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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.
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No. of Species
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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
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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
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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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