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QUANTITATIVE EXAMINATION OF G~StROPOD AND SOIL 
RELATIONSHIPS IN AN OAK-H!CKORY FOREST 

IN THE LOWER ILUNOIS Vt!LLEY REGION 

ROY STANLEY RIG~LE 

UNIVERSITY OF WISCONSIN, MADlSON, WISCdNSIN 

ABSTRACT 

Malacology can contribute significantly to the 
reconstruction of the local ecology at archaeolo
gical sites. Detailed reconstructions, however, 
are hampere'd by the paucity of m'olluscan ecological 
information, particularly at the local level. 

Seven soil variables and their effects on the 
distribution of thirteen snail species we.re exam
ined for part of a mesic oak-hickory stand in the 
lower Illinois Valley region. Generalized rela
tionships between soil variables and snails were 
apparent. The number of species, and less so the 
number of specimens, tends to increas~ as the sam
ple area increases. Traditional ~ethods of graphic 
analysis and bivariate statistics did not provide· 
optimal information on underlying relationships 
between the data sets. Few significant bivariate 
correlations were obtained between snail specie" 
and soil variables. 

There was generally a nonlinear or negative cor-

relation between snail spectes and soil pH. No 
s1gn1 ficant bivariate correlattons were found be
tween snail species and organic ·matter, available 
phosphorus, acid soluble phosphorus or ~xchangeable 
magnesium. A high positive. correlation existed be
tween calcium and three oft~irteen species but wai 
significant only between Strobilops labyrin(hica 
(Say) and calcium. A generally positive but not 
signi fir.ant correlation existed between three spe
cies widely distributed over North America, and all 
measured soilpara~eters except exchangeable potas
Sl·Um. 

Factor analysis delineated three underlying pat
terns in the varia hili ty and covariance of the data 
and provided a basis for· inferring the secondary 
influence of soi 1 factors on the distribution of 
snails. Variables whir.h covary in each eigenvector 
were usually snail species rather than snail and 
soil variables, llabitat groups of snai Is were de
fined on the basis. of species with a similar pat
tern of covariation. 

INTRODUCTION 

The environment· of prehistoric village and mor
tuary sites has become a subject of increasingly 
popular interest among archeologists for several 
decades. This interest is warranted due to the 
current orientation of· archeological research-.:..an 
evaluation of man's interaction in an ecosystem. 

Terrestrial mollusks, because of their sensitivity 
to local habitat conditions, are useful in the re
construction of past environments. Interpretation 
of gastropod assemblages from archeological con
texts rests partly on knowledge of presently liv
ing species. Analysis of archeological assemblages 

requires intensive and ·extensive sampling at the 
local level of the site .. 'There are few analyses 
of living snails, particularly at the local level, 
which are sufficiently detailed to use as analogs 
in the explanatory' and interpretative framework for 
assemblages from prehistoric sites. 

The present study is a quantitative examination 
of relationships between gastropods and soil fac
tors on the surface of a burial mound in a mesic oak
hickory forest. It deals in.tensively with micro
habitat variation in soils and snails and quanti
tatively measures the covariation of each. . 
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DESCR I PT I ON OF PROJECT AREA 
The Mueller-Ringhaus.en forest, on the 'property 

of Mr. George Mueller, is located (Fig. I) about 
2.5 miles north of the town of Hamburg, Illinois, 
about one mile east of the east bank of the Mis
sissippi River (northeast corner of northeast quar' 
ter of southwest quarter of Section 14 Township q 
South, Range 3 West). 

Much of the area of upland slopes of interior 
Calhoun County supports oak-hickory forests. The 
long-standing deciduous forests, in addition t.o 
climate, are primarily responsible for thick well 
developed Alfiiol ~oils common in the county. 

The collecting area is located on a northwest
southeast or'iented ridge which drops with a gentle 
slope to the north. The a rea is adjacent to a broad 
plateau around 'which are numerous dissecting val
leys. A group of four Late Woodland burial mounds 
is located on one of the ridges. The gastropod as
semblage· discussed below was recovered from the 
surface of Mound 2. The surface of this mound was 
selected for the study because of its degree of 
preservation and the presence of what appeared to 
be a nearly homogeneous microhabitat over the area 
of the mound. The vegetation on Mounds 3 and 4, 
located near a fencEtline bordering an open pasture, 
had been greatly altered into edge area habitats 
and Mound 1, to the north. was the 'target of recent 
disturbances by collectors. 

FORMULATION OF HYPOTHESES 
The effect of soil factors on the distribution 

and abundance of terrestrial gastropods has been 
previously investigated on a regional scale in three 
counties in eastern.· Virginia (Burch 1955, 1956) 
Contrary to Boycott (1929) and Oughton (1948) Burch 
concluded that organic matter did influence the 
presence of land· snails, thus agr~eing with Shimek 
(1930) that organic matter as a potential food is 
a major limiting factor in the distribution of land 
snails. 

Burch also investigated several other soil para
meters. He concluded that pH did not a.ffect the 
distribution of land s'hails. Research by other in
vestigators (Strandine 1941) has not established 
a clear systematic relationship between this para
meter and terrestrial gastropods. 'Ibis variable is 
presently considered to be of indirect or negli
gible importance to the distribution of snails. 
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FIGURE i. Topographic map showing. pos1 t10n of 
samples of the stratified systematic unaligned sam
ple of the surface of Mound 2 of the Mueller-Ring
hausen mound group. Location of samples is ap
proximate with respect to topography since they 
were obtained by measuring along ground surface. 
Dashed l i ne is a pp rox i rna te pe rime te r of mound f i ll . 

With respect to other soil factors snail fre
quencies were found t.o increase as the concentra
tion of calcium (CaO), magnesium (Mg0) and potas
sium(KzO) in the soil increased. Potassium in ad
dition to phosphorus and pH were concluded to have 
an indirect effect on the distribution of ·land 
snails (Burch 1955, 1956). Other investigators 
(e. g. Atkins 1966) demonstrated a positive rela
tionship between an increase in calcium carbonate 
(CaC03) and an increase in· frequency and species 
per unit area in alkaline soils. In all cases al
though the variables are quanti·fied by the respect
ive investigator an actual measure of correlation 
is not provided. 

The present study attempts to determine the quan
titative degree of covariance between gastropods 
and soi 1 parameters similar to those used by Burch, 
on a local level. The soil variables ·investigated 
were organic matter content, available phosphorus, 
acid soluble phosphorus, exchangeable potassium, 

... 
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exchangeable calcium,· exchangeable magnesium and 
soil pH. All of the soil parameters measured are 
interrelated, and ar·e a ·product of the interactive 
system of soil and'.the non-soilenvironment, e. g. 
vegetation and climate. The l'atter vari'ables' ai·e, 
however, important in the development of ~·soil but 
for the purposes of this analysis are treated sepa
rately. 

Previous studies (cL· Burch 1955, 1956)' have not 
included the quantitative explan~tion· of· l~b~l va
riability insoil parameters. as they relate to gas
tropods' nor the investigation of alternate forms 
in phosphorus can be.· extracted. Burch's 'study, · 
limited to a region of ~astern Virginia. gives im
portant clues to the ecological relationships of 
gastropods and soils ... In each location for which 
soil data w~re measured,' however, the sample. area 
at each site was not subdh•ided·. This prod.uces an 
average of soil conditions 'which may or may not' sho,w 
the range of variability in each area. Secondly, 
the distribu.tion of species inay change markedly 
within a few feet. 

Numerous i'nvestigators h~ve contributed to a 
large body of literature on th~ occurrence and ab
undance of species .. in forests of 'varying vegeta
tional composition (e. g. Van ·Cleave l 951; ·Shimek 
1930). lne deli neat ion of a cornp lex of species 
characteristic of forests has proceeded on a quali
tative basis for· :many years. 'The· composi'tion of 
the habitat group should be 'expe'Cted to change be
tween regions due to the effect of changes in m'arked 
interregiona 1 climatic patterns. Within the same 
region species comprising a. habitat group likely 
change on a coritinuum··responding to the primaq fac
tors of vegetation· (cover) and moisture,· Plant eco
logists have given ample demonstration of avegeta
tional continuum rather t'h~n the existence· ·of dis
crete vegetational units. (cf. Curtis 1959). Signi
ficant positive c·orre1ati'on' between species diver
sity and moisture regime and between snai 1 diver
sity and the number .of· dominant tree species has 
been documented for eight habitats · in the Great 
Smoky Mountains (Getz .1974). . 

Quantitative definitio~ of habitat groups as used 
in this study is based on .the division of an assem
blage into groups o'f species with the. greatest si
milarity of covariance. Within each habitat spatial 
variation in the distribution ·of species and fre
quencies can be us~d to. de teet minor changes. in a 
contemporaneous population. · Some ·.of. the clian·ges 
can be exp(;!.cted to be related to: the autecology of 
the species present .in the area. fly· exami'ning many 
sites in a given region the soi r and gas'tropod va
riables which show systematic· variation take· on re
gional significance. · · 

The present anal):sls examlnes the relationship 
between gastropods and soils in a part of on'e stand 
of oak-hickory fo~est; [f.t~e r~lationship between 
gastropods a'nd a complex. of soi 1 variables can be 
quantitatively defined on. a local level gastropod 
and soil analyses ofarcheological sites can be used 
to provide substantial reconstructio~ of lo~~l en
vironmental com;litions. ·It is' clear ·'that· 'the soil 
factors (with the probable exception. of calcium) 

affecting. the spatial distribution of gastropods 
are minor. compared to the effect of plart cover and 
moisture. ·Soil £actors are interrelated and re
fl~ct plant conditions. Some. soi 1 parameters change 
mar~edly during the depositional history of an ar
cheological site .. Therefore it is important to fo
cus on the,.more stable variables of soil which un
dergo minor cha·nges thr~11gh time; e. g., phospho-· 
rus, and bulk density. Due to nutrient pumping by 
plants (Odum 1971) even the.se v.ariables may change 
radically ·unless· deposition on the surface is rapid. 
If gastropod distrib11tion was affected directly by 
soil fac:i.ors interpretati~n of archeological assem
blages would· be inextricably complex due to the 
nearly .constant change in'the soil environment. 

Burial mounds provid.e a situation where buried 
humus zones are frequently·· encountered. Rapid ad
dition offill above hUml!s layers effectively seals 
off th~ underlying .strata .and their contained flora 
and fauna. ·Alkaline· so'il environments are fa,vora
ble for the preservation of gastropod shells and 
in some·cases ~he,spatial relationships of the as~ 
semblage may, be preserved (death assemblage) with 
rni nor modi ficatio.ns. In such cases comparison of 
the archeological .'as~;~emblage with assemblages re
covered {rOO,'known,·ecological situations may reveal 
evidence of spa·tiar distribution of habitats over 
the area.ofthe buried'surface of the mound, or the 
origin~! su~f~c~' on '!'hi~h the mound was erected .. 
These data can· reveal the retard of short term shifts 
in ecotones provided the mounds ~rP. sufficiently 
dense over an area and can be arrangP.d chronol o
gically. 

SUMMARY OF HYPOTHESE~ 

. The surface gastropod .'~ssemblage of a part of the. 
Mueller-Ringhause,il forest. was used to evaluate the. 
fcllowint hypotheses, . 
· l. The·:· h·a.bitat ,group characteristic of the 
par~ ·of 'the oak'~hi.ckory"forest sample<! would 
be simil~tr to ~h~' .. complex of species most com
mon in other areas· of oak-hickory for~.st. In 
this case ·however the delineat'ion of the habi
tat group is largely quantitative. Due to its 
vegetational 'st'iuc~ui:e this· stand may be ex
pected ·~to .c~iitain the s.pecies common i11 a qua
litatively>defined habitat group but in j:lif-· 
ferent p'roportion~ In response to local condi-
tions •.. · . . 

2. TI1e. sp,.tial .relati'Qnships of gastropod 
species can be e·,:pressed quantitatively by ana
lysis i>f' their 'freqtuincl.'es per unit area and 
summarized 'bY' their: patterns of covariance. 
Generally the gre.at.er the frequency and relat.ive 
diversity per ii~it' area the greater will be the 
11mount ·of Contained 'information. 

3. Minor changes or 'va.dation in the distri
bution 'of snai.ls and associated soil data re
veal minor ·ch'a~ge~ 'in a:. relatively homogeneous 
macrohahitat. ·' ·· · · · · 

4. Soil pU' sh~uld have little effect on the 
dis tri~ution- oL snai ls·.i.n this particular rna
crohabitat. ·Organic. 111atter, and secondarily 
ca lei urn·,· magnesium, .and potassium should gene-. 
rally .incr'ease ·as snail frequencies increase. . . .· . : .. '.·., .. ' ... . : 



Each of these variables should cov.~ry ~i tb gas~ 
tropod spe<;:ies which show positive response ,to 
increases in snail para~eters .. 

" FIELD AND LABORATORY tUHODS AND MATERIALS 

The strategy employed. dU:ring_the design o.f a sa!"
pling program for the· surface of Mound 2 was to ob
tain samples from points over. ~he enti~e extent of 
the mound surface .. This nec'essitated a de'sign which 
would insure obtaining samples from the ,highest 
point of the mound where vegei.a'tion was less dense, 
as well as on the slopes andedge of the mound which 
supported a thick layer of de~omposing litter. The 
final choice of a d~sign was the· stratif,ied system
atic t.i~i:digned sample Olaggett 196,5). 'The proce
dure. offers the advantages of randomi.iation, stra
tification and systematic sampling and a'~oids the 
alignment ~f sample points and. thus .. t.he possibility 
of error due to periodicitie.s in th~ phenomena be-
ing sampled (Hagget 1965: 196). · · 

The position of samples. over the surface of the 
mound is indicated in Figure l. A' 48C...:foot. square 
was. sufficient to cover the. mound and some overlap 
in the corners off the ~ircular.mound was ·th~s ob
tained. The square was divided into· fou,~ qua.drants 
and ·four samples were selected at random in each 
24-foot square quadrant. In the field ihe samples 
were obtained by establishing a .te.mporary datum 
point on the highest part. of the approximate c:enter 
of the mound. The sampling grid was oriented to
ward magnetic north. Tapes were then used to meas
ure along ground distance along the four coordinate 
lines and out to a sample point at r1ght angles to 
the coordinate lines. The measurements were taken 
along ground distance to the nort.hwest corner of 
the one-foot square sample. Although the slope is 
relatively constant the snail sampling grid is not 
precisely related to the arclieologi~at' grid bywhich 
the mound was subsequently ex~avated. 

By shifting the point.s of originof.l.he X andY 
axes of the samp 1i ng grid "(cf. Haggett 1965:. 196) 
five series of random samples wl!re established. l(ie 
first series contained 16 ·samples; the r'einaining 
four contained nine samples each, Al) but the fifth 
series of samples were collected. The' first series, 
i.e. 16 samples, isreported in the present study. 

Each'._sample consisted' of. two parts.·::All.of the 
surface. litter in one square foot d6wn, to the in
terface of the 02 and Al soi 1 hori~ons was· placed 
in a plastic bag. A soi 1 sample _one inch·. deep and 
one foot square. was. placed' i'n a sepa,rate plastic 
bag. The litter samples were slib,sequent[y soa~ed 
ln a so.lution of sodi~ b:lc,a.rbonat~. and. wa.t.er in 
screen-covered buckets before b~1ng. wash~d 1n num
ber 40-mesh screens and a1r-dried, followed by sort
lng. Sample processi.ng and shell . identifi~ati~n 
methods are ,discussed at length elsew~ere.' (Riggle 
1975; Jaehnig 1971). .· · · . 

The soil samples initially .included ap 15oil in 
one square foot for a depth. of one i~c;h below the 
surface. litter. Subsequently each soil' sample was 
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thoroughly mixed and approximately 300 mililiters 
was placed into heavy polyethylene bags and for
warded foranalysis toDr. Theodore R: Peck (Depart
ment of Agronomy, University of Illinois; Urbana). 

Soil pH was determined by the paste method uti
lizing distilled water and a one-half Hour equili
brium interval before the reading was obtained with 
a Beckman Zeromatj.c pH meter. 

Organic matter was determined by the Wa lkly-Black 
procedure (Black 1965: 1372) and the results read 
colorimetrical1y. 

l:kay' s P 1 (lhay and Kurtz 194S) method was ·used 
to measure available. phosphorus. Results were read 
colorimetrically. The, extractant used was 0.03 nor
mal ammonium fluoride (Ntl4f) in 0.025 normal HCl. 
Acid !<oluble phosphorus was determined by Bray~s P2 
method using 0.03 normal NH4F In 0.1 normal HCl as 
the extractant. The Pl method extracts phosphorus 
associated primarily with aluminum. Aluminum, in 
addition to some calcium phosphate, is extracted 
by the P2 method. The ratio of acid soluble to 
available phosphorus·should be low ·in acid soils 
such as those present ·in the Mueller-Ringhausen 
forest. 

