat ion was r e -  

moved from regions  one meter s p a r e  and f i v e  meters a p a r t ,  

such t r ansec t  regions  p a r a l l e l l i n g  the  face  of the  dec lev i ty .  



The t ransect  inter 'vals began i n  an undisturbed area between Cort 

cabin and Old Log Lab. Numerous s n a i l s  W B P ~  buried - - -  so deeply that 

the u n i t  sampler had t o  be cleaned out  to  a depth of two inches o r  

more. The amount of time and labor involved indicated t h a t  the 

task would be g rea te r  than t h e  permitted t o  sample the e n t i r e  

shore l i n e  t o  the vanishing poin t ,  A s e r i e s  of f i v e  such t ransec t  

in te rva ls  of one square meter gave r e s u l t s  a s  follows: 

92 s n a i l s  . *  

median length 
14.9 mm 

Thus f a r  no evidence was avai lable  t o  ihdicate whether or  

not the tendency was toward a population of lbrger o r  l e s s e r  

sna i l s  p redh ina ted  a s  the point  of disappearance was reached. 

The method was changed fbllowing a disturbance d&e t o  rough 

water. Continuous t ransects  the  width of the sampler ( approximate- 

l y  one th i rd  meter) and ten  meters long were next taken t o  ge t  

enough s n a i l s  t o  have numbers comparable t o  those taken i n  the . 

square meter in te rva ls .  Whereas i n  previous samplings 90 o r  

more sna i l s  had been taken, only a dozen o r  few were taken by the 

same method before changing the  plan of sampling. Results of the 

second method a s  f a r  as carr ied out a r e  given : 

Transect Number of s n a i l s  median length 

I -145 16,3 (1% dead) 

I1 93 15.3 ( 7 . S d e a d )  

I11 128 15.3 (4.7% dead) 

V 52 16 -5 none dead 

No information is available t o  acco1int for e l 1  the d e ~ d  s n - i l s ,  



unless  it is a quest ion of t h e i r  becoming too depply buried. 
two 

In the  la t ter /sampl ings  no s n a i l s  might be c lassed a juveniles,  

el3 , s n a i l s  between 3.0 mm and 10.0mm in length.  Other samplinm 

showed t h a t  juven i les  had been represented i n  t he  populations. 

Other weather condit ions again dis turbed the  population and 

a s  time was g e t t i n g  shor t  general  observations -.were r e l i e d  upon 

from a po in t  opposi te  Old k e s s  Hal l  on t o  t h e  po in t  of vanishing. 

A t  the  po in t  first mentioned small s n a i l s  of 2.0 mm were found 

on the  loose sand. Random sampling of t h e  immediate t e r r i t o r y  show- 

ed miniature s n a i l s  t o  be present  f o r  a d i s tance  of e igh t  meters 

o r  more from the face  of the declevi ty .  Chief po in t  of emphasis 

on t h i s  work is' t h a t  i n  previous summers, due t o  f a u l t y  sampling, 

o r  some o ther  personal  e r r o r  no such miniature s n a i l s  had been 

found a t  any p o i n t  of the  shoal e a s t  of t he  boat house. Such 

sized s n a i l s  had been found i n  Apr i l  of 1941, f i v e  days adter  

the i c e  had l e f t  t h e  shores. * While the  f ind ing  of such s n a i l s  

had l i t t l e  t o  do wi th  the  study of s i z e  and the  vanishing point  

a s  o r ig ina l ly  undertaken , it did  seen t o  c a s t  some d e f i n i t e  l i g h t  

upon the  unsolved question of oviposi t ion.  

The quest ion of securing a l e rge  po;alstion of a l l  s i ze  

groups from the  same area hed always been a press ing one since 

the problem v ~ h s  begun, and u n t i l  t h i s  tirne no loca t ion  had been 

found i n  which a l l  such groups could be had. I f  t he  'micro-snails 

were p l e n t i f u l ,  a s  i n  S ta t ion  4 ,  the  juveniles  and a d u l t s  were 

very scarce o r  v i c e  versa.  Fur ther  at tempts a t  s t a t i s t i c a l  sam;>lings 

upshoal were given up and general  observations r e l i e d  upon f o r  s i z  es .  

