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ABSTRACT: 105 samples of Cepaea nemoralis (L.) were made in rural locations around the city of Wroctaw in
2008-10. Variation in the shell colour and banding polymorphism showed no relationship to habitat, nor were
there any large-scale geographical patterns. In some morphs, there were strong frequency correlations be-
tween samples close to one another, but these never extended beyond 20 km, and usually involved much
shorter distances. Relative to populations within the city, these populations vary more among themselves, but
are individually less polymorphic. Linkage disequilibria in common between city and country suggest a com-
mon origin. These results suggest that rural populations have a more recent origin, and that they are more iso-
lated from one another than those in the city. A process of recent passive dispersal by humans, with some local

spread appears to account for the pattern of variation observed.
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INTRODUCTION

There have been many studies on the striking shell
polymorphism of the European land snail Cepaea
nemoralis (Linnaeus, 1758). A great variety of patterns
of variation have been discovered (JONES et al. 1977,
COOK 1998), involving, in varying proportions, forms
of natural selection, founder effects, genetic drift and
gene flow. Patterns vary with locality, and although
there are some trends visible across the whole geo-
graphical range (JONES et al. 1977, SILVERTOWN et al.
2011), there are many deviations from these broad
trends, and some very local patterns may change over
short distances.

While sometimes recorded from forests, and espe-
cially from their fringes, C. nemoralis also flourishes in
more open, usually anthropogenic habitats: hedges,
roadside verges, waste ground in cities, various grass-
lands, gardens, parks and orchards. Within its natural

range, it has colonised previously inhospitable areas
in towns and cities where pollution has declined, and
waste ground or gardens are plentiful (CAMERON et
al. 2009). Within Poland, nearly all populations of the
species are in highly modified habitats. In the
south-east of the country, these populations are cer-
tainly introduced (OZGO 2005), and it is possible that
this is also true for most Polish populations of the spe-
cies.

CAMERON et al. (2009) compared and contrasted
variation in populations within the city limits of
Wroclaw (Lower Silesia, Poland) and Sheffield (cen-
tral England). They found that there were marked
differences in the pattern of variation between the
two cities, related to the timing of colonisation and
the degree of interconnectedness of populations in
each city. Populations in Wroctaw were more alike,
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were more polymorphic, and were more intercon-
nected than those in Sheffield, where colonisation,
mostly passively induced by humans, was more recent,
and populations more isolated.

Within Lower Silesia, populations of C. nemoralis
are not confined to cities and towns, but they are con-
centrated near villages or along roadsides and in der-
elict or recently cleared sites. More natural habitats,
and especially forests, are occupied by the closely-

AREA STUDIED

Figure 1 shows the area in which samples were
made, and the location of samples within it. The area
is about 58 km east-west, and 70 km north-south,
though there are two little sets of outliers in the
north contributing to this size. The terrain is a mix-
ture of flat ground associated with the floodplain of
the river Odra and its tributaries, and areas of low
hills. The area is primarily agricultural, with some

related Cepaea hortensis (O. F. Muller, 1774), and culti-
vated or grazed agricultural land is unsuitable for the
species. Populations are thus less connected than in
the cities, and it is probable that their distribution re-
flects accidental dispersal by humans. This study re-
ports on a survey of C. nemoralis populations in rural
habitats around Wroctaw, and compares the pattern
of variation found with that seen in the city and else-
where.

managed forests, and some areas under develop-
ment as industrial parks, around which there is often
waste ground awaiting development. While there are
few substantial towns within the area (sampled only
on their fringes), many villages have extensive and
ongoing residential development, creating tempo-
rary waste ground very suitable for C. nemoralis popu-
lations.
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Fig. 1. The area sampled, and site locations. Black points — samples of C. nemoralis; triangles — samples of C. hortensis only.
Note that the central space lacking samples is the city of Wroctaw
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MATERIAL AND METHODS

Journeys were made over the whole area to detect
and sample C. nemoralis populations. In many places,
no populations were found, though in some of these
C. hortensis was present. Where populations were
found, samples were made in areas of no more than
400 m?, or along no more than 30 m of roadside
verge. Habitats ranged from very open and grass dom-
inated to dense but very young scrub. The majority
were mixtures of grass and herbaceous vegetation
with small bushes and shrubs. No populations were
found in mature forest.