Exchangeable potassium w~s extracte.d with 1 nor
mal ammonium acetate at pH 1:0 and the result de
termined by flame photometry from a one to ten ra-
tio of soi 1 to extractant. · 

Exchangeable calcium and exchangeable magnesium 
were extracted using the method applied to the .sam
ples for extracting exchangeable potassium but a 
one to twenty ratio of· soil to extractant was em
ployed. The results were determined with atomic 
absorption spectrophotometry: 

Botanical data collected !luring ·the field work 
were used to evaluate there lative amount each tree 
species contributed t~the vegetation in the sample 
area. Although more rigorous· procedures of estab
lishing the characteristics of a stand are avai 1-
able (e. g. Curtis 1959) t:lme did not permit ex
haustive study of t,he vegetat.ion. 

Trees over three inches in diameter breast high 
were identified and counted .. The trees on the sur
face of Mound 2were predominandy white oak (Quer
cus alba), shagbark hickory (Carya ovata) and flow
ering dogwood (Cornus florida). Flowering dogwood 
and white oak trees were mostcommon on the toe of 
the side slopes of the inound. One flowering dog
wood and two· white oak trees were ·located on the 
summit. of the mound. Redbud. (Cercis canadensis), 
dogwood (Cornus sp.) and white oak dominate the 
trees around the moulJd: · Redbud and dogwod sap
lings (less than one-half .. inch in diameter) were 
sparsely distributed ov~rlhe surface of the mound. 

ANALYSIS AND DISCUSSION 
Phenology and Taxonomy 

T~o ·problems which may have h~d some small ef-
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feet on the quantitative analysis of the assemblage 
which follows this section are the phenology of 
certain snail species and the taxonomic assessment 
of one of the spec~es. 

The acidity of the soil samples ob~iates the pos
sibility that the shells recovered represent a long
term accumulation. Since the calcareous shells 
dissolve in an acidic pll environment in less than 
two years (cf. Evans 1972) the sample population 
studied at present very likely includes only speci
mens born and partly maturing during the several 
months preceding collection. Having collected the 
samples in June many of the shells from the previ
ous summer and winter were probably ·decomposed. 
Since the samples were collected in early summer 
there may be some effect on the percentage of ju
veniles since not all of the species mature at the 
same time nor at the same rate. 

Nearly 65percent of the identifiable shells were 
classified as juveniles. Many of the juvenile 
shells are small Punctum minutissimum. If there is 
a phenological effect on the assemblage this spe
cies may be inferred to mature during late June 
and July although an unknown number of these shells 
may have died just prior to collection. 

Seasonal periodicities are. 'nearly universal in 
communi ties and often resurt in almost complete 
change in. community structure during the annual 
cycle' (Odum 1971:· 157).· Seasonal changes in abun
dance of aquatic snails and in the variance of 
their species abundance distributions were docu
mented for five watercourses in Egypt (Hairston 
1964). Critical periods of environmental stress 
caused the frequency of the most abundant species 
to decrease drastically; less abundant species un
derwent a period of increase in many cases at the 
same time. Strandine (1941) found that fluctua
tions in a population of Succinea ovalis Say coin
cided with seasonal fluctuations in soil moisture, 
organic matter and pH. 

An alternative conclusion is also possible with 
respect tophenological variation. Late spring con
ditions during 1972 may have been deleterious to 
Punctum minutissimum; manyofthem having.succumbed 
before maturity (cf. Douglas 1963). T.his can be 
tested in the future by analyzing additional assem
blages under similar conditions and at ·different 
times of the year .. 

The second problem is the taxonomic assig~ment 
of Strobilops Labyrinthica. lden~ification of spe
cies in the . genus St rob i lops are based on shell 
morpho logy and, more importantly internal soft 
part anatomy. Strobilops labyrinthica, S. affinis, 
and S. aenea are highly' variable with. respect to 
shell morphology .:particularly the number and size . 
of basal folds and lamellae as seen t.hrmi.gh the base 
of the shell (Pi lsbry 1 <H8). ·· 

All of the complete mature specimens from the as-·' 
semblage thought to be one· or the other of these 
species were measured.· None of the specimens was 
larger than 2. 7 mm, which is the minimum diameter 
of S. affinis (Pilsbry 1948). However, none of the 
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44 specimens was less• than 2. 5 mm, the maximum s 1ze 
df S. labyrinthica (Ibid.) 

In addition the shell morphology, other than dia
meter, suggests that none of the specimens areS. 
aenea; e.g. the lack of an angular periphery char
acteristic of the latter, whichPilsbry (1948: 862) 
emphasizes is, 'distinctly but bluntly angular.' 
The 'diameter of this ·species varies from 2:4 to 2.8 
mm find thus overlaps the upper limit of S. labyrin
thica· and the lower limit of S. affinis.' 

It thus appears that the specimens of Strobilops 
from this particular assemblage are large examples 
of S. labyrinthica since only one is near the lower 
limit of S. affin·is and since all lack the dis-
.~inguishing morphological characteristics of S. ae
nea. 

' Analysis of iiving material of the family Stro
'bilopsidae would provide a more solid basis for 
:.specific identification than presently exists on 
•"ithe basis of sheU morphology (van der Schalie, 
personal communicat'ion,·November 1975). 

... 
DESCRIPTIVE STATISTICS 

Assessment of variability 

The raw frequency data for the gastropod assem
blage represented by:the first· series of 16 samples 
are summarized in Table· l. Seventeen species of 
terrestrial gastropods representing thirteen gen
era and 1, 544 identified individuals were recov
ered. Of these 1,051 were cl~ssified as identifi

.able juveniles (65. I percent). Juvenile shells of 
Punctum minutissimum contribute in large part to 
the high percentage of identifiable shells. 

There is ·an" apparent high degree of variation 1n 
the number of specimens between species; ranging 
from one specimen of Gastrocopta corticaria to 459 
speetmens of Punctum minutissimum. The number of 
11hells recovered fromspecific samples is also high
ly variable," ranging from 13 individuals in samples 

.5 and 6, to 281 individuals in sample 3. 

The random manner {n which the samples were col
lect~d and the size. of the assemblage prec Jude' a 
cursory examination of· the raw. frequency data in 
order to assess 'the major source of variability. 
The a~alysis of variance for a randomized complete
.block design (Steel and Torrie 1960:134) was used 
to determine if arithmetic means of species between 
samples differed significantly, and thus to deter-· 
mine the major source of variation. Due to the ap
pa~ent lack· of- a norinal distribution of species 
within or between samples,' and to· the presence of 
numerous raw freq.uencie.s of:· less than ten, a trans
formation, of the raw data by the v-x+T was used 
prior to the wnalysis of variance (Steel ·and Torrie 
1960: .157). . . 

The· analys•is of variance for the transformed data 
matrix •(Table 2) is summarized in Table 3. The very 
highly significant (P>.Ol) F ratio for samples· 
(blocks) andspecies (treatments) indicates, l) the 
presence of significant differences of means of .spe-
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Table I. Raw f~equency of gastropods for ea.ch 51lqJie:. lri~ location 
numbers may be used to locate ~aq,le in Fi9ure I. 

Grid lo.cat ion 

Anguispira alternata 

Euconulus fu1vus 

Gastroc.opta a•·mifera 

G. contracta 

1 
G •. "c.orticaria 

0 ... 
..: 
~ 

G. pentodon 6 

Hawa i i a mi nusCu I 11 I 9 

He I icodi s'cus paralle1us 16 

H. singleyanus 

Hesodon ·thyroidus 

"e~hix friabi I is 

Punctum minutissimum 

Pupoides albi labris 

Retinella indentata 

Strobi lops lebyrinthica 

Succi nea sp. 

Vallonia perspectiv-e 

TOT. !DENT. IND. 

Un i dent. j uv. 

Unident. Fragments . 

TOT. INDIVID. REt. 

% I dent. Juv. 

No. ldent. Juv. 

No. of Species 

10 

60 

2 

6] 

63.3 

]8 

9 

6 

8 

6 

-. 
21 

9 

62 

5 

69 

72.6 

45 

8 

29 
29 
90 

10 

53 

18 

24 .. 

) ~ 

262 18 

12 I 

281 19 
7).] 66.7 

192. ., 

II 

.2 

- . 
1: 

ll ,. 

~ 
"' "' 

10 

13 

13. 

]0.8 

4 

I] 

4 

I 

4 

]6 

67.6 

2) 

10 

"' "' 

6 

27 

8 

43 

)2 

14 

14) 

9 
154 

68.5 

98 

10 

Table 2. Ra; frequency data· of Table I ~ran~formed b·y J<tf. 

Angui spi ra al ternaua 

Euconulus fulvus 

Gastrocopta armiferil 

G. contracta 

G. "c:Orticaria 

G. pentodon 

Hawai ia minuscula 

!!. 

! 
"' 

He I icodiscus parallelu5 

·H. singleyanus 

Mesodon thyroidus 

HesO!q)hix friabi 1 is 

Punctum minutissimum 

Pupoides albllabri5 

Retine1 ta indentata 

Strobi lops 1abyrlnthlca 

Succi nea sp. 

Vallonia perspective 

1.73 

1.00 

I. 00 

1.73 

1.00 

2.65 

4.47 

4.12 

1.41 

1.00 

1.00 

).]2 

1.00 

1.41 

2.00 

1.00 

1.00 

1.1) 

1.00 

1.00 

1.00 

1.00 

2.65 

].00 

2.8) 

2.6S 

1.00 

1.00 

4.69 

1.00 

2.00 

3.16 
1.00 

1.00 

2.00 

I. 7) 

1.00 

1.00 

1.00 

5.118 

~-58 

9-S~ 

~· )2 

1.41 

1.00 

]. 35 
1.00 

lo.36 

s.oo 
z.oo 
1.00 

2.24 l.ltl 

1.00 I.'OQ 

1.00 1.00 

I. 00 1. 00 

1.00 2.00 

1.00 1.00 
I 

1100 r.oo 
1.00 1.00 

1.00 a.oo 1.oo 1.41 

1.00 1 • .7J· 1.41 1.7} 

2. 2~ .1.41 ]. ]2 ). 74 

1.41 1.13 1.41 a.21t 

1.00 2,21t 1.00 1.00 

LOO :1.00 

1.00 1.00 

1.41 I.OQ 

1.00 1.00 

1.7) 1.00 

2.21o ,.oo 
1.1) I. 00 

&.00 1.41 

1.00 1.00 

r.oo 1.00 

·1.00 2.2~ 

i.oo 1.00 

1.00 1.4.1 

1.41 2.24 

1.00 1.41 

·1.00 &.41 

.. 
i 

15 

7 

25 

2 

2 

29 
]2.0 

18 

s 

2.65 

1.00 

2.00 

1.00 

1.00 

5.29 

3.00 

6.6) 

5.74 

1.00 

1.41 

2,1t5 

1.00 

2.00 

);8] 

L41 

1.00 

.. 
17 

II 

36 

)6 

55.6 

20 

5 

1.41 

1.00 

1.00 

1.41 

1.00 

1.00 

4.00 

2.8) 

1.00 

1.00 

1.00 

1.00 

1.00 

1,oo 
1.41 

1.00 

I.Oo 

4 

23 

2) 

)9., 

9 

1.00 

1.00 

1.00 

1.00 

1.00 

2. Jlo 

4.21o 

1.00 

1.41 

1.00 

1.00 

).~ 

,.oo 
1.00 

21110 

1.110 

1.110 

I) 

16 

II 

15 

22 

)4 
20 

s 
110. loB 

I 

II 20 

I} I J 14 

I 

78 222 ·2sa 

3 1 
8 18 

89 2~7 265 

4).6 65-3 72.1 

34 145 186 

II 10 

35 
24 

7 
8 

42 

s 

129 

7 

3 

1)9 

69.0 

89 

8 

I. 00 2.45. 2. 00 2. 00 

1.00. 1.110 . 

1.00 . 1;00 
1.00. 1.00 

1.41 . 1.00 

1.00 1.00 

I. 7l 1.41 

1.00 1;00. 1.00 .1.00 

~.65 ).71t li.8o 6.oo 

2.8) 

1.7) 

1.00 

4.12 

).46 

r.oo 

5.92 

4.58 

I.OQ 

5. 74 

6.00 

).16 

.. 
0 ,_ 

5 

zo 'z09 
19 256 

22 268 

4 75 

75 

8 77 

21 135 
7 

J 

170 1541< 

) 47 

8 66 

181 16s7 

76.5 65.1 

130 IDS I 

8 

1.41 

I. 00 

1.00 

1.00 

1.00 

6.00 

5.00 

2.8] 

j.oo 

I. 00 1.110 . 

1.00, 1.00 I 

2.2.. ...00 

.. 00 1.00 I. 00 

1.00 

1.00 

1.00 

1.00 

1.00 

4.58 

4.47 

4.8o 

2.24 

1.00 

l.lo1 

1 • .,0 1.00 

1.110 z.lis 
2.21o ).]It 

1.00 i,oo 

1.00 . 1.00 

... ·. 

2.4~ 1.00 1.00 

IO.Slo 10.44 6.56 

1.41 1.00 1.00 

).46 lt.sil· .z.4s 

).74 ·).87 2.8) 

1.110 1.00 1.00 

1.00 1.41 1.00 

8. 72 
1.00 

).00 

lo.69 

1.00 

1.00 
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Jloc.ks (ua~lcs) 

Tra.r-u (species) 
r • 1 • 15 
t - 1 • 16 

[rror 

Tot• I 

( r • I)( t • I) • 21t0 
rt • I • Z71 

***very highly slgnltlc-.t P~ .05. 

Table it. Descr-Iptive statlstlca of aoiJ.d.au1. 

Soil~·· -· ... Org41n1c A ..... , I. P 
.. tter 1 

6.1 3.6 39.0 
2 6.2 6.7 45.0 
3 5.6 ~- 7 ~J.5 
~ 6.~ 5.9 ~-I 
5 s. 7 2. 3 12.7 
6 6.0 3. 7 ~~:~·1 7 s.s ~- 7 
8 6.6 s. 7 ~-· 9 6.6 J.S ~.0 

10 6.2 3-9 ~).) 
11 s.5 7-3 ss.o 
12 6.0 5.0 )2.8 
I} 6.8 6. 7 26.5 

·~ 5.2 s. J ~}.) 
IS 5.9 6. 7 1o2.s. 
16 7.0 5-J )8.9 . 16 16 " I 97. JO 81.00 59).00 
ss 595-61 --02 2JS8S.50 . 6.08 S.06 37.06 
·,2 .2603 1.9972 10).1626 

.5102 .. ~.32 10.3519 .. . 1275 -3533 2.5880 
C.Y. .083' .2792 .2793 a.• Lt .5.81 4.31 . 31-~ Lz 6.35 s.81 loZ. 

'J"h. waive shc.n ·,, (he • of th= ~lnln9 15 values. 
the ,_lnlng woi..Cs. ., OrlglMI valuo' • 91.1 • 

*2 Or'igiMI wah,111 • 1)6.1 
*l Original ~luo • goo· 

•• CL(X:t.OSsil 

cies between samples; and, 2) .that the precision of 
the sampling design was greatly increased relative 
to what could have been expec~~d from a completely 
random design (cf. Steel and Torrie 1960:136). 

Data for ·the seven soil variables, analyzed are 
summarized in Table 4, which also summarizes the 
descriptive statistics for each soil variable. The 
variance (s2), standard deviation (s) and standard 
error of the mean (si) differ markedly 'between va
riables. The least variable of the paraf11elers is 
pH (coefficient of variation - C.V. - of 8.39 per
cent). Considering the apparent variability be
tween samples and among species (Table 3) high 'po-· 
sitive correlatio'n' between a group of gastropod 
species and pH ln this kind of macrohabitat seems 
unlikely. 

The variability of th~ remaining six parameters 
approximates t~oclusters. The first group includes 
organic matter, available phosphorus and acid solu
ble phosphorus. The second group includes exchange
able potassium, exchangeable magnesium and exchan
geable ca lei urn. The presence· of two groups of soil· 
variables with it:~ternally sin!i lar coefficients of 
variation suggests the possibility that a· complex 
of species might covary with one or 'the other of 
the groups but that no species by itself would co

_vary strongly with only a single soil variable. 

7 

Variables 
Acid 501. P. Exc.h. k bch. Ca. L<ch "" P"" """OOg 

5~.o 132 10.31 1.37 
66.7 182*3 13.~ 2.08 
68.3 "7 13.75 2.~7 

52-9 219 16.25 2. IS 
2~.5 125 s.,. 1.2~ 

~;:~trl ISO 8. 75 I.S6 
178 7-03 1.37 

se.3 171 1S.63 2.47 
60.0 ~18 • 7.81 1.86 
63.2 166 II .88 1.31 
71.2 185 15.63 3.52 
so.o 122 n.zz 2,,7 
'3-S IJ' 20.6) 3-~ 
55.0 231 8 .. 13 2.118 
65-5 ISO 15.16 2.96 
65.0 1611 16.1!11 2.67 
16 ,, 16 16 

11811.90 291' '"·""' JS.Q9 
5147).85 60JS90 27'7.83 811.82 

55-Jt 182.1) 12 .• 7 2.19 
168.89 '858.5161 17.~" -52~ 
12.ma "· 7031 •. 1770 • TZ'l2 
).Zio99 11 .•zse .. - .1810 
.2)50 .)827 .))52 . 3)0:1 

'8.3' I'S.oo IO.Z'. 1.80 
62.23 219.26 ... 70 2.se 

Tbeso ,_~u=as ,..,.. orlglully out of OIJrcaacRl wltcll 

Simple correlation of snails and soils 

The major purpose of the present study was to 
determine the relationship ·of gastropods to the 
measured·soil variables in a. quantitative manner. 
Correlation coefficient~ which measure the rela
tionship between two.variables on a -1 to +1 scale, 
satisfy part of this goal. Such correlation coef
ficients are i-ndependent. of the scale of measure
ment; e.g. soil or~anic matter·canbecompared with 
snail species. 