A s  the  point  of disappearance was ap2roached medium s ized  s n a i l s  

seemed t o  g ive  way t o  l ~ r g e r  s i z e s ,  suggesting remnants of a former 

population o r  very  ac t ive  wanderers among the  l 6 r g e r  groups. The 

most g r a t i f y i n g  p a r t  of the  work l a y  i n  f ind ing  miniature s n a i l s  

* Pr iva te  correspondence, F .E . Eggleton, A p r i l  25,1941 



on the loose f locculent  marl a t  some distance from the declev- 

i t y .  This w i l l  be t r ea ted  fu r the r  under the t l o p i c  of ovipos- 

i t i o n .  

Dis t r ibut ional  changes 

i on fusion might e a s i l y  r e s u l t  i n  thinking of the  s n a i l s  a s  

uniformly p l e n t i f u l  on the shoals where they occur most abund- 

antly. Furthermore abundance may vary i n  a la rge  degree fnom 

one week t o  another f o r  any given area. Also they may remain 

more constant from season t o  season than is general ly  believed. 

With the vast  amount of beach building t h a t  i s  going on the 

regions of grea tes t  abundahce i n  some ins  near the  water's edge, 

while i n  others it is a t  the  edge of the declevity.  Today,Aug- 

u s t  19th, the advancing edges of the encroaching sand abound 

i n  a l l  s ized sna i l s  i n  the region of the  Old Lab Shoal. Given 

a few days of offshore wind and these regions w u l d  soon become 

almost deserted, i f  the  s n a i l s  follow t h e i r  usual  pz t te rn  of 

behavior. 

- .  The f inding of  s n a i l s  i n  large numbers by M r .  Riggs of the 
7 . 0 . -  - - ,-.... . i.c?c:;. ,. +-: 

Biological Stat ion * j u s t  previous t o  the f reezing over of the  

lake and again a t  the  water 's edge as  soon a s  the ice  had l e f t  

the shore the following sprhng does not seem t o  bear out the 

theory of migration i n t o  deep water during the winter and r e tu rn  

t o  the shoals when the water again becomes habitable f o r  them. 

Also the f inding of the s n a i l s  i n  lerge numbers i n  a l l  s i z e s  
** 

i n  four f e e t  of viater and some distance from the declevi ty  within 

f ive  days a f t e r  the  i c e  went out  does not add much t o  the thebry 

of migration t o  deeper waters with the onset of winter. Probably 

the best  explanation is  t h a t  they remiin i n  the narrow : ' layer 

of water between the i c e  and the  sand. * ** Both r e f e r  t o  pr ivate  correspondence. 



There may be a tendency f o r  undercurrents t o  work them away 

from shore as  the f a l l  storms make f o r  grea ter  wave action but 

t h i s  i s  purely a matter of conjecture, 

Present evidence seems t o  bear out t h a t  the  so-called "swarmn 

period of l a t e  summer i s  not  a change i n  t o t a l  numbers but r a the r  

a concentration i n t o  c e r t a i n  regions due t o  changes i n  water leve 1 

and beach building action.  

Oviposition 
5 A s  i n  pa t  years a l l  & t e m p t s  a t  f inding eggs of Goniobasis 

proved f u t i l e .  Apparent egg masses on s t i c k s ,  stones,  clam 

s h e l l s  were observed i n  aquaria from time t o  time. In a l l  cases 

what appeared t o  be egg masses when brought i n t o  the aquaria, 

soon disintegrated o r  proved t o  be eggs of other  species,  o r  even 

insect  eggs. 

1% past  seasons when miniature sna i l s  were eventually found 

they appeared i n  great  numbers ' i n  such pleces a s  the s o f t  sands 

of Stat ion 4. Not u n t i l  t h i s  season had they been found i n  

the regions of S ta t ion  7 ,  probably due t o  f a u l t y  sampling. The 

finding of miniatures i n  s igni f icant  numbers i n  the upshoal 

r egions of Stat ion 7 on August 8 th  w a s  p a r t i c u l a r l y  s igni f -  

icant  i n  the l i g h t  it c a s t  upon places of oviposit ion,  With. 

no stones, logs,  o r  other  subs tan t ia l  substratum the question 

of necessity of stones and logs  f o r  oviposit ion seems t o  be ' p r e t t y  

de f in i t e ly  ruled out.  Only two other p robab i l i t i e s  suggest themsel- 

ves, viz.,  vegetation down the face of the declevi ty  and clam 

s h e l l s ,  which i n  t h i s  instance were s2arcely scat tered.  There 

seems t o  be much evidence i n  support of the w r i t e r ' s  bel ief  t h a t  

the  eggs a re  deposited i n  the loose sand. The findings of van Cleave 

and Jewel1 * , v iz ,  t h a t  eggs are  l a i d  s ingly  o r  i n  p a i r s ,  seem& 

t o  support the bel ief  t h a t  eggs a re  deposited i n  the  loose sand. 

