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,ﬂ;:icband w1dty
~¢;;;jwhor1 1nL8»”v_

vffrequency i Y" fest -
- Sacramento (WS) collect1on 1’&:?*¥ﬁ~ :

fHellx aspersa shell band patterns andﬁ?ﬁ
“Y;frequency Jin the ‘study  drea and . West
; Sacramento (WS) }collectlon,:_s1ze ‘1aSSJ.
20 mm'l' e e 0‘,. . . » ~‘ 'y : :  -‘ ‘. o o ‘-v’.ov._' . o : .‘ o

:};;fG St&tlSthS generated by R x C testSfofg,q
ﬂ.;.1ndependence and approprlate ch1 squareﬂﬁ“n~,
. ValueS - . e oc KE ~:>o ~_’- - o_ - :_-' . . 0 o“ ov.‘

‘”?eTABLEfsgrfMax1mum homogeneous subsets computed bygf:f'

. an R x C test of 1ndependence on band

vrxrfﬁfrequency data from collections of Helzxigﬁ,

© . aspersa the study areaa'and Westl""”‘
'Sacramento (WS) ~,...~f

“egfiABLE’QQﬁ.Vegetatton characterlstlcs at collectlng

| ;iVarlables of band type frequenc1es and;?rxy.
e,y,vegetat1ve cover arrayed by collectlong,
. site number.‘f'g. el ,t_,_ S .L, ﬂM_.

v“?Max1mum homogeneous subsets of data fromq

" collections 1, 2, 7 and WS located in
o 51m11ar habltats ‘ﬁﬁkﬁ 5

. G- stat15t1cs from R x C. . tests
f,f1ndependence testlng Helix aspersa band“
© . color. 1nten51ty and size class, presence
‘wof 5 bands and mortallty 1n enclosures

. G- statlstlcs - from ;R »;x*f (o tests .of.
f}Q'1ndependence “for. mortallty of Helle
. aspersa ‘and - varlables of . den51ty, 51zev
Eclass,_ band pattern, }and presence of
’bands L e e e et RS

‘*gf'51tes and West Sacramento (WS) ;vg,2‘,>gdrff36feﬂiry””



© LIST OF FIGURES

. FIGURE'1. Locatlon of study area,'collectlon 51te
U :~and enclosures : I_Junctlon of
. Th1ghways 80, ] o :
' ;}Callforn1a }4;

ZQ{QFiGﬁRE:ZQ Method of numberlng
CTR :-_livaspersa shell




several 1and snalls (Caln,:and x u,,h,w

Cepaea nemoralls L and Cepaea hortenszs Muller, °°mm0n“1n;-f**“

n drlftj(Goodhart 1962 1964), env1ronment gradl nt




& vironme ts had& darker’

.hough he d1d not present stat15t1ca1 data hef;,jeﬁ-

ﬁVutend toefhave broader bands than H' aspersa i

'f@fenv1ronments.ﬂ,ahxjﬁﬂr'»ﬁ%w.

ereed1ng experlments

reported by Stelfox

Qs

’”?bands’and three domlnant geneS“ one Wthh delays

wf,,funtri;_the shell 1s 410% mm 1n 51ze, ‘another Whlbl‘

undertaken toiiff

v eported here 'was{

ﬁthe‘bahd patterns:of H aspersa shells found 1n afﬁfgrv

cated 1n Sacramento, Callfornla‘&f'f

demonstrate that frequenc1es of;?f“d



5
band pattern types are not associated with changes in
habitat in the study area and ‘are:>best ‘explained by the
bfodpder effect and genetic,drifta }Evidénce:wi1i alsd‘be
presented to show selection ‘against certain morphs by

_.climatic.factors. TE



;these populatlonseee;_'

represented several"

1932;{fﬂ?*'

“By

0 f H

Sl?éeéYiew,“ Wash1ngton (Hanna 1966) &fi lp




H;.aSpersafis»found in-gafdens iﬁ Utah'(Knight_lgsz) and
- Arizona (Mead. 1951).:vva. osperéa: is usually associated
with active cultivation,. though it'vhes been found in
‘uncultlvated habltats (Hanna 1966 Potts 1975) |

| Hellx aspersa grows to 38 mm in shell dlameter and
33 mm 1n shell helght The shell is obllquely globose ‘and
k‘covered by a yellow1sh brown perlostracum “There are four
and one-half whorls whlch'are banded parallel to the.whoris
w1th f1ve chestnut brown to chocolate bands Bands 2 and 3
are often fused Band color is melanotlc and. chemlcally
associated w1th ‘the_jshell prote1n conchlolln .(Comfort
1951).‘ The bands are often 1nterrupted by lightly colored‘
flecks’or streaks. The embryonic one and one-half ‘whorls
are smoothd and ‘the' rest ‘striate.' The last whorl ’ié
coérsely wrinkledb and descends in front. The‘ 1ip' is
reflexedbin méture sneils | The shell thlckens w1th age
(biver 1932). Shell thlckness is related to ca1c1um supply
in the;soil and‘rate oflgrowth (Huntef 1941, Wagge 1952).
‘Body color is llght to dark gray | | |
The pr1nc1pa1 study area is. located at the junction
' of hlghways 90, 99 and‘SO near Broadway and 19th Street in
Sacramento,' California A freeway 100pe intefchenge
”prov1des several vegetated areas relatlvely isolated ffom
surroundlng neighborhood gardens. ‘The area selected'vis
‘rough y trlangular in shape and aboutvonedhectare in size

'v(FiguLe_l)v



j;ﬁighwayfébgiiieﬂzi:,:{;?;f?;?:a} 3i*33€%;7§i??€s2

"EAS and E6 / v
1pcated beneath TN
.quX1t raumbrldgg *jfv"”"

~~Ramp from

-_zFIGURE 1 Locatlon of study area, collectlon 51tes'an
‘3'enclosures at the junction of highways 80, 99 ‘and 50 :
: '“Sacramento,¢Callforn1a : Numbers preceded by a cap1t~‘f
'!‘;are enclosures : : . : T LA