One of the several options of the computer program 
used for the factor which follows this discussion 
computes correlation coefficients between variables. 
Due to the non-normal distribution the raw frequen
cy ·data .for· gastropods was transformed by the 
~- Gastrocopta armifera, G. corticaria Me
sodon thyroidus, and Pupoides albilabri~ were eli
minated ·from·the factor analysis due to their rare 
oc'currence. Transformation of the data for these 
species results in a lack of arithmetical informa
tion. Soil data were not transformed since they 
have a nearly normal distribution.' All data were 
s'ubsequ!"ntly ·normalized for-the computation of fac
tors. This results ·in a new data matrix with a 
mean of zero and a standard deviation of one. 

Correlation coefficients between variables· are 
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Vuiabl• ID II 12 I) ·~ 15 16 11 18 19 20 

I Angu i sp i r• al terrw~ta 1.000 

2 Euconulws fulvui .216 1.000 

c;.urocopta COfltrocta .125 .16) 1.000 

~ c. pentodotl .299 .J99 .105 1.000 

Kawai io tninut~:Uia .08) .502 .511 .666 1.000 

Kelicodisc.us parllllelus -~12 .6)8 .191 .)~ .56) 1.000 

H. single.,onus .))4 .1}4 -.210 .654 .059 .6)9 1.000 

l'tes~hix fri11bi lis .186 . 378 .~) -~ . )80 .2~ .021 1.000 
' 

Punctum •lnutisslrnum .Ill .loOt • )58 .ao2 .812 .586 .239 .528 1.000 

10 Retinella I ndont•t• • )glo .602 .213 .81) .)25 • 791 . 398 .3)7 .887 I.OCIO 

II Strobi lops labyrlnthiui -~··· 
·.s2a -.025 .808 .58) .Boil .~98 . )65 .)61 .ass 1.000 

12 SuccinN sp. -~90 .576 -.299 .017 -.~27 .472 .272 -.110 -.059 .291 • ))5 I.Ooo 

11 Vallonia perspectlva . 105 -.174 -.011 --~1 -. 120 -.051 -~ -.187 .02~ .089 -.191 •.0)6 1.1100 

I~ pH -. 002 •.016 .190 -.055 -.009 -.009 .001 .568 .061 -. 0!19 .I~ •.liS -:s91! 1.000 

15 X. Or~nlc Ntter .191 -.09'< •.07) -~7 ,zag .119 .159 -~1 .422 .))9 .~1 .oss •.))8 .089 1.000 

16 Avai I able pftos,phorus -.118 -."012 -.022 .215 .)14 .169 .075 -.268 .190 • 147 .2ao .066 -.289 •.ISO ·"' 1.000 

17 Acid 'IOiwble phosphorus -.0)8 .II) -.149 .3)0 .)19 .290 .2)0 -.16) .2~ .22~ .ltS6 .zos •.)96 .0)0 .55) .9fo" I.Doo 
18 bchongeab le pototsl• -.062 -.1)6 .265 •.285 .~2 -.079 -.15~ -.061 -.I~) -.112 -.225 •.IJioll -.029 .211 -.058 .)27 .216 1.000 

19 Exc~geable utlcl~,~~~~ .188 .)2~ .025 ·- .25~ .2)8 .116 .620 . ·""' -~J .sa2 .142 -.656 .5)0 .755 .207 .)79 -.216 1.000 

20 bchanpable •gnesl~ .087 .)25 -~ .562 .3)0 .19) .125 .S22 .soz .~28 .ss• .006 .... )2 .191! .826 .3'10 .411 ·.029 .820 1.000 

Table S. Covorionces bet•en varlobles; Includes ganropod and soi I v•rhblos. Correlatloft coefflclet'IU 
of osnoll species are based on all frequencies of uc:h v•rieble transfo~d by .J'i(;"i. 
soi I variables •re based on rMf Uta of all soil par-.eters. 

summarized in Table 5. The coefficients ate signi
ficant at the five percent level if they equal or 
exceed . 497 (on n-2 degrees of freedom; Freese 1967: 
87). A coefficient· equal to or exceeding .623 is 
significant at the one percent level. 

Examination of the correlation coefficients per
mits the delineation of two groups of gastropod 
species. The members of each group form a complex 
of species with relatively similar correlation co
efficients; those species which significantly cor
rel-ate at the five percent level and. those which 
show significant correlation at the one perc.ent 
level. The correlation coefficients are based on 
comparisons between two variables at one time and 
depend on the direction (increase or decrease) of 
frequencies relative to each other. Quantitative 
definition of groups of correlated species is dif
ficult on this basis since only two variables are 
being compared. 

Very few significant correlations were obtained 
between snail· species and soil variables. Vallonia 
perspectiva is negatively correlated with soil pH. 
A negative correlation was not anticipaced since V. 
perspectiva is most common in more open ca~careous 
environments (Grimm 1959:22) and would be expected, 
in ·this case. to increase as pH increased. The very 
l<J.V frequency of V. perspectiva precludes a definite 
conclusion about the relationship of this species 
to soil paramete.rs. It should also be noted that 
this species is significantly negatively correlated 
with calcium. The calcium values of some samples 
are very low although available phosphorus levels 
are quite high (Dr. Theodore Peck, personal commu
nication). 

·The ratio of available phosphorus to acid soluble 
phosphorus levels is normally low in acid soils 

Coeffltletltl for 

due to the insolubility of calcium phosphates in 
acid environments (Thompson and Troeh 1973: 269). 
A correlation coefficient of .944 between these 
two variables was obtained in this analysis. Most 
of the available phosphbrus in acid soils is com
plexed with aluminum. '!be low frequency of Vallo
nia perspectiva in thi~ situation is likely due to 
the lack of calcium which would be in the exchange
able form in calcareous environments in open areas 
where this species is often abundant. 

Calcium and magnesium behave similarly in the 
soil system (Thompson and Troeh 1973: 316); a cor
relation of .820 was obtained in the present study. 
It may be expected then that gastropod species should 
correlate with magnesium and calcium levels in a 
similar· manner. For. example in addition to the 
negative correlation between Vallonia perspectiva 
and calcium this species is also negatively corre
lated with magnesium, although the correlation co
efficient is not significant. 

Mesomphix friabilis on the other hand has a sig
nificant positive correlation with pH, calcium and 
magnesium (.568, .620, and .522 respectively). Un
fortunately this species occurred in such low fre
quencies that additional testing is· necessary be
fore its relationship to pH can be adequately as
sessed.· One, five and one specimen of M. friabilis 
were recovered from samples 8, 13 and 16 respect
ively. The. pH values for these samples are 6.6, 
6.8 and 7.0 re!lpectively. It can be tentatively 
concluded on this basis that M. fr iab i lis is a sen
sitive indicator of pH ranging from 6.6 to 7.0 in 
addition to the presence of moist conditions (F.C. 
Baker 1939: 67). The shell thickness of this spe
cies decreases in lime deficient areas (Pilsbry 
1946: 330) .. The soils of Mound 2, with low values 
of. calcium and acidic pH indicate the lack of free 
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carbonates in solution. The high correlation be
tween this species and exchangeable calcium (.620) 
and magnesium (. 522) suggests that it is existing 
in a less than optimal environment with a low cal
cium supply. These data clearly support the con
clusions of F.C. Baker and Pilsbry._ 

Other species have high correlations with inagne
sium; Gastrocopta pentodon, Punctum minutissimum, 
and Strobilops labyri'!thica. Although correlation 
coefficients between these species and calcium are 
positive the only apparently significant correla
tion is between Strobilops labyrinthica and calcium 
( . 582). These three species, in addition to Mes om
phix friabilis, form a group which is close~y rela
ted to the supply of calcium and magnesium. 

No significant correlations were obtained between 
the 13 snail species and the soil variables of or
ganic matter, available phosphorus. acid soluble 
phosphorus and exchangeable magnesium. 

A few species are correlated with increases in 
organic matter but not significant-ly; Gas trocopta 
pentodon, Punctum minutis~imu~, and Strobilops la· 
byrinthica. The correlation between the latter spe· 
cies and acid soluble phosphorus (.456) although 
not significant is positive. 

With the exceptions of Mesomphix friabi lis and 
Vallonia perspective there is generally a nonlinear 
or slightly negative correlation between snail 
species and pH. 

The use of correlation coefficients as a basis 
for studying the relationship of gastropods and soil 
variables substantiates sorre conclusions reached 
by previous investigators. The use of this biva
riate statistical approach is perhaps most appro
priate when dealing with species which may inhabit 
su.ch macrohabi tats as were studied in this case but 
which are most conunon in other environments. The 
data of the present analysis indicate that Vallonia 
perspectiva and Mesomphix friabilis, which are most 
conunon· in other situations, are not common in this 
particular habitat because their environmental to
lerances ~ave been very nearly exceeded The re
sults give some insight into the environmental re
quirements of these species and a more detailed un
derstanding of why they are common in their optimal 
habitats. 

Other species, such as Hawaiia minuscula, He li
codiscus parallelus and H. singleyanus, occur in 
a very wide range ofhabitats and are common in the 
assemblage presently under study. In the present 
analysis these species show a generally positive 
correlation with all of the measured soil parameters 
except exchangeable potassium with which they show 
a negative correlation. · 

The soil variables analyzed in the present ana
lysis are the same as those examined by Burch (1955) 
with the addition of •cid soluble phosphorus data. 
For purposes ofcomparison the values of phosphorus 
a~d potassium are exp~es~ed in perclntages ~y mul
tiplying parts per m1lhon by 10· . CalCium and 
magnesium values are expressed in mi1liequivalents 

9 

per 100 grams. 'These may be converted to parts per 
million by multiplying the calcium values by 200 
and the magnesium values by 120, and express!'!d in 
percentages by multiplying the parts per million 
value by 10-4. It is not necessary to relate all 
variables to one standard since the variance ratios 
between variables will remain nearly the same ir
respective of the standard. 

In contrast toBurch's data exchangeable potassi
um values are usually higher, and, like theorganic 
matter and exchangeable calcium values, the lower 
end of the ranges overlaps the upper range of Burch's 
values. Magnesium values are higher and available 
phosphorus values are Lower than those obtained by 
Burch. Soil pH values are comparable between the 
two data sets. 

One source of variation in the two data sets is 
~he analytical precision of the various soil test
ing techniques. A second possible reason for the 
differences between several of the soil variables 
is the variation in climate between the two regions, 
in,addition to other soil factors specifically 
parent material and time. A third important source 
of variation is the difference in sample size. Burch 
utilized a regional approach obtaining soil data 
from 41 stations, encompassing twri physiographic 
regions, the Coastal Plain and Piedmont Plateau. 
AU of these differences preclude a direct compari~ 
son between the two data sets, although it is tempt
ing to use the values obtained . in this study to 
suggest the possible relationship between snails and 
some soil parameters, forexample, at higher levels 
of organic matter content. 

Burch plotted soil parameters against the number 
of species and secondly against the number of spe
cimens. In doing so he used an evenly spaced scale 
but each increment of the seale did not in all cases. 
represent an equal increase in values of the same 
variable along the seale. The result is a graphic 
representation of relationships between the number 
of species and soil variables and between the num• 
ber of snail specimens and soil data. 

The present study utilizes a much different ap
proach for graphical representation of the data. 
Descriptive ·statistics were obtained for the raw 
soil data (Table 4). A freq~ency distribution was 
constructed for each variable using the respective 
mean as the midpoint and the appropriate standard 
deviation as, the increment. These data and the 
frequency distributionsshowed all soi I variables, 
except exchangeable potassium,tohav~ a near normal 
distribution. ,To compare these data with those of 
Burch an even increment was used. To obtain a si
milar scaling effect for all parameters the range 
of each was divided into six equal parts and plotted 
against the number of species, then against the num
ber of specimens. 

Inspection of Figures 2A and 2B shows some rela
tionships between the number of species and soils 
and between the number of specimens and soil data, 

_although in both sets of-graphs there is a great 
deal ·of variation. Rather than illustrating causal 
affinities (the 'relationships' of Burch) between 
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Table 6. Percent of total variance explained by respective 
eigenvector. 

Fr~~tion of Total Vari~nce 

2 
Eigenvalues 

1 
Individual Cumulative 

i. 12823 35.64 35.64 
2. 94875 14.74 so. 38 
2.49691 12.48 62.87 
1. 97363 9.87 .. 72.74 

o~ the c~1umn of squa~cid loading~ 
Measures the am6unt of variance 

factor. 

Eigenvalue sum 
for each factor. 
accounted for by a 

2 Ei~envalue X 100 
number of 
variables 

Percent of total var1ance explain
ed by ~he eigenvector. 

snail species and soil variaoles. graphs such as 
these represent eviden~e of the optimal h~bitat of 
species within a range of given soil parameters; 
i.e. how diversity and f'requenc.y relate to a range 
in soil characteristics. The graphs consider all 
spe~ies present rather thanecological dominants or 
covariation between numbers of species or numbers 
of specimens, and soi 1 parameters. This occurs due 
to the near-normal distribution of the values for 
nearly all of the soil variables. Most sod values 
are within one standard deviation of the mean val
ue. Thus most of the snail samples also lie within 
these limits; i.e. the soil samples and the snail 
samples are the same points in space. This un
avoidably increases the area and thus the number of 
species since the latter tends to increase in any 
population as the area of the sample increases (0-
dum 1971: 143~154). The use of an increment less 
than one standard deviation would even out the sharp 
inflections in the distribution curves. This how
ever defeats the purpose of attempting to delineate 
patterns of relationship between gastropods and 
soils on a quantitative basis. 

A pattern similar to even increment scaling is 
ootained when the soil data are plotted against the 

. number of species and the numoer of specimens using 
the standard deviation of each variable as the in
crement (Figures 3A and 38). 

The use of the above analytical techniques faci
litates interpretations about the assemblage as a 
whole but. permits very few inferences about auteco
logy and the significance of particular species in 
a particular habitat. 

In conclusion, the optimal conditions in this 
habitat utilizing Figures 3A and 38, considering 
the complex of soil variables measured, for nine 
to thirteen of the species represented, are. charac
terized by exchangeable calcium levels of 8. 29 to 
about 20.83 milliequivalents per 100 grams of mag
nesium. Acid soluble phosphorus levels would be 
from between'42.3l and 44.31 parts per million to 
less than 81.31 pai'ts per mi 11 ion. Soi 1 pH would 

range from 5. 57 to about 7. 0,, and organic matter 
from 3.65 to 6.47 percent. lbis 'habitat' would 
predictably contain from 350 t.o around 700 indivi
duals considering asample size of about nine square 
feet. 

M~ltivariate an~lysis 

The univariate and bival·iate statistics de
scribed previously are not sufficient t:o quantify 
a relationship between several variables which may 
be related in a multivariate and complex.manner. 

'The principal tool used to delineate the quanti
tati ve covariation between snail species and soil 
variables discussed in this study was multivariate 
factor analysis. The computer pro~ram, for t.he ana
lysis was written in FORTRAN by Mr. Peter Guetter 
of the Department of Meteorology of the University 
of Wisconsin. The program was initially applied to 
climatic data but is applicable to a wide range of 
data sets. Included in the program is the genera
tion of a number of factors here to be refer red to 
as "'igenvectors. 'The factors were generat"d from 
the data in Table 2; snail frequencies transformed 
by the ~, and soi 1 parameters. l::ach eigen
vector., summarizes' the mathematical relationships 
betwee~ a number of variables; i.e. the covariance 
of interrelated variables. As such the analysis 
implies no statistical significance (Rummel 1967). 
The intent of factor analysis is to 

'express covariation in terms of k underly
ing factors that explain a large part of the 
variance and covariance of the original va
riables. 'The number of factors is much less 

·than that of the number of variables in the 
study' (Sokal and Rohlf 1969: 542). 

Eigenvalues measure the amount of mathematical va
riance accounted for by an eigenvector. The eigen
values for the present analysis and the variance 
they ace oun t for, expr.essed as a _percent, are sum
marized in Table 6. Fifteen eigenvectors were com
puted; those which explain less than ten percent 
of the total amount of vari ability ( 100 percent) · 
are considered insignificant. 
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Table 7. Eigenvectors with factor loadings for each variable. 

