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of expiry of subscription on the last
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QUANT ITATIVE EXAMINATION OF GASTROPOD AN.D SOIL
RE:L_ATIUNSHIPS IN AN OAK-HICKORY FOREST
IN THE LOWER ILLINOIS VALLEY REGION

ROY STANLEY RIGCLE

UNIVERSITY OF WISCONSIN, MADJSON, V!SCdNSIN

ABSTRACT

Malacology can contribute significantly to the
reconstruction of the local ecology at archaeolo-
gical sites. Detailed reconstructions, however,
are hampered by the paucity af molluscan ecological
information, particularly at the local level.

Seven soil variables and their effects on the
distribution of thirteen snail species were 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 increase as the sam-
ple area increases. Traditional imethods of graphic

analysis and bivariate statistics did not provide’

optimal information on underlying relatronships
between the data sets. Few significant bivariate
correlations were obtained between snail species
and soil variables.

There was generally a nonlinear or negative cor-

felation between snail species and soil pH. No
significant bivariate correlations were found be-
tween snail species and organic'matter, available
phosphorus, acid soluble phosphorus or exchangeable
magnesium. A high positive correlation existed be-
tween calcium and three of thirteen species but was
significant only between Strobilops labyrinthica
(Say) and calcium. A generally positive but not
significant correlation existed between threespe-
cies widely distributed over North America, and all
measured soil parameters except exchangeable potas-
sium. . ’

Factor analysis delineated three underlying pat-

" terns inthe variability and covariance of the data

and provided a basis for inferring the secondary
influence of soil factors on the distribution of
snails. Variables which covary in each eigenvector
were usually snail species rather than snail and
soil variables, Habitat groups of snails were de-
fined on the basis of species with a similar pat-
tern of covariation.

INTRODUCTION

The enviromment 'of prehistoric village dand 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 f{ramework for
assemblages from prehistoric sites.

The presént study is a quantitative examination
of relationships between gastropods and soil fac-
tors on the surface of aburial mound in amesic oak-
hickory forest. It deals intensively with micro-
habitat variation in soils and snails and quanti-
tatively measutes the covariation of gach. )
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DESCRIPTION OF PROJECT AREA

The Mueller-Ringhausen forest, on the property
"of Mr. George Mueller, is located (Fig. 1) about
. 92.5 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 9
South, Range 3 West). :

Much of the area of upland slopes of interior
Calhoun County supports oak-hickery forests. The
long-standing deciduous forests, in addition to
¢limate, are primarily responsible for thick well
developed Alfisol soils common in the county.

The collecting area is located on a northwest-
southeast oriented ridge which drops with a gentle
slope to the north. The area is adjacent to a broad

lateau around which are numerous dissecting val-

eys. 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 fenceline 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 aregional scale in three
counties in eastern ' Virginia (Burch 1955, 1956)
Contrary toBoycott (1929) and Oughton (1948} Burch
concluded that organic ' matter did influence the
presence of land- snails, thus agreeing with Shimek
(1930) that organic matter as a potential food is
a major limiting factor in thedistribution of land
snails. . .

Burch also investigated several other soil para-
meters. He concluded that pH did not affect the
distribution of land shails. Besearch by other in-
vestigators (Strandine 1941) has not established
a clear systematic relationship between this para-
meter and terrestrial gastropods. This variable is
presently considered to be of indirect or negli-
gible importance to the distribution of snails.
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FIGURE 1. Topographic map showing. position 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 line is approximate perimeter of mound fill

With respect to other soil factors smail fre-
quencies were found to increase as the concentra-
tion of calcium {(CaO), magnesium -(MgO) and potas-
sium(¥90) in the soil increased. Potassium in ad-
dition to phosphorus and pH were concluded to have
an indirect effect qn 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 quantified by the respect-
ive investigator an actual measure of correlation
is not provided. ’

The present study attemptsto determine the quan-
titative degree of covariance between gastropods
and soil parameters similar tothose used by Burch,
on a local level. The soil variables investigated
were organic matter content, available phosphorus,
acid soluble phosphorus, exchangéable potassium,
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exchangeable calcium,  exchangeable magnesium and
soil pH. All of the soil parameters measured are
interrelated, and are a product of the interactive
system of soil and’ the non-soil environment, e. g.
vegetation and climate. ~ The latter varlables are,

however, important inthe development of a soil but
for the purposes of this analysis are treated sepa-
rately. .

Previous studies (cf.” Burch 1955, 1956) have not
included the quantitative explanation of local 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 eastern Virginia. gives im-
portant clues to the ecologxcal relationships of
gastropods and soils. In each location for which
soil data were measured, however, the sample area
at each site was not subdlvided This produces an
average of soil conditions which may or may not ‘show
the range of variability in each area. ' Secondly,
the distribution of specxes inay - change ' markedly
within a few feet. ' N

Numerous investigators ‘have contrlbuted to a
large body of literature on thé occurrence and ab-
undance of species in forests of varying vegeta-
tional composition (e. g. Van Cleave 1951; ' Shimek
1930). The delineation of a complex of species
characteristic of forests- has proceeded on a quali-
tative basis for ‘many years. The composition of
the habitat group should be expected to change be-
tween regions due to the effect of changes in marked
interregional climatic patterns. Within ‘the ‘same
region species comprising a ‘habitat group likely
change ona continuum 'responding to the primary fac-
tors of vegetation (cover) and moisture "Plant eco-
logists have given ample demonstratlon of avegeta-
tional continuum rather than the existence of dis-
crete vegetational units (cf. Curtis 1959). Signi-
ficant positive correlatlon between species diver-
sity and moisture regime and between snail diver-
sity and the number .of dominant tree species has
been documented for: elght habltats _in  the Great
Smoky Mountains (Getz 1974) :

Quantitative deflnltlon of habitat groups as used

in this study is based on -the division of an assem-

blage into groups of species with the greatest si-
milarity of covariance: ‘Within each habitat spatial
variation in the dlstrlbutxon of species and fre-
gquencies can be used to-detect minor changes in a
contemporaneous "population.  Some “of . the changes

can be expected to be related to the autecology of
the spec1es present in the area. By examining many
sites in a given region the soil and gastropod va-
riables which showsystematlc variation take on re-

- gional slgnxflcance

The present analysis . examines ‘the'relatiOnship
between gastropods andsoils in a part of one stand
of oak-hickory forest. If the relationship between
gastropods and a complex- of soil variables can be
quantitatively defined on. a local level gastropod
and soil analyses ofarcheological sites canbe used
to provide substantial reconstruction of local en-
vironmental conditions. ‘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 plant cover and
moisture. Soil factors are interrelated and re-
flect plant conditions. Some soil parameters change
markedly during the dep031tlonal history of an ar-
cheological ‘site. Therefore it is important to fo-
cus on the more stable variables of soil which un-
dergo minor changes through time; e. g., phospho-’
rus, and bulk density. Due to nutrient pumping by
plants (Odum 1971) even these variables may change’
radically unless deposition onthe surface is rapid.
If gastropod distribution was affected directly by
soil factors interpretation of archeological assem-
blages _would be !nextrlcably complex due to the
nearly constant change in the soil environment.

Burlal mounds provxde a situation where buried
humus zones are frequently encountered. Rapid ad-
dition of fill above humus layers effectively seals
off the underlying strata and their contained flora
and faupa. "Alkaline soil environments are favora-
ble for the preservation of gastropod shells and
in some cases the:spatial relationships of the as-’
semblage may.be preserved (death assemblage) with
minor modifications. In". such cases comparison of
the archeological ‘assemblage with assemblages re-
covered from known: ecological situations may reveal
evidence of spatial distribution of habitats-over
the area of the boried ‘surface of the mound, or the
original surface on which the mound was ereéted”
These data canreveal therecord ofshort term shifts
in ecotones provided the mounds are sufficiently
dense over an area and can be arranged chronolu-
glcally

SUMMARY. OF HYPOTNESES

The surface gastropod assemblage of a part of them
Mueller- R)nghausen forest was used to evaluate Lhe”
fcllowing hypotheses . '

1. The . habitat group. characteristic of the -
part of’ Lhe oak’ hICRory “forest sampled would
be similar. to the .complex of species most com-

.mon in other areas-of oak-hickory forest. -In
this case'hbWeVer ‘the delineation of the habi-
tat group is largely quantitative. Due to-its
vegetatlonal structure ‘thls stand may be ex-

 pected to contain the .species common in a qua-

‘ 11Latxvely def1ned habxtat group but in dif-
ferent’ proportlons in response to local condi-
tions:

2. The. qutxal relatlonshlps of gastropod
species can beexpressed guantitatively by ana-
lysis of " their frequéncies per unit area and
summarized ‘by: their’ -patterns  of covariance.

"Generally the greater the frequency and relative

: d1Versxty perunit area the greater will be the
amount “of contained information.

3. Mxnor changes or variation in the distri-
bution ‘of ‘snails and ‘associated soil data re-
veal minor changes 1n 2 relatlvely homogeneous
macrohabitat, -

4. Soil -pH- should have little effect on the
distribution . of. smails in this particular ma-
crohabitat, Organxc matter and secondarily
calc1um. magneslum, and pot3551um should gene-
rally 1nCrease as, snaxl frequenc1es increase.



Each of these variables should covary with gas-
tropod species which show positive response ta
increases 1n snail parameters.

FIELD AND LABORATORY METHODS AND MATERIALS

The strategy employed during thedesign of a sam-
pling program for the surface of Mound 2 was to ob-
_tain samples from’ points over the entire extent of
the mound surface, This necessitated adesign which
would insure obtaining samples from the highest
point of the mound where vegetation was less dense,
as well ason the slopes andedge of the mound which
supported a thick layer of decomposing litter. The
final choice of adesign was the stratified system-
atic unaligned sample {(Haggett 1965). . The proce-
dure offers the advantages of random1zat1on stra-
tification and syscemahlc sampling and avoids the
alignment of sample points and thus the possibility
of error due to periodicities in the ;phenomena be-

ing sampled (Hagget 1965 196).

The posxtlon of samples over the surface of the
mound is indicated in Figure 1, A 48- foot square
was sufficient to cover the mound and some overlap
in the corners off the c1rcular mound was thus ob-
tained. The square was divided 1nto’ four quadrants
and four samples -were selected at random in each
24-foot square quadrant. In the field the samples
were obtained by establishing a temporary datum
point on the highest part of the approximate center
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 rlght angles to
the coordinate lines. The measurements were taken
along ground distance to the northwest corner of
the one-foot square sample. Although the, slope 1s
relatively constant the snail sampling grld is not
precisely related tothe archeologlcal grid by which
the mound was subsequently excavated

By shifting the p01nts of origin of the X and Y
axes of the sampling grid (cf. Haggett 1965: 196)
- five series of random samples were establlshed The
first series contained 16 samples, the remaining
four contained nine samples each. All but the fifth

series of samples were collected. The flrst series,

i.e. 16 samples, isreported in the present shudy

Each’ sample consisted of. two parts. “All of the
surface litter in one square foot déwn, to the in-
terface of the 02 and Al soil horizons was placed
in a plastic bag. A soil sample one inch deep and
one foot square was. placed in_ a separate plastic
bag The litter samples were subsequently soaked
in a solution of sodium bicarbonate and. water in
screen-covered buckets before being washed in num-
ber 40-mesh screens and air-dried, followed by sort-
ing. Sample processing and shell identification
methods are .discussed at lenghh elsewhere (Riggle
1975; Jaehn1g 1971). .

The soil samples initially included all.soil in
one square foot for a depth’ of one 1nch below ‘the
surface litter. Subsequently' each so0il 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: Péck (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 obta1ned with
a Beckman Zeromat1c pH meter.

Organic matter was determined'bfthe Walkly-Black
procedure (Black 1965: 1372) and the results read
colorlmetrlcally

Bray's Pl (Bray and Kurtz. 1945) method was used
to measure available phosphorus. Results were read
colorimetrically. The extractant used was0.03 nor-
mal ammonium fluoride (NH4F) in 0,025 normal HCI.
Acid soluble phosphorus was determined by Bray’s P2
method using 0.03 normal Ni4F 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.

Exchangéable potassium was extracted with 1 nor-
mal ammonium acetate at pH 7.0 and the result de-
termined by - flame photometry from a one to ten ra-
tio of soil to extractant.

Exchangeable calcium and exchangeable magriesium
were extracted using themethod 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 determlned with atomic
absorption spectrophotomehry

Botanical data Lollected during ‘the field work
were ‘used to evaluate therelative amount each tree
species contributed to the vegetatxon in the sample
area. Although more rigorous procedures of estab-
llsh1ng the characteristics of a stand are avail-
able (e. g. Curtis 1959) time did not permit ex-
haustive study of the vegetatxon

Trees over Lhree 1nches in dlameLer breast high
were identified and counted. The trees on the sur-
face of Mound 2were predominantly white oak (Quer-
cus alba), shagbark hickory (Carya ovata) and flow-
ering dogwood (Cornus florida). Flowering dogwood
and white oak trees .were most common on the toe of
the side slopes of the imound. One flowering dog-
wood and two;whlte oak trees were located on the
summit. of the mound. -Redbud (Cercis canadensis),
dogwood (Cornus sp.) and white oak dominate the
trees around the mound.. Redbud. and dogwod sap-
lings (less than one-half .inch ‘in diameter) were
sparsely dlstrlbuted over thesurface of the mound.

