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Abstract. For the maintance of dry heathland ecosystemsntpkementation of adequate conservation
measures is required. Besides traditional landpuaetices (e.g. mowing) several modern management
measures (e.g. sod-cutting, choppering) were dpedl@and applied. In the present study the carabid
beetle fauna of three different managed heathlated ¢ a coastal heathland on the Baltic isle of
Hiddensee, Germany, was analysed. Pitfall trappielgled a total of 4,018 carabid beetles belonging
48 species. Species and individual richness wasehkign the sod-cutted site followed by choppesnd
mowing. Diversity was highest on the mown site, ttu¢he most even distribution of species. Species
composition differed clearly among sites indicabgdRDA ordination and Jaccard’s similarity indekeT
application of sod-cutting and mowing present twgpaértant habitats for specialised carabid beetles:
Sod-cutting creates secondary, highly dynamicaitatsbsuitable for several dune species while mgwin
seemed to preserve a typicala{luna) heathland carabid fauna. The use of different agament
measures could lead to a more heterogeneous hedtitieeate suitable habitats for several specilise
carabid beetle species and therefore might entdivessity.

Keywords: Choppering, coastal heathland, mowing, restoration ecology, sod-cutting

Introduction

The main object of the European Habitats Directige the maintenance of
biodiversity by the conservation of certain halsitahd of wild fauna and flora (EC
Habitats Directive 92/43/EEC). For semi-natural itetb, such as dry heathlands, the
implementation of adequate conservation measurdnetisfore required and necessary.
In North-West Europe heathlands were traditiona#igd as grazing ground for sheep in
addition with sod-cutting (also known as turf aodtior plaggen) (Webb, 1998). By such
land use practices, nutrients were continuouslyedeg and natural succession to shrub
or forest is arrested (Gimingham, 1972; Webb, 1998)former times, this cultural
landscape developed in large areas throughout tlh@t& region of Europe mainly on
dry, acid, and nutrient-poor soils (Gimingham, 1P7Rowadays, heathlands are
restricted to small and mainly fragmented areashiyvd998). The main reasons for
this decrease are changes in land-use (e.g. aHitioas agricultural intensification) and
high rates of atmospheric nitrogen deposition (el Diemont, 1983; Webb, 1998).
Both, the abandonment of traditional land use arndghication, enhance successional
processes including negative effects such as adatiom of soil organic matter,
decreasing biodiversity and the loss of a typicgthland fauna (Marrs and Le Duc,
2000; Roem and Berendse, 2000; Irmler, 2004). E=zlhedor invertebrates, such as
carabid beetles or spiders, heathlands presentmporiant ecosystem with higly
specialised species (Usher, 1992; Buchholz, 2010).
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To preserve heathlands and counteract the negafifeets of succession and
eutrophication, several modern management measuwees developed and applied
(Barker et al., 2004; Hardtle et al., 2006). Besidowing and burning, especially sod-
cutting and choppering, two methods that are highignsive and require the use of
specialised machines, are seen as highly effeativeducing nutrient loads (Hardlte,
2006). By sod-cutting the total above ground biosnasd most of the humus-rich
topsoil layer (O- and A-horizon) is removed dowrthe mineral and sandy soil layer.
Because sod-cutting is cost-intensive and resualteigh amounts of waste material,
choppering has been applied as an alternative mdtN@meyer et al., 2007) which
takes an intermediate position of intensity betwsed-cutting and mowing. Thereby
the above ground biomass is totally removed as age(much of) the O-horizon, while
the A-horizon remains unaffected (Maes et al., 208dmore detailed description of
both measures is given by Niemeyer et al. (2007).