All adult C. nemoralis (live, or as fresh empty shells)
were collected and scored, as were juveniles large
enough to avoid confusion with C. hortensis. Following
JONES et al. (1977), these were scored for colour of
shell (yellow, pink or brown), for the presence or ab-
sence of bands, for the midbanded morph (00300)
and for trifasciate (00345), with the remainder of
banded shells recorded as many-banded. Live speci-
mens were recorded in the field, and released into
the sites from which they had been collected.

In all analyses, we have used morph frequencies,
not estimated allele frequencies. For midbanded the
frequencies are those within the banded shells; for
trifasciate they are those within shells with more than
one band, reflecting the dominance hierarchy at
these loci (JONES et al. 1977). Where regression or
least squares correlation has been used all these fre-
quencies have been arcsine transformed. Besides tests
of association of morphs with each other and with po-

RESULTS

We searched 114 sites at which collections were
made in 2008 to 2010. 105 of these yielded samples of
10 or more usable C. nemoralis shells (mean sample
size 88 shells), of which nine also contained C.
hortensis. The remaining nine sites contained only the
latter species (Fig. 1). Appendix 1 gives the numbers
of each morph in each sample together with details of
habitat (grass, intermediate or scrub) and location
(village name and co-ordinates in decimal degrees).
Table 1 summarises the basic data derived from these

sition and habitat, we have examined the linkage dis-
equilibrium between shell colour and banding, taking
simply the proportion of unbanded shells within each
colour class and other associations among colour and
banding classes.

Following CAMERON et al. (2009), we have used
the Nei index of genetic similarity using the frequen-
cies of yellow, unbanded, midbanded in banded and
trifasciate in many-banded for a Mantel test of associa-
tion with distance. Overall pattern has also been ana-
lysed by Principal Components Analysis (PCA) using
the same four frequencies to assess autocorrelation
among populations on the basis of overall genetic
similarity. Spatial pattern has also been examined us-
ing Moran’s I for each morph and for sites’ scores on
the first PCA axis. Variation within and among popu-
lations has been estimated via the Simpson index of
diversity (SOUTHWOOD & HENDERSON 2000), by the
proportions of samples with different numbers of
morphs present, and by estimating Fgp based on
morph frequencies (CAMERON et al. 2009). We esti-
mated means and standard deviations of these Fgy val-
ues using a bootstrapping procedure with 1,000 per-
mutations. The software used for the analyses com-
prised: SAM (RANGEL et al. 2006) for Moran’s I;
PC-ORD (MCCUNE & MEFFORD 1999) for Mantel test
and clustering; CANOCO, version 4.5 (TER BRAAK &
SMILAUER 2002) for PCA; and STATISTICA, version
7.1 (STATSOFT INC. 2010) for all the other one-dimen-
sional tests.

samples. Brown shells were extremely rare, occurring
at low frequency in only three samples; the great ma-
jority of non-yellow shells were pink. Although there
were differences in mean frequencies of the morphs
at each locus, and in the proportion of samples in
which the morphs were recorded, the range of values
found approaches the maximum possible (0 to 100%)
in all cases.

