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Summary. An analysis was made of the amount of accumulated iron, lead, and zinc in various
tissues of Cepaea nemoralis snails and in plant and soil samples from six habitats in Lublin and its
vicinity, characterized by varying degrees of human impact. A total of 28 colour forms were iden-
tified, indicating a high degree of polymorphic variation in the species at these sites. Analysis of
content of the metals in body parts of snails of different colour types suggests that these metals
may influence regulation of expression of phenotypic traits, and confirms that this Cepaea nemo-
ralis is useful in the search for biomarkers of exposure.
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INTRODUCTION

There have been numerous approaches to explaining the basis of the poly-
morphism of Cepaea nemoralis. This problem has been the subject of observa-
tions and research for many years. The genetic conditioning of this variation is
relatively well known [Lamotte 1988, Cameron 1992, Cook and Pettit 1998
Ozgo 2005a, b], whereas the genetic basis of the pigmentation of slugs is known
in only a few species [Reise 1997, Jordaens 2001, 2006a, b]. Yet to be resolved
are questions concerning the factors which induce the genes responsible for colour
variation in snails and slugs. These may be environmental, climatic, or habitat fac-
tors, including chemical compounds and elements in soil and food.

The polymorphism of the grove snail Cepea nemoralis is a very convenient
subject for ecological research due to the visible differences in the background
colour and number of bands on the shell. This species often occurs in spatially
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isolated populations. In Poland, Cepaea nemoralis was originally present only in
Western Pomerania, but has now been introduced or accidentally transferred to
habitats throughout nearly the entire country, where it usually lives as a synan-
thrope [Wasowski and Penkowski 2003, Wiktor 2004]. As first-order consumers
in the food chain, snails are an excellent source of information concerning the
transfer of environmental pollutants from the soil through plants to animal or-
ganisms, which has been described in numerous publications [Gomot and Pihan
1997, Swaileh et al. 2000, Yasoshima et al. 2001, Beeby and Richmond 2002,
Nahmanii and Rossi 2003, Notten ez al. 2005, 2006, 2008].

The aim of the study was to compare the content of iron, lead, and zinc in
the soft tissues and shells of similarly-pigmented Cepaea nemoralis snails from
six habitats characterized by different degrees of human impact, in order to con-
firm the suitability of this species as a bioindicator organism. An attempt was
made to analyse the potential effect of metal accumulation on the expression of
traits of colour polymorphism in snails from one habitat.

MATERIAL AND METHODS

The adult Cepaea nemoralis (Linnaeus, 1758) snails used in the study were
collected by hand in the first week of June, 2012, from six habitats characterized
by varying degrees of human impact, located in Lublin and its vicinity. The sites
were ranked according to their pollution levels, determined a priori based on
their distance from roads and traffic intensity in the area, and a posteriori based
on metal content in the leaves of Urtica dioica and in the soil. The sites were desig-
nated as follows: S1 — 51°16'7"N, 22°34"24"E, Ponikwoda-Bazylianéwka district;
S2 — 51°14'S9"N, 22°3421"E — southern part of Stare Miasto-Podzamcze; S3 —
51°13'57"N, 22°29'15"E — Weglin; S4 — 51°142"N, 22°33'37"E — behind the sugar
refinery; S5 — 51°13'36"N, 22°37'46"E — Felin; S6 — 51°10'10"N, 22°30'40"E —
Zemborzyce (district names are given according to the website of the City
Council of Lublin).

In accordance with methodological guidelines for research on grove snail
polymorphism, open habitats without bushes or trees were selected, with vegeta-
tion as homogeneous as possible, so that the collection sites would be compara-
ble. The collection area did not exceed 400 m?. Shells were classified into seven
colour variants: pale yellow — PY, yellow — Y, pale pink — PP, pink — P, dark pink —
DP, pale brown — PB, and brown — B. Also taken into account was the absence of
dark bands on the shell, designated as 00000, or the number of bands, i.e. 1 desig-
nated as 00300, 3 — 00345, 5 — 12345, and 5 merged bands — (12345) [Ozgo 2005b].