All management measures aim at preserving a v@athtand landscape on a long-
term basis as well as preserving a typical heathftoma and fauna. Carabid beetles are
a highly usefull indicator taxon for assessing nggmaent practices or restoration
effects (e.g. Buchholz et al., 2009; Malfait ands®eder, 1990; Mossakowski et al.,
1990), and in many studies the (short-term) respaiscarabid beetles to different
heathland management schemes like cutting/mowingnitg or grazing has been
analysed (Usher and Thompson, 1993; Usher, 1992in8g 1991; Garcia et al., 2009).
But especially with respect of animal conservatioot, only the long-term preservation
of a (homogenous) heathland vegetation but alscctéation of a vegetation mosaic
might be of great importance, too, as a heterogenéeathland might enhance insect
diversity (Gardner, 1991; Schirmel et al., 201()efefore, management measures are
not only important for vegetation recovery and depment on a long-term basis, but
could also contribute to a high insect diversity foyming a heathland mosaic with
different habitats suitable for several species.

The aim of the present study was to analyse thabahrbeetle fauna of three
different managed heathland sites in a coastahlaat on the Baltic isle of Hiddensee,
Germany. The applied management measures were ustimayc choppering and
mowing and an analysis of the short-term effecthhe$e management measures (up to
3 years after realisation) on the carabid beetiendawas done. In particular the
following research questions were addressed: (W ldo species richness, diversity and
abundance patterns differ among the three diffarertaged sites? (ii) Does the carabid
species composition differ? (iii) What can be cadeld for nature conservation and
management practices in heathlands?

Materials and methods
Study area

The study area is a coastal dune heathland on @t B5ea island of Hiddensee
(Mecklenburg-Western Pomerania, Northeastern Gey)ndine island is situated west
of Rugen in the National Park “Vorpommersche Bodmeihschaft” (Western
Pomeranian Bodden landscape). The north-south tegtediddensee is about 19 km
with a maximum width of about 3 km (total area @peox. 16 k). The island is
divided geomorphologically into a Pleistocene hilpdscape in the north (up to 72.5 m
a.s.l.) and an adjacent lowland in the south forme#iolocene sandy deposits (Mobus,
2000). Hiddensee has an average annual precipitatib47 mm and an average annual
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temperature of 7.5 C (Reinhard, 1962). In the reemif Hiddensee an anthropo-
zoogenically influenced coastal dune heathlandtigted with a size of about 250 ha
(54°32'N, 13°5°E). The heathland is dominated by advghrubs (mainly
Calluna vulgaris (L.) Hull, but also Empetrum nigrum L. s. str.,Salix repens L. and
Erica tetralix L.). The extensive and rather homogeneous heatlstare interrupted
by sparsely vegetated grey dunes dominateddaynephors canescens (L.) P. Beauv.,
Carex arenaria L. and cryptogams, grassy heath-stanbasd¢hampsia flexuosa (L.)
Trin., Molinia caerulea (L.) Moench, C. arenaria), and shrub encroached stands
(mainly Betula pendula Roth andB. pubescens Ehrh.).

The heathland area was traditionally used as gyagimund for domestic animals
and as fuel and building material until about thecomd World War
(Umweltministerium Mecklenburg-Vorpommern, 2003).recent times the heathland
has been kept open by several conservation meaddaesial shrub clearing has been
applied sporadically since 1978 (Umweltministerivtacklenburg-Vorpommern, 2003)
and regularly since 2000 (Blindow, pers. comm.)2094 sheep grazing with up to 550
individuals and herd by a shepard was reintrodu@edthree sites within the heathland
the mechanical techniques sod-cutting, choppemagnaowing were conducted.

Experimental set-up

Choppering (size: around 16,700 m?) and mowingui@ao6,500 m?) were done in
November 2006 and sod-cutting (20,500 m?2) in Novema®07 {able 1). All measures
were accomplished by the company Meyer-Luhdorf wgilcialised maschines.

Carabid beetles were sampled continuously from @ RD08 to 22 October 2009,
i.e., 0.5 to 2 years after sod-cutting and 1.5-8ryeafter choppering and mowing,
respectively. On each site two transects were gecrirom the border to the centre,
each consisting of four sampling locations at +510m, +15m, and +20m. At each
sampling location one pitfall trap was installedfeéll traps consisting of white plastic
cups (6.5 cm in diameter and 7.5 cm deep) werdlsst with the soil surface. To
protect the traps from precipitation a 15 x 15 cam$parent plastic roof was installed a
few centimeters above each trap. Ethylenglycolafelv drops of detergent were filled
up to about the half of the traps and used asliagihnd preservation fluid. The traps
were emptied every two (2008) or four (2009) werksummer and every four weeks
in winter. Vegetation sampling took place at ea@mmgling location in a 1 x 1m square
once in July 2008. The densities of field layer ([RFcryptogams (DCR) and litter
(DLI) as well as the proportion of bare soil (DB8gre estimated in %. The height of
field layer (HFL) was measured in cm.
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Table 1.Charactersitics of the study sites with the different management schemes a) sod-
cutting, b) choppering and c) mowing in the coastal heathland on the Baltic isle of
Hiddensee, Germany