7{5fDepartment

o fffwan carr1ed out durlngiithe sprlng’i

ncroachm perm;tlpwas;ﬁobtalned from Ytﬁér[}j,f

*f‘Transport

ind summer of 1978‘,3£1fh*

.pngccess to the 51te was made from the Corner of "U" and 30th'1ba"
'ﬁintreet. L T : A ,
Vegetatlon Lft prlmarlly Carpobrotus eduifs:'(L{f,f”%

ldﬁN E Br.,_ commonly known as Hottentot f1g or -1ce plant

‘b?fh0r1g1na11y planted 1n 1970 1t suffered from a severe frost;dd'Vi’

"'3‘dur1ng the w1nter of 1972 1973 Its cover 1s var1ab1e'?-atf7f:ﬂ'v

vﬁ*j;fsome spots thlck and 1ush wh11e at others sparse and lowe'

-VJ}grow1ng
Also present ‘as ground covers are Vlnca rnajor L e

‘f'and Hyperlcum calycznum L.-, Trees present ?are’ PrunuSri

v'fndserrulata ? Llndl.,.; Sequoza g sanperv;rens Endl.,'. Betula:pfc'

h‘pendula Roth.,vand quuldambar styraczflua var.:nwcrophylla S
Ndz.‘ . o s RS _ i

Hellx ’aspérSG has been noted inj’theu areav byff,_

*V[‘Caltrans personnel 51nce 1975 C It may have been present”

‘mffbut unnotlced before that date.,‘ In 1978 damage to thebl"

"*jvegetatlon fwas exten51ve {enough tO” cause concern.ﬁto’f‘

Caltrans personnel No attempt has been made at any tlmeﬁw
‘*ifto control the snall populatlon in. the study area w1th.'
ffp01sonous ba1ts (Jerry Clark Caltrans, pers.{'com ) L

C11mate 1n the area 1s generally mlld (NOAA reporty

"‘f§1978b) Prec1p1tat10n occurs mostly f1om November to Marchﬁi

vayw1th an annual mean of 43 3 cm Mean max1mum temperatures

tate of Ca11forn1a and workf;}fi'v



’°795dur1ng Julywand August, the two warmest months,

"Bfand 33°C

'wthemperatures. Mlnlmum temperatures are reached 1

“{’occa51ona11y 1excee‘

i;39°C the nlgh‘s coola

ﬂhTLExtermely flowjf re1at1ve o hum1d1ty accompanreséffhighffﬁptr‘

are 33 8°C}faﬁf1
_”espect1ve1y Evenmfwhenh‘daytlme temperatures>‘7*m .

‘to below 200C.

:R:and January w1th means of 3 40C and 2 9°C respectlvely\*';r‘

ff”The} study area ;rece1ves da11y waterlng by'

- personnel durlng the summer months. fﬂ:'/

hCaltrans:pjghxh.

In Apr11 1978 :;'aspersa were collected at seven;y,.~

‘lf51tes w1th1nn~thef.study- area (Flgure 1) ”f Sltes: weret

%f"selected for d1fferences in vegetatlon and dlstance fromf,:"

’feach other. Notes ~on the vegetatlon were made, recordrngfh:‘

‘4ﬁ7spec1es present he1ght and estrmatlon of percent cover.”h

'°fhbe referred to as. WS'

"fthelr shells are fraglle,‘ofte

At each 51te 100 snalls were ‘collected w1thoutp.*

r‘preference to 'size or maturlty They were. transported to‘

the lab 1n plastlc bags, frozen for two days, thawed andgf“'

d~the bodles removed w1th forceps. The den51ty of H aspersaf

“}hat each 51te was. recorded at t1me of collect1on.»;f

,In add1t1on, a collectlon was made at the Jefferson i

hAvenue off ramp and nghway 803 1n} West Sacramento, 5 62

zpkllometers from the ma1n StUdy:Slte~‘jThls,colleCt;Qn Will;fi

'jinffﬁhe;;iab band1ng patterns were determlned:‘
;EPatterns of sna1ls under l cm were not class1f1ed because;,

;belng destroyed when ther

'“lbody 1s removed and band pattern ;‘"often delayed 1n youngf



'f'fsnalls unde

cm (Cook 196 p‘collectlons numbered 5’5

6, T and ws i

wa:ach group were randomly;pbppyﬁ

1dse1ected for class1f1cat10n."W1th1n each group shells weregfﬂui

\*Qi_segregated 1nto two 51ze classes, 10 mm to 19 mm, and 20 mml”

V‘;ﬁthe measurement. -

ﬁc[[fand larger.: Adults were noted by plac1ng a capltal L after'pf:"dw

Bands wereia551gned consecut1ve numbers w1th bandf;"-

J"}anumber 1 the f1rst formed at’ the top Of the Shell Whorlﬁf*}k,d

f’(Flgure 2) e If bands vwere fused they were bracketed*ﬁp_ff’

}stogether and 1f a band was m1531ng a zero was put in placebfv

"tof th band number _kTheevconflguratlon 1(23)05 wouldb"

"“7;1nd1cate fu51on of bands two and three and a m1551ng band X

’%'ffour

Bandlng pattern ‘was. determlned wh11e looklng downh

7adh‘on the body whorl of the shell. Fu51ons at the adult 11p

',were 1gnored It was sometlmes ea51er to. determlne absence‘
o or fu51on of a band by trac1ng it from the beg1nn1ng whorl
” Bands were marked absent 1f they were not apparent
,iTh1s 1ncluded bands w1thout plgmentatlon but w1th.‘a‘

‘ batextural dlfference Jin shell when held to l1ght eThe

'ﬁxd,roverall band color 1nten51ty of each shell was rated asov”
Jk”fstandard pale or dark by comparlng each shell to a set offf‘

