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Abstract. In this preliminary study, we investigated théeefs of short-term habitat fragmentation
on genetic (RAPD) diversity in twArmadillidium vulgarepopulations. Overall, the gene diversity
seemed to be moderate. Genetic structure was &uhbtztwo levels corresponding to two spatial
scales: within and between populations. Using diffié approaches, the overall FST=0.2 suggested
genetic differentiation between the populationse Tenetic structure oA. vulgare populations
appears to have been affected by short-term hdlagnentation.
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Introduction studies (e.g. Hufét al. 1993, Liao and Hsiao 1998,
Vucetichet al.2001).

Fragmentation of natural ecosystems is generally The aim of this preliminary study was to see
seen to be one of the most important threats tehether genetic differentiation could be
biodiversity (Saunderset al. 1991, Miller et al. demonstrated for a common species of which has
1995). Fragmentation may occur when humarestricted ability of migration: 150 years of pddsi
activities, such as agricultural development repladsolation and the distance of a few kilometers aver
large proportions of the natural ecosystem with aultivated area can be enough to result in siggmific
greatly modified matrix, within which small differentiation? We investigated the populations of
remnants remain. At population level, habitafArmadillidium vulgare Latreille 1804 (Crustacea,
fragmentation results in decreasing level of genksopoda, Oniscidae) as it was known to be a common
flow. The reduction of the population size opers thspecies here. When genetic differentiation is
way toward the higher level inbreeding and raisingbtained, it supports the hypothesis of isolatiduat
the unwanted importance of genetic drift (Hartl andurther detailed studies are needed for a clear tes
Clark 1997). Nevertheless, genetic processes (dee discussion).
fragmented populations are known to be complex
(e.g. McCauley 1991, Hedrick and Gilpin 1997). Materials and methods

The polymorphism revealed by genetic markers
provides appropriate resolution for studyingSampling
population structure (e.g. Sunnucks 2000). In this Two grassland fragments located in the vicinity
study, we used randomly amplified polymorphicof the village Asotthalom were selected for
DNA (RAPD) markers (Welsh and McClelland sampling. These sites are separated by cultivated
1990, Williams et al. 1990). Partitioning RAPD area (about 5 kilometers). Cultivation is generally
variability into different levels of hierarchy, dsu@s dated to be at least 150 years old. The selected
within and between populations is often used anspeciesA. vulgarecan be characterized by limited
considered to be a useful tool for population levetapability of migration and sensitivity for
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insecticides (Paoletti and Hassal 1999). Although t besides the fact that the analysis was less eféecti
size of the fragments differs considerably, it wagirst, statistical power of discrimination may
ignored in the analysié\. vulgarepopulations of the decrease by combining the results of the tests.
two fragments are denoted by Popl and Pop2, wheBecond, results obtained for the different prinaaes
Pop2 is larger. not independent as sometimes the same individual is
Individuals were collected in 2002 using pitfallused in different assays. Ignoring this fact may
traps. 12 — 36 traps arranged in 1 — 3 regular gridcrease the magnitude of the standard error ragult
worked for two weeks in the three samplingn false negative decision. Nevertheless, these
occasions in both sites. 15 individuals from Popd a precautionary facts do not ignore our results as
30 from Pop2 were used for DNA extraction. Theselected methods are very robust (randomization
collected individuals were stored in SB puffer (28ests) and significant results are obtained (see
mM NacCl, 10 mM Tris-HCI pH 8.2, 1 mM EDTA) below).
at —20 oC, before the preparation. Each individual Statistical analysis was conducted with the

was handled separately. assistance of Arlequin software (Schneidsr al.
1999) and R (lhaka and Gentleman 1996). RAPD
DNA extraction and PCR amplification method results in multilocus banding pattern with