ANALYSIS AND ”olscus'suon o
Phenology and Taxonomy

Two - problems Wthh may have had some small ef-
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fect on the quantitative analysis of the assemblage
which follows this section are the phenology of
certain snail specxes and the taxonomic assessment
of one of the species.

The acidity of the soil samples obviates 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 1in 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
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, ‘mearly universal in
communities and often result in almost complete
change in community structure during "the annual

cycle’ (Odum 1971y 157). Seasonal changes in abun-
dance of aquatic snails ahd 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; many of them having succumbed
before maturity (cf. Douglas 1963). This can be
tested in the future by analyzing additional assem-
blages under similar condltlons and at dlfferent
times of the year. . :

The second problem 1s the taxonomic a351gnment
of Strobilops labyrinthica. Identlfxcatlon of spe-
cies in the genus Strobilops are. based on shell
morphology and, more. importantly internal soft
part anatomy. Strobilops labyrinthica, S. affinis,
and S.

of the shell (Pilsbry 1948).

All of the complete mature specimens from theas-:

semblage thought to be one or the other of these
species were measured.”
larger than 2.7 mm, which . is the minimum diameter
of S. affinis (Pilsbry 1948). However, none of the

. mm and thus overlaps the upper limit of S.

of the juvenile

aenea are highly variable with. respect to -
shell morphology .particularly the number and size
of basal folds and lamellae as seen through the base“

None. of the specimens was .

4 specimens'was less: than 2.5 mm, the maximum size

of S. labyrinthica (Ibid.)

In addition the shell morphology, other than dia-
meter, suggests that none of the specimens are §.
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
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 i1s near the lower

limit of S. affinis and since all lack the dis-
Linguishing'morphological characteristics of S. ae-
nea.

Analysis of living materlal of the family Stro-
'bilopsidae would provide a more solid basis for
‘specific identification than presently exists on
dthe ~ basis of shell morphology (van der Schalie,
personal communication, November 1975).

DESCRIPTIVE STATISTICS
Assessment of vafiability

.The raw frequency data for the gastropoed assem-
blage represented by'the first series of 16 samples
‘are summarized in Table 1. Seventeen species of
terrestrial gastropods representing thirteen gen-
era and 1,544 identified individuals were recov-
ered. Of these 1,051 were classified as identifi-
.able juveniles (65.1 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 in
the number of 'specimens between species; ranging .
from one specimen of Gastrocopta corticaria to 459
specimens of Punctum minutissimum. The number of
shells recovered fromspecific samples isalso high-
ly variable, ranging from 13 individuals in samples
.5 and 6, to 281 individuals in sample 3

The random manner in which the samples were col-
lected and the size of the’ assemblage preclude a
cursory examination of' the raw frequency data in
order to assess ‘the major source of variability.
The analysis 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 sgurce of variation. Due to the ap-
parent lack of a normal distribution of species
within or between samples/ and to'the presence of .
numerous raw frequencies of:less than ten, a trans-
formation, of the raw date by the Vx#l was used
prior tothe wnalysis of variance {Steel and Torrxe
1960:.157). )

- The- analels of variance for the transformed data
matrix (Table 2) is summarized in Table 3. The very
highly significant (P».01) F ratio for samples
(blocks) and species (treatments) indicates, 1) the -
presence of significant differences of means of spe- -
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Table 1. Raw frequency of gastropods for each semple. Brid location
numbers may be used to locate sample irn Figure |, -

Grid tocation

Sample Mo.
Anguispira alternata
Euconulus fulvus
Gastrocopta armifer2
G. contracta

'G. corticaria

G. pentodon

Hawaiia minuscula
Heli;:odis'cus parallelus
H. singleyanus )
Mesodon -thyroidus
mesomphix friabilis
Punctum minutissimum
Pupoides albilabris.
Retinella indentata
Strobilops labyrinthica
Succinea sp.
Vallonia perspectiva
TOT. IDENT. IND.
Unident. juv.
Unident. Fragments
TOT. INDIVID, REC.
i ident. Juv.

No. ldent. Juv.

No. of Species

t bR20

~

2 6R32

¢ N

Table 2. Raw frequency data of Table

Sample No. | -

Anguispira alternata
Euconulus fulvus
Gastrocopta armifera

G. contracta

G. corticaria

G‘. pentodon

Hawaiia minuscula
Helicodiscus parallelus
‘H. singleyanus

Mesodon thyroidus
Mesomphix friabilis
Punctum minutissimum
Pupoides albilabris
Retinella indentata
Strobiiops lfsbyrinthica
‘Succinea sp. '
‘Vallonia perspectiva
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. Tabie 3.

Anelysis of Varisnce for dats of Table 2.
Source of
Variation daf 58 3 F
Blocks {scaples) r-1a I§ 699. 998 46. 666 -8. 006
Treatments (species) t-1e 16 151,582 90. 982 <15, 568"
Error (r = 1)(t - 1) «2k0 -1398, 980 £.829
Total e -1 «271 .
*** ury highly significant P> .05,
Table 4. Descriptive statistics of soi) data.
Soil Somple N Yariadles
Nurbe o Brganic T r KcTd SoT. P, Exch. K Exch. Ca. —Exch, Wy
- ‘matter X [ . we/100g
1 6.1 3.6 ©39.0 54.0 L1 10.3 1.37
"2 . 6.2 6.7 45.0 66.7 182%3 13,40 2.08
3 5.6 L7 43.5 68.3 147 13.75 2.47
& 6.4 5.9 N 52.9 219 16.25 2,15
s 5.7 .23 12.7 4.5 125 5.9% b.24
6 6.0 3.7 20.5 35, 150 8.5 1.56
7 5.5 .7 370 55,3 178 7.03 1.37
8 6.6 S.7 3.4 $8.3 in 15.63 2.47
9 6.6 3.5 .0 60.0 (1] $7.8% 1.86
10 6.2 3.9 43.7 63.2 166 11.88 Ly
" 5.5 7.3 55.0 n.2 185 -15.63 3.52
12 6.0 5.0 . 32.8 50.0 22 12.22 2.4
13 6.8 6.7 26.% 43.5 17 20.63 3.45
th 5.2 5.3 43.) - 55.0 . 3 . 8.3 2.08
15 5.9 6.7 Q.5 6.5 . 150 15.16 2.96
16 7.0 5.3 38.9 65.0 . . 16 16.88 2.67
n 16 16 3 16 T 16 16
X 97.30 81.00 593.00 834,30 2914 199.% 35.09
ss 595.61 440,02 23585.50 $1473.85 603550 2747.83 8h.82
x - 6.08 5.06 37.06 55.31 182,13 12.47 2.19
2 .2603 1.9972 107.1626 168.89 4858.5167 7.9 5254
3 .51 1.4132 10,3519 12.9958 €9.7031 h1770 T2
" : L1275 L3533 2.5880 3.2599 17.4250 1.05%4 1810
c.v, .0839 L2792 .2719) .2350 .3827 382 .33
C&“ L| 5.81 ., 4.3 31.5 48.39 . 1hs .00 10.26 . i.80
iy 6 35 5.8 42, 62.23 219.26 1h.70 2.8

®  The value thown is thn x of tha re-alnlng 15 values.

the remrining valuss.
<. *1 original valye'= 91.1 &
2 original value = 136.1
*3 Original vajve = $00°

: Cl(i2e, os3)

cies between samples; and, 2) that theprecision of
the sampling design was greatly increased relative
to what could have been expectéd 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
descr1pt1ve statistics for each soil variable. The
variance (s2), standard deviation (s) and standard
error of the mean (s;) differ markedly between va-
riables. The least variable of the parameters 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’ correlation between a group of gastropod
species and pH 1in this kind of macrohabitat seems
unlikely. :

The variability of the remaining six parameters

approximates two clusters. The first group includes
organic matter, available phosphorus and acid solu-
ble phosphorus. The second group includes exchange-
able potassium,
geable calcium. The presence of two groups of soil
variables with internally similar 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.

exchangeable magnesmm and exchan- -

" Theso u!\é: were originatly out of ogresmzat with

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 coefficients, which measure the rela-
tionship between twovariables on a -1 to 41 scale,
satisfy part of this goal. Such correlation coef-
ficients 'are independent.of the scale of measure-
ment; e.g. soil organic matter-can be compared with
snail species.

One of theseveral options of the computer program -
used - for the factor which follows this discussion
computes correlationcoefficients betweenvariables.
Due to the non-normal distribution the raw frequen-
cy data .for ' gastropods was transformed by the

x4+ 1. Gastrocopta armifera, G. corticaria Me--
sodon thyroidus, and Pupoides albilabris were eli-
minated ‘from the factor andlysis due to their rare -
occurrence. Transformanon 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
subsequently -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.
-between variables are.

Correlation -coefficients
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variable ) l 2 3 4 5 6 7 8
t Anguispira alternata 1.000

2 Euconuius fulvus .216 1,000

3 Gastrocopta contracta 125 .167 1,000 ¢

4 G. pentodon .299  .399  .105 . 1.000

5 Howaiis minusculs .087 .502 .51) .666 1,000

6 Melicodiscus paralielus 472 ,678 (197 .76 563 1.000

7 H. singleyonus 376 .13 -.210 .65k .05 .639 1.000

8 Mesomphix friabilis ToL186  .378 487 .34 380 .248  .021 1,000
9 Punctum ainutissimm L et (358 .Bo2  .B12 586  .239  .528
10 Retinelia indentata .39 602 213 817 .725 797 .398 .337
11 Strobilops labyrinthica .44 528 .-.025 .BOB .58) .Bog .498  .36§
12 Succinea sp. Jh90 576 -.299  .077 -.92] 472 .272 -.M10
13 Vallonia perspectiva 105 - 174 -.011 -.043 -, 120 -,053 .0b6 -.187
1% pH -.002 -.036 150 -.055 -.005 -.009 .00} .568
15 % Organic matter 191 0% -.073 447 .209 L1199 L1589 L343

16 Available phosphorus
17 Acid soluble phosphorus

-8 -012 -.022 .215 .3tk 169 .075 -.268
-.038 .17 -4 L3300 .319 290 .230 -.16)

18 Exchangeable potossivm -.062 -.136 265 ~-.285 .042 -.079 -.i54 -.06)

19 Exchangeabie colcium .188 .32k 025 .LbA (255,238 18 .620 .

20 Exchangesble mognesiue  .0B] 325 - .06 .562 .330 .293 . .125 .52

Table 5. Covariances between varisbies; includes gastropod end soil variables.

.502  .L28 551 .006

STERKIANA NO. 62, JUNE 1976

9 10 " 12 13 I \5 16 7 18 19 20
1.000

.887 1.000

763 .855 . 1.000

-.059  .291  .335 1.000

.02  .089 -.193 -.036 1.000

L061 -.099 .ILB -.115 - 598 1.000

W22 .339° 481 .055 -.338  .089 1.000

2190 .1h7  ,280  .066 -.289 -.150 .&96 1.000

.25 .226  .ks6  .205 -.39%6 .030 .553 .9k 1.000

-43 - 112 -.225 -.0M -.029 211 -.058° .327 .216 1.000

b6 W3 582 .12 -.656  .S30 .756 .207 .379 -.216 1.000

-.032 198 .B26 .30 .Gi1 -.029 .B20 1.000

Correlation coefficients

of snail species are based on all frequencies of each variable transformed by Nx+1. Cosfficlants for

s0i) variables are based on raw deta of a1l soil parsmerers.

summarized in Table 5. The coefficients are signi-
ficant at the five percent level if they equal or
exceed .497 (onn-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-
relate at the five percent level and.those which
show significant correlation at the one percent
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 calcareous
environments (Grimm 1953:22) and would beexpected,
in ‘'this case. to increase as pH increased.. The very
. low frequency of V. perspectiva precludesa definite
conclusion about the relationship of this.species
to soil parameters. It should also be noted that
this.species issignificantly negatively correlated
with calcium. The calcium values of some samples
are very. low although ‘available phasphorus 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

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 phosphorus in acid soils is com-
plexed with aluminum. The low frequency of Vallo-
nia perspectiva in this 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 thenthat gastropod speciesshould
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 respectively. It can be tentatively
concluded on this basis that M. friabilis 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



STERKIANA NO. 62, JUME 1976

carbonates in solution. The high correlation be-
tween this species and exchangeable calcium (.620)
and magnesium (.522) suggests that 1t 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 magne-
sium; Gastrocopta pentodon, Punctum minutissimum,
and Strobilops labyrinthica. -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 Mesom-
phix friabilis, form agroup which is closely 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 significantly; Gastrocopta
pentodon, Punctum minutissimum, 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 friabilis 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 some conclusions reached
by previous investigators. The use of this biva-
riate statistical approach 1is perhaps most appro-

priate when dealing with species which may inhabit

such macrohabitats aswere studied in this case hut
which are most common in other environments. The
data of the present analysis indicate that Vallonia
perspectiva and Mesomphix friabilis, which aremost
common in other situations, are not common in this
particular habitat because their environmental to-
lerances have 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, Heli-
codiscus parallelus and H. singleyanus, occur in
a very wide range of habitats 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 acid soluble phosphorus data.