There are no significant effects of habitat, nor are
there overall trends with latitude or longitude. Within

Table 1. Mean morph frequencies overall, with the range of each, and means by habitat. No differences between habitats
are significant on arcsine transformed frequencies, and some differences run contrary to those expected from other

studies
n Yellow Unbanded Mid in banded 00345 in many banded
Overall mean 105 55.0 29.8 26.2 29.0
Range 4.6-100 0-91 0-100 0-100
Mean open 9 53.1 27.4 31.9 15.2
Mean intermediate 76 54.1 27.9 23.7 31.7
Mean shaded 20 59.0 38.2 32.7 24.6
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Table 2. Disequilibria among banding and colour classes.
Banding and colour are linked, but midbanded within
banded and colour are not. *** P<(0.001, * P<0.05. Null
samples usually lack one of the colour or banding
classes altogether; a few show exact equality in the band-
ing class between colours

Excess Excess Chi
. ull N
in yellow in pink  squared
Unbanded 67 14 27 15.04%%*
Midbanded 31 19 55 6.70%*

samples there is a trend for unbanded to be in excess
in yellow rather than pink (Table 2), and, less
strongly, for midbanded to be in excess in pink. There
are no significant associations between morphs
among samples, nor do the disequilibria we mention
above show any clear geographical pattern. A Mantel
test of the relationship between distance and overall
genetic similarity (estimated by Nei’s I) shows a slight
but significant decay of similarity with distance
(r=—0.14, P=0.002).

Tables 3, 4 and 5 contain comparative data for
Wroclaw city as well as from this study. The compari-
sons are discussed below. Table 3 shows the results of
Moran’s I tests for spatial autocorrelation at each lo-

cus, and for overall similarity using the first axis of
the PCA (details of the PCA analysis are shown in Ap-
pendix 2). Few samples in the rural area were within
1 km of each other, so all pairs within 2 km have also
been considered together. Even so, the numbers of
samples in different distance classes vary greatly,
which affects the magnitude of the index required to
achieve significance. Both unbanded and
midbanded in banded show significant positive asso-
ciations in the smaller distance classes, as does the
first axis of the PCA. Yellow and trifasciate show no
such significant correlations, but in all cases the in-
dex tends to be greatest and positive at the shorter
distances, and negative at the longest. An alternative
analysis of the first PCA axis, creating distance
classes with equal numbers of samples, indicates that
there are strong positive associations up to about 20
km distance, but negative ones, or no relationship
beyond that point.

Table 4 shows the values for Fgpat each locus, with
standard deviations and confidence limits. In each
case, values are higher than in the city, and extreme
morph frequencies are found more often (Fig. 2).
Table 5 shows three different ways of assessing within
population variation. In each, the amount of such
variation is less than in populations from the city.

Table 3. A —values of Moran’s I for each morph, and for the scores on the first axis of a PCA for samples used in this study,
and for those within the city of Wroctaw (CAMERON et al. 2009). Only probabilities less than 0.05 are given; ns — not sig-
nificant. Values of Moran’s I are given for all pairwise comparisons less than 2 km apart, as there are few samples in the
shorter distance classes used in Wroclaw (see text). B — values of Moran’s I for scores on the first PCA axis, using dis-
tance classes with equal numbers of paired samples in each distance class