In addition to snails, samples of plants (Urtica dioica) and soil were collected
from the habitats investigated. The plant leaves were stored at -25°C until analy-
sis. The soil was collected from an area of about 10 cm® after removal of the
humus layer, and stored in closed containers in cold store.
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Samples of snail tissue, soil, and plants were prepared according to a prev-
iously described procedure [Kowalczyk-Pecka 2009, Kowalczyk-Pecka and
Czepiel-Mil 2011].

Iron, lead, and zinc content were analysed by atomic absorption spectrome-
try at the Central Analytical Laboratory of the University of Life Sciences in
Lublin. For initial comparison of accumulated metals in the shells and soft tis-
sues, the results were converted to pg per g DW of snail tissue and shells. Aver-
age values were compared using Tukey’s test.

RESULTS AND DISCUSSION

Information on possible causes and consequences of the frequency and var-
iability of colour forms in Cepaea nemoralis was collected and presented in
a clear manner by Ozgo [2005a, b]. Apart from obvious genetic differences,
important factors for the expression and frequency of colour variation may in-
clude natural visual selection by second-order consumers, apostatic selection
favouring rare genotypes that are beneficial for the population, climate selection,
acreage effects that mean dominance of particular colour forms over large areas
irrespective of changing co-existing environmental factors, and heterosis [Ozgo
2005b]. At the molecular level, more reliable information on the polymorphism
of these molluscs can be obtained only by analysis of DNA markers, not of al-
lozymes. Snails exhibit very high variation of both allozymes and mitochondrial
DNA [Backeliau et al. 1997, Ozgo 2005b].

Analysis of the material collected revealed high colour variation in the shells
of Cepea nemoralis snails found in Lublin and its vicinity (Tab. 1). A total of 28
morphic forms were identified, of which 8 were found only at single sites. The
most colour and band types, 19, were noted at S4, and the fewest, 5, at site S2.
It is worth noting that in habitats S5 and S6, which were the least contaminated
by the metals tested, 11 morphic types were found in each, although these dif-
fered between the two sites. The dominant background colour was light brown,
occurring without bands and with one band at all of the sites investigated. The
fewest snails had brown or dark pink shells.

In order to confirm the usefulness of Cepea nemoralis as bioindicator or-
ganisms iz vivo in their natural habitats, snails with pale brown shells with one band
were used, because this morphic form was present at all of the sites investigated.

The iron, lead, and zinc content determined in the dry weight of the shells
and soft tissues of the snails shows a clear upward trend as the concentration of
these metals in the plants and soil from the same habitats increased (Tab. 2).
This is very likely associated with the increasing degree of human impact in the
study sites. The amount of accumulated iron and zinc in the shells and soft tis-
sues of the snails was markedly higher than the lead content in all samples. This
reflects not only the amount of these pollutants in the environment, but also dif-
ferences in the biotransformation processes of these metals and in detoxification
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mechanisms, which in snails are specific for different chemical compounds and
elements. This may be why the amount of iron accumulated in the snail shells
did not differ significantly from its content in the soft tissues, whereas the differ-
ence in the amount of lead, and particularly of zinc, in the shells and soft tissues
was noticeable (Tab. 2). This may be because it takes much more time for zinc
to be incorporated into the shell than into other tissues, or it may indicate that
iron and lead are eliminated from the organism faster than zinc or other metals.

Table 1. Classification of colour forms of the grove snail Cepaea nemoralis in the habitats investigated

Background Number* S1 ) 33 S4 S5 S6
colour of bands
PY 00000 - - + - + +
PY 00300 + - + - - -
PY 00345 - - - + -
PY 12345 + - + + + -
PY (12345) + - + + -
Y 00000 - - - - - +
Y 00300 + - - + +
Y 00345 - - - + - *
Y 12345 - - + - -
Y (12345) - + - * - -
PP 00000 - - - + + -
PP 00300 - - + + + -
PP 00345 - - - + -
PP 12345 + + - + + -
PP (12345) + - + - - -
P 00000 - - - + - +
P 00300 - - + + + +
P 00345 - - + - +
p 12345 - - - + - -
P (12345) - + u
DP 00300 - - - - - +
DP 12345 - - - - - +
PB 00000 + + + + + +
PB 00300 + + + + + +
PB 00345 - - - - - +
PB 12345 - - - + + -
PB (12345) - - - + + -
B 00000 + - - - - -