Variable Eigenvector 

1 
Angu i sp ira -;140406 
alternata 

2 Euconulus -.232059 
fulvus 

3 Gastrocopta -.074472 
contracta 

4 Gastrocopta -.324577 
pentodon 

5 Hawaii a -.266096 
minuscula 

6 H~llcodiscus -.294690 
parallel us 

7 Hellcodi scus -.170687 
singleyanus 

8 Mesomphix -.195757 
friabills 

9 Punctum -.311730 
ml.nut iss i mum 

10 Retinella· -.321627 
indentata 

11 Strobi lops -.344220 
labyrinthica 

12 Succinea sp. -.105983 

13 Vallonia • 107645 
perspect iva 

14 pH -.061170 

15 %Organic -.230443 
matter 

16 Available -. 129625 
phosphorus 

17 Acid soluble -. 182229 
phosphorus 

18 Exchangeable .049858 
potassium 

19 Exchangeable -.260216 
calcium 

20 Exchangeable -.267310 
magnes i urn 

The first eigenvector explains 35.6 percent of 
the total variance in the data set of 20 variables. 
Each successive eigenvector explains a lesser por
tion of the remaining variance' The factor load
ings foreach variable (Table 7) indicate a general 
pattern of· negative covariance between variables, 
The factor loadings• being nearly all negative force 
more of a· subj'ect'ive approach toward emphasizing 
the variables. which· are important in the first ei-· 
genvec tor. 'Gas t rocop ta pent odon', Punctum' ;n inut is-. 
s imum, Ret ine lla 'indentata, andStrobi lops labyrin
thica are the var'iables which have the. greatest si
milarity of covariance ·as expressed by factor load
ings. Much of the variance is explained by the 
first eigenvector (Table 8: 75, 69. 3; 72.7, and 
84.5 percent respectively). The factor scores and 
the frequent occurrence of these species in most of 
the ·16 samples provide the basis for the te~tative 
conclusion that •these species· characterize the for-
est habitat. · · ·· · 

2 3 4 
-.222126 -~ 005389 -.270861 

-.163953 -.066870 -.077894 

.001533 ~.400785 .'352647 

-.131144 .022044 • 053415 

-.058836 -. 134704 .)83516 

-.264080 .051647 -.014480 

-.209209 • 196635 -.196011 

• 122171 -.461717 -. 113591 

-.068208 -.158576 .235900 

-.224146 -.032492 . 113066 

-.076658 .069540 -. 075626 

-.201880 .253882 -. 327742 

-.406303 -,012034 • 182406 

• 316205 -.286369 -.223062 

• 297354 • 140053 -. 069531 

.235334 .420607 .335622 

.239256 .424116 . 180917 

. 148663 .041001 .315285 

• 326115 -.077150 -.275137 

,280348 -.006743 -.069492 

Factor loadings for samples (Table 9) show that 
samples 3 and 13 are quite similar with respect to 
the i~formation they contribute to the first eigen
vector. These samples in addition to samples 8, 
14. and 16 covary in a negative fashion with ~ si
milar amplitude, opposite to samples 5, 6, 7, and 
9 .. These results ·indicate substantiarly different 
pat,terns of variation between the two g_:oups of 
sa!llples. 

A second group of variables has a high ·degree of· 
covariance in the. first eigenvector. These varia
bles are: Hawaiia•minuscula, Bel'icodiscus 'paralle
lus, calcium, and magnesium.· Although' 'these have 
no significant linear correlations with each o~her 
(Tabl~ 5) they are summarized in·the first eigen
vector .(Table 8). 

The two groups of covarying species·· evident in 
the first eigenvector contain species which occur 
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Table B. Percent of ex'p I a i ned varIa nee for each va r1 ab I e, first 
four eigenvectors. 

Variable 

Ahugisplra 14.05 
alternata 

2 Euconulus 38.39 
fulvus 

.3 Gastrocopta 3.95 
' contracta 

4 Gastrocopta 75.10 
pentodon 

5 HawaiI a· 50.47 
minuscula 

6 Helicodiscus 61.90 
parallel us 

7 Hellcodiscus 20.77 
singleyanus 

8 Mesomphix 27.32 
friabi I is 

9 Punctum 69.27 
minutisslmum 

10 Ret I nilll a ]3.7Jr 
lndentata 

11 Strobilops 84.46 
labyrinthica 

12 Succlnea sp. 8.01 

13 Val Ionia 8.26 
perspect Iva 

14 pH 2.67 

is % Organic 37.85 
matter 

16 Available 11.98 
phosphorus 

23.67 17 Acid soluble 
phosphorus 

18 Exchangeable 1.77 
potassium 

48.27 19 Exchangeable 
calcium 

20 Exchangeable 50.93 
magnesium 

in nearly all of the samples an<~ which h11ve the 
highest frequencies. These species are qmcluded 
to be characteristic of the habitat of the sample 
area. The lack of significant correlations (Table 
5) between these species and soil variables, a~d 
the lack of evident covariance based on factl)r 

. scores; suggests that they are ret'ponding predomi
nantly to other ecological parameters. At least 
fifty percent of the. variance of these species is 
explained by the first eigenvector. 

Much of . the remaining variance of He l icod iscus 
patallelus and Retinella indentata is explained by 
the second eigenvector (Table 8). With much of 
their variance already accounted for, these species 
and Anguispira alternqta and Helicodiscus si'!~ley-

Eigenvector 

2 3 4 Total 

14.55 .oo 14.48 43.08 

7.93 I. 12 1.20 48.64 

.00 40.11 24.54 68.60 

5.07 • 12 .56 80.85 

1. 02 4.:;3 29.03 85.05 

20.56 .67 .04 83.17 

12.91 9.65 7.58 50.91 

4.40 53.23 2.55 87.50 

1. 37 6.28 10.98 87.90 

14.81 .26 2.52 91.33 

1. 73 1.21 I. 13 88.53 

12.02 16.09 21.20 57.32 

118.68 .04 6.57 63.55 

29.48 20.48 9.82 62.45 

26.07 4.90 .95 69.77 

16.33 44.17 22.23 94.71 

16.88 44.91 6.46 . 91·92 

6.52 .42 19.62 28.33 

31.36 1.49 14.94 96.10 

23. 18 .01 .95 75.07 

anus show a general pattern of covariance of Slml
lar amplitude as six of the seven soi 1· variables 
(excluding potassium). The covariance 'of the snai 1 
species, however, is in a direction opposite that 
of the soil variables. Samples 1, 4, 9, 10, 11, 
13, and Hi contribute most of the variance accounted 
for·by the ~econd eigenvector (Table 9) .. These sam
ples also suggest a pattern of distribution .. of the 
variance between sample points that is opposite to 
the pattern indicated by samples.3; 5, 6, 7, and 
14. . . . 

Following the computation of the second eigen
vector 50.4 percent of the total· variance of 'the 
assemblage has been accounted fo'dTable 6). In the 
third eigenvector, the last one'consid~red to be of 
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Table'9. 'Eigenvectors with: factor· l'oadings for each observatl,on 
(sample). 

Sample, 

2 

3 

4 

5. 

6 

7 

8 

10 

1.1 

12 

1;208321 

- .126662 

-4.692862 

1.293829 

4.813039 

].621002 

2.281698 

-2.053272 

2.520461 

1.920869 

• 363201 

- • 391342 

-4.349376· 

E i gervecto r 

2 3 4 

- .336089 -1.056477 1. 189470 

1.225691 1.281039 - .228042 

-2.754288 l. 911508 - .595574 

1.070858 .639006 -2.156628 

.:2.822209 -1.419051 -1.193376 

•• 239646 -1.288072 - .644324 

-1.&96686 .931875 .410141 

- .516163 .747936 -?.749899 

·. 1.487161 - • 207997 2. 112110 

I. 073838 .487117 .765144 

].011929 2.092990 .548227 

-'.148436. ~ . 191281 - . 858923 

1. 190759 -4.685825 - . 120355 · I 3 

14 -2.302820. -2.963130 . 299530 3.031444 

15 -I. 735203 .998141 . 9971126 .497122 

16 . -2. 3]0887 i. 41.8273 .539726 - .006536 

pertinent value in this analysis, Gastroc~pta con
tracta and Mesodon friabi l.is have factor. scores of 
similar amplitude but which covary negatively with 
available and acid soluble phosphorus (Table' 5). 
The remaining species tend. to covary nega,tively .or 
to have little relationship'.to sod variables. . 

The results of the. ~igenvect~r analysis',i~· ad
dition to the results· of the simple correlations 
(Table 5), permit th'e conclusion that the s.oil pa, · 
rameters measured in. this study are of secondary 
or tertiary importance: wi.th respect to the distri-. 
bu'tion of the species included in the fac.tor ana-: 
lysis. 

Qualitative habitat differentiation 

During field study the s~mple area appeared to 
contain two habitats which could be distinguished 
on the basis of apparent cover; .a sparse grass-and
moss association on top of the mound and a humus 
layer increasing in thickness on the sides ·and toe
sl<?pe of .the mound .. It was hypothesized that the 
~nalytical method used to study covariance of spe
cies.coul.d provide data justifying a qualitative 
distinction between the two habitats. 

Inspection of the transformed data matrix (Table 
2) and Figure 1 permit the conclusion that the two 
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hal:-i tats do contain markedly different data sets 
with respect to snail frequencies and soi I para
meters. On 'close inspection a third habitat is 
distinguishable. The east slope of the mound dif
fers from the west slope; the former has a higher 
frequency of Punctum minutiss·imum and Gastrocupta 
pentodon, a generally higher frequency of other 
species (excluding speCies not included in the fac" 
tor analysis); and a gener~lly'gr'eater organic mat
ter content per unit area. ··The samples included ·in 
arriving at this conclusion are 3, 13, and 14. · 

The topofthe mound (samples 5, 6, 9, and 10)-:is 
separable from the other microhabitats due to gen
erally lower snail frequencies, par~icularly ~f 
Gastrocopta pentridon and Punctum minutissimum, and 
lower organic matter content. 

1:\te to the transformation of the raw frequency 
matrix a conclusion regarding differences in .spe
cies diversity between habitats must be based on 
Table I; Again, the samples from the top of· the 
mound are conspicuou's because of the fewer species 
per unit area than samples from the west side of 
the mound, Samples from the ~ast side of the mound 
are also conspicuous because the species diversity 
of these is greater than in any of the remaining 
samples (Table 1). 

The habitat differentiation is also supported by 
the eigenvect·or analysis. Hawaiia minuscula, Heli
codiscus singleyanus, and //. parallelus tend to 
predominate among the species present in the sam
ples from the top of the mound (Table 7 and Figure 
1). Hawaiia minus·cula and Heli.codiscus parallel-us, 
in addition to magnesium and calcium, had a high 
degree of covariation in the first eigenvector. This 
is due in part to the pattern of variation of the<'~e 
variables in samples from the top of the mound, even 
though the same species occur in other samples in 
higher frequencies. Other· species found to covary 
in the first eigenvector included Gastrocopta pen
todon, Punctum minutissimum, Retinella indentata, 
and Strobilops labyrinthica. These species occur 
in all of the samples but attain their highest fre
quencies in samples 3; 13, and 14; i.e. on the east 
side of the mound. 

The previous qualitative distinctions give fur
ther indication that microhabitat differentiation 
within a macrohabitat is possible and is quantifi-· 
able with this form of eigenvector analysis, with 
the advantage of quantitative definition of rela
tionships between many .variables simultaneously. 

SUMMARY AHD CONCLUSIONS 

The species which tended to covary throughout the 
eigenvector analysis were those which occurred in 
all· or nearly all of the 16 samples. and which had 
the highest raw and normalized frequencies. This 
group, characteristic of the sample area, includes 
Gastrocopta pentodon, Punctum minutissimum, Reti
nella indentata, and Strobilops labyrinthica. Ad
ditional species form a group of secondary import
ance but . the members sti 11 covary; Hawai ia minus
cula and Helicodiscus parallelus. Anguispira al-
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ternata and Helicodiscus singleyimus form a group 
also of secondary importanc~;. 

Specie~ in.cluded in the prim~ry group have been 
ahown by numerous investigators to be cha rae te r is
tic of forested habitats (Burch 1956; Douglas 1963; 
Atkins 1966; Elwell and Ulmer 1971). Nearly all 
of the remaining sp<'cies in the assemblage are com
mon in other r'orested habitats, with the exception 
of Vallonia perspert iva· and Gastroropta armifera. 
AIl of the specie~ of this assemblage could be ex
pected to occur in a range of habitats; i. e. many 
species may occbr in areas more open than the Muel
ler-Ringhausen forest, particularly Hawaiia minus
cula, flelir.odiscus parallelus, Vallonia p'erspecti
va, and Gas.trocopta armifera. 

Previous authors (Burch 1955, 1956) have conclu
ded that 'potassium; phosphorus and pll have an In
direct effect on the distribution of land snail,;. 
Burch's study considered the relationships of soil 
variables and snai Is on a regional level. At the 
local scale of the present analysis two species 
were found to have significant simple correlation 
with soil pll; Mesomphix friabilis and Vallonia per
specti11a, the latter having a negative correlation. 
Mesomphix friabilis was also significantly corn~
lated with calcium and magnesium. 

lbe latter species, in addition to Gastrocopt.n 
pentodon, Punctum minu~issimum, and Strobil6ps la
byr:inthicu, were highly correlated with magnesium. 
lJsing multivariate techniques, however, i. e. ex
amining all the variables .~imul~aneously, there was 
no definite pattern of covariance between any of 
the above species, which were the most frequently 
occurring ones, and soil variables. \\hen examined 
bivariat.ely these species appear to be responding 
to the pattern of variation in principally magne
sium, but also to calci~m. 

Thereisan abs<>nce of significant bivariate cor
relations between other species and organic matter, 
avai la·ble phosphorus and exchangeable magnesium. 
The eigenvector analysis showed all of the soil va
riables to be of secondary importance with respect. 
to their effect on the distribution of snai Is. The 
major covarying variables are complexes of spe
cies rather than species and soil variables. 

These results also disagree with Burch's conclu
sion regarding the effect of organic matter on the 
distribution of snails. In the present study or
ganic matter is concluded to be of minor importance 
in terms of its covariance with a complex of snail 
species characteristic of the local area. 

!)]ring the preceding analysis an attempt was made 
to'assess qu<•litatively the relationships between 
gastropods and several soil variables. A quantita
tive approach was then used todelineate statistic
ally significant relationships in several cases 
where two variables were examined together. A fac
tor analysis was utilized; to su11111arize the multi
variate relationships between 20 variables, 7 of 
which were soil parameters. 

The humid temperate weathering regime of the Il
linois Valley and surrounding regions is the pri-
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mary factor affecting the dP-velopinent and maintP
nance of t.he expansive deciduous forest.,; of the 
Prairie Peninsula. It is in the der.iduous forests, 
where soilsareacidic.and on.acidir. soils of tran-· 
sit ion zones between f~res ts and prairie, wher" the 
quantitative ecology of land snails adapting t.o 
soil, cover. and moisture conditions will ·be most. 
substantially understood .. This is duP. primarily 
to the lack of signif~cant effect~ brought about. by 
t.he prP.servation of shells; as happens in alkalln" 
envi ronmt'nt.s. ln addition, refined sampling t.erh
niques can be expect;ed' .to result in qualitative 
measurement ·of intra- and ·inter-seasonal variation 
in the molluscan as~emblagP-s, and thus in qu'!nt.i" 
tatively based analyses o(changes in gastropod com
munities. 

The quantitative definition o( habitat. gro~ps, 
similarity of .covari.an,ce. of a complex. of spP.cies, 
has distinct advantages·over subjective assPssment 
of species 1 ists and the comparison of only a few 
specie,; at. a time. Continued use of multi variate 
techniques and refined data collecting techniques 
wi 11 contri hu te to a morP. comp.lete l!nderstandi ng 
of the relationship between land snails and their 
physical environment.·Such improvement.~;~ill faci-
1 itate more detailed interpretations of pas't .mol
luscan assemblages, and thus more accuratf> recon
structions·of pa·st environments·. based On terrP;;t.ri
al mollusks·. 

LITERATURE CITED 

ATKINS, C. G. ( 1966) Factors affecting thi> struc
ture and dist,ri bution of terrestrial .Pulmonata. --
Proc. Iowa Acad. Sci. 73: 408'-416 · 

BAKER, F. C. (1939) .Fieldbook of Illino-is land 
snails. Manual z; Ill. Nat. Hist.· ~ur:vey, Ur-
bana 

HLACK, C. A. ( 1965) M(!thods of .soi I analysis.-
Part 2: Chemical and microbiolqgic;al properties. 
-- Amer. Soc. Agron., Madison 

OOYm1T, A. E. ( 1929) The oe col ogy of. Hr i ti sh 
land Mollusca, with special reference to those of 
ill-defined habitat.· Proc. Ma·lac. Soc. London 
18 ( 5): 213-224 

BRAY, R. II. &KUR1Z, L. T. (1945) Determination 
of total, organic,· and available forms·of phospho-
rus in soils. -- Soil'Sci. 59: 39-45 . 

ll.IRCII, J .. B. ( 1955) Some ecological factors of 
the soil affecting th~·. dist~ibution. and abundance 
of the land snails .of eastern Virginia. --,- Naut. 
ti9 ( 2): 62..{)9 . 

--·-- (1956) Distribution of land snails in plant 
associations in eastern Virginia. -- Naut; 70 ( 2): 
60-64 

(1962) How to know the eastern land snails. 
-- Wm. C. Brown .. Co. 