A
Distance classes (km) This study Wroctaw
Yellow N Index p n index p
0-0.5 15 -0.150 ns 49 0.365 0.020
0.5-1.0 16 0.255 ns 60 0.128 ns
1.0-2.0 46 0.036 ns 137 0.217 0.016
Less than 2.0 77 0.045 ns 246 0.225 0.003
2.0-4.0 138 -0.057 ns 477 -0.054 ns
4.0-8.0 332 0.075 ns 1111 0.024 ns
8.0+ 4912 -0.015 ns 794 -0.117 0.006
Unbanded
0-0.5 15 0.530 0.045 49 0.154 ns
0.5-1.0 16 0.099 ns 60 0.145 ns
1.0-2.0 46 0.407 0.006 137 0.049 ns
Less than 2.0 77 0.367 0.006 246 0.093 ns
2.0-4.0 138 0.288 0.003 477 0.011 ns
4.0-8.0 332 0.214 0.002 1111 -0.063 0.018
8.0+ 4912 -0.039 0.001 794 0.007 ns
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Midbanded
0-0.5 15 0.605 0.024 49 0.520 0.002
0.5-1.0 16 0.564 0.022 60 0.506 0.002
1.0-2.0 46 0.155 ns 137 0,325 0.002
Less than 2.0 77 0.327 0.006 246 0.408 0.001
2.0-4.0 138 0.231 0.006 477 0.031 ns
4.0-8.0 332 0.192 0.002 1111 -0.103 0.004
8.0+ 4912 —-0.035 0.001 794 -0.051 ns
Trifasciate
0-0.5 15 0.291 ns 49 0.105 ns
0.5-1.0 16 0.343 ns 60 -0.075 ns
1.0-2.0 46 0.011 ns 137 0.084 ns
Less than 2.0 77 0.131 ns 246 0.049 ns
2.0-4.0 138 0.040 ns 477 0.041 ns
4.0-8.0 332 0.183 0.006 1111 -0.016 ns
8.0+ 4912 -0.026 0.003 794 -0.063 ns
PCA 1
0-0.5 15 0.472 ns 49 0.395 0.01
0.5-1.0 16 0.641 0.017 60 0.105 ns
1.0-2.0 46 0.240 ns 137 0.335 0.004
Less than 2.0 77 0.369 0.004 246 0.291 0.001
2.0-4.0 138 0.124 ns 477 0.041 ns
4.0-8.0 332 0.224 0.001 1111 -0.047 ns
8.0+ 4912 -0.035 0.001 794 -0.095 0.012
B
Distance Class Count Upp()lf(zrrnl)imit Moran’s I P
1 911 11.835 0.193 0.001
2 910 18.789 0.106 0.006
3 910 24.457 -0.122 0.002
4 910 30.997 -0.212 0.001
5 910 38.307 -0.025 ns
6 909 79.286 0.002 ns

Table 4. Estimates of F (adjusted for sampling error) based on morph frequencies at four loci in this study, and in
Wroctaw (CAMERON et al. 2009). The estimates of means and standard deviations are derived from a bootstrapping pro-

cedure with 1,000 permutations

This Study Yellow Unbanded Midbanded Trifasciate
Fsr 0.137 0.249 0.314 0.312
estimated mean of Fgr 0.137 0.251 0.320 0.322
estimated SD of Fgr 0.021 0.028 0.038 0.032
Wroctaw City Yellow Unbanded Midbanded Trifasciate
Fsr 0.089 0.092 0.123 0.111
estimated mean of Fgp 0.086 0.091 0.123 0.110
estimated SD of Fgr 0.019 0.015 0.021 0.018
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Table 5. Within population variation in samples from this study, and in Wroctaw, estimated by the proportion of samples
monomorphic at each of the major loci, by the number of morphs present (ignoring the very rare brown shells in each
and considering combinations of colour and each of unbanded, midbanded and many-banded), and by the values of
the Simpson Index of Diversity. ¥*One sample lacked any shells with more than one band

This study Wroctaw
n % n %o
Number of samples 105 73
Monomorphic
For colour 1 0.9 0 0
For banding +/- 13 12.4 0 0
For midbanded +/—- 18 17.1 7 9.6
For trifasciate +/— 19%* 18.1% 6 8.2
Number of morphs
1 0 0 0
2 4.8 0 0
3 4.8 0 0
4 24 22.9 7 9.6
5 23 21.9 12 16.4
6 48 45.7 54 74.0
Simpson Index
Index 0.658 0.730
variance 0.022 0.004
35 35
304 Yellow 30 Midbanded in banded
25
8 8
£ g 2
3 3
5 5 15
2 =
10
5
0
7 8 9 10 5 6 7 8 9 10
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25 » 25
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Fig. 2. The frequency distribution of samples among 10% bands of morph frequencies for each of the four loci studied. Black
bars, this study; grey bars, samples from Wroctaw city
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DISCUSSION