DNA extraction was performed form the internaldominant marker inheritance. We used two
organs with the exception of the digestive traihgis approaches for evaluation: banding pattern is
the GeneElute Mammalian Genomic Kit (Sigma)considered as a RAPD haplotype (haplotype-based
We followed the instructions of the manufacturér. 2approach) or a band is considered as a locus with
decanucleotide primers (Carl Roth GmbH) wer@ominant allele present (allele-based approach).
screened for the suitability for RAPD amplification Haplotype-based statistical analysis was
Three of them (R2: 5-TGCCGAGCTG-3', R11: 5’- performed on the full data set. In order to reduce
CAATCGCCGT-3, R12: 5-TCGGCGATAG-3) bias, allele-based methods were applied on a éata s
with the best amplification results were used ia threstricted by the Lynch-Milligan (1994) criterion
following study. Reproducibility was tested onlyrfo (Table 1). Applying this condition, 14 loci were
the R2 primer. Altogether, 20 polymorphic bandobtained and dominant allele frequencies were
were obtained for the statistical analysis (Tal)le 1 estimated. These were used then for estimating gene

The PCR reaction was performed in a totatliversity (that is the expected heterozygosity unde

volume 20pul. The reaction mixture contained| 2 Hardy-Weinberg equilibrium) implementing the
10x Tag-puffer, 2ul 2.5 mM MgCI2, 2-3U Tag- formulae of Lynch and Milligan (1994) in R.
polimerase (ZENON Biotech), 0.4-04 from each Averaging over loci, within population gene
dNTP (10 mM, Sigma), 11.2l Millipore distilled diversity can also be estimated. Owing to the lafck
water, 2ul primer (10 pmolal), and 1l template information about the level of inbreeding, it was
DNA. PTC-100TM  Programmable Thermalassumed to be zero.
Controller (MJ Research Inc, USA) was used with To quantify regional and local genetic structure,
the following temperature profile: 94 oC for 2 min;we examined genetic variation within and between
35 cycles of 94 oC for 1 min, 35 oC for 1 min, @2 o populations using analysis of molecular variance
for 1.5 min. (AMOVA, Excoffier et al. 1992) and fixation

Amplification products were separated by 1.5%ndices. First, AMOVA was performed on RAPD
agarose gel electrophoresis (70 mV, 2.5 h) arthplotypes using Arlequin. The distance between
visualized by ethidium bromide staining. Lambdawo samples was given by the number of non-shared
pUC mix (MBI Fermentas) was used as a moleculanarkers (Excoffieet al. 1992). Between populations
weight marker. After digitalization, the bandingvariance component was converted to FST and tested
pattern was scored by eye. The presence of thising 5040 random permutations. Second, the
selected bands was recorded (UVP, Biodoc-ItTMifferentiation of the two populations was testgd b

System). the Raymound and Rousset method (1995)
implemented in Arlequin. It is based on the null
Statistical analysis hypothesis of panmixia and gives the probability of

Clearly, one individual should be enough fomon-differentiation. It is a nonparametric methad,
many different PCR assay. Because of technicMonte Carlo approximation of the extended
troubles, one individual was analyzed by 1-Fischer's exact test. We used 5000 Markov chain
primers. In this manner, statistical evaluation wasteps during the calculations. Third, fixation &b
performed separately on the banding pattern of tH&ST) were calculated in two different ways. FST
same primer. This might have some consequencess given from the gene diversity according to
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Table 1. Summary of the sampling and within popaoitet statistics. N stands for the sample size.eshhaplotype means the number of
haplotypes can be found in both populations andeshi is the number of individuals characterizedtiy shared haplotype in the
given population. AMOVA shows the within populatisariance component given also in the percent taf t@riance. LM notes the

number of loci satisfying the Lynch-Milligan criten used in the diversity calculations. Varianceegi the sampling variance of gene

diversity.