CURTIS, J.T. (1959) The vegetation of Wisconsin. 
-- University of Wisconsin Press, Madison 

17 

[X)lKiLAS, C. L. ( 196 3) Popu I at ion ana I y ses, var i
ation and behavier of Aflguispira alterflata alte.r
flata -- Trans. Kansas Acad. Sci. of> ( 2): 186-194 

ELWEU~. A. ,II, UtM!-:R, M.J. ( 1971) Notes on the hi-
ology of Angui.~pira ulteriwtn (Stylommatophora: 
Endodontidae) .. -- Malacolo~a 11 (I): 199-215 

EVANS, J. G. (1972) Land snails in Arrhaenlogy. 
- .. Seminar Press 

FREESE, F. ( 1967) Elementary statistical methods 
fo1· forPst<>r><. --Handbook 117, II.S.D.A:., Wa:<hing
ton 

Ld-:'IZ, L. L. ( 1974J Specit>s diversity of terres
trial snails in.the Great.Smoky Mountains. --Naut. 
88 ( I) . tJ -9 

GRHt.l. W. ( 1'159) Land sn~ils from Maryl~nd and 
Virginia. ·- Naut. 73 (1): 21,-22 , 

IIAGGETf, P. (l%S) Locational analysis in human 
geogr.aphy. Edward Arnold Publ. Co. 

JAEIINI(i, M. E. W. ( I<J7 I) 'lbe study of gast.ropods: 
me thodol og'y, PI a ins An thropo logi st 16 (54) Part. 
1: '2El9-2fl7 

OIJ.IM, E. ·P. ( 197.1\ FundaJTl(•ntals of ecology. - · 
lbi rd edition; W. 1\. Saunders· C:o. 

OUGIIlDN, .1. ( 1948) A zoogeographical st.udy of th" 
1 and snails of Ontario. -- Univ. Toronto Studit.'~, 
Bioi. seri i;s ">7 

PILSHHY, ll. A. ! 1946) Land Mollusca of North Am
erica (North.of Mexico).-- Monograph :l,·v. 2 (1), 

Arad. Nat. Sci. Phi !adelphia 

-"- (1948) Land Mollusca of North America (Nort.h 
of Mexir.o. -- Ibid., ~- 2 (2) . 

RIGGLE, R. S. ( 1475) Quantitative dt>firiition of 
prehistoric and contrmpora.ry molluscan habitat 
groups in the Lower Illinois Hiver Valley·. -- Un~ 
pub\. M.·A. thesis (Anthropology), llniv. 1\'isronsin, 
Madison 

RIJM\IEL, R. J, ( 1967) Understanding fart.or ana-
lysis. -- .J. c;mflict Resolution 4: 444-480 

SIIIMEK, ll. ( 1930) Land snail,; as indicators of 
ecological conditions. --Ecology ( 14): 673-h86 

sa<AL, R. R. & ROIILF, F . .J. (1969) hiometry. 
W. II. Freeman & Co. 

SlEEL, R. G. D. & TORR IE, -!.11. ( 1960) Pri nci pl e s 
and .procedures of statistics. - McGraw-Hill Book 
Co., Inc. 

STRANDINE, E. J. (1941) Quantitative study of a 
snail population. --Ecology 22 (1): 86-91 

.lliOMPSCN, L. M. &'ImEH, F. R. (1973) Soils and 
soil fertility. -Third ed., McGraw~llill Book Co., 
Inc. 

VAN QEAVE, M. J. ( 19Sl) Snails ~n their rela
tions to the soil --The Biologist 34: 3-<J 

Accep~ed for publication January 1976 



18 

POSTSCRiPT ON MUSSEL.VS. MUSCLE 
IN RELATION TO BIVALVES 

RALPH W. DEXTER 

Kent State University, KPnt, Ohio 

Confusion in the use of the common word 'mussel' 
or 'muscle' in reference to bivalve mollusks has 
been an issue of long standing. 'Ihe problem ha,; 
involved usage in publications and on maps, and t·.~
pecially with reference to whwt is officially re
cognized as the 'Muscle Shoals' in Tennes1H'"· ·Wri
ters especially concerned over this mattf'r.havf' b<'en. 
Ortmann ( 1924), Matthes ( 1925), Dexter ( l9fd, t<lli7) 
and lsom (1971). Sinne my last report. T have <'n· 
countered a number of additional r.ases of. suffi
cient interest to warrant publication. 

Daniel'Drake (18!S) in his historically important. 
account of Cincinnati and its environs consistently 
refers to 'muscle shells' in referenr.P to the clam.q 
of that ar'ea. . According to II. E. Whef'ler ( 19:\C,), 
Timothy Abbott Conrad wrote to Judge (harif's Tait 
on lOApril 1834, 'I have my boxes safely dteposit.ted 
in my bedroom, the floor of wh•ich is c.arpeted with 
muscles and fossils not greatly to the· tecli ficati on 
of my mother and sisters. ' Col. Charles Whit. t le· 
sey (1869) refers to the 'muscle Shoals' in the 
paper he read at the meetings of the Aml'rican Asso.· 
ciation for the Advancement of Science. 

I have long been concerned about the SP" 11 ing of· 
Mussel Point at Cape Ann, Mass. As noted earlie'r 
the oldest maps and atlases used the obsolete spell
ing 'musclre Point,' but on the mod•~rn maps it. il< 
given as Mussel Point. One exception is the II. S. 
Coast and Geodetic Survey Map 243, East Coast Mass., 
Ipswich Bay to Gloucester Harbor, published in 
1958, which reverted• to the obsolrete spellin~. An 
inconsistency was noted on the U.S. Geological Sur
vey 'Atlas of the City of Gloucester and Town of 
Rockport, Mass~' published in 1884 in which the oh- · 
solete spelling appears in the Atlas but the <;or· 
rect spelling 'Mussel Point' appears on the map. 

In Jordan's report on the Ca I i forn i a earthquake 
( 1907) he makes reference to Mussel Rock on the 
shore of San Francisco. In modern maps of the ln. 
dian Ocean, Mussel Islan.d is designated in the Gulf 
of Manaar of the Indian Ocean. On the other hand, 
the Reverend llenry W. Winkley ofSaco, Maine, wrote 
to Dr. Victor St.erki 19 Nov •. l89l, 'the last. item 
in the Nautilus speaks of the fish Rhodius amar·u~ 
depositing eggs in the mantle of freshwater muscles, 
etc.' Dr. Victor Sterki, ofNew Philadelphia, Ohio, 
wrote to Dr. Henry A. Pilsbry, C..urator of Mollusks 
at the Academy of'Natural Scitences of Philadelphia 
in Pennsylvania and editor and publisher of .the 
Nautilus, 20 March 1899 as foil ows, 'If the word 
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· mussP) ·was changed to mu.~cle . . j t wa"' a printP.r' s 
elunder, which. I· overlooked when rP.adinp; proof. 
Your use of the tP.nn (nus;;elJ .is of course per
fectly correct .. ' (Bot.h letter$ at the Carnegie 
Museum, Pittsbprgh, Pa.) ~'o;;sihly chanp;P.~; made by 
typesl't ters and ~·r inters may expl a i ne some of the 
r.nnfusion in the use. of thesl:' words. 

In StPrkiana No, 49 (March, 197:1) Isom (p. lll-20) 
r.riticized Stansbery for·continuing to use 'the name 
'Mu.~sel Shoa.ls' in his report on 'Rare and Endan
gered Fre,;hwat.E'r Mollusks in East.ern lJni ted Stat.P.s.' 
Officially the locality is known as 'Muscle Shoals,' 
hut. som;, inalai:olngist.ll continue tousP. the mor<e ap
pr·opriate SJ>f'lling .. Although van der Schal ie in 
Str,..kiuna No,· 52 ( IQ73) hedge~ by using the offi
cia I nalllP.. he puts. quotat.i on marks around it I i. , .. 
'Muse!" :V.oali<'): 
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MICRO-DISTRIBUTION OF LAND SNAILS 
IN. AN ARTIFICIAL TALUS .SLOPE 

RAYMOND W. NECK 

Texas Parks & Wildlif~ Department 
fohn H. Reag~n Bu'i lding · 

Austin, Texas 78701 

An examination of an artificial talus slope in 
Alpin<', lk<>wst.er Co.; Texas, on 16 ll<>r.~mber 1971 
revealed a heterogeneou~ environment in relation 
to suitability of microhabitats for lanrl snails.' 
This man-made talus slope formed an edge for a fi II 
area which had been raised to a level plane from 
its natural slope, condition. Two types of rocks 
were used in the fill material (apparently at ran
dom as no intentional layering co11ld be detected). 
Rocks included a light-colored aphanitic igneous 
roc!. and a hard .fossiliferous I imestone. 

Four species of snails were observed at. this lo
cality: Achatinidae:·Rumina decollata L. (51 living 
snailsandnumerous dead snail ,shells); Pupillidae: 
Gastrocoptci procera procera (Gould), (38 living 
snails) and Pupoides alhilabris (C. B. Adams) ( l 
living snail); and Succineidae:Succinea sp. (grus
venori Lea?) (4 empty shells), R. decollat•1 and P. 
a lbilabns have previously been reported from Brew
ster County (Cheatum et al. 197 2). This collection 
is a new county record for G. p. procera, although 
it is known from three of the four adjoining coun
ties (Cheatum et al. 1972; Leonard & Frye IY62J. 
The Succinea cannot be positively ident.i fied '~" no 
live material could be found. Shr-lls collected at 
this site are ·sim'il'ar. t6··i:ho~~· of s·. grosve.nori. 
s. gf(.svenor i has . not 'beeri ;reported from BrewstPr 
Co., although itis.known.-from-adjoining .Jeff Davis 
Co. (Cheatum et al. 1972). 

Distribution of the snails under the rocks of the 
talus slope is summarized in Table l. The data re
veal a decided preference for the limestone rock as 
a source of resting spots .. An analysis of the data 
by X-square test reveals the difference to be sig
nificant at greater than the 0.001 ·level. Tlie ap· 
pi ir:ation of the test· in this case is marginal! y 
p·roper as the expected value for· one of the catego
ric~ is less than·fivc (but only slightly at 4.7). 
Utilization of Yates' correction negates most of 
this ·problem, At ·any rate, the .data are·obviously 
significant by visual examination of Table 1·. No 
snai Is were found under the igneous rocks. 

Shelled mollusks ·are ·greatly affected by soil pH 
and r:alcium ion concentration (see reviews by Lozek 
1962; Newell 1967):· •In ·this case, however, the· 
soil is homogeneous; some•' factor associated with 
the rocks involved affected snail distribution. 
If one assumes that both type,<; of rocks provide 
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~ufficient. pr~tection from desiccation and over-· 
heating from excessive solar radiation; some chemi
cal factor( s) is (are) the 'determinant( s) of the 
dist,ributi.on of these snails. 

One would expect .finding a surplus of snails in 
association with thP. limestori.e rocks. The absence 
of snai Is under the igneous rocks indicates the 
likelihood of the existence of a repellant characL 
ter which apparently prevents these snai Is from· 
using those rocks as resting sites. 
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TAHLE I. DIS'miBUTION OF LAND SNAILS UNDER HCX:KS 

SNAILS f(){]( TYPES 

igneous lime·sume Tai'AL 

p rP.sent o· 11 II 

absent _1.2. 1 22 

TCITAL. 19 14 33 

• Numbers refP.r to number of ~ocks in each ca
tegory: 

x2
: 18.99 d. f. - I . p < 0. 00 J 
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TESTACELLA HALIOTIDEA (DRAPARNAUD) 
FREE LIVING IN PENNSYLVANIA 

BRAMLEY, A. BRANSON 

Eastern Kentucky University 
Richmond, Kentucky 40475 

On 9 October 197 5,, Dr. C. J. McCoy, Jr., Carne
gie Institute, Pittsburgh, Pennsylvania, .. collected 
one adult specimen of this slug from 'the concrete 
'steps of the museum. Although the -species has been 
reported from a Pennsy 1 vania greenhouse (Dundee, 
1974), this is the first record from a metropolitan 
out-of-doors site. Additional North American loca
lities include Illinois, Nova Scotia greenhouses, 
and Tennessee (Dundee, 1974), San _Francisco·, Cab
fornia and Oregon (Hanna, 1966). · 

Native to Western Europe,· Algiers, Madeira and. 
the Canary Islands (Tryon, 1885), this . is a very 
·se.creti ve burrowing form which spends inost. of its 
time underground- feeding· pri nci pa lly upon 'earth
worms (Hanna, 1966). 

Two ·additional.species of- Testacella have been 
reported from North Amer.ica, T ... scu t~ lla Sower by 
(considered as conspecific with 1'. hal iot idea by 
some authors) and T. maugei Ferussac. 
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REPRINTS OF RARE PAPERS ON MOLLUSCA: MULLER, 1774, VERMIUM TERRESTRIUM ET FLU
VIATILIUMi SEU ANIMALIUM INFUSORJORUM, HELMIHTHICORUM, ET TESTACEORUM, HON MA
RIHORUM SUCCINCTA HISTORIA .... HAVHIAE ET LIPSIAE, APUD HEIHECK ET FABER .... 

FOREWORD 

Anyone interested in land and freshwater Mollus
ca has encountered· and perhaps deciphered the cryp
tic 'MUll., Verm. Terr.' and soon finds out that 
this refers to the great work by Otto Friedrich 
Miiller on the non-marine Mollusca of Denmark. Mul
ler mentions the snails and clams of Europe and even 
gives their vernacular names but at first sight it 
seems incongruous to find his name attached to North 
American species. The fact is that his Danish spe
cies were not all confined to EurOpe but were hol-· 
arctic in distribution and his work was useful not 
only to European workers but also to that small band 
of American malacologists who were collecting and 
describing American mollusks in the early nineteenth 
century. The need to consult Muller from time to 

time still makes itself felt· but it is a lucky ma
lacologist who has easy access to Miiller' s book. 
It seemed a good idea,. therefore, t·o reprint it se
rially in Sterkiana arid.to print some extra copi~s 
to bind together later on. ·The book has some 230 
pages and is well within the space limitations of 
five ot six number~ of Sterkiana. 

. The University ofMic,higan, with customary gene
rosity~· permitted xerol(ing of their copy and re
production inSterkiana. This gracious gesture will 
place in their debt all but a few malacologists, i.e. 
those who own orhave_-access to an original copy. 

A. L. 
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Qual P'itruvio- Jaoritfl !orO' tma cafa Ji eapricciofo , e im
yo.ffibi!e a imitarfi da!J' arte? lddio, comprefo [otto il voca!ndo: di , 

. Nat~1ra, g~ometriza in og11i fuo /au oro. come di:eau gli .a~tichi, 

o>zde po§ano con uqua! jatica e diletto nella fimplici v,oluta, tf11 

11a Chiac&iola. raggb·arfi i pel!ftfri. B UON. RlCP.EAT. 
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~ arisJapiTiis&teftis Iufum e{l:; fatisftruEluracochleu arum & concharum multiplici, earundemque: 
. coloribus in infinitum variantibus frupuimuS' .. 

Nuces jam demum pueris reiiqquere con venit;· vires: 
· nucleum, non putamina, qmerere, hojpite111,. ·. non do
miciliuin unice, mirari. penitusque nofcere decet. 

· Hunc fi noverimus, rationem dlverf~. habitaculi 
frruCl:un£, .& ipforum forGtan colorum in :eo'jhveni
rerrius, hallucinationesque aufrorun1 in dillribucione 
generurn ·evitaremus. 

Partes fexuaTes· vegetabilium, . in pll1ribus mi-. 
·.·. nimas, in m·uitis· dubias pro fundament<;>. fyll:emacis: · 

· · . admittunt Botanici, to tum animal in cog,nitione & di
.. · ftribucione Teflaceorum negligunt Zoo1ogi, tefrarum · 
· figu'ris, dencibus & apercuris, cl1araB:eri in pluribus 

generali, h~brico, vago, unice inha!rentes~ Hinc 
Tefiacea terreflria, fluviatilia, ·marina, operculata, . 

. · .. & oper~ulo de.ftituta, · quadricornia·& hicornia,. quan-· 
a 3· twnvis 
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tum vis maxi me discordia ~d mmm idemque genus vel 
prom'i[cue redigunmr, \'el in genera Naturx ·abfona 
confufe difpefcunmr. Hujus cxcmpb apud auS:o:·es, 
qui animnlia ignoravere, illius in HELICE pcriHuftris 
a LINNE, exfranc. Jure quidem miram" ei1: Fabizt.r 
Co!tmma, neminerr. omnium, qui de tefraceis verba 
fecere, in te!tis inhabi~amia anima]ia .cor.!Jderaffe , va:. 
riasque eor-um effi.gie.s · rradidi£fe, -ai mir.abundus ipfc 
in trium ,dcfcriptione fubfritit. ··. In de centl.m1 & quin~ · 
quaginca & quod excurri.t, anni effiuxere, ant¢quarn. 
ullus ' ( ariatofuicas . perpauc6ruin de[cript!ones .· non 
moror) 'imtui natura: & manito Cclmmz£ moretrt gel- . 
ferir ... · , P1·imus· poll: tantl:itn incervallum clariff. Adan-. · 

flm fumma . .opera & fagadcate tdtacea in u:aau Sene-; 
galenfi:·Africre obvia invefrigav.it,· primos celeberr.. · 
Geofroiiri. domeilica inqllifivir, eo animo ~ut.erqu:e~ ut-' 
ad genera effingenda .frruCl:ur.am animalis in confilimn .·. 
vocaret. 