Variation among the samples used in this study
shows no effect of habitat, nor is there any broad
geographical trend. Although varying in strength
among morphs there is a pattern of micro-
geographical variation, with populations close to
one another being similar. Such variation is wide-
spread, and is found even when habitat effects are
also evident (JONES et al. 1980, CAMERON & DILLON
1984, CAMERON & PANNETT 1985). It is also found in
studies of molecular variation (ARNAUD et al. 1999,
BELLIDO et al. 2002). There are no patterns remotely
resembling the “Area Effects” of CAIN & CURREY
(1963), where large numbers of nearby populations
have near-identical and often extreme morph fre-
quencies. These populations vary greatly, with fre-
quencies of each morph ranging over most of the
possible range.

The comparison with similar data from within
Wroctaw itself (CAMERON et al. 2009) assists us in in-
terpreting this pattern. The populations in this study
share with those from the city the lack of habitat asso-
ciations, attributable to the very recent character of
the more shaded habitats. They also share a pattern of
spatial autocorrelation (Table 3), although, in detail,
there are differences in the strength of this pattern in
some morphs in the two studies. They differ from
those in the city in the distance over which such
autocorrelation is significant and positive (greater in
this study), in the lower levels of within population ge-
netic diversity (Table 5), and in the greater degree of
variation in morph frequencies among sites (Table 4,
Fig. 2). While there are some differences in mean
morph frequencies between the two sets of samples,
these are not great, and the overlap in frequency
range within each is great. In comparison with an-
other city (Sheffield, England), CAMERON et al.
(2009) concluded that populations in Wroctaw were
dense and interconnected, and had occupied the city
for many decades. While some populations in this
study were dense, many occupied very small and iso-
lated patches of suitable habitat, with no evident con-
nection to others.

The most probable explanation of these results is
that populations of C. nemoralis are very recently es-
tablished, that they have reached their present loca-
tions as a result of accidental transport, often in small
numbers, by humans, and not necessarily from
nearby locations. We note that most sites occupied are
disturbed and short lived within villages or industrial
developments, and sites occupied previously become
obliterated by development as new ones are created.
Although selection regimes might differ among sites,
even powerful selection of the kind reported by
O7GO (2011) is obscured by the temporary and re-
cent character of most populations. Hence the pat-

tern of variation is a product of multiple founder ef-
fects with some evidence of local movement. Clas-
sically, founder effects were presumed to result in loss
of genetic diversity, but as OZGO (2011) points out the
species is hermaphrodite, has multiple matings and
long term sperm storage. A single multiply-mated in-
dividual can carry a considerable proportion of the
population’s genetic variation at these loci. Its prog-
eny will carry a biased but not drastically reduced
sample of the variants present in the parental popula-
tion. A very similar pattern has been reported for the
region of Gdarnisk (CAMERON et al. in press), where
there are effects of habitat, but where human trans-
port appears to account for the general distribution,
coupled with short range dispersal from established
populations.

In the case of Gdarisk, there is evidence to suggest
that the present widespread distribution of C.
nemoralis is recent. Unfortunately, we lack historic re-
cords to test this idea within this area (absence of re-
cords being no proof of actual absence). We know
that C. nemoralis was present in the city of Wroctaw be-
fore the Second World War (CAMERON et al. 2009),
but not whether it was present outside. We have one
piece of indirect evidence. To the south, the small
town of Kudowa Zdréj now has dense and abundant
populations of C. nemoralis (POKRYSZKO & CAMERON
unpublished data). The mollusc fauna of the area was
surveyed in detail by A. WIKTOR in the 1960s, and he
reported no C. nemoralis (WIKTOR 1964). Given the
conspicuousness of the snail and the competence of
the recorder, this is good evidence for real absence.
Further south still, the evidence from the Czech Re-
public indicates that C. nemoralis has spread recently
and rapidly, and is strongly associated with human ac-
tivities (HONEK 1995, DVORAK & HONEK 2004). It
seems likely that Silesia as a whole has been colonised
relatively recently, and that loci of spread formed ini-
tially in cities.