For purposes of comparison the values of phosphorus

and potassium are expressed in perczntages by mul-
tiplying parts per million by 10- Calcium and
magnesium values are expressed in milliequivalents

- per 100 grams.

These may be convérted to parts per
million by multiplying the calcium values by 200
and the magnesium values by 120, and expressed in
percentages by mu1t1p1y1ng the parts per million
value by 10-4, It is not necessary to relate all
variables to one standard since thevariance 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
the analytical precision of the various soil test-
iq§ techniques. A second possible reason for the

ferences between several of the soil variables
is thevariation 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 insample size. Burch
utilized a regional approach obtaining soil data
from 41 stations, encompassing two physiographic
regions, the Coastal Plain and Piedmont Plateau.
All 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. T

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 scale did not inall cases .
represent an equal increase in values of the same
variable along the scale. 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 frequency 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 soil variables,
except exchangeable potassium,tohave 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 wasdivided into sixequal 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



STERKIAMA NO. 62, JUNE 1976

10

1agwnu Ayl

8
1

= 0

2tk

001

\ 05 |
fw

o 6w 'yax3

- 002

‘HO5T

1-06¢
-00H
oSy
00§

-055

[F009
-099
0oL
\ Los¢

N yax3

008

058

Looe

jsuiebe ejep {1os 40 1010 JUAWBIDUL UIA] ..DN 2inb1 4

9 S " -t T ew "u0

"9 19 g's $°6 275 Ha

n00° n€00" 9200° 8100° 0100 4 “lleay

-900° $00° 700" foo 200" ‘4 PV

20° 34/ I £ {1 N Lt . Tio * Tyox3
St Tl

9 - € e) "y3x3
: PANTN - IR ELY

g5 JO J3quiny

SUW 2D

s 0 4010 Tugwe iy uand  yz @inbiyg
RLUIRNT:

d lieay
4 PV
% yox3

ISPAELE]

bW yox3

1]

- |

-2

01
Lt
- 21
£
- al
= S

g1

Lo

5213305 JO Jaquny



11

$@ UOIIQIAIP PiePURIS Duisn SuBwidads 30 Jaquwnu Jsulebe elep |108 jo joi4d

wad
6001 /ow
Boo1 /9w

STERKIANA NO. 62, JUME 1976

£6°09n

€2 16t

LN
ot L

8L (S
1618
€S
£g°02
9%

(n'9
65°9
nin
tf°89
fg 1s2
59791
_mMN

90°%
80°9
90 LE
1€°65
£17281
[A 81
61°2

59°¢
L5°%
0l°92
1£°2n
g0zl
67°8

int

"tz €8
90°%
ne 91
1€°62

[
st

“IUIWPIOUG
"9f 3.nb14

SyeN 40
Hd

d “lLieay
d PI1IY

% yox3
@) "yax3
B ‘ysxz

v
0S¢
00|
05
002
oSz
}-00€
bost
00y
-05k

00S

S jo saquoN

4

ﬁoow

[Tl

Losg
voouu
los¢
008
L osg
L 006
L 056
| 0001

0501

L ool

"%
wdd
wda
wad

600w
togy /aw

R FETT

gl e :o_w-mfuv p.epuris Buisn ammuuna Jo sagunu -Lz_uo- ejep _moa.uo 014 ¥ O;:o_nn
88 ¢ ing 90°§ 59°f (1484 €8 - IeW "40
o1 659 80°9 (5§ 90°§ : o wd
8L LS Inin  90°LE ;T2 ne "9t 96°S d “iteay
1£°18 1Eg9 (£°5§ L34 SN O 1 1€°91  d P13V
€6°09% €27 46L  £5°4z2¢ €8 15t izl €0°211 M oyox3
€802 99°91 {4 628 ti'y mg Yaxy
L " £9°§ 16,2 617 int 5L . :o;um
X
o 2
- €
A "
//,/m\\Ju PIY |
clew 40 Lo
4 - £
\\u MELLY m
[ g o
°
.-
6 &
-4
a
ot
[
. au
) ‘ysxy )
o owsa LR
) ‘ N 21
bty (
: =1
\\\l/x ‘yaxng .




12 STERKIANA NO. 62, JUNE 1976

Table 6. Percent of total variance explained by respective
eigenvector.

Fraction of Total Variance

. 2
Eigenvalues Individual Cumulative

7.12823 35.64 35.64
2.94875 14,74 50.38
2.49691 ) 12.48 62.87

1.97363 ' 9.87. 72.74

, { e . /
1 Eigenvalue = sum of the column of squared loadings

for each factor. Measures the amount of variance

accounted for by a factor,

2 Eigéenvalue X 100 = Percent of total variance explaln-

number of
variables

snail species and soil variables. graphs such as
these represent evidence of the optimal habitat of
spec1es within a range of given soil parameters;

i.e. how diversity and frequency relate to a range
in soil characteristics. The graphs consider all
species present rather thanecological dominants or
covariation between numbers of species or numbers
of specimens, and soil parameters. This occurs due
to the near-normal distribution of the values for
nearly all of the soil variables. Most soil 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 1in 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 (O-
dum 1971:.143-154). The use of an increment less
.than one standard deviation would even out the shatp
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
obtained when thesoil data are plotted against the
.number of species and the number of specimens using
the standard deviation of each variable as the in-
crement (Figures 3A and 3B).

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 3B, 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 42.31 and 44.31 parts per million to
less than 81.31 parts per million. Soil pH would

by the V. x ¥ 1, and soi1l parameters.

ed by the eigenvector.

range from 5.57 to dabout 7.0, and organic matter
from 3.65 to 6.47 percent. This ‘habitat’ would
predictably contain from 350 to around 700 indivi-
duals considering asample size of about nine square
feetr. . .

Miultivariate analysis

The univariate and bivariate statistics de-
scribed previously are not sufficient to quantify
a relationship between several variables which may
be related in a multivariate and complex manner.

The principal tool used to delineate the quanti-
tative covariation between snail species and soil
variables discussed in this study was multivariate
factor analysis. The computer program for the 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 referred to
as eigenvectors. The factors were generated from
the data in Table 2; snail frequencies transformed
Each eigen-
vector ‘summarizes’ the mathematical relationships
between 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 térms 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 account for, expressed 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 variability (100 percent)-
are considered insignificant.
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Table 7. Eigenvectors with factor

Variable

1

1 Anguispira - 140406
alternata

2 Euconulus -,232059
fulvus .

3 Gastrocopta -, 074472
contracta ,
Gastrocopta -.324577

* pentodon

5 Hawalia -.266096
minuscula

6 Helicodiscus -.294690
parallelus

7 Helicodiscus -. 170687
singleyanus
Mesomphix ~. 195757

~friabilis .

9~ ‘Punctum -.311730
minutissimum

10 Retinella -.321627
indentata .

11 Strobilops ~-. 344220
labyrinthica '

12 Succinea sp. -.105983

13 vatllonia . 107645
perspectiva .

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 um

The first eigenvector explains 35.6 percent of
~ the total variance inthe 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
the variables which are important in the first ei-
genvector. ‘Gastrocopta pentodon,
simum, Retinella indentata, 'andStrobilops labyrin-
thica. are the variables which have the greatest si-
milarity of covariance asexpressed by factor load-
“ings. Much “of the variance is éxplained 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 tentative
conclusion that thesespec1es characterxze the for-
est habitat. ‘ :

subjective approach toward emphésizing

Punctum minuttis-

13

loadings for each variable.

Eigenvector

2 3 y
.222126 4005389 ~.270861
.163953 -.066870 ~.07789%4
.001533 -.400785 A:352647
REN .0220L4 .053415
058836 - 134704 383516
264080 .051647 -, 014480
.209209 . 196635 —:!96011
122171 S461717 . - 113591

-.068208 -.158576 235900
224146 -.032492 113066
-.076658 . 069540 -.0?%625
.201880 .253882 -.3277L2
.406303 -.012034 182406
. 316205 -.286369 -.223062
.297354 . 140053 -.069531
.235334 420607 .3356227
.239256 L2L116 180917
. 148663 041001 315285
.326115 -.077150 -.275137
.280348 -.006743 -. 069492

Factor loadings for sdmples (Table 9) show that
samples 3 and 13 are quite similar with respect -to
the information they contribute tothe first eigen- -
vector. These samples in addition to samples 8,
14, and 16 covary.in a negative fashion with a si-
milar amplitude, opposite to- samples 55 6, 7/
9., These results indicate substantially different
patterns of variation between thé two groups of
samples. : B o '

A second group of variables has a high degree of |
covariance in the.first eigenvector. ~These varia-
bles are: Hawaiia'minuscula, ‘Helicodiscus ‘paralle-
lus, calcium, and magnesium. Although"” ‘these have
no significant linear correlations with each other‘
(Table .5) they are summarized in- the flrst eigen-
vector .(Table 8).

The two groups of covarying species” evident in
the first eigenvector contain species which occur

‘and -
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Table 8.

Variable
. 1
1 Anugisplra 14.05
-alternata
2 Euconulus 38.39
fulvus
.3 Gastrocopta 3.95
‘contracta
4 Gastrocopta 75.10
pentodon
5 Hawalia 50.47
minuscula
6 Helicodlscus 61.90
- parallelus
7 Helicodiscus 20.77
singleyanus
8 Mesomphix 27.32
friabilis
9 Punctum 69.27
minutissimum
10 Retinélla 73.74
indentata
It Strobilops 84,46
© labyrinthica
12 Succlinea sp. 8.01
13 vallonia 8.26
perspectiva
b pH 2.67
15 % Organit 37.85
matter
16 Avallable 11.98
phosphorus
17 Acid soluble 23.67
phosphorus )
18 Exchangeable 1.77
- potassium :
19 Exchangeable 48,27
calcium
20 Exchangeable 50,93
magnes ium

Eigenvector

STERKIANA NO. 62, JUNE 1976

Percent of explalned variance for each variable, first
four eigenvectors:

2 3 L Total
14,55 .00 14,48 43,08
7.93 1.12 1.20. " LB.64
.00 4o, 24,54 68,60
5.07 12 .56 80;85
1.02 4.53  29.03  85.05
20.56 .67 o4 8317
12.91 9.65 7.58  50.91
b.40 . 53.23 2.55 87.50 .
1.37 6.28 10.98  87.90
14,81 .26 2.2 9133
1.73 1,21 113 88.53
12.02 16.09 21,20 57.32
48.68 .0k 6.57 - 63.55 .
29.48 20.48 9.82 62,450
26,07 .90 95 69.77
1633 Wh7 - 2223 9h.7)
16.88  4k.91 6.46 ",91‘..9‘2‘
6.52 2 19.62 28.33 -
31.36 1.49 14,94  96.10
23.18 .01 .95 75.07 -

.in nearly all of thé samples and which have .the
highest frequencies. These species are concluded
to be characteristic of the habitat of the sample
area. The lack of sxgnificant correlations (Table
5) between these species- and soil variables, and
the lack of evident covariance based on factor
.scores, suggests that they are responding predomi-
nantly to other écologlcal parameters. At least
fifty percent of the variance of these spec1es is
explained by the first e1genvector .

Much of the remaining variance of Helicodiscus
parallelus and Retinella indentata is explained by
the second eigenvector (Table 8). With much of
their variance already accounted for, these species
and Anguispira alternata and Helicodiscus singley-

anus show a general pattern of covariance of simi-
lar amplitude as six of the seven soil variables
{excluding potassium). The covariance of the snail
species, however, is in a diréction opposite that
of the soil variables. Samples 1,-4,.9, 10, 11,

13, and 16 contribute mostof thevarxance accounted
for by the second eigenvector (Table 9). These sam-
ples also suggest a pattern of distribution of the
variance between sample points that'is oppos1te to
the pattern indicated by samples‘3 5,6, T, and
14. : TR S

Follow1ng the computatlon of the second eigen-
vector 50.4 percent of ‘the total variance of the
assemblage has been accounted for(Table 6). In the
third eigenvector, the last one consxdered to be of
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Table' 9.
(sample).