* Nautilus 44: 115 b 
. - <./- Y 



Since the young s n a i l s  were found quite f e r  from the declevity,  

even t o  the  water's edge In such places a s  S ta t ion  4, the bel ief  t h a t  

eggs a re  l a i d  over wide areas  and not localized t o  so l id  sub- 

stratum, seems p r e t t y  well  founded. 

Chart I shows s n a i l s  of l e s s  than 1.0 mm i n  length occurring in 

a l l  four col lect ions  between the  dates  of July 17 and August 14. 

However, since such length s n a i l s  a re  found but spar inggl t  in any 

of the col lect ions  i n  proportion t o  the t o t a l  numbers taken, it 

would appear tha t  the pr inc ipa l  oviposition occurs ear ly ,  probably 

before the  beginng of the  session. Such small individuals seem t o  

have hatched from a few eggs l a i d  a f t e r  the p r inc ipa l  oviposition. 

Thus there  i s  no evidence of two o r  more broods during the season, 

but ra ther  one la rge  brood followed continuously by l a t e  hatch- 

ing sna i l s .  

The conclusion drawn from the work of migration and ovipos- 

i t i on  i n  the region of S ta t ion  7 is  tha t  i f  the s n a i l s  f a i l  t o  

spread fa r the r  of f a i l  t o  maintain themselves i n  the region over 

which they have spread, it w i l l  not  be beoause of so l id  substratum 

f o r  oviposition, but w i l l  be due t o  other f ac to r s ,  such a s  the 

e f fec ts  of baach building a s  seen t h i s  summer. 

Growth and l i f e  span 

Studies of grdowth and l i f e  span f i n a l l y  took theee pr inc ipa l  

forms a s  follows: 

I Three col lect ions  of miniature s n a i l s  were taken i n  the loose 

f locculent marl covered sand in Stat ion 4 on July 1 7 ,  July 26 , 
and nugust 14 respect ively.  Another group of m n ia ture  s n a i l s  

which were a p a r t  of a t o t a l  col lect ion taken between Welch and 

Eggleton docks were considered i n  connection with the three groups 



mentioned . Each col lect ion was measured with the microscope and 

ocular micrometer. Medians were computed by the formula : 

M = A plus  1 ( f  - fd ' )  , Results  indicated are : 
11 

Time Growth Av, aa i ly  AV. f o r  
Collection Median lapse growth t o t a l  

length from period time, 
i n  mm. t o  period 

Ju ly  17 1,247 ----. ------ -------- ------ 
July 26 1.415 9 days 0,168 0,0186 -...---- 
Aug. 9 * 1.65 14 n 0.235 0,017 ------ 
Aug. 14 2,616 5 0,866 0.062 0.048 

It appears t h a t  the l a s t  f igure  of 0.048 is  a s ign i f i can t  figure 

meaning t h a t  average gain is almost 0.05 mm per day, an ave rage 

gain of a mm i n  between twenty and twenty f i v e  days. If t h i s  f igure  

is within any masonable range of the ac tua l  gain, it cer ta in ly  appe 

ears  t h a t  the  s n a i l s  f a l l i n g  within the range of 0,72mm ( smalles t )  

t o  2.5 mm i n  any col lec t ion  may safely  be considered a s  f i r s t  year 

individuals. 

Another point  stands out qui te  c l ea r ly  i f  these f igures  a re  

withing a reasonable range &f accuracy i n  respect  t o  the t o t a l  

juvenile population. O* a length of 1.5 mm - 1.75 mm i s  a t t a i n -  

ed, growth is  qui te  rapied from there  on. Two theor ies  present 

themselves regarding t h i s  grovsth curve: 

1- The s n a i l s  have reached a stage of development i n  which 

the a b i l i t y  t o  ass imilate  vas t ly  more food is  possible. 