PY —pale yellow, Y — yellow, PP — pale pink, P — pink, DP — dark pink, PB — pale brown, B — brown;

*Designations for number of bands are explained in ,,Material and methods”
S1-S6 — site designations are given in ,,Material and methods”



(50°0 > d) WuRIJJIp A[JUBdIJTUSIS 16 QUI| JWes Y} Ul SI9I[ JUIJIP AQ POMO][0] sanfep
SPOUJoUWI PUE STELIDIEIA ) UT UIAIS oIk suoneuSIsop oIS 9S—[S [10s — § ‘D2ro1p vou.4) — [ ‘Senssn Jos — 1S Toys — HS

»88'EF 86°L9 86 EF9L°LS QLTYF LTI OLYF 86HT1 @STIFYSTIT HY9F 95°9LT uz-s
JOTF €F°LT NAREIYXI ' TF 90T QOTIFLYIT £V TF LOET FSTFILST uz-an
SV TIFTIL6S 2SS VIF L8FT9 JI8°9TF 10669 @C1'8TF 90°T6L L8 8TF $9°5T8 V€ 0TF 86'798 uz-18
SEEFSOLY L8 EFVET6 @V EF 17201 @SS EF 90601 L£TYF 90°9C1 :86'SF 9L YEL uz-HS
P0°0F ¥L9°0 sSO'0F TIL0 aSO'0F T00'T @lOOF TETT LO0OF SOV 90°0F L6S'1 qd-S
»C00°0F $+0°0 ,$00°0F 60°0 (610°0F 821°0 qCT0'0F SST'0 :8C0°0F STE0 1€0°0F 6€€°0 qd-an
s700°0F £90°0 $900°0F €80°0 SC10°0F TH1°0 QI T0°0F 8910 @I T00F #81°0 2CLO°0F €020 qd-1S
,200°0F S¥0°0 2q700°0F 190°0 4900°0F L80'0 4800°0F 8600 @L000F 611°0 2CL0°0F 981°0 qd-HS
SLLYSTF €679€ 286°SOF L'LILE SP0°0LF T'8T8E €V PLF 87T QI T08F ToSEY LSTLST 1'L66Y o1-S
280 €F T1°0F qCIEF 9T T L TEF ITHY 9S"€F 9L'6¥ (65 €F 95°TS 8L EF10°79 a1-an
2098 LF L9861 ,S9'6F 11°9CC qC6'6F 8L'9EE ST 8F 60°1LE 2C0°01F ¥ 66€ F66F PSTIY a4-1S
L SFILTIT LSLOPFI1°61T 2q86°SF 86°ST¢E sqLL'8F LE'SSE VS 6F 17°88€ LC101F Y€ €9 a4-HS
9S SsS S €S 7S IS ordureg

(JN@S/81) pareSnsoAul sjejiqey oY) WOIJ [10S Ul pue

{(varo1p vou.4n) syuerd U ‘00c00 dd — PUeq oUO UM S[[oYS umolq dfed Yim (O] = U) S[IRUS Syv.LowaU babda)) JO SOIPOQ ) UI S[BISW JO JUSIUO)) "7 d[qel,




190 Danuta Kowalczyk-Pecka, Robert Stryjecki

Analysis of the content of the metals in the shells, hepatopancreas, and foot
tissues of the snails that came from one habitat and had shells with one band on
a yellow, pale brown, or pink background, revealed relatively high variation
depending on the element and on the type of tissue (Tab. 3).