»_Samplea_ Eigenvector

| B 2 3 4
I 12208321 - .336089 - -1.056477 1.189470
2 ,", B 26662 1.225691 © 0 1.281039 - 228042
3 } 'i", -4.692862 - -2.754288 1.911508 - .595574
" ::a 1"f’“'1.29382§; 1.070858 639006 -2.156628
- 5. ':_. | i h.8|3o39l 22822209 1.b19051 -1.\93376
6 j..: B 3.621062 - .239646 -1.288072 - .64hL32Y
S »?.28!698: -1.696686 .931875 410141
g n | 1-2.053272' - 516163 747936 -2.749899
B o 2.520461:, L 1.487161 - .207997 2.112110
1o S r.9zoé€9_';‘-' 1073638 487117 76514k
n  » : .3632‘01"‘. 3.6\1929 2.092990 .548227
: -:}23;"'}:f.;J - .3513§§f ff.5-{;;48h36 C L9181 - 858923
:  ;j3.'f.': I -4.3&9376l;vlr 1.190759  -h.685825 - 120355
.lihf” * _.'3, _ 230820 -2.963130 1299530 3.03 1444
1[vi5;'f'; ‘;-" '}|,7352§}T  _: 998141 997426 497122
-.:lb1lf;f -;f; j:72{3i0887  _':_ i.u18z73 C - 539726 - 006536

“pertinent value ‘in this éhalfsis, Gastrocopta con-
tracta and Mesodon friabilis have factor. scores of
similar amplitude but which covary negatively with
available and “acid- soluble ‘phosphorus {Table 5).

" The remaining species’ tend to covary, negatively" or

to- have little relatlonshlp to soxl varxables

The results of Lhe elgenvector analysxs,,ln ad-:
- dition to the: results of -the simple correlations’
(Table: 5), ‘permit the conclusion that the soil pa-

rameters measured in this study are of secondary
or tertiary 1mportance with respecL to the ‘distri-

‘bution of the spec1es 1ncluded 1n the factor ana—<

lysis.

Qualitative habitat differentiation

"Efgenvectors with' factor Toadings for each observation

15

During field study the sample area appeared to .
contain two habitats which could be distinguished
on the basis of apparent cover; .4 sparse grass-and-
moss assoclation on top of the mound and a humus
layer increasing inthickness on the.sides -and toe-
slope of .the mound. It was hypothesized that the
analytical method used to study covariance of spe-
cies .could provide data justifying a qualltatlve
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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hakitats do contain markedly different data sets
with respect to snail. frequencies and soil 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 Punctun minutissimum and Gastrocopta
pentodon, a generally higher frequency of other
species (excluding species not included intheé fac-
tor analysis); and a generally greater organic mat-
ter content per unit area. The samples included 'in
arriving at this conclusion are 3, 13, and t4.

The top of the mound (samples 5, 6, 9, and 10) is
separable from the other microhabitats due to gen-
erally lower snail  frequencies, particularly of
Gastrocopta pentddon and Punctum minutissimum, and
lower organic matter content,

Due to the transformation of the raw frequency
matrix a conclusion regarding differences in .spe-.
cies diversity between habitats must be based on
Takle I. Again, the samples from the top of the
mound are conspicuous because of the fewér species
per unit area than samples from the west side of
the mound. Samples from the east 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 eigenvector analysis. Hawatia minuscula, Heli-
codiscus singleyanus, and H. parallelus tend .to
predominate among the species present in the sam-
ples from the top of the mound (Table 7 and Figure
1). Hawaiia minuscula and Helicodiscus parallelus,
in addition to magnesium and calcium, had a high
degree of covariation in the first eigenvector.. This

is due in part tothe pattern of variation of these

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 insamples 3; 13, and 1l4; 1. 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 AND CONCLUSIONS

Tﬁe 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 still covary; Hawaiia minus-
cula and Helicodiscus parallelus. Anguispira al-
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ternata and Helicodiscus singleyanus form a group
also of secondary importance.

Species included in the primary group have been
shown by numerous investigators to be characteris-
tic of forested habitats (Burch 1956; Douglas 1963;
Atkins 1966; Elwell and Ulmer 1971). Nearly all
of the remaining species in the assemblage are com-
mon in other forested habitats, with the exception
of Vallonia perspectiva and Gastrocopta armifera.
All of the species of this assemblage could be ex-
pected to occur in a range of habitats; 1. e. many
species may occur inareas more open than the Muel-
ler-Ringhausen forest, particularly Hawaiia minus-
cula, Helicodiscus parallelus, Vallonia perspecti-
va, and Gastrocopta armifera,

Previous authors (Burch 1955, 1956) have conclu-
ded that ‘potassium; phosphorus and pl have an in-
direct effect on the distribution of land snails.
Burch’s study considered the relationships of soil
variables and snails on a regional level. At the
local scale of the présent analysis two species
were found to have significant simple correlation
with soil pll; Mesomphix friabilis and Vallonia per-
spectiva, the latter having a negative correlation.
Mesomphix friabilis was also significantly corre-
lated with calcium and magnesium,

The latter species, in addition to Gastrocopta
pentodon, Punctum minutissimum, and Strobilops la-
byrinthica, were highly correlated with magnesium.
Using multivariate techniques, however, 1. e. ex-
amining all the variables simultaneously, there was
no definite pattern of covariance between any of
the above species, which were the most frequently
occurring ones, and soil variables. When examined
bivariately these species appear to be responding
to the pattern of variation 1in principally magne-
sium, but also to calcium.

There is an absence of significant bivariate cor-
relations between other species andorganic matter,
available 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 snails. 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 organi¢ matter on the
distribution of smails. 1In the present study or-
ganic matter isconcluded to be of minor importance
in terms of its covariance with a complex of snail
species characteristic of the local area.

During 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 véariables were examined together. A fac-
tor analysis: was utilized to summarize 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  development and mainte-
nance of the expansive deciduous forests of the
Prairie Peninsula. It is in the deciduous forests,
where soils are acidic and on acidic soils of tran-
sition zones between forests and prairie, where the
quantitative ecology of land snails adapting to
soil, cover, and moisture conditions will -be most

substantially -understood. This is due primarily -

to the lack of significant effects brought about by
the preservation of shells, as happens in alkaline
environments. In addition, refined sampling tech-
niques can be expected to result in qualitative
measurement -of intra- and "inter-seasonal variation
:-in the molluscan assemblages, and -thus in quanti:

tatively based analyses of changes in gaetropod com-
munities. ;

- ‘The quantitative definition. of habitat groups,
similarity of .covariance, of a complex.of species,
. has distinct advantages over subjective assessment
of species lists and the comparison of only a few
species at a time. Continued use of multivariate
techniques and refined data collecting techniques
" will contribute to a more complete understanding
of the relatlonﬁhlp between land snails and their
physical environment. Such improvements .will faci-
litate more detailed interpretations of past.mol-
luscan assemblages, and thus more accurate recon-
structions'of past environments: based on terrestri-
al mollusks.
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POSTSCRiPT‘ON MUSSEL VS. MUSCLE
IN RELATION TO BIVALVES .

RALPH W. DEXTER

Keat State University, Kent, Ohio

Confusion in the use of the common word 'mussel’

or ‘muscle’ in reference to bivalve mollusks has

been an issue of long standing. - The problem has
involved usage inpublications and on maps, and es-
pecially with reference to whwt is officially re-
cognized as the 'Muscle Shoals’ in Tennessee. ‘Wri-

ters especially concerned over thismatterhave béen

Ortmann (1924), Matthes (1925), Dexter (1961, 1967)
Since my last report I have en-
countered a number of additional cases of suffi-
cient interest to warrant publication.

Daniel Drake .(18..1-5) inhis historically important

account of Cincinnati and its environs consistently

refers to 'muscle shells' in reference to the clams ..

of that area.  -..According to H. E. Wheeler (1935),
Timothy Abbott Conrad wrote to Judge (harles Tait
on 10 April 1834, ‘I have my boxes safely deposited

in my bedroom, the flaor of which is carpeted with .

muscles and fossils not greatly to the edification
of my mother and sisters.’ Col. (harles Whittle-
sey (1869) refers to the
paper he read at the meetings of the American Asso:
ciation for the Advancement of Science. :

1 have long been concerned about the spselliné of-

Mussel Point at Cape Ann, Mass. As noted earlier
the oldest maps andatlases used the obsolete spell-
ing ‘muscle Point,’ but on the modern maps it is
given as Mussel Point. One exception is the U. S,

Coast and Geodetic Survey Map 243, East Coast Mass. ,-'_
Ipswich Bay to Gloucester Harbor, published . in
1958, which reverted to the obsolete spelling. 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 ob-~
solete spelling appears in the Atlas lut the cor-

rect spelling ‘Mussel Point' appears on the map.

In Jordan's report on the California earthquake

(1907) he makes reference to Mussel Rock on the

shore of San Francisco.. In modern maps of the In-

dian Ocean, Mussel Island isdesignated in the Gulf

of Manaar of the Indian Ocean. On the other hand,

the Reverend Henry W. Winkley of Saco, Maine, wrote '
to Dr. Victor Sterki 19 Nov..1891, ‘the last. item: .
in the Nautilus speaks of the fish Rhodius amarus - .
depositing eggs inthe mantle of freshwater mscles,’

etc.’ Dr. Victor Sterki, of New Philadelphia, Ohio,

" wrote to Dr. Henry A. Pilsbry, Curator of Mollusks -
at the Academy of Natural Sciences of Philadelphia

in Pennsylvania and editor and publisher of the

. Nautilus, 20 March 1899 as follows, . ‘Tf the word

‘muscle Shoals’ in the
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- mussel - was - changed to muscle .it was a printer’s

blunder, which . 1. overlooked when reading proof.
Your use of the - term (mussel) .is of course per-
fectly correct.’ (Hoth  letters at the Carnegie
Museum, Pittsburgh, Pa.) ‘Possibly changes made by
typesetters and printers may explaine some of the
confusion in the use. of these words.

In Sterkiana No. 49 (March, 1973) Isom (p. 18-20)
criticized Stansbery forcontinuing to use the name
‘Mussel Shoals’ in his report on ‘Rare and Endan-
gered Freshwater Mollusks inEasternUnited States.’

‘Officially the locality isknown as ‘Muscle Shoals,’

but some malacologists continue touse the more ap-
propriate spelling. ‘Although van der Schalie 1in
Sterkiana No. 52 (1973) hedges by using the offi-

_cial name. he puts quotation marks around it (i.e.

“Musele Shoals’ ).
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MICRO-DISTRIBUTION OF LAND.SNAILS
IN_AN ARTIFICIAL. TALUS SLOPE

RAYMOND W. NECK

Texas Parks & WlelLfe DepartM(nr-
John H. Reagan Building
Austin, Texas 78701

An examination of an artificial talus slope in
Alpine, Brewster Co., Texas, on 16 December 1974
revealed a heterogeneous environment in relation
to suitability of microhabitats for land snails.
This man-made talus slope formed an edge fora fill
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 could be detected).
Bocks included a light-colored aphanitic igneous
rock and a hard fossiliferous limestone.

Four species of snails were observed at this lo-
cality: Achatinidae: Rumina decollata l.. (54 living
snails and numerous dead snail shells); Pupillidae:
Gastrocopta procera procera (Gould) (38 living
snails) and Pupoides albilabris (C, B. Adams) (1
living snail); and Succineidae:Succinea sp. (grous-
venori Lea?) (4 empty shells), R. decollata and P,
albilabris havepreviously been reported from Brew-
ster County (Cheatum et al.-1972). This collection
‘is a new county record for G. p. procera, although
it 1s known from three of the four adjoining coun-
ties (Cheatum et al. 1972; Leonard & Frye 1962).
The Succinea cannot be positively identified as no
live material could be found. Shells collected at
this site are similar to those of S. grosvenorti.
S. grosvenori has'. not. ‘béen reported from Brewster
Co., although itis known. from adJoxnlng Jeff Davis
Co. (Cheatum et al. 1972).

Distribution of the snails under the rocks of the
talus slope is summarized in Table 1. The data re-
veal adecided 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. The ap-
plication of the test' in this case is ‘marginally
" proper as the expected value for one of the catego-
ries 1s less than-five (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
snails were found under the igneous rocks.

Shelled mollusks are-greatly affected by soil pH
and calciumion concentration (see reviews by Lozek
1962; Newell 1967). ‘In :‘this case,
soil 1is homogeneous; some: factor associated with
the rocks involved affected snail distribution.