2- Since Goniobasis l ivescens seems to be a feeder upon 

marl foming organisms it may be possible t h a t  much more 

and possibley more desirable  food is vaai lable  l a t e r  i n  the 

season than when the s n a i l s  a re  qui te  small. This point  is ,  

however , one of conjecture. D r .  Welch s t a t e s  t h a t  t o  h i s  

knowledge there is no data  on the r a t e  of marl formation 
I 

* From the col lect ion between Kelch and Eggleton docks. 



i n  sue& regions  a s  the  broad shoals  of S t a t i on  7. 

I1 An attempt was made beginning J u l y  7 t o  take  populations 

a s  near ly  i d e n t i c a l  a s  poss ible  from a given area t o  be used 

a s  a bas i s  f o r  growth and l i f e  span s tud i e s  ofnadults'! A t  a 

point  midway between Cort cot tage  and '0 ld  Log Lab a continu- 

ous t r ansec t  s i x t y  meters  i n  length  and approximately one 

t h i r d  meter wide w a s  tagen p a r a l l e l  t o  t he  dec lev i ty  . In t h i s  

area  of twenty square meters  1320 s n a i l s  were taken, Chart If 

shows the  s i z e  d i s t r i b u t i o n s ,  Another t r ansec t  p a r a l l e l  t o  

the first and j u s t  a l i t t l e  more shoreward was taken on 

July  22 and 23, with 867 l i v e  and 112 deed s n a i l s .  bead sped- 

h e n s  are  not  inc  ded i n  t h e  graph. Since numbers a r e  no t  compar- 9 able,  no d e f i n i t e  conclusions can be drawn, but by use of medians 

obtained by the  formula previously s t a t ed (  page 9*) it was 

found t h a t  an average d a i l y  growth of 0.031 mm occurred. T h i s  

v~ould seem t o  i nd i ca t e  t h a t  growth was s t i l l  qu i t e  a c t i v e  

i n  a group which on the  f irst  thought might be counted a 

s t a t i c  popu;ation. Should t h i s  lead have any worthwhile 

v - lue ,  f u r t h e r  checking might a l t e r  the  present  conclksion of 

a three  year growth e r iod .  

L'eather condi t ions  so  a l t e r e d  the  region t h a t  f u r t h e r  

measurements were not  obtained. It d id  not  p ~ p e a r  wise t o  

include the 1447 " juvenilesw andnadultsn obtained i n  the  
I 

co l lec t ion  taken by the  T/ielch-Eggleton docks, 

I11 The need f o r  s tudy of a complete population from one 

spec i f ic  l o c a l i t y  has been press ing  during previous seasons, 
C - - - - -7 

but not  u n t i l  August 8 had such a l oca t ion  been found. I n  o the r  

attempts t o  ob ta in  such a p o p ~ l a t i o n , ~ ~ m i n i a t u r e s ~  were ou t  of 

a l l  reasonable propor t ions  t o  the  l h rge r  s n a i l s  o r  the  reverse 

s i t ua t ion  ob t ia ined ,  On August 9 an area  of e i g h t  square 



meters was depopulated and 1162 s n a i l s  col lec ted , an average 

of 208- s n a i l s  e r  square meter. The co l led t ion  w ~ s  taken i n  

an area one meter wide and e igh t  meters long, p a r a l l e l i n g  the  

face of t he  dec l ev i ty  between Welch and'Eggleton docks of camp 

shoal  i n  S t a t i o n  7. Chart 111 shows the  d i s t r i b u t i o n ,  wi th  

groups including a l l  s n a i l s  wi thin  a 0.5 mm i n t e rva l .  The 

small s n a i l s  of t h i s  group were used i n  Chart I a l so .  While 
4 

the  char t  is  no t  t r imodal  it appears t h a t  s n a i l s  ranging from 

3.5 mm - 4.00 mm up t o  those of 8.0 mm - 10.0mm a r e  qu i t e  

l i k e l y  second year  s n a i l s .  T h i s  is subs tan t ia ted  by the  f ind ing  

a s  previously mentioned of 2,O - 4.0 mm s n a i l s  on the  shoal  

within f i v e  days a f t e r  the  i c e  went out.  They certaiihly a r e  too 

Sar@rfor  f i r s t  year  s n a i l s  i f  the  growth r a t e s  a s  ind ica ted  i n  

the  discussion of Chart I have any s ignif icance.  High m o r t a l i t y  

bf miniatures and s i z e s  below 10.0 mm 2robably accounts i n  p a r t  

f o r  t h e  f a i l u r e  of the  curve t o  show d i s t i n c t  t r imodal  character .  