Tefraceis terreJlribus & jl?Jviatiiibus agr1 Frid~ 
1'it'hsrlalenfo per aliquot :mnosin~nrns, ,qGxdam po
va, plura fcitu 'digna inveni, qme cuzi1 culwribus 'rei 
nacuralis conununicare ·mens eft' Uc vero 'I'ninus cog
rtira no!Cancur·,. nota que facilius qumrann!r·., mecho·, 
dum firigere, vel jam fi8:am fequi nc<;die eir. Jia
beam fuas divifiones, qui conchylia ad pompam col· 

· 1igunt,, 
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· Iigtmc; arbitrio cujnscunCJUC au8:oris innix:1s; namr.e 
'!h1dioii naturam conli1lc-mt 7 nncm--amque fcqu~mur, 

··. f<lltcm ia iis, quce ante pedes fum,. & qu~mum licet. 
'n.:Iethcidurn enim,. qui ex 111era refiarum infr>e8:ione) 
nullo habiro inhabinmtis refpeftu, concinmu:, Cytbf

. · 1·em & L )'7U'ettlit l\Ionoculorqm, ·vera infecb, in nil'-. 
n1erum tefraceor·u m a dmirtere, mJ.'Etatk,t & lt.'lT~flriLJ 

cidetn generi ~d[cribere, hofpitcsque fimiHifllOS ob df. 
· verfam habitaculi faciern fepar~1re d~bet. · Qxi e~ 
_fuu8:ura teftarum & verrniuin fimul difpofirionem 
. COl11Ponit,. ex unico He!id.r gencre fep,em fa~tem ge
nera,. ex Pkmorhe t:r.ia ex: Nerita . trio, in vita quidem 
.llStm:a ,. fingat. Sic. darif.' Geofroi, · qui in definicione 
generica te!hs quoque admitcit, eadem jure.,· quo 
Am.·)'!ztm- a Plcmorb-e, cum foia tetra diffc:rre comendir,. 
fejw1gir, proprimnque· genus confiiiuic, titrritas He
'lices: a deprej]is & gfabojis, depre_Oos Phlnorbes ah o'va'
.fis· disjnngere depuiffet;- ac recte rejunxic; ·novumque 

· genus. finxit, !icet veram & valid am no vi .generis ra· 
rionem mi.J:'..US obfervaverir:; Jimax CJ1ini A1tqli non 

· tanturntefue frrufrura a Plmzorbe diverfus·efr, fed tel)·· 

iaculis. quoque) quce in hoc long a & fltacta., in mo 
·. bre·via & trrmatta, funt. Ea quider.b divifio, qnx & 

· · .. , . ·····.ad teftas & ad vermes refpicit,:' adeoque & fenfibus & 
. rationi. fatisfacir, optima cffet, fi figura tefrxS~ru8:u-
. · ra! ho!pitis extel·n~ refponderet , cum vero lirnaces 

genere 



VIII :T E .S T ACE A. 

gentre fimiles domunculas genere diverGs habitent, 
nuiLt. omn!no ex mroque nora differentia lis generica 
peti potefr. . Ordines hinc ex !i:ruEl:ura vermis gene· 
raliori; genera ex numcro figuraque rencaculorum; 
ex Gm oculorum: fubdivifiones & {j_Jecics ex fi~ura
tione unicuique cefr<E propria depromfi. Hoc N'acune 
maxi me ~ongrpum effe,. ex eo pater, quod animalia 
frmiliima, extemaque facie prorfus ei:ldem, vel pull'a 
vel tei1is infinite variantibus, lege ramen omni gene
rationi immmab!Ii, ini1ruantur, dehinc ratio, ob ·quam 
limax uudus & refra tec1us eidem ordini, terrcjlris ve"~'' 
ro, fiuviatilis & mari1ms, tefue licet fimillima= fine, .· 
diverfo ~enen fubmitti debent, ipGs oculis perci· 
pi cur .. 

Objici quidem poteft, tefrarum hofpites explo
rari in folis domei1icis concecli, at ex eorum inquitl- . 
tione tanto plus voluptatis & emolumenti redund~ru
rum, quamo opus quodlibet arcificiofiifimum opi~ce 
inferius ei1, abunde evincunt obfervationes in oeco
nomia horum animalium nuper infrimta: , ex0tico~ 
rumq ue limacum invefl:igationem, increfccnte indies 
in Hifroriam naruralem favore, Conchyliokgis pere
g~inantibus curx cordique fumram, ominamur. Hac . 
ratione, fi unquam; SyfremaConchyliorum pacurale .· 
fperari pocefr. Difficillimum q uidem argumento 

gemi,lO~ 
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gemino, at mitius jull:o arguit dari[. Sdrotcr, quod 
ne1npc teflacea Galli:e i11 Germauia 1101z teque jndigma: 
fi:it , q nodq ue dijfi1reiJ!ia bojpifl!11l tef! i11"11111 ge7it"Tis 

diverfi ?Julia, rvel falum iudiji iu[/a fit; hoc maxime 
probat, cefl:as fimilium animalium, lice~ lim divet[re 
figur~, minus tam en bene diverfi generis dici , cmn 
a pociori fumi deb cat chara8:er genericus, · ac fimilia 
animalia, ~diticia etiamfi diverfa inhabic:mtia, uno no· . 
mine jungi, di£Iimilia, inhabicadones .quam vis fimilcs 

· fine, feparari e nutt1 Natur~; illiusvero ·con~arium 
verum. efr, cefracea enim fiuviacilia &. terrefi:ria nulli 

· regioni propria , fcd. maximam partem toti Europa: 
·communia -(unt. 

Qltibus interim tefi:arum contemplatio fufficic, 
·.divifiones a figura domicilii ubique apud au8:ores repe· 
.rient. Ego,. loco taliscungue difrributiQnis arbirrarire, 
contra primam opeds ideam, qme circa indig,enarum 
hifi:oriam unice verfabamr, utque hi([oriam ofrraGo
dermatum terrefirium & fiuviatilium •) quam maxi me 
c-ompletam craderem,quascunque cefi:as,.qua: v.el au8:o-

. · · · · ritas 

•) Di\'~fio. Tefiaceorum in t.trreftr:in. &. Jlu:Jint ilia , fi te!la~ r~fpicis 1 

natura! repugn3t, fi ·\·ero nt1imali:l,. msxime c·onfenranea eft; . 

teiTefuibus enim uon tantum tentacnla forma & fh'ucrura a 
flu,·intilibus diverfa ' r~d iis quoque folis quatuor tribuir' nee 
paucifrwonun ~triusque clafrli in . a<Iuis • & · in terra ·momeu-

. b rancum 
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ritas def~.!dptorum,. vel habimsccrrcf1:i·es& t1uvi~n1cs .G.:· 
Cic, in l\It1feo proprio vel civium obvijs dcfcripfi, fno
quc l().;..;.infcrui. Hoc quid:cm ex p::.rce& ante me· pr<E
!l:iterc Yiri il1ufrres; · Gcof-:oi cnim terr~frril & fluvia
tiEa, St..'brlJ! :r fola terrc!tri:l,. dow c/] lc:~ defcri pferc, Lifter 
vero &1Uartiili d\'! rota Tc!h:ceu!ogiJ oP":i:r.c mcriti, 
quic.qui~c!c tl.troquc cujuslibct.regioiiis cousq uc irmo:ue
ri:, c~t:.;ropdisaliorymqae obfcrvJc!on:ous col!cgerunc. 

· Qgi camel:::in hoc ·opere nu:merum r:ovan.:m & Rlinus 
.·· notartuhfpecierum compucaveri~defcriptioncs omncs 
de 11.9V6 taS:<l,.c;,. obfervatic;nes quam plurimas, crro

. rcsque tlQ~Ot~uni paucis ·c~(Hgatos viderit > nihilque 
<1liorutn auaoricat~ ) .·Jed qt.wdvis ) . minus vulgare 7 

propt~Hs"t.\h{~n-atio!iibus probmm, obfervacionesque 
. at:1aorun1 Iif.~ocis 11Qn coritt'"Jria-s" n~ centies ditt<l regc-
• ·~~itu·r :·· .. omiuu.s· ·ru1ima.dvet~ferit • · operam .rupc· r""'-.. . ,. . . . . . . ) ll ' ... 

~aneam l!iinime cenfe:l;t , viris pr<tclaris publice & 
ptivatim cdWouem. oped&' exoptantibus. gracias ha~ 

b.i~urus~ · . . .· 

SpcciaTiorade d'omuncuTis & inquiiini's teffaceo
rui:n in: ipf.1 ~uiuslibec hi!loria manu~ geu~rc1lioribus hie 

. locwn ferv2.vi,.. cumque intcllec:tus human us ancrufris 
. . .. ·.· ·· . . ·. ·· finib0

US · 

. ~\~in~ lio{l;irjum rerreninir gemcm· in nqu~ticom, ,:~1 hanc:· ii'l
. illamm\u~r·;zsfiu,: ,,Zarida a jlu';,·Uin/i~JJt fepa1·:mtci·, at ho~ 
baua a"fcnd& Wlasinis ctl. . . 

,:, '• 

; •'. 
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t:nibus cit"~umfcripttis fie, ~c mcmoriaf;1cile iiib..:t, h31· 
1ucinn::v~1..:s flgaciffiinis quogue non poffu::~c r;.on ob· 
ri!p:;;~·.:, co vero exaE1:iori cura di~pcllcnd:i: .funt, quo 
1~1~jori · ;.1uctoricace d~riv::mmr; pau~is. i,gir~1 , qux 
cii·ca tcih:cea terreft:ria & ft.uviati!ia verGincar, nee· in 
ip[o ope1~e zncmorttt::e fum, notarc Iubet. 

Limnces· quadricor11cs onmes tcrrcftres llmt, mi
nus rero omnes cerrc!h·es qu:1dri-corncs; Vatigo & .· 
Caryc/;irmt icgem h:mc Conchy !iologis general em ·li
mitiur.. Ac.milrid. onmcs l:icorucs , minus vcro vic~ . . ~ . ' . ' . . 
verfa. Heiicerti.Jhcchzc.-m: auaores tl1upbibiU'li!dixe- .· 

.· rc, ·qmim ci foli proprium in agua xque ac in terra vi-
. vcre credcrctur,. at ho.: pluribus tcvreflrimiJ con1inut1e 
e11, mulcos cnim aq ux immi!Tos non· fuffocari , quos.;. . 
dam {efe, ut aufugiant, aqure fpome tradcre, ideo-

·. que locum ~quis daufun~, quem cochleariis in!H-
· . .tuendis v.wro indicat, non (a tis cututn ·, .. variet<ltem-~ 

que H~ nemoralis, quod fingulariffimtu'n puto, funrio. 
rivi toea xfl:ate Vi\·cre , oufervacioliibus didici •.. '. F/tt~ 

. · ~·iatf!es non contra: ~qua cnim extrJcri &. in ficco po-
;liti brcYi pcreunc; ··. 'not~nduin •. ~itiin•. R. fi~cducmil; 

· qu.:m fluviatilem cenfent plerique, · effe cet;re!l:rem, id 
... quod centaculisquatuqr & f.1Iiva, qna.aperturam more 

: ·. · cerrcfiril11n claudit, cgregi(!. probacur~ .)?lures .camen 
· · .. ·· ..• aquam !ponte defcrw1t, plant}s aqii~tids Vl;!l pariecibus 

·. · · · b z · ·· · .. xafis, 

.• -:·· 



xn TESTACEA. 

vafis , · quo '·c~ntinenrur··, :extr3 ·aquat11 fefe sffigunc:, 
ibique poifaliquot horas plerumqile pereum: · . . . .. .. . 

· Tei·rdl:rium & fluviatillum·~·ic7tt.f ex ·herbis efi ;' 
nudi Fungos, Boletos &· Agaticos iripriinis· in deliciis> 
habent; at inediam tilcra- fidem. pati poffunf; mirai:'ur 
quidem Lej}'er dccemdialem, ego vera Hel. uemoralcs 
ulcra ann.uhl absque omni nutrilnenco, a.c Bltcci?w & . · 
Plcmorbcsper integros rhenfes in:aqua iznmutnra ornnis~· 
ql.1e vegeta:bilis experce~, v·ivos fei·vavi; fluviatile! grit-' 
ttilas·aqure> -bisque ini'il1ixtas tnoleculasterre'nas·, ani
rriakulaque:micr·orcopica fere co11rinuo ingtirgitare .,,i~' 
di';' teri;efii.-es. vero· folo humoi·e' aeds·; .:piuviaquen~itu'-·: 
rali vel Eiwcia, quam, ·u~i pl'arit~ marine£ a'qriam ,. pop· 
ris corpo::.~is undequaque:hauGffe 'fll'fpica:mur; ·v-itam ft.t
!h:!nrare .. ···. Etbii1t<cainen; ·qu·i cdracea.·foLi hun1iqicate 

· aquarum ·ubique iti-·poros pene'r'rame nucrir(pu!:atu;. 
organa oris nee~ cerrdlribtiS 'nee · aquaticis ·· frufrr~ · tri· · 
btmi'funt' ;::utraque 'rimriineritum ore dpere t-cpius· 
vidi. Pap fro ·quoque & ·cake ,yefci dictih_tur, mihi i 

vero Li7haces. & Helices, ut fefe c.1rcere 1iberarenc, 
charcam rodebant. '& dilacerahanc;. lapi'cida1uque auB:o· ·. · .. 
rom·ab' om hi calce r~mocain vitam degerc infra dixi; . 
qvo·medio·p·anCin~ cafeum & pifciuni caudam fallam•: 

·; _que. · · 

"') lli~~- eff'~ru,n'. Lifi~i & aliorum. c~M~a; ttrr•flru fiJnrinn ·~ 1M• 
' .'i:i irqua ~'JUt 11ecari r anatom. p, 8 r.~ in Eenere non valet. 



TESTACEA. XIII 

-que earn em e Ionginquo olfaciem, unde' ii)ll! Lijler 
hoc fciveric, ignoro. Fluviarilia ore & tefta hiame · 
gucculam roris appecere, fxcula ma_jorum fa pic. 

lb. terrefiribus decamara poerarur.1 & pitl:orum:, 
q.uibus qua:libet audendi fingendique pocdbs, fogitta. 
amatoria rev era exiftir; prima vere ubique in horcis 
invemu facilis, · perpaucis licec morralium unquam vi.; 
fa Gt. .. Conchyliologorum princeps Lijler earn jam 
vidir, obi::erque _Gelineavit; corpore H. uemoralis ex
tus .inHxam_ fxpius exttaxi, amicosque excrahere feci. 
Candida eft, pellucens, carcilaginea, quadrata angu-:. 
lis.fubmemqranaceis, a pice acmiffima ~ ba!in verfus 
aliguanmrn coartl:ata & teres, jpfa _baGs vero orbicu• 
lata eft) & cruncaca: latera percurrit q U3U line~ utrin"· 
q~1e pinnata; Iincam lata, oS:o lineas ]onga eft... · Cur· 
vam. minus b.ene Lej[er dixit, cufpide _ quadroplici 
infrruaam perperam arionymus "} Humoris c<e
rulei., quem ex vuinere defluere narrat Lifter, nee 
vulneris · ullum vidi veCUgium , licet ex utroque in . ·. 
ipfa copula fagittas extraxerim~ · 

. . .. In cefia tettis .coitus non ante peragimr, . quam 
. reftre incrementum. abfolUC!Jffi fit; .abfolvitur enim in · 
plelisque; cumlimax marginem apertur.e labro firmar• . 
Ha.c pubercaris indicium, jam enini materies, quam na
tura exfiruen~.e domuncul.e fuppedicat, formacioni fa;. · 

b 3 giccoe_ -
•) S~~upl~t~ der Natur t vot. I. ·V. <J77• 
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gitta:::cupid[nis, pi·opagirioni & orginis o1d cam necd
fr~·iis impe:ulitur. Q:t;jcs coin:: cupiunt ., alicr;l a!t<.:d · 
fagittam vi brut,· krc \'el ,iuxra decidi.t:, vd :liccrum 
tan gens corporlfixn inhxret. Hc!iscs 7.:u:;on:k:;Ycrfus · 
i:inemAorilis& Seorembris, n:.edio Ju:!!i & At1rruili, .. 

.. .L :::J . 