If one assumes that both types of rocks provide

however, the’
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sufficient. protection from desiceation and over--
heating from excessive solar radiation; some chemi-
cal factor(s) is (are) the determlnant(e)'()f the
dlqgrlbutlon of these snails. )

One would expect finding a surplus of snails in
association with the limestonie rocks. The absence:
of snails under the igneous rocks indicates thée °
likelihood of the existence of a repellant charact
ter which apparently prevents these snails from-
using those rocks as resting sites.
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TESTACELLA HALIOTIDEA (DRAPARNAQD)
FREE LIVING IN PENNSYLVANIA -

BRANLEY, A. BRANSON =

Eastern Ken'tucky University
. Richmond, Kentucky 40475

On 9 October 1975, Dr. C. J. McCoy, Jr., Carne-
gie Institute, Pittsburgh, Pennsylvania, .collected
one adult specimen of this slug from the concrete
‘steps 6f the museum. Although the - species has been
reported from a Pennsylvania greenhouse (Dundee,
1974), this isthe first record from a metropolitan
out-of-doors site. Additional -North American loca-
lities include Illinois, Nova Scotia greenhauses,
and Tennessee (Dundee,. 1974), San Francisco, Cali-
fornia and Oregon (Hanna, 1966 .

Native to Western Europe, Algiers, Madeira and.

‘the Canary Islands (Tryon, '1885), this..is a very

‘secretive burrowing form which spends most of its
i time - underground- feeding principally upon earth-
worms (Hanna, 1966). }

" Two-additional .species of Testacella have been
reported from North America, T,.scatella Sowerby
(considered as conspecific with T. haliotidea by
some authors) and T. maugei Férussac.
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REPRINTS OF RARE PAPERS ON MOLLUSCA: MULLER, 1774, VERMIUM TERRESTRlUM ET FLU-
VIATILIUM, SEU ANIMALIUM INFUSORIORUM, HELMINTHICORUM, ET TESTACEORUM, NON MA-
RINORUM SUCCINCTA HISTORIA .... HAVNIAE ET LIPSIAE, APUD HEINECK ET FABER ....

FOREWORD

Anyone interested in land and freshwater Mollus-
ca has encountered and perhaps deciphered the cryp-
tic ‘Mill., Verm. Terr.’ and soon finds out that
this refers to the great work by Otto Friedrich
Miller on the non-marine Mollusca of Denmark. Mil-
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 Américan malacologists who were collecting and
describing American mollusks inthe earlynineteenth
century. The need to consult Miller from time to

time still makes itself felt but it is a lucky ma-
lacologist” who has easy access to Miller's book.
It seemed a good idea,: therefore, toreprint it se-
rially in Sterkiana and to print. some extra copies
to bind together later on. ~The book has some 230
pages ‘and 18 well within the space limitations of
five or six numbers of Sterkiana. :

. The University of Michigan, with customary gene-
rosity, permitted xeroxing of their copy and re-
production inSterkiana. This gracious gesture will
place intheir debt all but a few malacologists, i.e.
those who own or have -access to an original copy.

Al L.
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- TERRESTRIUM er FLUVIATILIUM,
-~ ANIMALIUM INFUSORIORUM,
- HELMINTHICORUM, er TESTACEORUM,

NON MARINORUM

SUCCINCTA HISTORIA,

AUCTORE

. OTHONE FRIDERICO MULLER, |
. vREGl DA\L«, A CO\ISH IIS JUSTITIAE =r CANCELLARIAE , ACAD. SCIE\IT. |
' NAT CURIOS HOL‘VIENS er BOICA , "NIDROSIENS. BEROLINEVS

ALIARUMQUE SOCIET LITTER. SODALI ACAD. PARIS COI\RESP ‘

VOL UMEN ALTERUM.

| HAVNIZE er LIPSIZE,
" apup HEINECK et FABER,
' £x orricva MOLLERIANA.

1774,



| ‘:Qual Vitruvio fobrica loro una cafa fi capricciofa, e im-

wofibile @ imitarfi dalf arte? Iddio, comprefo Jotto il vocabulo  di.. .-

.Natura, geometrisa in ogni fue lavoro, come dicean gli antichi,
oude poffan con uquaf fatica e diletto mella femplici voluta.ds
na Chioceiola raggivarfi i penfieri. BUON, RICREAT, ’
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atis lapillis & teftis lufum éft; fatis (ru€uracochle-
~arum & concharum muldiplici, earundemque -
“coloribus in infinitum variantibus ftupuimaus. .

Nuces jam derhum pueris relinquere convenit;” viros

. nucleum, non putamina, quzrere, hofpitens, non do- -

‘miciliam unice, mirari. penitusque nofcere - decet.
" Hunc fi noverimus, rationem diverfz habitaculi
‘ ._ﬂru&urae', & ipforum forfitan colorunt in -co’ inveni-
' ‘remus, hallucinationesque au&orum in dlﬁnbucxone‘
generum ‘evitaremus. - S

. Partes fexualés vegetabiliunt, in pIurlbus mi-

~ nimas, in multis dubias pro fundamento fyftematis
- .admittunt Boramu, totum animal in cognitione & di-

- fiributione Teffaceorum negligunt Zoologi, teftarum

" figuris, - dentibus & aperturis, charalteri ir plaribus -

"f“-gencrah lubrico, vago, unice inhzrentes. - Hinc =

- Teftacea terre/lrza fluviatilia | marina, operculata,

o & 0perculo deflituta, quadricornia & bicornia, quan-
" | 43'--_uunws



tumvis maxime discordia ad unum idemque genus vel
promifCue rediguntur, vel in genera Nature ‘abfona
confufe dlfpefcunn.r. Hujus exempla apud aultores,
qui animalia ignoravere, illius in Hrrice periiluftris
a LinNg, exftant, Jure quidem miratus eft Fabius

Colwmza, neminem omnium, qui de teftaceis verba
fecere, in teftis inhabitzntia ammaha confiderafle va-
rlasque eoram effigies tradidiffe, ‘ar m uabundus ipfe
in mumdcfcrxpmonc fubftiric. - Indc centim & quin:’
quaginta & quod éxcurrir, anni effluxere, antequam.
ullus, (anatoimicas” perpaucoruin delmpmones o1
moror) ‘nutui hatire & monito Coluyune morem gef-~
ferit. : Primus: poft tanturm intervallum claridf; Azz’ar?
Jon fumma opera & fagacitate teftacea in waGu Senie-
galenfi- Africz obvia inveftigavit, primus celebert. -
Geofroi-in domeftica inquifivie; eo animo uterque, ut’
ad genera effingenda ftructuram animalis in confilium -
vocaret.
Teﬂ:acels terrelir,bm & ﬂzwmtzlzéw agTt Frzd-

richsdalenfis per aliquot annos incentus, ‘quadam no-

va, ‘plura ftitu digna inveni, qua cum culeoribus rei
nacurahs comrhunicare mens eﬁ Ut vero ininuscog-
niza nofCantur’, notaque facilius quazrmcm . mechog.'i
dum firigere, vel jam fitam fequi neceffle elt.  Ha- |

beant fuas dm(‘ ones, qui‘conchylia ad pompam col-
: ligunt,
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" Ligume; arbitrio cujuscunquc 2ultoris innixas; natira
' fhllell naturam confulant, tummqu‘e {fequantur,
- faleem in s, que ante pcde; funt -& quantun licet,
*Methodum enim, gui ex mera tcﬁarum infpeftione,
- nullo habito mhablcanus refpeCtu, concinnat, Cythe-
rem & Lyncewsn Monoculorum, vera infe&a, in nue
* meruny teftaccorum admiccere, aquatica & terrefiria
~ eidem generi ad&ribere, hofpitesque fimillimos ob dic
| Verﬁ:m habitaculi faciem feparare deber.  Qui ex
.‘{kru&ura teftarum & vermium fimul. dlfpo(~ tionem
~componit, ex unico Helicis gepcre fepccm faitem ge-
nera, ex Planorbe tria ex Nerita tria, mvita quidem
~ nawra, fingar.  Sic clarifl Geofrod, qui in definitione
generica teftas quoque admitdz, eodem jure,- qua
_/ul’}’z.’?ll a Plonorbe, cum fola tefta differre concendir,
fejungic, propriumque genus conftituic, tmrritas He-
lices & depreffis & globofis, depreffos Planorbes ab ova-
© pis disjungere debuiffer; at recte fejunxic, ‘novumque
‘ ?'genm finxit, licer veram & validam DOVi generis ra-

- tionem .minus obfervaverit; limax enim Anc)’z non

* tanturmtefte fructura a P/aizorbe diverfus-eft, -fed ten--
P "tacuhs quoque, qua in hoc longa & jétacea, in ifio-
" brevia & truncata, funt.  Ea qmdcm divifio, qoz & .

‘ .""':vlf.ad teftas & ad vermes refpicic; adeoque & fenfibus &

- ‘rationi fatisfacic, optima effe, fifigura teftz Strultu- -
e hofpms exteynz refponderet., cum vcxo hmaces,
RENE generc
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gencre imiles domunculas genere diverfas habitent;,

alla omnino ex urroque nota differentialis  generica
peti poteft. . Ordines hinc ex fruttura vermis gene-
raliori; genera ex numecro figurague tentaculorum,
ex fitu oculorum: fubdiviiones & fpecies ex figara-
tione unicuique tefta propria depromf(i. Hoc Naturz
maxime congruum- €fle,- ex eo patet, quod animalia
fimillima, externaque facie prorfus eadem, vel nulla
vel teftis infinite variantibus, lege tamnen omni gene-
rationi immurabili, inftruantur, dehinc ratio, ob:quam
limax nzdus & tefta tectus eidem ordini, terreftris ver
ro, fluviatilis & marinus, tefte licer fimillimz fine, S
diverfo generi fubmitti debent, ipfis oculis perci- ..
pitur. \ o

. ‘Objici qﬁidém poteft, teftarum hofpites explo-

rari in folis domefticis concedi, at ex eorum inquifi- .~

tione tanto plus volupratis & emolumenti redundatu-
rum, quanto opus quodlibet artificiofiffimum opitice
inferius eft, abunde evincunt obfervationes in oeco-

nomia horum animalium nuper infticutz, exotico-

rumque limacum inveftigationem, increfcente indies -
in Hiftoriam naturalem favore, Conchyliclegis pere-

grinantibus curz cordique futuram, ominantur. Hac .-
ratione, fi unquam, Syftema Conchylioram naturale ..

fperari potett. . Difficillimum  quidem argumento.
gemino,



TESTACEA. | ix

' gemino, at minus jufto_arguit clarif Sckriter, quod
‘nempe te/?ac ca Gallic in Germania non eque indigene
~ fiut , quodque diffe erentia ligfpitzzan teflavum genicris
diverfi nullo, vel faltem indifiinéta fir; hoc maxime
‘probat, teftas fimilium animalium, licet fint diverfz
- figurz, minus tamen bene diverfi generis dici, com
" a potiori fumi debeat charalter genericus, ac f{imilia’

~-animalia, 2dx‘ma etiamfi diverfa mhabxcanua, uno no-

mme jungi, diffimilia, inhabitationes quamvis fimiles

, feparari e nutu- Nature; illius vero ‘contrarium
_ ‘verum eft, teftacea enim fluviatilia & terreftria nulli
- regioni propria, fed maximam partem toti Europa:

-comimunia funt.