For s n a i l s  above 20.0 mm l i t t l e  information has been obtained t o  

indicate* whether o r  not  they a r e  l a rge  t h i r d  year ind iv idua ls  o r  

four th  year ind iv idua ls  s t i l l  growing a l i t t l e .  .It i s  i n  t h i s  

group t h a t  m a r l  encrusted s n a i l s  flnossbacks" occur a o s t  f requent ly .  

The f a t e  of s n a i l s  

The season of 1941 has been very good f o r  studying the  Gate of 

sna i l s .  Morta l i ty  seems t o  be p e r t i c u l a r l y  high i n  miniatures.  

but juveniles and the  s i z e  known i n  t h i s  paper a s  a d u l t s  a l s o  

seem t o  su f f e r  d i s a s t r o u s  condi t ions ,  a s  evidenced i n  the  

second t r ansec t  taken f o r  s n a i l s  charted i n  Chart 11. One exper- 

iment was made and a nunber of observations made. 

On August 5 a square cage of spproxlmately one meter s i d e s  
leeward 

was fastened a t  the/edge of the d r i f t i n g  sand beaches b u i l t  up 
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on the shoals of Stat ion 7. The cage was made of wood frames 

covered with galvanized screen w i r e .  One hundred twenty f ive  (125 ) 

sna i l s  yere placed &n the cage on August 5th.  I n  period of windy 

weather the s ide of the  cage nearest  the advancing sand was removed 

allowing f r e e  entrance of the  d r i f t i n g  sand. The water on the the 

advancing sand was only ankle deep when the cage was pleced i n t o  

water almost knee deep a t  the  edvancing edge of the Band. In times 

when there was l i t t l e  wave ac t ion  the s ide  w,s replaced on the cage. 

A t  no time was the top of the  cage below water l i n e  by several  inch- 

es .  

Immediately following periods of wave act ion,  e s  f o r  instance whm 

the wind died away during the n ight ,  the s n a i l s  would advance over 

the  face of the sand and head toward the declevity f o r  some l i t t l e  

distance( a yard or  more) before b e g i ~ i n g  t o  s c a t t e r  fan shape. 

This was observed enough t i m e s  t o  be sure of the statement. In times 

of severe sand deposition most of the s n a i l s  appeared t o  be e n t i r e l y  

quiescent, with only an occasional one t ry ing  t o  advance i n t o  the 

oncoming sand. Mortality was qu i t e  high, even among the s n a i l s  which 

were not buried. A longitudinal  view of the  encroaching sand a t  the $ 

time of removing the cage on August 1 9  is  sketched below. 

Records obtained from three port ions  of the cage a s  indicated 

by l e t t e r  s are ps follows: 

A .  Hot buried Alive 38 
Dead 11 - 

49 
B. Buried i n  Alive 7 

shallow sand Dead - 11 
18 

C Buried deeply Alive 7 
Dead 9 - 

Accounted f o r  83 
Missing - 42 
Total  1;5 



There seems t o  be l i t t l e  in te rpre ta t ion  of the  above data. 

A few of the s n a i l s  might have escaped a t  times when the cage 

was open, but the  very d e f i n i t e  pat$e? of behavior with the 

coning of quiet water seems t o  indicate t h a t  f o r t y  two 

is too large a number of s n a i l s  t o  have escaped. A s  f o r  the 

eleven dead unburied s n a i l s , i  cer ta in ly  does not  seem l i k e  a 

question of food, f o r  a t  almost any time a f t e r  the  sand reached 

a height of half  the depth of the  cage, a f i n e  loose m a r l  d r i f t  

made i ts  way through the mesh of the  cage. An explanation of the 

eleven buried i n  very shallow loose sand i n  "Bn p a r t  of the cage 

is  not forthcoming. Live bnes i n  pa r t  C of the  d r i f t  were found 

t o  be buried much deeper. A l l  to ld  the experiment showed more 

i n  an incidental  wajr than from the r e s u l t s  obtained with the 

imprisoned s n a i l s .  I n  screening the sand from A and B $ a r t s  

of the cage numerous miniature s n a i l s  were found, apparently 

having been swept across the top of the d r i f t i n g  sanB from 

the region near the declevi ty ,  a distance of f i f t y  f e e t  or  more. 