\o~§fH;if aspersa o shells f selected;_‘f‘r ,~vary1ng band ‘ color_dy?*n“

“.'intenslty,‘




£ numbering « bands -.on ~aspersa




Band. w1dth and space vbetween bands were measured;ff_g

f?fw1th vernler callpers 1 cm behlnd the 11p.y Though not aﬂ?fff

jgabsolute#:measurement of band w1dth ratlos of band tdz“ K"‘

'm”nterband measurements prov1de a compar1son of shell typesjﬁf"'

.Nﬁﬁwfand an 1nd1cat10n of shell appearance wh1ch could not befg“

ngalnedﬁmerely by 115t1ng presence or absence of bands.-fﬁ‘ifl

k'Band w1dth measurements were made on 36 shells fromfﬁf,‘*"

,‘:v‘:;ﬂt:icel]_ect]_on 8 (Flgure 1) gather ed ‘_',_,:? ! e e

"‘e,}}dlameters range f

. significant. di ?frequenC1es between7f5"'

. collections.  An RxC te:

cell of the table:- sum of f ln_f of column?x”L~.f

' ln f Of rOWS?f'“:Kﬂ

;,ﬁ sums of frequencres -vsum ofﬁ
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' sums of frequencies ; f 1In f of  total

number of items in the table) o

_ Tbe transformatlons 'can be _found Cin a table

'»proV1ded by Sokal and Rohlf (1969b)., Degrees-of freedon:

are calculated as: | | I

(a 1) x (b- 1)

where a is the number of rows and b the number of columnsr'»’

The G- statlstlc is compared to a ch1 square dlstrlbutlon to
vdetermlne 51gn1f1cance -

A computer program for the RxC test of 1ndependence
is provrded by Sokal and Rohlf (1969a) This program was
utlllzed ‘to test subsets of h data"for homogeneity
between collectlons Subsets produced by the. program are
termed max1mum homogeneousnsubsets.‘g Addition of one more
row (bandbtype)bor CQlumn‘(cOIIection site) to‘each subset
oroduces’;a 51gn1f1cant heterogeneouS’ set.“"The maximum
homogeneous subsets can be analyzed 'to determlne if one,
two. or several collectlons contrlbute to heterogeneity. A
maximum ° homogeneous subset is to be considered as
insufficientfevidence of heterogeneity -- not as proof of
homogenelty | |
 Two computer runs of this program "were} made ‘by
McDonnell Douglas» Automationv. Company, Saint - Louis,
MisSouri, on. an IBM 370 Computer with MVS system, “The
first run was witn data from both,size‘classes. "The second

run was with data from the 20 mm+ size class..  All



'13‘
'COIIections, incidding”wsd-wereVinCIQdedfin thesevruns and
51gn1f1cance level was set at 0 05 |

Addltlonal computer runs of thls program were made‘
at Washlngton Unlver51ty, Sa1nt Lou1s, Mlssourl_on-anYIBM'
4341 computer ~ The WS data;‘were not inCludedvfand"
,S1gn1f1cance 1eve1 was set ~at 0. 01.{'*dther computer'rnne‘
"dlscussed in thls report were made on computer fac111t1es
"at Washlngton Unlver51ty, Salnt Lou1s, MlSSOUIl. .
| A partltlon’ of the data was made :to “testx'the'
dlndependence of morph frequenc1es at collectlon s1tes w1th
'51mllar habltatuf Collectlons 1 2,7 and WS were collected
v1n habltats of C. edulls, 1009 cover, helght 30 to 32 cmj

v5and level ground “eUsing data_ from these collectlons,

”‘Qcomputer runs of the RxC test of 1ndependence were made for

rboth 51ze classes comblned at 51gn1f1cance 1eve1 0 01 and
for the 20 mm+ 512e class at 51gn1f1cance levels 0.05 and
 0'01.:. _ r c‘ | | , | .

o Selander and Kaufman (1975) indicate a’ minimum
‘distance of 25 meters between breeding demes of H. aspérsa.
Data from collectlons w1th1n 25 meters of each other were
hpooled and an R x C test performed on the resultlng set.

| Collectlons were »arrayed in order <of‘>decrea51ng :
:‘frequency of the most common type, 1(23)45 the'secondfmostw»
common type, 12345 decreas1ng frequency of fu51ons 7and
decre351ng frequency of rare types These arrays were then'

compared wlth_ changes‘ in helght of vegetatlon, percent



Jffcoveffand‘dlver51ty of habltatrr D1ver51ty of habltat wasfrp‘fﬂ

”Jﬁfyranked by con51der1ng number of plant spec1es presentgifii,f*

i]{cover, fand amount of leaf vegetatlon as iopposed to stemdg__p};

*ﬂﬁjvegetatlon.uj;f

‘ffTo determlne the ‘p0551b1e relat1onsh1p of bandlng:fjf

?’.f-{pattern to surv1vorsh1p, enclosures were‘ constructed and,ij"

‘m”frlnd1v1dual;sna1ls observed from Apr11 to September 1978

“*The enclosures were c1rcular, w1th area 1ofjf”f

'7pﬂ0~55m2 ;They were constructed of an alumlnum base 20

'h*i;fhlgh w1th copper w1re mesh cloth 16 cm h1gh attached at the

u?Pop rlvets were used to attach the copper cloth;to

fjfthef“alumlnum 'base and secure the enclosure as ‘a. c1rc1e.f?isf
“w"?:fThef alumlnum base was flash1ng obtalned at a hardwarefw’
. fThe copper mesh cloth was obtalned from Flynn andf7575

‘”iﬁEnslow,,Inc i San Franc1sco,‘Callfornla..'“Except for thefﬂgr'*

if-.;a

”1osures were burled atyﬁpfﬂif

the copper cloth

d 1nward tw1ce to[i9ﬂ'3f



:»Lfdfd(Flgure 1) Enclosure 1 was 1nstalled

"fﬂefmeasured and returned to the cage The snalls w

B }’_--"‘”‘*September ‘22 97,8";?:“;.1 :.f- L

S;x enclosures Were' placed

’ﬂcf19784df1n. a th1ck growth. of Cf edul;s._; All snalls _foundﬁ!ﬁ’rtff

”f:1n51de vthe ‘closure were removed thelr shell dlameters;’]f*“ -

e agalndf;»f~_

viifremoved and ?measured on. May 5 May 24"”\June 23 d?ggf;”