& fub inirium .l\laji cop!.lla jur18:as deprcl1cndi.. 
"Varietates Limacis d11e.rci ad' mcddiem &die fc ... 

rena"ineunteAugufl:oL.ifl.cr in "copula vidir, .ego eodcm 
2ruli tempor.e, pofr meridi.en1 quoque & .tempefratC 
maxime pluvia & v.entoia individua varietatis~Lima
cis atri & ·mdividua varlet. .ex, L . .cinerci mutua jun8:a .. ··. 
contemplattis fum. Ope hili11oi·is vifcidi cor.gulaci & · · 
indur.ari, .. caudas invoh~entis, corpora utritisque; ti·i- · · 
plici gytacione implexa 1 · rres ulnas fupra terram .de . 
trllllCO fagino libere pendebarit; infra capita a dextra · 
colli parte propendebant genitalia utriusque glminofi 
feLJtem :gyris~ plicis innwneris~ · cirCUillacb, lTIOtu fer
pentifonni a {iexcra in fin.ifrram ec v. v. continuo alter~ .• 
mute;. ore alter alterius for.amini :mali ad jacens, gluti.;. .. 
nof.am genitalium fi.lbframiam mordens futiu alterna~ 

· tim ·adcruxit & ev{)mic, · fuaviisque ejusinodi fp-edcin .·. 
pro~ngahat. Foramen gcuitale .ab ilJJaii .di\·er!um efii 
boc. in ipfo dypeo limacis nudi., in <:olhu·i telb teEl:i, · 
refpirationHimul inferviens, illud pone co put, urruin; 
q~1e in dextro latere; quod moncndum er.at, quh il
lu_ih:is ~Lilme & cl. Bomarc ucrumque) quDd Natura fati~. · 

. removec~·-·. ·.· 
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rcmovet, au8:oresque ·~ppr~me diil:inxerunt, ununr 
idemque clicunc;··Argm-:;ilfe •) yero 2nun1 & exitmn 
excremenr:orU..'T! diverGs l.ocis: ofcitanter pofuit;. ' 

. Limaces fub h nidious. & intra cortices arborulll" 
emortua.mrn &:;;. f'ef~ oaoot~i condunt:, hisque Iocis: 
duvs & ~-plus· plur;:s haud mmen diverf.-e fpeeiei i11 
fociet~te confripatos totrt !1(erne bt!tafi'c .r~pcri. Ca
. put dy.peo cond.i ·potefr , ... mi~1us ve1:~6- cauua .& cotmn 
corpus .. : . . ,, ·. 

'. ·.. ' . . •' ·. . 

Tentqcrr!irobje~q: tentando vrx :fnfcr-Vlf!llt, nee
iter dirigendo, u:;i. yolum ~u&crc~ '""}·, lirnt1ees- enin1 
tP.ntacul~$. '9rbad a;:qu~ .. lib ere &: eeleriter repunt ; ar: 

. fenfu nobis)g:..'1oto fortfga.udentr, !n ·pu?dric·ontibtt:;'" 
openervinigri,. quem opcicum vacant, in fefe revolvi 
p0ifu:nt,' & quid:em ill: nonnullis maxima cderfcate .ad 

· · . mediu.:n dor(i usque;. in hico~nibi!s- fea aquaticis ope: 
mufculo~u~ vel rigid a .. extendunttu~-, . apiceque· recur-· 
vancur, vel1~a.£lependent, .. vd aq·eorpus'refle8:un~· 

· ... tur, ·more .v.ero,terrefrrium>conqah1 & in capite cendi,:· 
· .. quod: 

'-): Zoomorph• .p •. S'r. :!em; anus· s.>ouvre a Ia partie,; di:oit~ du· colicz 
, ~ ku:;s e.'\cr-emen!Jol·tent par • 1:n .trou voilin; . 

*) ,41zeuyjllr. ~oo~()l·ph. p. S·l· ide~ Gdulo~, quos· lim:~eibut tefio 
·· · · teai5 ·iiihai£; riudis adiinit;. ibid. p 84: & olim Plillitll: cCJr· 

.. •ua 1roinidm:ts ,: clnl:rlilittJiesque o~tllis "'rltlt ~:··ideo cortlicu .. . 
i • nt p-itms~a:;, iter; b. nat~ ); 9 , e. a~ . . . . -
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quod indicnt Lrs't.ER, ininime poGunt { crtlli aquati• 
corum. vefriuncur membrnnu!a pellucente , · qu::tm li· 
max, ur objcaa perfpicue lu!l:ret, in collicu!um cri· 
git. Temacula ilmtili{J & Jupcrfl?Ja remere pronun· 
ciac chrif. An~\NSON, cum ab ignorantia ufus ~d non 
ufum minus logice concludacur; · fi lim aces cemaculis or
bacos vi cam reque degere, ac iisdem inftrucros cogni· 
tum habu.jlfec, . fpe~ie probabilicatis fefc comniendarec 

·. nimis: jam audax afferti9, quid vero ., fi toto capite 
orbi \·itam rilcra annum producant, an · caput igicur . 
inutile & fuperfluum? .cura, qua Natura capicis & ten- · 
caculorum- re!Htutianeill. molicur, fenfusque exquili-

. tior quam in relique corpore, quod ipfe eodem loco 
conficecut, !i quod vis aliud argumentutn dee!fet, hrec 
organa ~que utilia & nece!faria e[e, evinci~ . 

. 1\'Iembt~rna, quam veceres limbrrm, hodicrni in 
limacibus feu co~hlearum inquHinis .·collate: lh~c · pa!
liu:m nominanc, collum animalis cingic,' ac ex'fenten;.. 
ria quorundam tefram interne & exrerne' in nolmullis 
vefiit.· ! Ufus ejt;JS Lecundum au8:ores varius: hiatus ·. 
duos, alterum foeclbus , alterutn aeri infervi~mem · 

.. continec;. AD.\NSON .p.utat, pallium~ collare, ne aqua. 
· animaculo in•;ito tefram·iutret; impedir~, vel imromif. 
·~!am retinere~ . An limax unquam aquam in, ihteriora 

tefra:· adiUictat, ,incertus fum, nee video~ cq,Jlari aper· 
ruram 
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turnm occup:mte; quomodo fiat, niu foramine .vel 
branchiirli. vd ann ali, hoc vero, . dum faeces e::xcer- . 
nuntui:, .modo. operitur, illnd fatis patuluni frJatium 
V;;iftum feu inceriora ipfius r:el::z ab omni aqua vacuum 
pariecesque interiores · membr:mnla glminofa obceaos 
·concemplari permiccit. LISTER quidem meminic, 

. Buccimttn forauim ad dextrum rotimdmH &' augufbim · 
.· jibi ~;Jicaefo(ere) quo pifi:ium more qztodam' reciproco ·. 
· aquamTecipiclt ac ejiciat. Foratn(;!ri.dexcruinmillies 

· infpexi , · aquam ·imrare & · ejici in Bm:cilzo nunquam 
.vidi; Pkmorbes quidem & Nerit~ e,laxo pallia fipho-
nei'n feu . cubulum , huic forte ufui .accommodacunl, 
quandoquiderf1 formant, ··nee· ·-ramen in his. lufum 
~qurereciprocum percepL. .11embranam triplicem. 
glutinofam difringuo , . mediam · & craffiorein ,· duas-
oque graC:iliores , medice ucrinque admicas. lllam Cot
.J,Jre~ has Tuizicam & Palliiml dico • 

. ·.Col/arc. efl: membrana opaca, & .fpumofa,. qua 
liinax cingicur & pro lubicu condicur, aperturain 

·· ~tefr<E ~ fi vel limax domunculo exit<,. veL in:ea lacet, 
continuo occupans'& -implens. ·· ··,In eo, Ii1nace foris 
egreffo, duo foi·arnina ob[ervanttir:, ·-·crachcce & ani; 
hujus ope excremema fecernuncur, illius aer fpiracur; · 
ucru1llque pro lubitu anitnalis aperitur' & claudicur. 
Prz.ciprius.ejus ufus & nunquani'~onm1randus·, 'in cer- . 
. '. c' refrri-
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. reftribus fpumatn, · ex qua opercula mome~to for· 
mr.ntur;. fecernendi, in omnibus te!l:am ·feu domun· 
·cu:am !l:rucndi, htf:.m rcf<!rcicndi. . Tunic.1 ef.: pelli
cula, venis, n:.aculis, puncrisque variegatn-, parietes 
imeriores anfra8:uum obvefriens, ac colores ;' qnihus 
cefr:.c animalculo foer:e !l1perbium, · imrinfecus' fuppe· 
dicans .. ·· .. Huic glabricies interior teflx, huic· .(min!me 
corpori lima cis, quam vis maculatum Gc) omriestetl:a· 
rtiri1 nl.acula! & pun8:a aurea, nigra, lutefcemia &c . 

. . ac ve11urum ramificac~ones per tef'ram npparentcs, in 
· ·plurimis no!l:ratium t~rref!:rium & fiudrrriliutn de ben~ 
tl.lr ; , licet er1im · foris egt•ediatur animal, · macula! .& 
·pun8:a ht tefra permanent, ··ac fi clarno clauderccur; 

· .e contra, · cum fefe' in ·anfra8:us minores fubducit, · ma
cula! & puncta in majori evanefcunt, & :{i cocus extra· 
hacur,'.coca tefra immaculata evadit, fola fufcia in fa· 
fciatis tell:x connata fupcrfl:ice. Per fonunen .bran· 
chiale collaris, qvod aperim1·, quoties lim ax foris fit; 

·ir..teriora anfraEtus · majoris. lufrr~re , latcraque undi· 
que Twiic:a recicul.-rri cooperca comemplari licet. · Cal
lari & tuuica omnes co chi ex infrruumur, Pal/io vera 
perpaucx flnviatilitun camummodo '*} gaudent; Hoc 
.vel integrum, vel-in lacinias filfum fuperficieni cell:a! 

vel . 
.. , ~ ' ,: ' . . 

•) .In ter;;~{iribt:s • ~1ihi obviis fol:l Hdix pel!t:cida p. 16 •. rndimenrum 
pallii txfc:l'it, · tociniam nempe , qua re!1am perpolir. Ibiddm & 
infchema:e generali COllare eX fentellti:l. :>.u.;lorwn palliUIU dW, . 
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\'el ex parte vel totam, quoties limax foris vage· 
em•, obtegit. 
· Licet limaces toto cm•pore humorem exfudent, 
tria tam en loca, quibus pr;:ccipue fecernimr, · nocai-i 
meremur; col/are nempe, de quo jam diximus, ·plu· 
raque infi·a dicentur) fo.01tla u·iangularis in dorfo juxta 
extremicatem caud.:e, e qua vifcus momenta co<lgula
tus exfhllac, novusque, .quoties -ncicula auferal:ur, bre· · 
vi fuccedit,. & ipfa corporis exn·emitas, _ubi ali us li
quor vifcidus' quo limax vc{tigia fua no tat ' excerni· 
tur. In canca humorum affiuentia Limacis terrefrris 
ingre!fus· a LisTER apprime dicimr qu:edaru veluti ua
iatio i12 propr1o bmnor?, perverfe vero [ubjicitur: fi 
'IZOn co11thmo illuul'i11ter, ezmduw eruCfaret, propria fll· 
/iva implicitus loco adfigeret'ltr, dicere potius voluit, 
fi inter eruaandum cur[um non pergeret, nee hoc fa· 
cis juil:um, limaces enim facultate hunc humorem pro 
lubitu [ecernendi vel retincndi gaudent; alias enim, 
cum fa!pe extra teil:am temporis fpatio quiefc~nt, ibi
flem rore pingui coagulaco tenerentur. Spuma, 
·quam laceffita! cochle~ copiofe eruB:ant, non e 'fora:. 
mine branchiali, · uti Lifler nurrat,. fed ex poris Colla· 
ris _ ena'fcitur; -.ex. ore etiam more· Larvarum falivam, 
cui minus bene formatio fimbria: te!tarum tribuicur •), 

. evomere, at rarius, vidi. -· · 
c z In-

•) Kleiu tell:. form. p. 16 & ~4· 
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l11c~ffits limacis ope organorum in area · media 
plani inferioris corporis !latemium peragicnr; ibi enim 
in ·nudis prxfertim moms undulans concicacus, con
tinuo furfum tendens ) id ere , ab excremitate pedis 
pofrica ad ancicam, clare con[picitur. Lence cam en 
loco in locuri1 movecur, eciamfi undarum alcera alee
ram_ celeri lapfu co gat. In_ fluviat.ilibus nulla quidem 
undulatio percipitur, ope ramen occult<£ rotacionis vel 
ignoco mechanismo nee lemius, quam rerreCrres, pro
grediumur.: 

Limaces terrefl:res tefl:a in£l:ru8:os Hnprimis de
firuunt Lacerta: *) & Staphyliui, fluviaciles vera Hi
,·udiues, cart1em limacinam exfugere appecentes.: · 

./Etas & numerus ann:orum nee ex numero an~ 
fra8:uum nee ex produB:ione- apermr<e in cochleis di~ 

judicatur·; ex illo quidem juniores & ~care ·p~ove8:io~ 
res dillinguunmr, milia vera annorum decerminaca 
menfura fumi pote!1; incremencum enim cefr<e,. quod 
fit no vi fucci induraci appofitione annua ad margine in 

apertura=, ·ratione a=tatis, cempefratis, valecudinis, 
nutrimenti &c~ variac, cochleague ad jufram magni
cudinem produfra; .vel pori us limace generationi ma-

curo, 

•) Jnm Pli11ii tempore /acerrte iuimiciffimum gerzus 'ochleis. H. wu. 
1. S· c. 39· 
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turo, tefl:x tnargo in genere non amp litis ihcrefcic, fed 
in ·ccrrefl:ribus fa!cem labro c~rmiilacur. · ·. Falfiun de~ 
hinc quoi,undam judicium, cochlides totidem arinos, 
ouot · orbes habere;· falfl1111 & comr;1di2corimn terre.:· 
{t-res 11llrnerq nnfi·aauum ocrcn~rio . cor~lri.!nter gau~ 
dere, xcaceque ad decennJ.riunl augeri. . Numerus 
Jn perfcS:is·quinarius vulg:1ris, binariu~, cerna:rius & 
fedecennarius drus, inte1~medii paffim obvii; quilibet 
fu;:e fpeciei plerumq ue confrans. . . 
· · Racionefn plurirharum cdl;x.circumvolmionum in 
eo minus bene Lifter qmeric, quod limaces ccfhsnon lint 
affixi) corplisque eorum dehinc; I1e cxcidjt, 'mulci
pliCi gyro intorq uatur ' ligamentis enim· parieci reftx 
inceriori aded adhz~re1it, ·ur cadavera eortim non nifi 
violenta lig'amentorum rupdo11e educarirur.; Qgorrio
do [(kin duas priores fpiras cochlei junioris minores 
duatms prioribus cochlecc adultx dicere quear, · no1i 

. :video, in omni enim ~cac_e volumine. e~dem & immu

. tabiles perfi{fum~. nee' ullo- niodo ~tig-eri pbffunt \•ici-

. nis arifi~aaibus ftipat~; hnnc · ob cauGmf, quoties de · 
fpecie juniorum feuimperfetl:arum coc11learum· ambi~ 

. ginir, dilTra8:io feu reductio pc~fcCl:x, cujus puiios 

. fufpicaris-, ·ad ·totidem anfi·aftus >: O.llJne.qubium tol· . 
I ere vai ec. · · · · ' -

Apermra cochl~arun1 in quihusdam temper pa
tet; in ali is opcrculo clauditur; in Bitl:cino .:& Pfmzcrb~ 

c 3 ~ con-
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continuo , in Helice, Vertigiue & Car}tChio pro tem
pore pater, incerdum opercula falfitio obruratur, in 
Neritct & Va!vat:J ;urti-;;o duudimr. . Hoc dehinc per
enne pedi limacis adha:ret, ~c pro rJ.tione apermrre 
novis acceffionibus augerur; illud a corpore disjun
aum improprie operculum dicitur, pro lubin:i anima
. lis , effingitur & deftruitur , ~frivo tempore mem-
brana pellucida fimplici confrat, momenta vel dies 
perdurat; autumnali vero membrana triplicata,. calca
rea, opaca, totam hieme1n duratura, componitttr. 

-Opercula fa8:icio ap~rturarn pro lubitu Claudendi 
faculrate onines Helices mihi nota! gaudent:, Turbini· 

. bus cl. Scbroter. nequidem exceptis, in Hel; enim lzt
/Jrica, objcura, · perucrfa, Trochulo &c. operculum te
nue & pellucidum , . ac non calcareurri , pauciillmis 
proprium, ·. vidi. · · . 

·.. . ·.. . . . . 

. Co/ores t~ftarum ~Iii epid~rn1idi, alii ipGus tefta! 
fub{hintire calcarere deberi dicunt; in genere huic de~ 
bentur, illamque .omni pi8:ura carere, Jafciasque & 
maculas diverficolores ipli fubfiandre re!l:arum coalitas 
per epiderinidem pellucere; in quibusdam terreltibus 
& fluviatilibus reperi. Allam colorum rationefn in
fra exempiis demonfrrandam , fupra indica vi: Tu· 
2Jic(S1Jl. nempe. lima cis tefias pelluddas & immacula· 

· cas 
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c~s pimEHs, rnaculis; .. venis quoqu~· ratnoCis Yaric & 
grapl;ice .cxorn<lnten1. Emunero &d!vcrfo fafciarum 
fictl· charaftl!rcm fpecificuni pci·peram defumi in ipfa. 
·~clhceorum hiftori~ h1cu!eme~· pater: • 

.. Cun1 de dill:ribt1tionc '& ·pnrdbus conchyliorum 
. mule~ di!feru~rc auctores,.· paucul:i de bin is maximi 
. pondeds momenr:is in hiflcoda. :cdbceorum . i~cer gra
viffiiUOS . NiltUrre; fcrut~c()res bll;c .·, usq tie. con~rovedis 
mod9 iinerpone1~e libec.: ·De for7mJtiarrc & i1icre7neuta 

.. te11x, nc ·de re.ftitzttioire · partium amHfarum in limace 

. ' . ~ . . :. . . . '.. . - '· . . . -. 