Populations N Haplotype AMOVA Locus Gene diversity
(shared, N) (%) (LM) (variance)

Total 37 19 (1) 1.351 (72.42) 7(4) 0.30 (0.018)
R2 Popl 10 8 (N=1) 0.17 (0.002)
Pop?2 27 12 (N=1) 0.44 (0.002)

Total 27 16 (1) 1.145 (70.21) 7(5) 0.28 (0.008)
R11 Popl 6 5 (N=1) 0.20 (0.001)
Pop?2 21 12 (N=1) 0.37 (0.007)

Total 40 13 (3) 0.793 (98.56) 6 (5) 0.17 (0.002)
R12 Popl 30 11 (N=16) 0.21 (0.003)
Pop?2 10 5 (N=7) 0.12 (0.001)
Total 114 48 (5) - 20 (14) 0.25 (0.003)
Combined  Popl 46 24 (N=18) 0.19 (0.001)
Pop2 58 29 (N=9) 0.30 (0.003)

Table 2. Genetic differentiation measured by the itwerpretations of FST, the between populatiomavae and gene diversity. Allele-
based results are not tested. Non-diff. standthfop value of the Raymond-Rousset test. The estimaf the error on the calculation
of p values is also given. Overall sample X2 ise@nx2 (6 degrees of freedom), used for overall testihdifferentiation (Fischer's
method, Sokal and Rohlf 1995). See Table 1 for Erejzes and within group diversity and variancB®S: p > 0.05; ***: p<0.001; *:
0.01<p<0.05;

Primer AMOVA FST Non-diff. p Gene FST
(%) (haplotye) (error of p) diversity (allelic)

R2 0.515 0.276*+* 0.000*** 0.130 0.299
(27.58) 0)

R11 0.486 0.298*** 0.0259* 0.054 0.159
(29.79) (0.0068)

R12 0.012 0.0144NS 0.306 NS 0.004 0.022
(1.44) (0.0184)

Combined - X2=39.629*** X2=28.096*** 0.058 0.189

Lynch and Milligan (1994). On the other hand, FST The number of shared haplotypes between
was derived from the AMOVA calculations populations suggests also high level of genetic
(haplotype-based). We considered allele-basatifferentiation. One individual was found in both
estimates only on qualitative manner. populations what shared the same haplotype in the
Overall conclusion based on the haplotypease of R2 primer (Table 1). However, this trend
approach was obtained using the Bonferroni andaried. AMOVA carried out on the full data set
Fischer methods with overall significance level okhowed high level of differentiation, with high
0.05. Even the classical Bonferroni method iwalues of FST for primers R1 and R2 (0.276 and
considered to give good results when the number 6f298, respectively, Table 2). As these were highly
tests is small (three in our case) (Rice 1995kignificant, the overall test was also significdot
Fischer’'s technique combines the probabilities dboth of Bonferroni and Fischer methods (Bonferroni:
different tests of significance (Sokal and Rohlp<0.001 for R2, therefore overall p<0.003; for

1995). Fischer's method see Table 2.). In case of primer
R12, two common shared haplotype detected. This
Result was found in 21 individuals altogether. Using