Q_ubus interim tef‘tarum contemplano fuﬂiut,
s dxvxﬁones a figura domicilii ubique apud auttores repe-
- .rient.  Ego,. loco taliscunque diftributionis arbitrarie,
contra primam operis ideam, quz circa indigénarum
hiftoriam unice verfabatur, “utque hiftoriam oftraco-
dermatum zerrefiriumn & fluviatilium *) quam maxime

'- completam tradcrem, quascunque tc{tas, qua vel autto-
: : ritas

*)- Divifio, Teﬂaceorum in urreﬁrm & ﬂu.;mnlm, fi teftas refpicis,

nature reputruat fi vero animalia,’ maxime confentanea eft;
tateftribus enim non tantum tentscula forma & fhrudtura 4 .
fluviatilibus diverfa , fed iis quoque folis quatuor tribuit,- nec -

paucx(ﬁmmmn umusque cla[’ﬁs in aqms & in - tersa_momen-
b S taneum
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ritas ﬁcﬁ.xxotorum, \ell.au.bua :cqu.m'ea\ fuviadies fe-
cit, in Mufeo proprio vel civiam obviis deferipfi, fuo-
que locs inferui. Ho\. quidem ex parre & ante me pra-

- ficere. virt 1I‘L4‘tr°“; Geofzoic m.r terreftria & fluvia-

tilia, Sehiditer fola terreftria, (.o,/,':[z’:::z deferipfere, Lifler
vero & .Ifz. ini de tota Teltaceologia opiime merid,
© quicquiddentrog uc'cu‘jus;xbctre'v"o'uiscoucm’c‘nno:ue-'
. yiz, e propriis aliorumguae obftrvation! ou;uol'cmlunt.
, 'Q‘z tamei:in ‘hoc opere numerum novarem & minvs
- -notarGm’ fpeuerum Compl.t"\’crlt,\.eu.zlDtloan omnes
- de novo faltas, obfervaticnes quam [ plarimas, erro-
. resque au‘toxum paucis caftigatos viderit ; ,  nihilque
X allO4 am audto: tate , - fod quodvxs , ‘minus .vulgare,
| v)ropv'na mm'vanombus proI tem, obfervamonesouc '
audt ow.n meis non contrarias, ne centies dicta rege-
- peritar,” - omiffas ‘antimadverteric,,  operam fupcrw
. caneam nxmmc ccnﬁx , viris praclasis publice &
~ privatim’ cdwoncm opvns e\opt.mubus gratias ha-
O Ln..urus. S

| Spc».xahora dc d’ormncuhs & Q’Ilhhlb te{faceo-

- ruim inipa cuxushbet hiftoria monui, generalioribus hic

} -lo.um ferv‘.vx, cumquc mcclle&us humanus anguftis
L : - ﬁmbus

"mvam Loﬂ mum terrennm gentcm in aqustican, \d hane in

" jllam: mviskat; xgring mariia a ﬂu.wnh{ms feparantws, at hoe -

e ,»l‘haud p:a:fuws mdaguus S
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....'b:::-c.xyumu.rxmus fir, ac memoria fucile kabce, hal-
Tacinationes fagaciffimis quoque non poffusc non ob-
 repere, o vero exattiori cura d""cl.uv’* ione, quo
| :'m“‘.or'-‘ euttoritate  derivanwur 3 paucis -igiter, que -
- circa teitacea terreftria & ﬁaxutu.a ver {th:..r, néc m-‘
_'xpfo opere memoratx faat, notare lubet. |
» L?m:c‘ }/wnﬂcom 25 OMMES tofy cf’crea ﬁm & mi-

~ Bus. vero omaes tereftres. cu.;dmorms 5 Vertigo &
o Caryebitin legem hane Cow hyliologis: generalem li-
" mitant, Aquatici omnes Licornes ; minus vero vice
~verfa. | Helicern Saceinesie: aa&ores mﬂpb;{mm- ¢ dixe-:

U rey quum ci f’oh proprium in aqua xque acin terra vi-

_.vere crederciur,. at hoc plaribus ze rreftrivais cominune:

" elt, mulos cmm aguzx immiffos non fuffocari , quos-_.' ‘
,_ dam f«...’b, at ufumant, ‘aquzwe ﬁ,onte tradere ideo-. -
. quelocum aquis claufum, quem cochlearus infti-

- tuendis ‘Parro indicat, non {adis ‘tatum’;. varxetatcm-;f ,
'-.'quc H 71@/10/:31’/& quod i noulanﬁ?mum puto, fundof--__

i 5 e\ tom a.(‘ratc vxvcre . obxervut ottibus didici, . Fli~-

wiarles non contra: aqua chim extradti &n ficco po-

i b;L\A creunt ; nocmdum enim’ H ﬁ.ummm,f

{'qu‘.m ﬂuvmt'lc.m cenfém pierxque, effe ter re{hem, id
‘quod. centaculis guatuor & ﬁlxva, qua aperturam- more

e terreftrivm claudlt, egregic probacur. ‘Plares camen = .
aouam lponte defu um:, plantis aqumcxs vel pancnbusi '

b2 \'a('s,
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vafis ,” quo‘continentur, exera aquam fefe affigunt,
xblque poﬁ ahquoc horas plerumque pc:rf:unt° '

- Teireftrium & fuviatilium vickus ex hCl‘blS eﬂ
nudi Fungos, Boletos & Agaricos inpriinis in dehcn;*‘ B
habent; at inediam ulwra-fidem pati p‘ofTunc"‘-mirat‘ﬁr -
quldcm Leffer decemdialem, ego vero Hel. nemcorales
ulcra annum ‘absque emni nutrunenco ac Buiccina &
lezo; [zc’sper integros menfesm aqua immutara omms-_f '
que’ vegetabxhs experte, vivos fervavi;- fluviadiles giit-'

- tulas aque, -hisque immixtas moleculas terrenas,, ani-
' malculaque mxcroﬁopxca fere continuo ingurgitare vi-

di, tefreftres verd folo humore deris’; pluwaquc natu-* -

- rali vel faltidia; quamy; -uti plaritd marina aquam po-
¥is corporis undequaque haufiffe fufpicamur, - vitam fu-

frentare. - Erfant tamen, qm te(tacea {ola hum,dlracc" o

‘aquarum ubxquc in"poros- penerrauce nutriri- pucant, L
organa oris nec ‘terreftribus ‘nec “aguaticis ‘fraftra tric
buta“funt’; “utrague nutrimentum-ore: capere fszus‘ _
vidi Papyro quoque & calce vefi dicuntur, mihi’
vero Liviaces & Helices ; ut fefe carcere liberar ent,
chartam rodebant ‘& dilacerabant, /lapitidaimque au&o--
rumab omni-caleé rémotam vitam degere infra dixi;

qvo medlo panem, cafeum & pxﬁ:xum caudam Iélﬁim-"_f' -

") Hmc eﬁ'..rum Llﬁerz & ahomm cocblen.c rcrnﬁru warina ES" dul-‘
. i aqua eque necari, anatom. p, 8r., in geuere non valet.
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"-que carnem e longinquo olfacienr, unde’ipie Liffer
‘hoc fciverit, ignoro.  Fluviatilia ore & tefta hiante
gucealam roris appetere, fiecula majorum fapie.,

- In terreftribus decantaza poetarum & p)&orum,v
J,_mbus quelibet audendi fingendique poteftas, fagitta
-amatoria revera exiftir; primo vere ubique in hortis
inventu facilis, - perpaucis licer mortalium unquain vis
fafie. Conch"holoworum princeps Lifler eam jam
vxdxt obrerquc dehneavxt, corpore H. newioralis ex-
- tus.infixam, fepius extraxi, amicosque extrahere feci,
Candida eft, pellucens, cartilaginea, quadrata angu-
lis. fuibmembranaceis, apice acurtiffima, bafin verfus
aliquantum coarttata & teres, ipfa bafis vero orbicu-
lata eft, & truncata: latera percurrit quafi linea utrin-
que pinnata; lincam lata, ofto lineas longa eft.. - Cur-
vam. minus. bene Lefler dixit, cufpide'qUadr"upliéi
inftrudtam perperam aronymus “). - Humoris. ca-
rulei, quem ex vulnere defluere narrac Liffer, nec .
" vulneris -ullum vidi vefligium , licet: ex_ .utroquc in-
. __jvxpﬁa copula fagittas extraxerim. i o

In tefta toltis coitus non ante peragxtur, quam

o tcﬁze incrementum, abfolutam fit; abfolvitar enmim in
_ plerisque; cumlimax marginem aperturz labro firmat. .
. Hoc pubertaris indicium, jam enim materies, quamna- =
tura exftruendz domunculze fuppeditat, formarioni G
L o3 gtz -
') Schaupl tz . der Natur, vol. L p 277, '
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- i cupidinis, propagationi & crganis ad cam necel-
fariis impenditur.  Qugdcs coire cupiunt, altera aleeri
fagittam vibrar, hwe vel jusca decidic,  vel aiceram
tangens corporifixainheret.  Helices zeizvoralesv erfus

finem Aprilis & Seprembris, medio Juni & muﬁb s

& {ub initium  Maji copula juniias deprchendi:
/s

“Varietates Limacis cinerer ad: meridiem & die fe-

1'c1a‘ineuureAu0u(toLz'/z‘ﬁr in copula vidis, ego eodemt

anni tempore, poft meridiem: quoque & tempeftate -

maxime pluavia & ventofa individua varieratis«Lima-

cis atri & individua variet. « L. cinerei inutuo Jun&a%f-.--; )
contemplatuis fum.  Ope humoris viftidi coagulati & =~

indurari, - caudas involventis, corpora mrlusquc, -

plici gyratione implexa, tres ulnas fupra cerram-de
trunco fagino libere pendebant; infra capita a de).craf{; :

colli parte propendebant genitalia utriusque glutinofa
feprem gyris, plicis innwmeris, circumatta, motu fer-

pentiformi a.dextra infinifiram et v, v. continuo aleers -~ oo
nante; - cre alrer alterius foramini anali adjacens; glut- .~~~
nofam genitaliun {ubftandam mordens {uttu alterna- -~

' tim adwraxit & evomit, fuaviisque ejusinodi fpa sciem”
fror)wa“at Foramen genitale ab anali diver{um eft;
hoc. in ipfo <lypeo limacis nudi, in collari tefta teEb

refpirationifimul inferviens, illud pone-caput, uaum-7

que in dextro latere; quod monenduny erat, quia il-- -

Luftris a Lipné & cl. Bomare utrumque quod Natuxa fadis - ‘_" o

. removet;’
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L r'em-ové'c y. aultoresque.apprime ‘diftinkerunt, ununr
- idemque dicunt; Aigenville *)- vero anwn & exicume
excrementorum dxve- {is Iocxs oﬁ:nan*ey poﬁ.:t. "

;_,Lim ces mb qudxsas & intra cortices arborunr
- emorwmarum &g. fefe OGobri conduat,’ Iusquc focis
- dups & fepins plures haud mmen diverfe {pecici in

o focxc:atc confhpa:os tota hlemc Iticalic reperi. - Ca-

- '.put c‘y peo condi- poceﬁ ,- MINUS vero cauda & totuny

| Terzmcrz[‘: obJe&Ov temando vix. mﬁrvmnt, nec
drer dmgcho, uzi, volunt sufkcres ™), limaces eninr
»tentaculxs ‘orbati aque libere & celericer repune; at
.. feafa nobis ignoto forte geudent..  In quadricornibus
- ope nervinigri, quem opticum vocanc, m ffe revolvi
~ poffunt, & quidem in. nonnullis mraxima celeritate ad
. medium dorfi usque; in bicovmibus fer aquatics ope

fmuﬁ:ulorum velrigida. extenauntur, apchque recur--

~vantur; vel laxa dependent, vet ad corpus refle€tun--
L J_mr, more vero cerrcﬂx ium: contrah» & i capnc condi, -
L g - | quod
*) Zoomorph P81 lem anus- souvre § Ia pxzrne mete du cohc.
& Jeuss excremens: foxtent ‘par un trou- voifin; '

| ‘) Arzn.mllr. Zoomorph. p. $1. idem oznlos, quos. "“‘“"bu’ s
.  teftis mbm nudis admnt, xbxd '] 84 & ohm Plnnm gor

i ohs présevsogs mr, b, nat.l 9 ¢ 3%

*,:ma prozendenses’y’ co;m’abmrz;gue oaulu carmt, “ideo corm.u.: o
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quod indicat Lrsrm\, inime poffunt;. ornli aquati:
coram. veftiuncur ‘membranala pelluscnge y - ‘quam li-
max, ut obje@ta perfpicue luftret, in'colliculum cri--
git. Tentacula inntilis & fupes flua temere pronun:
ciat clarif. ‘Apansox, cum .2b ignorantia ufis ad non
ufum minus lognce conclud‘.tur, ﬁ limacestestaculis or-

- batos vitam zque degere, ac iisdem inftructos cogni-
“tum habmﬁ”ct, {pecie probabi liatis fefe comm"ndarec' L
- nimis® jam * audax affercio, qmd vero, ' fi toto capxte
‘orbi vitain ultra annum producart, ancaput igitur
inutile & fuperfluum? cura, quaNatura capitis & ten- -
~ taculorum- reftitutionem molicur, - fenfusque: exquifi- -
" tior quam in reliquo corpore, quod ipfe eodem loco
conﬁtecur, fi quodvis aliud argumentum: dceﬁét, hzec |
o organa aaque unlxa &. neceﬁ'aua cﬂé ; evxncx:. :

Membrﬂna quam vereres Izmbrm, hod:crm in

"hmacxbus feu cochleax um- mthms collare. five: pal
L nominant, collum animalis cingit, ac ex. fenten- -
‘tia quorundam teftam interne & externe’ in nonnullis' -
veftit. : “Ufus ejus fecundum au€tores: wvarias: hiatus

duos,’ alcerum foecibus, alterum aeri mfcxvxentcmf'

.continet;. An.wsov putat, pa‘hum, collare, neaqua "

: ammaculo invito teftam intret, urpcdxre, vel mtromzf
 fam retinere. An limax unquar aquam in interiora
telte admmat, incertus fum, nec vxdeo, collan apcr-.] o
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“turam occupante; quomodo fiat, nifi foramine vel
~ branchizli- vel annali, hoc vero, dum foeces excer-
. nuntur, 1nodo. aperitur, illud fads patulam fpatium
vaftum fea interiora ipfius reftz ab omni aqua.vacuum
pariefesque interiores membranula glutinofa obteltos

- contemplari- permittit. - LISTER ot,ldem meminit,
. Buccinuin_foramen ad dextvum votundun & mzrru/ium'
| fibieficere folere, quo pifeium more: quodant. veciproco -

- aquanryecipiar ac ejiciat. - Foramen dexerum millies .
infpexi, - aquam incrare: & ‘ejici in. ‘Butcino nunquam

~vidis: ‘Planorbes quidem & Nerite e laxo pallio fipho-
‘nem feu:cubulum, huic forte ufui. accommodatum,‘ :

unandoquxdcm formaqt, ‘nec ~tamen in his. lufum

. Jaqua reciprocum perceph..- ‘Membranam triplicem
- -glutinofam diftinguo, .mediam & cra(’iorem, -duas-

-que-graciliores , mediz urrinque adnaeas. Illam Col
, ~1are, has Tmzzwm & Pa]lzzzm dico, -

Col/are eﬁ membrana opaca, & fpumofé qua‘_v-?

lxmax cingitur' & pro lubitu. conditur;, aperturam- .