Enclosures 2 3 and 4 were placed Ain thlck'growthefdffT77

1978““”

eduﬂrs 1n‘ late Apr11 ‘One hundred ,flfty,fﬁa;?7~

All snalls were‘removed_fmeasured and returned

iS; 4, 5 and 6 cnl May‘ 5 May‘ 24 June 23 sdf}e;i




E f%}August 28 and September 2
’“fciwere searchedg ‘

:dﬂdated

?fﬁifcollected

”Tasiprepared as prev1ously desc 1bed

' *'also tested In a 2 X 2 test, sf'”

empty

September“' surv1v1ng sna1ls

Ftransportedpto’

» Measurement of shelllfdlameter__wasg

";Q;vernrer ca11per.v The 1nstrument has prec151on to 0 05 mm.ff'fb

VDue to the d1ff1cu1ty of measur1ng a 1arge number of 11‘ejjbf*'

"‘ﬁf';snalls in the f1e1d somet1mes under adverse cond1t10ns,ﬁ7},h7

, ﬁbfgreat accuracy was not expected Measurements‘rn the fleldfi‘fb'

'?“]were recorded 1n 51ze classes varled by 0 5 mm

- Searchlng the enclosures presented some problems.;tf_f
I wanted to d1sturb the habltat as 11tt1e as possrble.‘ﬂffb
V:'ngh1s prevented f1nd1ng every sna11 dur1ng each search ZOQf]ﬁj'

‘fthree occasions I crushed small snalls by movement of theiddluu

| vegetatlon. : These snalls were not counted in mortal;tylifi"
aﬂ‘stat15t1cs.b'“” R | ‘ '} A‘v‘A ,a . i
el Band patterns and color 1nten51ty of bands for allidb o

‘lbhsnarls w1th1n the 51x enclosures were determlned at the endnd'd:

‘lf“bbof the exper1ment.;,i R X C tests of 1ndependence weredl
“performed by computer to demonstrate the relat10nsh1p ofbﬁf,
'“vmortallty band pattern type,h band color ,1nten51ty,p‘
fgdens1ty 1n enclosures, and s1ze class. The assocratron of;dalb

kﬁband color 1ntens1ty w1th band pattern and 31ze class wasf'

as rn a mortal1ty/51ze

""class test of 1ndepen ence, Yates correctlon for contlnulty 0

measured and b’“’i

. wereﬂa%

made w1th af“fjfv




"a copper tube coupllng f111ed w1th solder.l Th1s wasﬁwy"

jaken at a t1me and averaged

ﬂ*samples were

Four samples of H aspersa were taken out51de’

‘"Y?fenclosures lat [1n the summer Both 11ve snalls and empty;jfl“
75:flshells were collected i: These samples were analyzed toﬂfrl’

'”Vﬁdetermlne 1f d1fferent1al morta11ty of band types occurredffrwe

”'ftouts1de the enclosures




morphs presented

sdﬁe?,;

'tracum_ may_;

ffused These d1ff1cu1t1 ot:unlque to H

Nﬁband color and cont1nu1ty or degreef“

f,fu51on

;aspersa buf~-ffk"

'ﬁ11c1d,;dfﬁ':

in number and;ufu51on off bands,‘ bandd;wldth 1nten51ty ofkdwk.fd

When:fu51ons are not complete_pfgmentatlon 1s palef‘,."x”

“5p1gmentat10n may be darker, gIVf

rowfh 'may have darker ;J paler’ bands

¢mband pattern 1s 1nterrupted by shell damage and repalr

fd,veloped, well in Juven1les Wthh tend to a transparent;df

“”inear ;ﬁﬁb 301n | Plgmentatlon 1nten51ty along band}f-,f-'

”sometlmesvxvar1es }and 1ntensrty' may be related to growth,“,_ﬁf
3 growth appears',; have been 1nterruptedif3jai

,5g a. blotched appearanceiir?

t:infffg7fa
%JuVen11esfp1gmentat1on of bands 4 and S may be 1ess 1ntensefffjjﬂ;

*than bands 1 2 and 3 Thls 1s rarely seen 1n adults flTheEfffff

Background color .ag usually wh1te and L;fndftfi‘ﬂfk



-;;/the shells;nff;,d

'ffexam1ned a narrow (0 S mm _,1 mm)‘strip of background»cflor:fffd

uni‘j71s v151b1e between the body whorl‘(belng s!ored) andjjteff»zf‘l
:1bffPrev1ousbfwhorl but usually’ band. 1 ad301ns the Precedlngffis:a7

&NbWhorl Band 1'5 ratlo to total band color is- .208 1n tYPebeﬂﬁ'x

'u;j;712345 ThlS ratlo decreases as fu51ons 1ncrease

Bands 2 3 and 5 are sllghtly narrower than band 1

‘fffand band 4 1s broader I have d15t1ngu15hed two types:ov,” LT

fﬁgband pattern 1(23)45 based on the w1dth of band 4 and thebff*ff‘

,gdlstance between bands (23) and 4. )Th f1rst 'typé;f5;=‘7~

/'1(23)45A has a narrow band 4 (about 22% of band total) and@i‘

fdlstance roughly equal to band 4 between bands (23) andab%'”"‘

idTheasetond tYPe, 1(23)4SB, has a wlder band 4 (33% °f;¢;;dq*

“Vnarrow (1 mm) dlstance between bands (23) andftfir

These ;andj

;rllustrated 1nﬁF1gure 3




ﬁfTABLE 1. ‘fRatlos of 1nd1v1dua1 band w1dth to total bandd*B"*v

 width and total band width to body whorl in 8 band patterns'fm i

7T]v1s1b1e body whorl when v1ewed dorsally 1s also glven s

*Ef5pattern 12345
© .Band

Band/Total Band ,QQJ¢.192 167 .2 .
‘Total- Band/Whorl o ,uﬁﬁjy 408 ‘ ?g{ﬁi”
Total Band/Vlslble Whorl dﬁ?ﬁ-« 71