Qgoad primuin dqpicx eft !imtemia Pfjyficortim, 
alccn1. nemp\! .rmhnc1li~1 t~flacea:er!m ij.Jjis &'per omucs 

.. ,1imcrfio;ies integris tL'}lis c:c o·t;() t7l lucem prbdire, ril· 
·.. cct~.a hojpit~J: rpt.iifcill c~· f!·lJo at :1l01~. zma czt1Jl teflis mt-

71tcro aufratlmi'lll pqfeclii e1Jajci. . . .·. . . 
. . . ,•, I' ' . · I , . . , 

. . I~ fpcrm~t(: teltaceorum ~· i1npnmis fluviaciliun1· 
& rnarinorum) • f.cpenumero ''tidi, nudis qu9que oculis 

... ··. facillime cori~:)idtur 7 .Jimaccs ibidem.jam tefris ce8:os 

. ·•· .. Jatere, . t~ft~n1q tie · & .. }lofpitem ~ . : 4um _ge~!tura! pel· 
. .. . .··lucid;eadh~c clal)d~ritur, ~que ac extr(eandem libe

' .· . · ro aere,increm~nium.' fuinerc:. .Hoc facilis ~nfraanum, 
in 

,i: . ' . . . . 

·, ·,:·":<:: ·' .. 
..... · .. · .. 

', ., -
.···: ,· 

; .I' 

'· .. 
. ' . . . 

.. ,·I ,·, 

;' .. · 

:·' 

' . ' . . 
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in jun~oribus & adu!tis diverfa *), · c~mput~tio proba~; 
tefl:a. enim. cum ·rpermace exclqdatur) in . cochleis uno 
.v~l bin is anfi·aaibus infrruB:a, in co11cbis ·pauiille> fira
tcturn numero circumfcripta eft·, . adulc~ \.·et~o xcate in 
his frraca fere innumera, in illis quinque, oS::o & pia
res circumvolmiones· obfervamur. Hinc dubicari vix 
.pocet1:, te!tam, .. uc primum Iimax evolvi coepit, ra-

. tione hujns .voluminis fimul increfce·re, mrumq.ue fuc· 
ceffu tem paris ad :magnicudinem' fPe~iei cuique. deter- .: 
minacam: augeri~ · 

1\Iodus, quo incrementum in ceita perficitur , 
~que ambiguus habetur. Res augecur vel .imrorfum 
.evolmione in rna jus volunien, vel extrorfum novis 
additamemis; .. illud · augmemum per i72tuj]zifceptio-
1;em, hocper juxtapojitio71e'71t norninaverum; 'hanc in 
tefiis fqrmandis. Reammtr adopcavit) obfcrvationibus- . 
que probavic; Kleiw v.ero fencenti?tn Reaum;urianam · 
longa differcacione impugnans , it1cuffufcepti~nem in 
cefris a:que, ac in hofpice admiiit. Qyilibet affeclas 
[uos hab~t,' lisque ad hodierna usqu'e tempera fub ju
dice perfifrit, quam cum novis obfervationibus dirimi ... m . po .e. 

•) Contra1·iuni .quidem C!ifp~tat · Kleitz, cochleom · ilem'p·e in bvo ·tot.·· 

· .fpii·as h~be~e ~ ·q~ot hnbeat ad pro1·eaam ztatem de\;oluta ·, 
at illufionem lianc facile diffipat qpa:libet junioris & adultz 
teftz ubivis obviz infpeaio. 
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pofie judicnrem: non ~bsquc n:iratione aud!o, ii1nflrcrn 
13oNXET eJ\perimcnds d~ri[ He1·if)ant circa ofrium & 
re(bn.lm · gcr.cracioncm pcrfvafum, fe ipfum l:!micum
que fumn REAUl\tVR erroris accufrre ") zc in femen
ciam 1\/duicmam de!Cendcre. Tama tamen au.:tori
catc me mmnnum convic~um profiteer ; c!arif. ,=nim 
HeritTam experimemis fumma induilria inft!rutis, te!1as 

. conchyHormn. duabus ftJb{i:amiis , membnmacea fcu 
·. ar~imaii & r~~·:·ca feu crct:!cca confb.1rc, b1ncque illam 

.· Incrufi.-1:·9, canwm ptobJt; ~ddic quidcm, tefl:am cffe 
3ppendiccm corporis limacirii , tibrisque ligamemi , 
quo limax ce!l:a: adhxrc~, concinuari, hypechefin ra
men nee ~rgumencis aut obfervatiopibt.is firil1at) nee 
Rcmtim!ri,uia comrada refutare conacur. 

Non parmn lucis ex opercu1is Helicum faB:iciis, 
ex2mini nicri dij)Olveutis nominati. au8:oris fubjecris, 

· .. fperabam ; · co1lare erJm Helie urn exfudare liquorem, 
in operculum indure!Cens, hocque femper liberum & 
absque ul!a cum limace connexione aperturmn re!l:a! 

claudere 

'•) J•avilit · dflilc commi1 rwe er1'1::1r fur Jn coquillnges, & ctttc 

t:n'mr }: /'a:Joit co11n11ifo .r?apres feu r/IOU il!uflre nmi Mr. de 
RF.\tntua; .les e;~:perim:es lquivrupet J:a~·oieut :rtJJupl; /.1 cu

. quil!e ue <'rCJir poiut pnr appofirion Gu par tranfudnr:on. 

·. Palir1g; t•kiiif.· I· 1.• p • . 405 • 

. d 
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claudere fa!pius vidi. Concluucbam hinc, (!_ope nitri. 
diffolventi$ meram .. fubfiantiam cretaceam , nullam 
membranaceam, ·· rericularem; qual is .in .ipfa tefia ad
eft,· deprehenderem, clarif. virorum Klein.& Heriffa1tt 
hypothefin de incremento teQarum per imusfufceptio;. 
nem veritati proximam effe, fi vero membranacea, feu 
animalis, in oper~ulo obvia .cffet, hanc ~qut! in tcfia · 
ac in opereulo vapqri col/aris exhalantis debicam referri, 
adeoque incrementum fieri per appoficionem. Hccc 
meditanti oc~urrit .ipfe · defid~ratus Galli commenta
rius •}; non minore voluptate metnbranam anim:1lem. 
operculi H:~ p01ilatitenitidiffimeimprelfam lufi:ro;·Cum
que 11ull~m operctui cum lima~e ·coh<Cfionem pn
quam viderim, aut fufpicari Jicueri~,. fententia£11 de 
incremento per appofitionem non parum corrobora
tam cenfeo·; averfari quid em vidccur ligamentum va
fculofum, quo operculum. pedi limacis adh~rere affe
rit au8:or, ingenue tamen, licet fidem di£l;is clarif. Viri 
detrahere nollem, confiteor,me nullu111_ ligamel}ti vefii
gium unqu~m in pede limaci.no, .liquorem vero midi
que e col/ari fpumantem paucis momentis in operculum 

. evadere frepius vidilfe, nee quo modo ope unius liga
mentr feu canalis adveaitii, & quidem non centro oper
culi fed Iateri affixi operculum adeo compofituin, qua~ 

· · .· · , · · le 
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Ic in H. pomatia, breviffimo temporis Jntervailo co11· 
11ruJtur, conciliar! poffe. Valde quoque dubito,. ob· 
fen·urores, fi illufrrem Reaumur excipins, operationi 
lim ads in ex£truenda tella, aut operculo, interfuiffe, alias 
cnim nee corpus limacis archetypnm tefr;r feu gyracio .. 
num, nee e liquore vifcido c·orporis tefram ,· nee fpu
ma oris operculum & labium (Ol·mari dixerint, cum 
formatio ha::c in Helicibus, increme11tum & refarcitio 
tcfl:x in omnibus, foii col!ari dcberi videtur. Spuman
rem e .coil uri liquorcm . in metnbrnnam operculi dia
phanam mmari in terrefrribus cochleis, inqrie H. po-

. matia & aliis incrul1:ari, cuilibet vidcre ell:. Jp{e 1\/ehz 
docet , i11aximum cochleatum anfra8:um appofitione 
augeri, ·limbumque feu labium faliva oris (vel potiut 
collaris )eru8:ara redintegrari, cur no:n orque minores 

· tali additione increfcere po!funt? 

Te!hrum & operculorum partes connituentes, 
. ii1bthntias nempe membranaceas & cretaceas opcime 
extricavit clarif. HeriOmlt, at utriusque generacio ope 
juxt:1poficionis ~que ac imulfufceptionis peragi poffe 
vidccur;. ilia in formatione operculi ad oculum dem·on
frracur, hxc fola coh<£iione ligamenti limacis cum tefia 
initimr; ho~ tam en, cujus unius media incn=memum 

.per intuffu(cepcioncm > fi unquam, fieri pocett) aullam 
canalicuJorum limads_.& refire liquores nutritios veheQ-

d z tiurn 
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rinm communioncm admicrit, quoniam locum ad pcr
fe8:ionem refire usque mmans , parieti novo & poli· 
riffimo fenfim affigimr. Hxc Jigamenti cransloc:uio 
absque comroverfia ell:, qui·:quid dicar: J(lein; in 
pluribus: enim cochleis pellucidis · anfraEl:us minores 
a limace derelifl:i vacui vidcntur , flelicesquc apice 
PlatJorbesque centro mucilatos vivos fervavi; hinc nee, 
uti afferit KLEIN, ah illo punCio primte Jpir£ ~jusquefa· 
lute vita auimalir ejusque vegeuuio dcpm.ict; nee cau
fa, cur prima & fee linda fpira pertufa non ref~rcicrrir, 
in tenerrimis animalis imeraneis qmrrenda, fed in re
rnoto collari, reparationem unice efficiente. 

~m~eslimaxdomunculamnova acceilionc ampli· 
aremolitur, tefiam non opercula claudir, nee fefe in in ... 
tcriora fubd_ir, fed collari involucus in ipfa apertura dies 
immocus h<Erec; cum in parte collaris, q ure or-cc aperturre 
affix a ali quantum prominec, porisque referca ell, humor 
nitidus, ac ope lenciculre undu]acio molecularum per
cipitur; · ejusmodi fucci ce(Hficamis exhalacione la
mella alcera alceri fubfiituitur ' incrufiacur' tdl:aque 
augectir ; pars novitia veteri mollior, & flexilis ali
quamdiu perfifi:it: reparation em fratl:ura! e · contra 
centans fraP.:n ~nta primumremovec, dein coliariParti, 
he[~ ·iuLenorl affixo,; lac~am·_, membrana ·op~rcula 
claudic; ica caq1en, ~t ora collaris, refiiiucionem ope-· . 
rans,. libero aeri .expoflta fie. : Sencencia dehi~c de in-

cremento 
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. ere memo rc{l:arum pet juxtapofirion.em, immorralis 
H gAU:\1UR mcisque ob(~rvacionibus.ndnc.lum refutJtlS ,: 
f.m:a re8:a petfifi:it, phxnomenaque allaca ampliore in· 
quificionc digniffima , natur~ confultiscoinmendanda. 

Prxter hanc reetarum amplificationem & reetaura· 
cion em omnibus ~ommunem; Ilmax ren:eftrium ~tatem~ 

· adulcam adepcus marginem apermi.<e fimbria, quam 
·labr tt71J a pellamus, cbronidis loco in plerisque firm at; 
hoc in pauais dcntibus armatur ; furamen axis in per-· 
formis obtllrar, umbilicum vero irt umbilicatis vel ex 
parte vel ncotiquam regie. L.abro ita ulterius ce£he. 
flugmcncum ceifat; ih pauciilimis ramen , rarionem 

. ignoro, novum incrememum infcquitu(,. fecunda &· 
.. tertia •) coronis imponirur. 1\1matich1um harum in-· 
(..:icia Conchy liologos in· errore~bduxit, cochlearum. 
cnim juniorcs & adulras,. pcrfuraras & irhpetforacas ,. 
Jabiaras & labri ex penes, demaras & muticas !pecie: 
di\~erfas defcripferunt' cum cujuslibet aniniantis·& . 
vegecamis charaEl:er fpecificus a perfeEl:a & adulra ~race . 

· pecendus fie; qme cochleas muticas paffiril dentaras, 
· petforacas maxim am parcem imperforacas fifiit, um· 

bilicacas *) vero immuratas monfirac. 
d 3 Alrenim 

· · •) 1-lj~c fururx, u~de auflores fxpe notar fped6t~ ftm~fere, plerum.. 
que accidentnles & merwn labrum rcliaum denotllllte._ 

· .... ) Cochleam U1R~ilicntnm, fi iil" cavo axiS sncraam confpicui font, 
fin minus, ptrjonlltJm dicere oportet. 
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· Alrernm, quod nofira a:tate hit1orix naturalii 
culwres maxime attemos dubiosque. tenet , partium 
emijjar_zt7ll in limace in integrum rcflittttio efr. Appa
ritio ha:c fingularHfima· nacurx confulcos meuoris not~ 
Italos, Gallos ,- Germanos confefi:im ~ & jure qui
rlem, tocos occupavit, detruncacioque generalis genti 
Iimacinz imminere videbacur; pruritus vero multo~ 
rum ll:rage inclarefcendi opinione citius deferbuit, fuc
celfusque d.iverfus plurimos ambiguos reliquit. Re
dimegrarionem affirmant clariffimi viri Spalauwui ., 

· Sch£ffer , · !Avoijier , Rofe &c. oegant a-que clari 
Cotte, Bomare , Schrour, Wattel &c. qui vis PFO 
evencu temarninmn ; rninori camcn jure negatur , 
centum enim experimenta varias ob caufas frufrra fu~ 
fcepta, unam veram & jufiam obfervuciooem rollere 
minus valent. · ~am prirnum rumor Icalici facinoris 
ad m.e venit, idem in oofrratibus limacibus tentare 
aggredior, evemumque Academi<e Reg. Sc. _Paris.· 
rumo 1769 commentario mandavi; pra!cipua ejus con~ 
feClaria heic brevi fifrere infiituci n1tio jubet: 

QE.oties caput limaci amputaverim , in detrun
cato -capice· milu ipfi & pr~.ntibus cemacu1a porreCta, 
punaa bina nigra , fuccum nervi opcici, maxillam
que monftravi. 

Vulnus 

.. 

;, 



"~ 
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Vulnus· mom undulatorio continuo partium vi
cinan.lm incra · pauca temporis .minuta adeo diminue
batur, ut fere daufum viderecur. 

Partes integrafcentes a veteri cotpore candore & 
peUuciditate clare difiinguuntur. 

In individuls HcHcis · Pomati£, Hirndinis San
griifttg£ &. 'iJulgaris nulla redincegratio fucceffit,. 
quxlibet enim intnl quindecirn dies periere. . 

In Hci. 11e?JJorali 'l"' tentacuia ad media in abfCilTa 
intra annum nullum prorfl1S,incrementum cepere, 
ipfeque limax tanto ten1poris intervallo absque vi8:n 
VlXlt. 

In H. nemorali'P,. cui. die· 9 · Juf.ii 1768 caput 
· totum, partem colli, ancicumque pedis UJID iEtu de
truncaveram,. redintegratio lente quidem, at ex VOt() 
fucceffit. 12 Julii ~emrum vulneris ·.cubercuium fta-

·. · vum nc-cul)averat. 16 Septembris fola pedis antica 
pars rcit1tuca videbatur. 10 OEtobris, quo- regrotam 
meam arculre immili, rnreque mecum in urbem duxi, 
omnia in codem ftam erant. 2 3 Martii· anni 1769' 
tota hieme dereliEtam & mortuam habicam in aprico. 

· feneftr.e po.fui.) tefra quid em· intra· dimidia- bor.J: fpa·· 
tium 
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cillm conrra omnem opinionem ex ire limax decollams, 
at ne Iencis·quidem ope ullum redimegradonis indici· 
um inveniebarur; licer jam omnis fpes · refHmrionis 
dcficeret, hoijJitem ramen, qui ulrra oClo menfcs me
cum vixerat, fervandum cenfui' ut viderem quous
que viram absque capite & nutrimento produccre vale· 
ret. 19 Maji hina tubercula, vera majorum cenracn
lorrim rrioimenca ·,. candida & pdlucida absqu·e ulla 
nervi. opdci nigrcdine confpicicbantur. 1_ Junii cen.:. 
cacula di8:a in integrum refiirma 'erant , finifi:rum 
ramen dcxtro brcvius fuir; nodulus apicis, punfrum 
nigrum, nervus niger optic us, morusque retrafrilis. 
& flexilis in tentaculisfolicus a:que confpicuus. 29 Ju- · 
nii nov urn. caput , nova calli pars , andcum pedis, 
tenraculaque majora a!qualia candore & pelluciditate 
prima afpe8:u difiingnebanrur, oris vero, labiorum 
& minorum rencaculorum· J.mlltun ·adhuc indicium ·in 
. hac aderat. . . In alia vero, cui caput die· 14 Scptt.:m~ 
bris 1768 derruncacmn · fuit , labium iupcrius 
291VIajiinfequentis anni formatum erar, rimaquc oris 

folitaria iil con.cpeaum. fubiit. .. 

·In ·He!. 11e11JOra/i dccoUaca I4 Septembris I 76R,. · 
nullum: redintegration is .indicium ·30 J\prilis I 7'69 
apparuir;, die vero 19 Maji Jarere dexcro excrckemia 
quc:edam,. cujus in medio pW1Cl-um nigrum confpicic· 

bacur, 

, 

·~ 