""'_“tef‘:e A1 vel limax domunculo exir, ‘vel.in ‘ea lacet,

continuo’ oceupans & 1mplcns. "In eo, limace forxs'_ .

" egreffo, duo foramina obfervantur’; - trachca: & ani;

~ ~hujus ope excrementa fecernuntur, illius aér {piracur;

- . utrumque pro lubitu anjmalis aperitur & claudicur.

o Pra:cxpuus e)us ufus & nunquam non, rrurandus, in ter-
K - ¢. . .o reltrie

.7‘
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reftribus (pUmam_ ,- ex qua opercula momento for-
meneur, fecernendi, in omnibus teftam feu domiur-
culam ftraendi, lefamrefarciendi. . szica eft pelli-
-cala ‘venis, maculis, punlisque variegata, parictes
nteriores anfrattuum obveftiens, ac colores," quibus
ceﬁ.L animalculo foerz fuperbiunt, “inwinfecus’ fuppe-
ditans. ... Huic cx,.brmes interior tefte, huic (minime
-:_corpon hmacxs ‘quamvis maculatum fit) -omnes tefta-
‘rum’ maculz & punéta aurea, nigra, luzefCentia &e.
_ac ‘venaruni-ramificationes per teftam apparentes, in
gpluumxs noftratiam: terreftrinm & fAuviatliom deben-
- tar 3 -licet enim foris egrediatur animal, macule &
- puncta in. refta permanent, "ac T domo ¢landerctur;
¢ contra, cum fefe'in anfrattus minores fubducit, ma-
"-cuxa:& pax 1€t in majori evanefcunt, & fi totus extra-
Tatur, .tora te(‘ta immaculara evadit, fola falkia'in fa-
{ciatis teltz connata ﬁ.quhce. : Per foramen bran-
chiale col/arzs, qvod aper rirur, quoties limax foris fir,
inceriora anfraftus - ‘majoris luﬁrare lateraque undi-
- queTunica reticulari cooperta cont mplarx licet. - Cot-
lari & tunica omnes codﬂe inftruuncur, Pallio vero
perpaucz fluviatlium anrummodo *) gaudent: Hoc
.‘vcl mtecrrum s vcl in lqumas fiffum fupcrﬁcwm te(te

T T - vel. .

‘) In terremm'.s mxhx ob\.us foh Helix pel Mecida p 16. rndxme.m.m
: palhx exterie; lacmmm nempe , qua teftam’ per poht Tbidem &
7 infchemare generali collare ex fententia audtorum pallivm dixi, °
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vel ex parte vel totam, quoues lxmax foris vage:
tur, obtegit. : :

- Licet limaces toto corpore bnmovem exfudent,
tria tamen loca, quibus pracipue fecernitur, notari
merentur; collare nempe, de quo jam dmmus plu-
“raque infra dicentar, foffia triangularis in dorfo juxta
extremitatem caudz, € qua v1fcus mMOoinento coacrula- -
tus exftillac, novusque, quoties acicula auferatur; bre--
vi fuccedit, & ipfa corporis extremitas, ubi alius li-
quor vifcidus, quo limax veftigia fua notat , excerni-
tur,. In tanta humorum affluentia Limacis terreftris
ingreflus'a. LisTer apprime dicitar quadam veluti na-
Zatio in proprio humore , perverfe vero {ubjicitur: fi
' pon continuo iumdnter eunduimn evullaret, propric fu- |
liva implicitus loco adfigeretur, dicere potius voluit,
fi inter eructandum curfum non pergeret, nec hoc fa-
-tis juftum, limaces enim facultate hunc humorem pro
lubitu fecernendi vel retinendi gaudent, alias enim,
- cum’ fepe extra teftam temporis {patio qulefcant, ibi-

" .dem rore pingui coagulato tenerentur.  Spuma,
- quam laceflitz cochleae copiofe eru&ant, non e fora-
 miné branchiali; uti Liffer narrat, fed ex poris Col/a-
¥is, ena'féitur, ex. ore etiam more Larvarum falivam,

' cui minus bene formatio fimbriz teﬂ:arum mbuxtur )

.‘evomere at rarius, vidi »
c 2 ) In-
¥ Klein telt, form, p. 16 & 240 " -



XX ' TESTACEA.

Innceffius limacis ope organorum in area  media
plani inferioris corporisilatentium peragicur; ibi enim
“in ‘nudis prefertim motus ‘undulans concitatus, cen-
tinzo furfum tendens, id eft, ab extremitate pedis
pof’czca ad anticam, clare confpicitur.  Lente tamen
‘loco in locum movetur, etiamfi undarum alcera alce-
ram celeri lapfu cogat. * In flaviailibus nulla quidem
undulatio percipitur, ope tamenoccultx rotationis vel
ignoto mechanismo nec lenuus, quam :erreﬁres , pro-
oredmncur. : :

Limacés terreftres ‘tefta inftrutos imprimis de-
ftruunt Lacerte *) & Staphylini, fluviatiles vero Hi-
rugdines, carhiem limacinam ex{ugere appétentes,:

Atas & numerus annorum nec €xX nuimero an-
fratuum nec ex produttione apercturz in cochleis di- -
judicatur; ex illo quidem juniores & tate ‘provettio-
res diftinguuntur, -nulla vero -annorum determinata
menfura fumi poteft; .incrementumn enim teftz, - quod
- fitnovi fucci indurati appofitione annua ad marginem
- apertura, ‘rdtione xtatis, tempeftats, valetudinis,
nutrimenti. &c: variat, cochleaque ad juftam magni-
tudinem produfta, .vel potius limace generationi ma-

- turo,

) Jnm leu tempore lacerse inimiciffimuin genus cocblm H, nae,
L 8. c 30 '
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 turo, tefte margo in genere non amphus increfci, fed
- in terreftribus - f2ltern labro terminatur, * Falfum de-
hinc qu01 undam judicium, cochlides totidem annos,
quot orbes h=o°vc, faifam & contrad diftorium terre-
ftres aumero anfraltoum c’hnﬂrxo con yranter gau:
~dere, wmrateque ad decennarium’ augeri. © Numerus
dn perfeltis quinarius vulgaris, bmamb, ternarius &
' fedecennarius rdrus, intérmedii pa’Tm obvu, quxhbet
fuz fpeciei plerumque conftans. |
~ Rationem plunmarum tefizcircumvolutionumin
~ eo minus bene Liffer querit, quod limaces teftis non fing
affixi, corpusque eorum dehinc; ne excidac, muld-
phu gyro intorquarar, ligamentis enim parieti celtx
‘interiori adeo adhzrent, ur cadavera eorum non nifi
4 ‘~v'oxe,1ta ligamentorum ruptione ‘educancar) Quomio-
do Klein duas priores fpiras cochlez junicris minores
duabas prioribus cochlex adultz dicere queat, non
- video, in omni enim ztate volumine ezdem & immu-

-+, tabiles pbrfﬁum, nec ullo-modo augeri poffant vici-

nis anfra&tibus ftipatz; hanc ‘ob caufam, quoties de
{pecie juniorum few unperﬂ&arum cochlearum ambi-
‘gitur, difirattio feu reduétio: pc.rfc&zc cujus pullos
‘fufplcma 5 ad: tondem anﬁ a&us > omnc dublum tol- '
- lere vale

L Apertma cochlearum in qumuschm Iempm pa-
‘tet; in aliis operczlo clauditur; in Buccino & Plancrbe

o c3. . con~-
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continuo , in Helzce, thszme& Carychio pro tem-
pore patet, interdumoperculo. faétitio obturatur , in
Nerita & Valvata nativo clauditur.  Hoc dehinc_-per—
enne pedi limacis adharet, ac pro ratone apertur®
rovis acceflionibus augetur; illud a corpore disjun-
&um improprie operculum dicitur, pro lubita anima-
lis', effingitur & deftruitur,, =ftivo tempore meim-
brana pellucxda f implici conftar, momenta vel dies
perdurat; autumnah vero membrana mphcata, calca-
rea, opaca, totam. hxcmem duratura, compomrur.

Operculo fa&mo apPrturam pro lumtu claudendr
faculrate omnes Helices mihi notz Gaudenc, Turbini-
-bus cl. Schriter. nequidem exceptis, in Hel: enim /z-
brica, obfcura, pemczﬁz, Trochulo &c. operculum te-
nue & pelluc1dum - atnon calcareum paucxﬂimxs
proprlum, vxd1 '

Colore: teﬁarum aln epxderm{dx, alu ipfius te"rm
fub&antm calcarez deberx dicunt; in genere huic de-
beatur,  illamque omni pi€tura carere, faftiasque &
maculas diverficolores ipfi fubftantiz teftarum coalitas
per epxdcrmxdcm pellucere, in quxbusdam terr e(hbus -
& fluviatilibus reperi. Aliam colorum rationein in-
 fra exemphs demon{h'andam fupra indicavi: - Tu-

nicam. nempe hmacxs tcﬁas pellucxdas & immacula-
, - , o tas
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s Pun&la, macuhs, venis quoquc xamor s varic &

R graplnce exornanteny, Ena'nero & dwcrf’o falciarum
. fitn. charafterem fpccxhs.um perperam” defumi in ipfa -

st

‘t,e(’mcf:éo um huﬂorxa lu\.u'cnceL patc:. =

Cux.. dc dlﬁrwunonc & par:vbus conchy Ixorum'
‘muxta diﬁlrucvc au&orcs, ‘paucula de-binis  maximi
* . ponderis mo:menis in hitoria -teftaceorum -inter gra-
“ viffimos Naturz: Iéruranores huc usque controverfis

- modo interponere libee. ‘De formatzanc & ducremento

EEN teftzs, ac de- nﬂmmom' pamum aunﬂ’arum in hmace

' res amcm.;" 3 : . : '

Q._xoad pnmum duple\ eft ﬁntenna Phyf' fcorum,

L ,,Tfalccra nempe animalia tc, /’ac'ﬂa g ivfis & per ommes
- dinerfloies integiis tcjh.c ex 0vo in lwem prodire, al-

“otera bofpites. r'zzzdcm X QU0 AL NoU: zma cueny teﬂz.v ni-
jmcro m{fmé?zmm perﬁdz: euq/i'z. . S »

o facxll-mc ‘con! pxcxtur, hmaccs lbxdem )am tefhs tetos

i latere; cc&amque & hofpxtem, -dum- geniturz pel-

"f‘f'luudx adhuc claudantu, ‘zque ; ac extra’ eandem libe-
,-ro acrc, mc"cmen.un fumere. Hoc facxlxs aqﬁ'a&uum,'
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in junioribus & adalris-diverfa *), ‘compucatio probat;
telta enim cum ‘fpermate excludatur, in “éochleis uno
vel binis-anfratibus infiruta, in comLz; paumllo ftra-
tetum numero circumfCripta eft, adula vero ztate in
his ftraca fere innumera; inillis quingue, o&o & plu-
res circumvolutiones obfervantur. ~ Hinc dubxtaule_
poteft, teftam, .ut primum limax evolvi coepit, ra- -
- tione hujus . volummxs fimul mcreﬁ,erc, utrumquc fue-
cefla temporis ad maorm:udmem fpemex cuxquc detcr« )
minatam: augeri. - - .