”WiﬁPattern 1(23)45A w&{fﬂ[;;“j:_j;lj ].f
' Band/Total Band S 187 .438

~Total Band/Whorl -.v”"- S A 451

Total Band/Vlslble Whorl »’gf}ﬂ‘ .6270,,

'>77(23)
347
: 568 e

Band/Total Band _?gﬁ5
~Total" Band/Whorl
Total Band/Vlsr g

“V‘erPattern (123)45 '

R Band R R
Band/Total Band

- Total Band/Whorl

Total Band/Vlslble Whorl

205 a4

3 vqkaattern (1234)5

T and
Band/Total Band

~ Total. Band/Whorl

Total Band/Vlslsble Whorl

‘“LCQ,Pattern 1(23)(45)
.+ Band
Band/Total Band v
- Total Band/Whorl '
Total Band/VlsiSble Wh

ﬁ%;Pattern (123)(45)
“w o -Band
Band/Total Band'
“Total Band/Whorl

3MTota1 Band/V151ble Whorl .

”ijPattern (12345)
. Band. -
Band/Total Band;
‘Total Band/Whorl. . ...
Total Band/V1s1 le'Whorl

f*"'oi:‘ H. aspersa. ~—~ The ratio 'of ‘total band w1dth to the o



 band types 12345 and 1(23-)4

The rat1o of ban o*shell whorl 1ncreases as the_f

'};type 1(23)45B and 100% : band cover 1n type (12345) In"v

’:Kffvstrlplng caused by alternat1ng band and. ground color ffih,. o

T'*'other f1ve banded and fused types the sol1d dark color1ng;r'”v>v

.iof the bands catch the eye , In the f1e1d ‘ strlplng orf*
”aisol1d color‘hal' the most notlceable characterlstlcs of;[~

‘) H} aspersa shells

"hat catches the eye 15 thelp?l'

E1ghteen var1at1ons 1n band number and fu51ons wereb"

lfyldentlfled for H apsersa collected at the seven collectlonfh‘

”“hd51tes 1n the study area and WS.: Eleven of these types arep o

]found 1n shells 20 ‘mm or 1argerra Band patterns absent 1nf :

‘T"Tthe 1arger s1ze class have unfused bands and lack one orhhghu

:}more bands o The band types and the1r frequenc1es 1n eacho“~‘

"“fcollectlon are llsted in Table 2 for both size classes and‘

E?oTable 3. for the 20 mm+_ class The most common type f;s .

'xl1(23)45 : Frequency of thlS type for all shells ranges fromd



£ numbering bands on
f Helix aspersa.




‘””‘eilshseeond hlghestﬁifh”‘

vFrequenc1es range from

:foups, type (

”““hflnd1v1duals, one of these 1n the 20 mm+ size classffi*3~f

;te;ft percent ‘ f{ffhé' Shells each;f“

.;descrlbed,i

'oecur 1n the 20 mm+ s1ze class There',‘ 'l_no shells;”

‘ancklng a band 1nvc011ect10n WS

test analy51s of the entlre collectlon of

independent of collectlon 51te

For the set 1 thro;’a

”ﬁf and 6 1nﬂffi"
.05 to 37

:h Fu51on of three bands, tyﬁédp,_,

123)(45) A 51xth band is: present in threé?ttf.w

‘collectlon vlack one or more bands.v_ Of the elght typesg‘;iF”"
”types 12340 12000 10000 and ooeoo Uoccur 1nf?hﬂ‘

.:more than half the collectlons Type 12045 and type 00000eé'h":‘

}that frequenc1es of shell tYPe’ffifffnetfh. o



‘  ;TABLE‘2 ":Heltx aspersa - shell band patterns and frequency in the study are and
«5_ iWest Sacramento (WS) collectlon - The table 1nc1udes:data from both sxze classesf

| e




E 3. X as’persa' shell band patterns and frequencyv.-
:,West Sacramen o (Ws). collectlon,,sue class 20 ‘mm

Collection










'TABLE'S

mum- homoge
ndependencei

“ri“234s7wsf

L 23467WS
23567WS

© .. 24567WS

B \g>34567WSf
S 12345

“]7121 5891?};,,‘4"""
129.5189

84,5813
©81.9388
. 83.4789.
| 88.9017




.~biw1th chang”}
1':sf?of types and ”bangesu;n‘the habltat

ﬁfffvery dlffe on

12345

and

dbvegetatlon at }'7

| fselectlon of- hell ﬁnv1"onmen'al varlables.»

lfijfhe_ esults_of_arrang ng.the collectlons 1n arraysf'f

‘!fof decre351n Vfrequency

‘7?ﬂ*does not appear to be a f1rm relatlonshlp between frequency}f:vbbi

lowerﬂﬁj:

The vegetatlon at}bfbd
i Th1s could 1nd1catefil
pes and comparlng these arrays;f-;5;f
bhabltat are‘presented 1n Table 7. Therejf‘;;;{

'tC011ect10ns 1 2 j7ify:;;

‘hfand WS werevcollected 1n 51mllar habltats yet 1 and 2 areb5d3'

'“*n type frequenc1es from collectlons 7 and@a

‘;f:WS}bf The only tendency apparent 1s that collect1ons fromvgi;i;,

” bt[‘the 51m11ar habltats found at 1 f2 7 and WS have lowff o

'diifrequenC1es of rare types Collectlon 5 w1th”the greatestlﬁ#,f7’