There is one peculiarity of populations from both
the city of Wroctaw and the surrounding countryside.
Populations from northern Poland generally show
linkage disequilibrium between colour and banding
such that unbanded is more frequent in pink than in
yellow shells (WAGNER 1990, CAMERON et al. 2011).
WAGNER (1990) found that this disequilibrium disap-
peared further south or was even reversed, as it is
both in the city and the countryside in this study, and
in some populations near Walbrzych (WAGNER 1990,
POKRYSZKO unpublished data). The reasons for these
disequilibria persisting are unknown, but the consis-
tency of the pattern suggests a recent common origin
of populations in the region.

COOK (1998) made a powerful case that aspects of
this variation in C. nemoralis were a product of migra-
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tion and gene flow, and in particular that the lepto-
kurtic transport of individuals (some travelling much
greater distances than possible by active dispersal)
helped to maintain the polymorphism, which is found
in nearly all populations. Our results and those of sim-
ilar studies referred to earlier suggest that newly occu-
pied territory such long-distance dispersal sets up
founder populations, the composition of which influ-
ences the genetic constitution of other nearby popu-
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Appendix 2. Site scores and Eigenvalues for the four axes of the Principal Components Analysis of morph frequencies of
yellow, unbanded, midbanded in banded and trifasciate in many banded

Eigenvalues  0.345 0.278 0.200 0.177
Loc. No. PCAl PCA2 PCA3 PCA4 Loc. No. PCA1 PCA2 PCA3 PCA4