Modus, quo incrementum in tefta perficitur ,
-xque ambiguus habetur.  Res augerur vel.introrfum
evolutione in majus volumen, vel extrorfum novis
: addxtamentls, illad - augmentum per intu zzfceptzo-
uems, hoc per ]zzxmpof tionem nominaverunt; hanc in

teftis formandis. Reaunnir adopeavit, obfcrvamombus- o

-que probavit; Kleinn vero fententiam Réaumurianam

longa differtatione impugnans , intuffufCeptionem in~

teftis zque, ac inhofpite_admific. - Quilibec affeclas.

fuos habet, lisque ad hodierna usque tempora fub ju- ;

dice perfittit, quam cum novis obfervanombue dirimi
o pO{{é

* Connauum quxdem dxfputat Klmz coc'hleam nempe-in ovo tot * -

fpiras habere, quot habeat ad prove@am ztatem devoluta
at illufionem Hanc facile diffipac qua:hbet junioris & adultz
teﬂz ubivis obviz infpedtio. :
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o‘"é)ua,c rem, non “bsquc miratione audio, Hufirem
B ,Box\’r-xr experimentis clarifl Heriffant circa offivm &
reftarum gencrationem perfvafum, fe ipfum amicom-

- que foem Reaunmur erroris accufere®) zcin fenten-

iam Klemianane defeendere.  Tanta tamen aaori-
-tate ' me minimum convictum profiteor ; claril enim
 Heriffant ex xperimentis fumma induftria inftitus, teftas
- con clm.m om duabus fubftandis , membranacea feu
“ animali & rerrea feu cretacea conftare,; hancque illam
‘incruflare, canitam probar; adu.lt quidem, teltam cffe
'oppcz»dxccm corporis limacini ,  fibrisque ligamenai,
* . quo limax tefta adhaxrer, continuari, hypeéthefin ta-
mien nec argumentis aut obfervadonibus firmat, nec

R& Zl?ll!!i'lt”l contraria 1efutar ¢ conatur.

. Nen parum lucis ex open,uus Heucum fatiiis,

~examini nitri diffolentis nominad auloris fubjetis,

~ fperabam ; collare enim Helicum exfudare liquorem, .

“in operculum indurefCensy houque femper liberum &

| absque ul'a cum limace connexione aperturam tefte:
| - o claudere -

' “) yawu “donc commis une erveur ﬁn’ les comz!lage:, & ceree
errenr jo lavois commife aaprés. few mon illuflre ami Mr. de
 Reawmuss des c-rpnm-'e: équiveques Lavaieus: srompé; la co-

" quille ne - croig pom: “par appof tion 6x par nanfudat ion.

Pnlmg l;lmu_/' s R 405
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claudere fepius vidi. Concludebam hinc, fi ope nitri
diffolventis meram _fubftandam cretaceam, -nullam

membranaceam, -reticularem; qualis in ipfa tefta ad-
eft, deprehenderem, clarif. virorum Klein & Heriffant
hypothefin de incremento teftarum per intusfufceptio-
nem veritati proximam efle, fi vero membranacea, feu:
animalis, in opcrculo obvia effet, hanc ®que in tefta:
acin operculo vapori collaris exhalanns debitam referri,
adeoque incrementum fieri per appofitionem. . Hac
meditanti occurrit ipfe’ defideratus Galli commenta-
rius ") ; non minore voluptate membranam animalem.
operculi H. pornatice nitidiffime impreffam luftro, cum-
que nullam operculi cum’_ limace -cohxzfionem un-

quam viderim, aut fufpicari- licuerit, fententiam de

incremento per appofitionem non parum corrobora-

tam cenfeo; averfari quidem videtur ligamentum va-
feulofum, quo operculum pedi limacis adherere affe-
ricaullor, ingenue tamen, licet fidem difkis clarif; Viri

detr_ahere nollem, confiteor,me nullum ligamenti vefti- v
gium unquam in pede limacino, liquorem vero undi- -
que e collari {pumantem paucis momentis in operculum
-evadere fepius vidifle, nec quo modo ope unius liga-
menti feu canalis advetlitii, & quidém non centre oper--
culi fed lateri affixi operculum adeo compofitum, qua-

le

‘) Memqires de PAcedemie du _Scicnces 5 -d Pstis 1966,
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e in H. pomatia, breviflimo temporis intervailo con-
ftruatur, conciliari poffe.  Valde quoque dubito, . ob-
fervatores, fiilluftrem Reawmur excipias, operationi
limacis in ex{truenda tefta, aut operculo, interfuifle, alias
cnim nec ¢orpus limacis archetypum cefte feu gyratio-
num, nec e liquore vifcido corporis teftam, nec fpu-

“mi oris operculum & labium formari dixerine, cum
“formatio hac in Helicibus, incrementum & refarcitio

- tefta in omnibus, oli collari deberi videtur. - Spuman-

© tem ¢ collari liquorem .in membranam operculi dia-

. phanam mutari in terreftribus cochleis, inque H. po-

. 7natia & aliis incruftari, cuilibet videre eft.  Iple Klein

“docet,, maximum cochlearum anfraétum appofitione

- augeri, -limbumque feu labium faliva oris (vel potius

. collaris Jeructata redintegrari, cur non ®que minores
~ tali additione increfCere poffunt?

) Teftarum & operculorum partes conflituentes,
. fubftantias nempe membranaceas & cretaceas optime
- extricavit clarif. HerifJant, at-utriusque generauo ope
juxtapofitionis aque ac intuffufCeptionis peragi poffe

“wideturs- illa in formatione operculi ad oculum demon-

. ftracur, hac fola cohzfione ligamenti limacis cum tefta
= inirieur; hoc tamen, cujus unius medio incrementum

Cper mtu‘Tu(cepuonem, (i unquam, fieri poteie, aullam
canaliculorum limacis & teftz liquores nutritios vehen-
| | d2  tum
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fium communionem admittit, quoniam locum ad per-
feCtionem tefte usque mutans, parieti novo & poli-
tiflimo fenfim affigitur. Hwzc ligamenti translocatio
absque controverfia eft, quicquid dicat Klein; in
pluribus” enim cochleis pelluc1dls anfratus minores
a limace dereli€ti vacui videntur , Helicesque apice
Planorbesque centro mutilatos vivos fervavi; hinc nec,
uti afferit KLEIN, ab #llo puncto prime fpire cjusque fa-
Jute vita ansinalis ejusque vegetatio dependet 5 nec cau-
fa, cur prima & fecunda fpira pertufa non refarcietur,
in tenerrimis animalis incteraneis quzrenda, fed ‘in re-
'moto collari, reparationem unice efficiente.
Quotieslimax domnunculamnova acceffione ampli-
‘aremohtur, teftam non operculo claudit, nec fefe in in«
teriora {ubdi, fed collari involutus in ipfa apertura dies -
immotushzret; tum in parte collaris, quz orz aperturz
affixa aliquantum prominet, porisque referta eft, humor
nitidus, dc ope lenticule undulatio molecularum per-
cipitur ; - ejusmodi - fucci teftificantis exhalatione. la-
mella alcera alteri fubftitaitur , incruftatur, teftaque
augetur ; pars novitia veteri mollior, & flexilis ali-
quamdiu perfittit: reparationem fralturz e contra
tentans fragn 2nta primumremovet, dein collariparti
lefe iucerorr affixo, lacunam . membrana opcrcula
claudic, ita tamen, ut ora collans, refticutionem Op¢-

rans, hbero aéri expofita fi. - Sententia dehinc de in-
cremento
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‘cremento teftarum per juxtapofitionem,, immortalis
" Reausur meisque obfervationibus.nondum refutatis -
farta recta perfiftit, phanomenaque allara ampliore in-
quititionc digniffuna, naturz confultiscommendanda.:
‘ Practer hanc teftarum amplificationem & reftaura-
.. tioncm omnibus communem, limax terreltrium xtatens

) édultam adeptus marginem aperturz fimbria, quam

Jlabrums apellamus, coronidis loco in plerisque firmaty

hoc in'paucis dentibus armatur , foramen axis in per-

- foratis obturat, umbilicum vero in umbilicatis vel ex
-parte vel ncatiquam tegit. Fabro -ita ulterius tefte.
~augmentum ceflat; in pauci{limis tamen , rationem
~ignoro;, novum incrementum infequitur, - fecunda &

~ tertia") coronis itmponitur, Mutaticnum harum in-

{iitia Conchyliologos in erroressabduxit, cochlearum.
enim juniores & aduleas, perfaratas & imperforatas ,:
labiatas & labri expertes, dentatas' & muticas fpecie:
.- diverfas- defcripferunt , cum -cujuslibet -animantis -&

vegetantis charalter fpeciticus a perfeta & adulta ztate

- . ‘petendus fit; “qua cochleas muticas paffim dentatas,
- perforatas maximam partem imperforatas fiftic, um-

- bilicacas *) vero immutatas monftrat. - ,
S d3 - Alterum
’ ') Hinc futurz, unde suflores fzpe motas fpecificas fumfere, pleram-
B ~ que accidentales & merum lshrum relitum denotantes.
'."'f) Cochleam umbilicasam, fi in cavo axis anfraftus confpicui fant,
' fin minus, perforatam dicere opostet, :
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- Alterum, - quod noftra xtate hiftoriz naturalis
cultores maxime attentos dubiosque tenet , paitium
amiflarum in limace in integrum reffitutio elt. . Appa-
ritio hxc fingulariffima nature confultos melioris notx
Italos, Gallos ,” Germanos confeftim ; & jure qui-
dem, totos occupavit, detruncatioque generalis genti
limacinz imminere videbatur ; pruritus vero multo-
rum ftrage inclarefcendi opinioae citius deferbuit, fuc-
ceflusque diverfus plurimos ambiguos reliquit. Re-
dintegrationem affirmant clariflimi viri Spalanzani .,
- Schaffer , - Lavoifier, Rofe &c. negant zque clari .
Cotte, Bomare , Schriter , Wartel &c. quivis pro
eventu tentaminum; minori tamen jure negatur,
centum enim experimenta varias ob caufas fraftra fu-
{cepta, unam veram & juftam obfervationem tollere
minus valent. Ogam primum rumor Iealici facinoris
ad me venit, idem in noftratibus limacibus tentare
aggredior , cvemumque Academiz Reg. Sc.. Parxs.'
anno 1769 commentario mandavi; pracipua gjus. con-
feQaria heic brevi fiftere inftituri ratio jubet:

Quoties capmlimaci amputaverim, in detrun-:
cato -capite mihi ipfi & pr&fémibus tentacula porrefla,
puntta bina nigra , fuccum nervi optici, maxillam-
que monfh‘avx.

.Vulvnus
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" Valnus mota undulatorio continuo partium vi-
cinarum intra pauca temporis minuta adco dnnmuc~
batur, ut fere claufum videretur.

Partés integrafcentes a veteri corpore candore &
pellucxdxtazc clare dxﬁmguuntur. '

In mdmduns Hchcxs Pomm‘z‘e, Hirudinis San-
grifige & ‘vulgarz: nutla redintegratio fucceflit,
-quxlibet enim intra quindecim dies periere. ‘

InHel. memorali vy tentacula ad mediuin abfCifls
- inra annum nullum prorfus-incrementum ¢epere,
_ _,1pfeque limax tanto tempons mtervallo absque vx&u'

VIXXC. :

_Ir; H. nemworali @, cui die 9 Juli 1768 caput
.. ‘totum, partem colli, anticumque pedis uno i€tu de-
- truncaveranr, redintegratio lente ‘quidem; at ex voto

- f-f_‘fucce(f’ t. 12 Julii centrum vulneris ‘tuberculum fla-

" vum nccupaverat. 16 Septembris fola pedis antica
- pars reftituca videbatur. ~ 10 Ottobris, quo zgrotam
meam arcule immifi, rareque mecum in urbem duxi,
omnia in codem ftatu erant. 23 Marti-anni 1769
- tota hieme dereli€tam & mortuam habitam in aprico
* feneftre poﬁn, tcﬁa quidem intra dimidiz horz fpa-
tium
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tium contra omnen opinionem exiit limax decollatus,
at ne lentis quidem ope ullum redintegrationis indicie
um inveniebatur ; licet jam omnis {pes reftitucionis
deficeret, . hofpitem tamen, qui ultra olto menfes me-
cum vixerat, fervanduin cenfui, ut viderem quous-
- que viram absque capite & nutrimento produccre vale-
~ ret. 19 Maji binatubercula, vera majorum tentacu-
loram rudimenta’, candida & pellucida absque ulla
nervi. optici mgrcdme confpicicbantar, 1 Junii ten-
tacula difta -in integrum- reftiruta -erant, {iniftrum
tamen dextro brevius fuit; nodulus apicis , pun&um
nigrum , nérvus niger opticus, motusque retrattilis
& flexilis in tencaculis-folicus eque confpicuus. 29 Ju-
nii novum: caput, nova colli pars, anticum pedis, -
tentaculaque majora zqualia candore & pelluciditate
primo afpe&tu diftinguebantur , oris vero, labiorum
& minorum tentaculorum’ nullam: adhuc indiciam ‘in

hac aderat. - In alia vero, cui caput die 14 Seprem:

bris 1768 derruncatum fuir , . labium . fuperius
29 Maji infequentis anni formatum erat, rxmaquc oris

{olitaria in’ conﬁ)e&um fabiic.

In Hc! ﬂémordli dcco]]ata f4 Septembris 1 76R,
nu]]um redintegrationis indicium 30 Aprilis 1769
apparuit;. die vero 19 Maji latere dextro excrefCentia

qua:dam, cu)us in medlo punétum nigrum confpicie-
‘. batur, '