"-{fbfrequency of rare types,vls from a hab1tat ranked as mostﬁ”ﬁ

vx:fmax1mum homogeneous subsets are presented 1n Table 85

iThls p0551b1e

€4 and'6f“I’*5‘m

‘qiicollectionJ51tes of unlform habltat show that even 1n theb“tf“

“‘trend 15n° supported by*‘i
The results Cof partltmnmg Cthe data mto

slbllar hab1tats,- 51tes 1 2,: 7 and WS, band type;dafw~5f

ﬁv“frequenc1es ;adebdnot 1ndependent -ffncollect1on ‘51tes}f }gft

’(P <: 001) } G statlstlcs are presented 1nf1?b1e 4 andf_

tf}both 51ze classes comblned every comb , _1on of 2 51tes 1310”




! < ;”‘Vegetatlon characterlstxcs 'atfzcéliéétin
'qand Westhacramento (WS) e U e e

ﬂiSpetleij? He1ght ‘Percent*v,;,:jjc§mmeﬁts
‘ZtPresent Cooooem Cover P e

‘ }iiCarpobrotusf$§f;;*f35if »ff?ffﬁf";w“¥7“
S edulis 30 - 100 - Luxuri

kHEI Carp°br°tu3i L T R

 5f1 edulls ' ‘}59?”5*751190gHax,f{

‘:‘T'?*3 5 j*CarpobrotuSﬁ o
e edulls» '

'iﬁfyellow1sh

A Jffx‘f}‘ 35 slope,"

vyh5 Edged by bare

s ,].'j‘_f:.'._‘.CarpobrotuS.f‘ s ~
WIS ' W ground v

*m‘edulzs

5 Q;_qupobrotusﬁfgx

o edulis o o
 Hypericum

"'cdlyCinum :

"'Z£Small bank near.ﬁ?"‘
'freeway e

q";, }ﬁCover mostly
- 90 old stems, " L
whenoo leaves sparse. oo

‘“ f#§p6w f &Carpobrotusg;j;
SR edults ‘

7 Carpobrotus S
- : edulis . 'Luxurious
u f_WS ?fffCarpobrotusf

Cedults  Luxurious



.;; *cover arrayed by collectlon sxte number, ﬂ

id}]TABLE 7 Varlables of band type frequenc1es and vegetatlvefi[fff} 

Rank bY Collectlon
‘f-. ~ Site Numbers

“JGi DeCreaS1ng1frequentyicf:fypé?1(23)45TvWS:7“”6
f} Decreas1ng £féq9en9Yf6f type 12345 1  »

4?JDecrea51ngfff§quen¢y5 i

j’Decrea51ng 

ffékﬂjéhéd&;?iv'\r'HHMHQVJN )
_¥ Decreas1ngf ijff

2
.5 4 -‘
. Decreasing cover 2

. ‘Decreasing diversi:

:.:3?;‘12;51; :fo ?Tf fo;”'6ﬁ



Tbl 0.

‘rxfythree grOuPS

;’..’-'maJorlty fShellsln bof;h 51ze classes are

hen:data_offeollect1on 51tes w1th1n 25

the resultlng collectro s 'remaln;L:

_,are ;pooled

v”ﬁeousfaf”rf;shell type

The results of sort1ng band plgment 1,

presented in Appendlces 5 andf 6"

| 'ffstandard f The two s1ze classes dlffer 1n that the 20" mm%;fi\‘*

:*hftlass has more standard and dark shells., In the smallerriﬁ

‘“h5351ze »class dark shells are,‘rare and pale plgmentatlonﬁé.

‘\qtféfa1r1y common Color 1nten51ty dlfference betweenj 51ze5f :

:-hjclasses ,are:’statlstlcally 51gn1f1cant fo shells“_
“?1fﬂffc011ect10ns, enclosures, and collectlons andn

vn'ﬁfcomblned (P < 00 Table 9) Color 1nten51ty

&_hrg 1ack1ng bands (3 5%)
"'}'j"g__.,},(P = 001 Table'

- *f5dur1ng searcles of
Jhid[fTThe hlghest mort

rﬂ*/ﬁaSSOC1ated w1th the presence of all f1ve bands ShellShd{;tf

fromff5f*
en losures’f.‘“

”g alsojl<‘“

i_lacklng bands are more frequently classed as pale (86%)h§ad

”frfcompared to those w1th 5 bands (11 3ﬁ) Those w1th 5 bands”ﬂaﬂ

‘ fdifare more freQUently classed' as dark (31 4%) than shellsfw“{v

3, aspersa found‘_

The number ofjfempty. L:x.ff o

hete dlfferences are 51gn1f1cant,fi“

‘;glven 1n Appendlx 7 tfl”*
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TABLE 8. Maximum homogeneous subsets of data from
collections 1, 2, 7 and WS 1located in similar habitats.
- The  subsets were determined by an R x C test of
independence testing the independence of Helix aspersa band
type frequencies and collection sites. A significance
-level of 0.01 was used in computing this data. '

Maximum

homgeneous : SR
subset G-statistic Chi-value df Size Class
12 20.3988 50.892 30 Combined
13 44.4017 50.892 30 Combined
14 . 29.6187 50.892 30 . Combined
23  34.9179 50.892 30 Combined
24 36.9970 50.892 30 Combined
34 15.4786 50.892 30 Combined
124 20.8978  30.578 15 20 mm+
134 29.2187 30.578 15 20 mm+

23 29.3894 30.578 15 20 mm+



4 orT en51ty/ :
mortality (Enclosure:
20 mm+ class)‘ :




aspersa’ ocqured fiﬁ f,n””"

Lenclosures w1th 1ow dens1t1es Enclosure 4 w1th a start1ngTﬁ}75;i"

f f mortal1ty ‘ﬁd vden51ty

w“,,assoc13t10n

’& :3stat1stica11y 51gn1f1cant (P <: 001 Table 10) for lljf«””"':

"5gnclosures and for the subset El EZ ‘ESQIand E4 Theséﬂ%,jva

“Vfour enclosures were placed 1n 51mllar env1ronments‘a7fEQf¢gﬂ":

'”ﬁf;does not follow ?theﬂ'tren g den51ty/h10h, mortallty;ffj

'”V;fjffound in: the other,7 cle SperSﬂ dled 1n Bd.'