Raymound-Rousset method similar conclusions were

Gene diversity of the two populations differedobtained. High level of differentiation was found
considerably, showing larger value for the large(Table 2). Trends revealed by the allele-based
population (Table 1). However, this difference ddou methods were also similar (not tested).
be interpreted carefully according to the unbaldnce
samples sizes. Nevertheless, the relatively highiscussion
number of haplotypes suggests high level of ditersi
in both populations (not tested). For example,ha t Armadillidum vulgareis generally considered to
case of R2 primer in Popl 10 individuals carry &e a good “indicator species” (Paoletti and Hassal
unique RAPD haplotypes (Table 1). 1999) for studying questions of conservation.
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Clearly, emphasizing a single species oversimglifieHedrick, P.W. and Gilpin, M.E. (1997): Genetic effee size of a
the problem as the level of polymorphism it shows m::gggsﬂ::ggz-bi'giog';?”esc'glo'éyag‘inet(ii'épg‘nd'\"és(-’m@ds
depends on many factors, including b|ot!c ONes. ademic Press, New York, 165-181 op.
NeverthelessA. vulgareseems to be very variable atyys, p.R., Peakall, R. and Smouse, P.E. (1993)PRAvariation
molecular level. In a world wide study using enzyme  within and among natural population of outcrossing
polymorphism of A. vulgare Garthwaite et al. buffalograss. - Theoret. Appl. Genetics 86, 927:934
(1995) reported high level of genetic variability'hakzng- s?ggngerﬁgem?s"’ RJ- ((:109r263;t 'gr;rlaggggggﬁta
within anq _between pOpUIatlon.S’ e_spemally IrLiao, L.()3/. and gHsiF;to, J.-Y. (1958): Rel%ttionshiptvimn
Europe. Similar result was obtained in a smaller ~opulation genetic structure and riparian habitatevealed
spatial scale using genetic markers (Rigaidal. by RAPD analysis of the reophyt&corus gramineusn
1999) as it was also suggested by our results. Taiwan. - Mol. Ecol. 7, 1275-1281. _ '
Further evidences are provided for the huge IiétV”C:{ruMC-tSr”edvm'r']“gRaA”F;g-n%?g:r)sfA”azs'égglpgﬂgﬁnlgg”et'c
of dem.mental effect of human aCtIVIty for naturrSlIMcCauley, D.E. (1991): Genetic consequences O’ﬂ loopulation
populations. The Hungarian Great Plain, where ouUr' "~ eytinction and recolonization. - Trends. Ecol. Eo5-8.
sampling sites are located is not an exception; 15@ler, K., Allegretti, M.H., Johnson, N., and Jaw, B. (1995):
years of agricultural activity may isolate grasslan Measures for conservation of biodiversity and soatde
fragments completely in a short spatial scale. use of its components. In: Heywood, V.H., WatsonT.R

: : : : (eds): Global biodiversity assessment. - Cambridgeév.
Finally, the explanation based on isolation of Press, 915-1062 pp.

populations is only one p05_5|b|||FY- ManYPaoIetti, M.G. and Hassal, M. (1999): Woodlice pisda:
background processes can explain differences in oniscidea): their potential for assessing sustaibatand
genetic composition of populations. Genetic markers use as bioindicators. - Agriculture, Ecosystems and
are useful for providing high level of polymorphism  Environment 74, 157-165.

ymond, M.L. and Rousset, F. (1995): An exact test
but (usually) the background processes remama population differentiation. - Evolution 49, 1280832

unclear. The effect of migration (the lack Ofgice 5/ (1995): Mathematical statistics and datalysis. 2nd
isolation) is to eliminate differences between ed.- Duxbury Press, Belmont, California, p. 453.

populations (e.g. Hartl and Clark 1997). But itéak Rigaud, Th., Bouchon, D., Souty-Grosset, C. andrad, R.
time. Ancestral differences traced back to the (1999): Mitochondrial DNA polimorphism, sex ratio

; ; ; distorters and population genetics in the Isopod
foundation (the time of fragmentation) or subsequen Armadillidium vulgare - Genetics 152, 1669-1677.

historical events (bottle neck) may explain curreng, nders, DA, Hobbs, R.J., and Margules, C.R.919
differences even the lack of complete isolation.  Biological consequences of ecosystem fragmentatimn:

Genetic differences can be generated on many review. - Conservation Biology 5, 18-32. _
different ways. High level of differences can beSchneider, S., Roessli, D., and Excoffier, L. (088equin: A
interpreted as the sign of isolation but migratiate software for population genetics data analysis. 2/600. -

, . Genetics and Biometry Lab, Dept. of Anthropology)i
must be also estimated on the direct way (Bossart Ggﬂgv';s and Flometry tab, Bept of Anhropelog

and Prowell 1998, Steinberg and Jordan 1998, Wasgjkal, R.R. and Rohlf, F.J. (1995): Biometry. 3t e Freeman
and Strobeck 1998). and Co., New York, p. 794
Steinberg, E.K. and Jordan, C.E. (1998): Using ecwdbar
genetics to learn about the ecology of threatepediss: the
allure and the illusion of measuring genetic strtetin
. . . natural populations. In: Fielder P.L.and KareivéMP(eds):
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