2 -1.9533 0.1986 0.1315 1.7023 54 2.8955 0.8677  —0.6822 2.0889

3 -0.6568  —0.9966 0.7648  —0.8990 55 -0.3198 0.8896  -0.3651  —0.0785

4 -2.1290  -1.6006 1.0146  -0.1701 56 -0.5633 0.9924  -0.5079  —0.1669

5 -0.4419 0.0891  -0.3674 2.7271 57 0.1926 1.0362 0.5108 0.2490

6 -1.6617  -0.3727  —-0.1828 0.7362 58 0.2066  —0.8530 -1.4725  -0.8319

7 -2.0828  -1.1500 1.4512  -0.8645 59 0.1789 1.2024 0.7671 0.4457

8 -0.6573  -1.0558 0.1648 0.8556 60 0.4962 0.4456 0.7046 0.2737

9 0.0985  —0.9635 0.6148 1.7064 61 -0.4805 1.2659  -0.7948  -0.1248
10 0.0479  —2.2822 21743 0.6399 62 0.3064  -0.0898  —0.4086 -0.3656
11 -2.0383  —0.9900 1.4864 -1.1114 63 0.5954 0.8789  -1.0546  -0.3777
12 0.6387  —0.3129  -0.4492  -1.3607 64 1.4181  -1.0098 0.4314  -0.1575
13 0.0316  -1.7417  —0.2597 0.4289 65 0.9082  —0.8199 0.3532  —0.7938
14 -0.2529  —0.8347  -0.0817 0.6126 66 -0.2428 0.8858  —0.6898  —0.3080
15 0.1644 -0.6535  -0.2274 1.2453 67 -0.0881 0.4123  -0.8892  —0.7310
16 0.5849 2.9825 0.3066 0.8098 68 -1.0110 0.4807  -0.5786 0.3639
17 -1.5377  -1.4252 2.0892 1.6145 69 1.0034 -0.868  -1.6940  —0.7989
18 0.2563  —0.4359  -1.0214 1.1195 70 0.7752  -0.6953  -1.0530  —-0.9734
19 0.1534  -1.2226 2.2355 0.8447 71 -0.5654 1.6707 0.83534  —0.3279
20 0.6168 0.0770 0.0863  —1.1852 72 0.2451  -0.0054  —0.4156  —1.4690
21 -1.1219 0.2967  —0.5021 0.1601 73 -0.9422 0.3102 1.4183  -2.2535
22 -0.7483 2.5231 0.8978 0.3725 74 2.6539  —0.5055 1.0511 0.4196
23 0.8437 0.3306 0.2548  —0.4479 75 0.8551 1.6288  -1.1645 0.5111
24 0.8798  —0.5377 -0.428 1.2472 76 -1.0103  —0.5630 0.2356  —0.2677
25 -0.8568  -0.9718  —0.7814 1.7785 77 0.2223 0.4765 0.6957  -1.1097
26 -0.4001 15121  -2.2189 1.8915 78 0.8502 0.1794 0.5398  —0.5662
27 -0.7907  -0.9906  —0.0084 0.5818 79 1.5141 0.3386 0.3793 0.3035
28 -0.7275 0.4778  —0.7863 0.3918 80 0.8412  —0.1562 1.7673  -1.0064
29 -2.1986 1.0025 0.3439 1.1768 81 -1.0861  -0.4933  —0.7008 0.5760
30 -1.5304 0.9841  —0.8149 1.4022 82 1.7650 0.9209 1.7058 0.7252
31 -0.4713 0.7473  -1.3016 0.7194 83 0.7895  —0.3402  -0.0783  -1.1512
32 -1.0911  —0.8358 -0.149  -0.3943 84 -0.7872 2.0682  —0.5717  —-0.4644
33 -0.3038 0.0411 0.4507  —0.3059 85 -0.0344  -0.6049  -0.4350  -1.9980
34 0.6302  —0.4342 0.2901 0.5704 86 0.2918  —0.6719  —0.5959  —1.7998
35 0.1985 -1.0112  -1.8144 -0.2749 87 0.5835  —0.1267  —-0.7817  -1.2453
36 1.5014  -1.4016 1.3854 1.1254 88 1.8174 1.5147 1.8781 1.8201
37 -0.1788 2.9687  —0.2152 0.0049 89 1.7603  -0.4258 1.8430  -0.5401
38 -0.2417  -0.5779 0.9567 0.0095 90 0.1579 1.8541 2.1715  —0.1948
39 0.5582  -1.1169  -1.5473  -0.2641 91 1.4035  -0.2753 0.83701  —0.6769
40 -0.4838 -1.2916  —-0.0656  -0.0729 92 1.638%  -0.8563  -0.4674  —0.4008
41 -0.8781  -1.6964 —1.2589 0.9689 93 1.0221 0.3041 0.1065  —0.2866
49 -0.5454 0.8762  —0.3018 0.5510 94 0.2869 1.5240 0.0511  —0.1992
43 -0.7983 1.1068  -0.2072 0.1636 95 0.9942 0.1319  -0.6975  —0.6636
44 -0.2949  -1.1127 -0.2042  -0.5830 96 0.9436 0.0057  -1.0251  —0.8109
45 -1.0033  —0.8063 0.8111  -1.4108 97 0.0789  —0.2149  —0.6200  -0.0759
46 1.8265  -1.2812 0.4611 0.6812 98 0.0430 —2.0536  —1.2431 1.0294
47 0.3589 0.2139 1.5182 0.7829 99 0.4663 0.6062  —0.9437  —0.7798
48 -0.1615 0.0147  —0.4925  -0.3874 100 -0.6165 0.5323 1.1286  -2.1850
49 -0.8517 0.3927  —0.5029  —0.3647 101 -0.9729  —0.0096 0.0269 0.1380
50 0.5784 0.7733  —0.3555 1.0462 102 0.2739 0.6474 -1.5566  —0.9044
51 0.9762  —0.2214 0.0738 0.9897 103 0.2831 0.6964 -1.6076  —0.8451
52 1.1969  -0.4316 1.9630 0.7839 104 -1.5758 0.9551 1.0529  -1.4231

53 -1.0275 1.2030  -0.1454  -0.4112 105 -0.4680  -0.1719 0.4914  -2.6286