" ;,‘;Test
o (A1l enclosures)

'eefflMortallty/Den51ty
(E1, B2, E3, B

| “lfﬂ-(Comblned)
"”?_f(lo mm - 19 mm)

“ ;W¥(20 mm+)

bi"5,fMorta11ty/# of Band

;;:“E?TABLE 10 -fG'stat1st1cs fronl R x c tests of 1ndependenceg“_
'Q.;for morta11ty of ‘Helix aspersa and varlables of dens' y,i.ﬂf;'
’_551ze class, band pattern,‘and presence of bandsf" SR

G statlst1c

Ch1 value»df:;‘]

sfMortallty/Den51ty ,f",u” Fan 58 2209 g?%

fijortallty/Slze Clas $2.1848 1,323 1 .25 mns
1;]MprtélitY/BandTQgttegn 43.2981  37.697 15 .001

"IfMortallty/# of Bands {gZ}fSSli"-;iQ;SiéVe ee

‘eMortallty/# of Bands

V-;fMortallty/# of Bands

-+ (outside enclosures, = ..

'-i”-combinedvsiZefclaSSe )

- (outside enclosures

.eMortallty/# of BandJ




A G test showsf”‘

ﬂ;ﬁat 1ndependen f7d " pqtternfifffvv;

Table 10) Exam1nat10n o i;

‘bands,

1n partlcular type"jﬁff “f5f?*

;Of the experlment 80°’had been collected_emptY et

.banded shells at the end of the experlment 48 49vhad beenmﬁ:;?[i

COlleCted empty ; ;Tth‘ dlfference ,;Sfﬁ stat15t1call¥lﬂ75?ﬁr

Slgnlflcant (P < 00 Table 10)"v QGTtests show the1f i?‘l









" DISCUSSION

Essent1a1 to the study- of_ ecolog1ca1 _genetlc

1fenV1ronment‘

n:whlch 1t 11ves In thlS study s1gn1f1‘ant

ﬂﬂioidlfferences

n"'the frequenc1es?_of H aspersa shell_

i i:_.'v-;'we_r,e-« £ o._u_nd

&ﬁfthe organlsm (Ingram 1946) The flora hab1tat 1s domlnaf”ﬁ

‘”*fby one spec1es,jC; edulls leferences 1n cover fhei,

",E?and dlver51ty7of3

”f7,heterogene°us for
‘”ffpreclude the 1nf1uence o

"*;f:ddﬁ 1nd1cate” other causes'eer more 1mportant

VQfT,locatlon

ounder effeqt

“'3:<d1fferences‘fin,ﬁﬁ’ﬁ

1970 and during?ﬁﬂffaf

opu“atlons could also "H;"” "

leferences in- ban “fréquenc1esfmaYﬁaL§d;be{';xxauf




Jaspersa has 'strfngffhomlngfi_x

endenc1es (Ingram“l946 P°tt5i1972) whlch would restrlctﬂﬁh”’

Panmlctlc un1ts

,_spersa are small and may comprlse as few as 15 ad&/tsfgf'ﬂ**

Selander and Kaufman 1975) Many panmlctlc un1ts would be337”“’

5p0551b1e 1“ the StUdY area In the absence of strongf

e vlronmental selectlon,; genetlc dr1ft could account ,forf Vi

;the dlfferences 1n band pattern frequenc1es foundfin theg;y;[5

probable:.that both founder effectsv?:ha!ff;f“
ThlSi“.i.‘:‘."‘f,'. '

’”i_account for the dlfferences descrlbed

found 51gn1f1cant heterogene1ty of allelefab.;::

""*fhtv.f1ve enzyme loc1 of H-l aspersa?ﬁcollectedlifj,;aw

"i<awfrom two c1ty blocks 1n Bryan, Texas.ft

fff?Th cause fﬂOf mortal1tyf”lwaef;fnotj ;determ1ned AR

“EPredatlon 1s not 11ke1y as. predatorsfléuch as blrds andffl

”Msmall mammals often remove thea _Ehe shelli:':"

'!obs}l;fPotts 1972)r:andi empty‘ shells found 1n thef*fafu;

*"‘jenclosures were not damaged- 'f%_may be assoc1ated-'

,;;;ﬁ‘ﬂw1th hlgh temperatur asgthe maJorlty_of‘deaths Occurredy]ffgg
| ‘ eatl =;d15turbances fjdfffffhéulfl:4

fbe'the cause of heat*,?“t“

‘ﬁ»f{H’ aspersa 1@ 110therms‘ theyb'

regulate ”Tiﬁhe}rv.f;rnterna mperatures, below ;f the




35°C and become?:f

'llow hum1d1ty, suchraefthe studfﬁareaf;eeewf

”Zhlgh temperaxure w1thout dehydratlon.g ”5”""

'f}under cond1t10ns f hlgh - temperature
Q.' note

‘1f9and m01sture,e,aw

"favor;f'sprv1valﬁ

: f‘vof‘ growth Few 1nd1v1duals grew

 'Qén§1QSﬁfes f hlgh den51ty Slmllar results were fbtainedfj “‘eT

(1965) Who found ~0Wd1ng Of H aspersa‘ ) n

"aboratory' contalners resul ed 1n slow or no growth and'-,ﬂ"'




VﬂQThe snalls 1n the enclosure located 1n

' ”**ajprov1de a sultable env1ronment for H aspersa

“ ”“ﬂﬁS banded shells and Jones (1973) found daﬁk‘”

"“ﬁtranslucent

. inactivity

~p7after the area began to recelve water in 1ate May,,1978 W"

“”Ef]fther brldge 2 lneters from E6 d1d not grow and. many' d1eddt2f;ﬂ~

”fffffdurlng the experlment Ev1dent1y AH calyc1nun1 does notf}th'