It should be noted that the concentration and accumulation of iron, lead,
and zinc exhibited the same tendency both in the shells and in the hepatopancreas
and foot tissues of snails of all three colour types. The most iron was noted in the
shells and soft tissues of snails with pale brown shells, and the least in those with
pink shells. The most lead was observed in the bodies of pink-shelled snails, and
the least in those with yellow shells. The most zinc was accumulated by snails
with pink shells, and the least in those with pale brown shells. In the case of zinc
and lead, the accumulation capacity of the hepatopancreas is proportionally
many times greater than that of foot tissues. On the other hand, biotransforma-
tion of iron, its availability and assimilability, and its incorporation into snail
tissues is markedly different than in the case of the other two metals. The differ-
ences in iron concentration between the tissues tested are not so great as in the
case of lead and zinc (Tab. 3).

Table 3. Content of metals in the bodies of Cepaea nemoralis snails (n = 10) with different shell
colours with one band from habitat S4 (ug/g DM)

Sample Y 00300 PB 00300 P 00300
SH-Fe 318.56 +4.27™ 325.98 £5.98° 312.34 +£3.09*
H-Fe 390.85 +7.08™ 420.13 £9.01° 371.07 £6.44%
F-Fe 213.55+2.11% 280.12 +£2.76° 197.27 £1.76*
SH-Pb 0.079 £0.002* 0.087 £0.006% 0.099 £0.006°
H-Pb 0.225 +0.008* 0.264 +0.010° 0.337 £0.013¢
F-Pb 0.009 £0.001% 0.020 £0.002" 0.035 £0.002°
SH-Zn 139.12 +3.99° 102.21 +3.41° 155.02 +4.67°
H-Zn 1596.95 £17.02° 1263.84 £15.67° 1723.41 £20.98¢
F-Zn 154.05 +4.01% 134.18 +2.54° 215.23 +6.75°

Y —yellow, PB — pale brown, P — pink, SH — shell, H — hepatopancreas, F — foot tissues
Values followed by different letters in the same line are significantly different (P < 0.05)

In very low concentrations, heavy metals are of importance in metabolic
processes in animals and plants [Menta and Parisi 2001], but when levels of
exposure and accumulation are high, their accumulation in organisms can have
toxic effects at various organizational levels, i.e at the molecular level in transcrip-
tion and translation processes, and at the cytogenetic, cellular, tissue, and organ levels.

CONCLUSIONS

Differences were observed in the amount of accumulated iron, lead, and
zinc in the selected morphic types of Cepaea nemoralis, and the tendency of
changes in metal content in different body parts of the types selected was the
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same, so it may be suggested that the metals analysed may potentially affect the
regulation of expression of the traits responsible for pigmentation.

Bioaccumulation of metals in the shells is long-term and fairly permanent,
while toxic agents that are harmful or occur in excess can be easily eliminated
from soft tissues. Hence the search for biomarkers of exposition by determining
metal accumulation in tissues should take into account which organs and tissues
will provide more significant and reliable data.

Many authors are inclined to recognize the role of chance elements in ex-
pression of polymorphism. This can be described as a ,,scientifically safe” ap-
proach, as these factors can include most of those mentioned above, including an
unlimited number of environmental parameters.
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WYKORZYSTANIE WYBRANYCH ASPEKTOW POLIMORFIZMU
Cepaea nemoralis (Gastropoda: Pulmonata) W BIOMONITORINGU
SRODOWISKA NA TERENIE LUBLINA

Streszczenie. Badano wielkos¢ poziomu zelaza otowiu i cynku w réznych tkankach wstezyka
gajowego — Cepaea nemoralis oraz w probach roslin i ziemi pochodzacych z szesciu siedlisk
o réznym stopniu antropopresji na terenie Lublina. Oznaczono 28 form barwnych wskazujacych
na duze zréznicowanie polimorficzne badanego taksonu na wytypowanych stanowiskach. Analiza
zawartosci metali w czgsciach ciata rdznych typdw barwnych sugeruje potencjalny wptyw anali-
zowanych metali na regulacj¢ ekspresji cech fenotypowych i potwierdza uzyteczno$¢ gatunku
w poszukiwaniu biomarkeréw ekspozycji.

Stowa kluczowe: Cepaea nemoralis, polimorfizm, metale cigzkie, bioakumulacja, monitoring
srodowiska, biowskaznik