In  the  cage with the s n a i l s  were Helisoma sp., colonial  protozoa, 

dragon f l y  larvae,  Campeloma, a n d  Chironomous larva, and Mayfly 

larvae,  a l l  apparently d r i f t e d  i n  with the advancing sand. 

Sampling a t  the  edge of the d r i f t i n g  sand outside the cage gave 

comparable r e s u l t s  f o r  small sna i l s  and other organisms mentioned. 

Thus it appears t h a t  i n  times of beach building, and espec- 

i a l l y  where beach pools are b u i l t ,  many of the s n a i l s  both large 

2nd small are l o s t ,  buried too deeply o r  die  i n  the stagnant 

weter of the  pool. 

Sam~lings . near the boat s l i p  showed n: merous miniature and 

juvenile s n a i l s  t o  be buried a foot  or  more above edge 

along a "windroww of b i t s  of wood and other  debris .  It appears 



t h a t  when wave ac t ion  on the s o f t  sands of the shoals become 

sever enough t o  d is turb  the equilibrium of the s n a i l  it contracts 

the foot and i s  quiescent, r o l l i n g  about from one r ipp le  trough t o  

another, ready vict im of being buried by advancing sand shoals 

as have b u i l t  up the beach i n  many places t h i s  year. This may be 

one good reason f o r  the  lack of complete establishment up the 

shoal,  

A s  f a r  as t h i s  season is concerned, temperature can be ruled 

out as a l e t h a l  f ac to r .  The highest record of surleace tempera- 

t u r e  as recoraedlby the  Limnology Department was 84 degrees C. 

Quiet waters near the  shore were of course higher, yet  s n a i l s  

were observed l i v i n g  normally very near the waters* edge on the 

ho t t e s t  days. Prolonged high temperatures might show d i f fe ren t  

r e su l t s .  

l l a n t i n g s  

On August 1st 1320 sna i l s  were planted a t  the angle between 

the shoal f o  Stat ion7 and Big Shoal i n  one and one fourth  meters 

of water. The first day they scat tered i n  a l l  d i rec t ions  and 

when$ the place was v i s i t e d  a f e w  days l a t e r  not  a s n a i l  was 

v is ib le ,  nor were any found i n  random screen samples. Apparently 

they scat tered widely and becoming quie t  were buried i n  loose 

sand, but there waF no indication t h a t  enough sand had moved i n t o  

the area t o  bury them completely. Sna i l s  used f o r  measurements 

were used and the re  i s  the p o s s i b i l i t y  t h a t  they may have diet3 

from too crowded condition i n  the aquaria.  Freshly col lected s n a i l s  

should be used f o r  a l l  planting experiments. 

Plantings made i n  Lancaster and Munro Lakes i n  1939 showed 

no indications whatever of success. 
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Goniobasis livescens(menke) is maintraining i t s e l f  and  

and spreading rapidly up the shoal toward Big Shoal, but 

may not be able t o  ma&ntain its hold if  beach building continues 

f o r  a few seasons a s  it has t h i s .  

A l l  avai lable  evidence poin ts  t o  a pr inc ipa l  oviposit ion 

ear ly  i n  the season with a dwindlling oviposition through- 

out. the summer. 

hl available evidence poin ts  t o  oviposit ion of s ingle  eggs 

or  c lus te r s  of a very few i n  the loose sand. 

Snai ls  l e s s  than 3,0$ mm i n  lehgth a re  probably i n  one 

season's growth span, although l a t e  hatched individuals may 

not a t t a i n  t h a t  length u n t i l  the  second season, 

Evidence continues t o  point  t o  a three  year growth span, 

with probably a t  l e a s t  one year more before death by na tura l  

causes. 

Growth span of second season s n a i l s  i s  not d e f i n i t e l y  hown 

but appear t o  range approximately from 3.0 mm - 10.0 mm. 

Snail  mortal i ty  i s  very high among a l l  th ree  length groups, 

but especial ly  so i n  small and medrbum lengths i n  time of severe 

beach building a s  t h i s  season. 
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