F’ﬁl'fﬁdithPOthe51s of heat k111 Banded and dark shells wOUldbtri‘f

'fjffound yellow unbanded shells heat tolerant comparedrto plnki{nf'u’

;the same 51ze

'~ﬁ.h body an

_alyCInwn under,g_%f,ﬂ

ngher mortallty among band pattern types lacklng lij};ﬂﬁt

’ more bands may at f1rst seem contrad1ctory to the'ff;

vabsorb more radlatlon For C..nemoralls, R1chardson (1974)L?i{

brnd1v1duals placed 1n dlrect 'sunllght reached\ a hlgher;_df_fw

“xeqU111br1um temperature than vfalnt banded 1nd1v1duals of;J?ji7:f

‘g.ht energy would be absorbed dlrectly by

wonld_“an;rease vw1th the absence of;»band{fﬁfrfff



'353344ﬁljf

'gﬁp1gmentat10n ‘ I belleve that -in, H.: aspersa Juven11e5,5§;~ 2

:Ellghter plgmented shell types fabsorbiﬁmore energyﬁ.than¢;§  ff

.‘?fdarker shellltypes.ﬁfﬁ}'_lf-Mjg

" "~Add1t1ona11Y"‘H ”vH"

'5gﬁoften are thigé,‘

"fafter short exposure to“sunllght“;‘

Selectlon agalnst shell pa_

e ﬂ:gfalnt 1n plgmentatlon was most 1ntense under

' Pcond1t1ons, yet was ev1dent 1n H._a&persa collected out51def}

S umme I'

fthe enclosures 1n 1ate p0551ble_advant“ge and7f”

~_qreason for the per51stenceﬁ

Absorptlon of 11ght,energy wouldj 

i area dur1ng theSe months

"-}fwlth falnt‘p1gmentat10n would»be benef1c1al to H aspgrsqff

_jns 1ack1ng'bands orﬁﬁf;‘ 

(”xperlmentalFff5“_ 

d feedlng t1me f‘gnd subsequent1y5 § .

{;and surv1vorsh1p : Shells lacklng bands or]fﬁvﬂ
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| during the early .jUVehile stagé' Qf-'development. ‘v'This
advantage cpuld"offset the 'disadvantagé _foun& vfof these

 she11s types,during high temperature wegther;'
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ff*jAPPENDIX 5 Colorilnten51ty of Hellx aspersa shell bands in the study area and
- West Sacramento (WS) collection. The. number of shells segregated 1nto each group
shbwn for both 51ze classes and 51ze classes comblned ety Rl TELAD g -

* "sii‘é Class
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 APPENDIX 7. Empty shells of Helix aspersa collected from enclosures and dates
collected. _ : R .

Date (1978) : 10 mm - 19 mm Class 20 mm+ Class | Totals
: | | Enclosure . Enclosure
12 3 4 5 6 1 2 3 4 5 6
mrivad T SO | * 7
RS 2

June 23 . 35 5 21 5 6 15 9 2 98

-+ (%3} [=)) -~
~3
(92}
(=)}
-

August i8i:  .
 Sepfembér 22 2 2 - 4
Totals . 45 21 28 14 7 1 6 24 15 3 2 166

9§
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APPENDIX 9. Density of Helix aspersa in study area from
February 1978 to September 1978. The number given is adult
~and juvenile snails per square meter. - o

Date - | ~ Samples . Average
o 1 2 3
February 24 82 1s6 116 118
March 7 S 288 124 | 192 201
April 7 68 250 159
May 24 112 98 72 94
june 22 s 20 8 i
August 28 16 2011 16

September 16 25 12 | 8 15



':f??jAPPENDIX 10
;;yjHellx
ﬂffen losures

i "?jgéBand Pattern;‘ _}‘tf;f;  '?;f7f”s

f;iij}12345 ST
“;? ;1(23)45vE'-
Co1(3m)s

‘-ff§1(23)40

;; %(123)40

aspersa

“ Surviving

~

f L N N R T N ) B TR RN

‘;";J§ZSJQQ~ 'j

fand surv1v1ng

typg from‘wtheb




“ ”APPENDIX 11 Empty shells and‘surv'”'ﬁg‘Hélfxfﬁﬁpéfﬁq7ff mféﬁ?idéﬁféﬁfﬁ:bﬁpedfby“

. Enclosure

”z:ffij?‘;ﬂf'(i

'ijsurv1vonf§
ZQKIEmptY 5
: ;ﬂ;SurV1vor§;r
’. REA ;Empt-}’ Kt "‘7
- Survivor
Bty
- Survivor
~ Empty
- Survivor

N




APPENDIX _12
aspersa in en

'v;u,”Bnclosur 5 '
R Increase

f#ﬁc¢;6xn¢¥é£§#rwid%n&bio

Average 2O

”%% *Found ethY t{i?{}#ﬁ?Ti““""E'

PO OOOoCOUNOOR

T L e e T @ T

o ‘elle

. e

Entlosure 3 e e L
g : : Increase

N
(=]
S NOoOQNNOB® - RN UTR — ;

surements of tagged Hellxj,ffe_e
5 are in m1111meters._@efﬁ»jv

0.0 o



‘:e[*APPENDIXel
 Helix . aspe
millimeters.

Increase“?{ﬁ"ﬁe*°

~'j15.2{_;j;‘iu_t‘w_
o185
o189
S8
. 4}Le; _H_,wﬂLw

gcgquQdQQ

*i}Average

bbp?bécéd

FyffEnclosure 6~;%~“ ‘ R ' : :;w R
TR Apr11 24 September 22 : Increase
RS TN A PR T 28 SR
g,j{1L7¢;e_ﬁN7188 L »
1509 0 “:~_19 5}&:'.H43:gﬁ;“v

‘ﬁ§§“N#QMN@#ow
Hobbiomyubanial




	Band pattern in Helix Aspersa: Variation, selection and microgeographic distribution
	Recommended Citation