Management | Size [m?] | Date of measure Description
Sod-cutting 20,500 Nov 2007 Dominated by new shobt&illuna vulgaris,
Rumex acetosella, Carex arenaria andRubus
fruticosus agg. Very high proportion of bare
and sandy soil.
Choppering 16,700 Nov 2006 Dominationafrex arenaria, Calluna
vulgaris, Deschampsia flexuosa and
cryptogams. High proportion of bare soil rich
in humus.

Mowing 6,500 Nov 2006 Domination Gialluna vulgaris, Carex
arenaria, Deschampsia flexuosa and

cryptogams. High proportion of dead woody
Calluna-sprouds and cryptogams (e.qg.

Pleurozium schreberyi).

Data analyses

Muller-Motzfeld (2006) was used for species ideadifion and nomenclature of
carabid beetles. Vegetation parameters (log(x+ansformed) among the three
managed sites were compared using Kruskal-Walli©XN (SPSS 11.5). Species
richness estimation of carabid beetles was domggube bias-corrected Chaol (Chao,
1984, 2005), ACE (Chao and Lee, 1992) and the skooter Jacknife (Burnham and
Overton, 1978) index with the software SPADE. Asedsity measures the Shannon
index H " =>p; In p;), the reciprocal Simpson index (117 € > p;?)) and the reciprocal
Berger-Parker index (1 4= Nmax/ N)) were used. Rarefied species richness (down to n
= 780 individuals) and rarefaction curves were wlaked and created with the software
PAST. Differences between rank abundance-plots wested using the Kolmogorov-
Smirnov two-sample test wheign. represents the largest unsigned difference between
the cumulative relative abundances of two sitég dritical valueD, was calculated as
Do = Ky V [(ni+ ) / (m* no)], where K, =V [1/2 (-In @/2))] (see Magurran, 2004).
The Jaccard’s similarity index’{) where used as a measure of species overlap betwee
managed sites. To analyse carabid assemblage sesporhabitat parameters of the
three sites RDA ordination was performed, becausdinpinary conducted DCA
yielded a gradient length of < 2 (Leyer and Wes@®§6). For scaling we chose inter-
species correlations and species scores were divige deviation. For ordination
analyses the four pitfall traps of one transectewmeeated as a unit, and number of
individuals were standardised to individuals/tratgy. Only species with > 3
individuals per transect were used, and data wgdrmsformed prior analyses. RDA
ordination was done using the software package €add.

Results
Vegetation characteristics

Density of field layer and of cryptogams differagrsficantly among the three sites
increasing from sod-cutting over choppering to mamMlable 2). Also the proportion
of bare soil differed significantly and was by faghest in the sod-cutted site followed
by the choppered site. No differences could bectietiein density of litter and height of
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field layer. However, for the latter a trend coudd observed showing the highest
vegetation on the mown site mainly due to the aenae of grasses such@sflexuosa
andFestuca rubra L.

Table 2.Comparison of vegetation parameters of different managed heathland sites a) sod-
cutting, b) choppering and c) mowing. Significant differences are shown in bold (Kruskal-
Wallis-ANOVA)

Abbreviation | Sod-cutting | Choppering | Mowing Chi? p

Density [%]

Field layer DFL 13.3+4.1 39.6+11.0 72547.12.611| 0.002

Cryptogams DCR 0 29+16 21.3+6.3 16.8090.001

Litter DLI 6.0+ 0.5 9.0+25 10.0+1.3 3.485 0.175

Bare soil DBS 80.3+5.4 53.8+11.8 18.1+7.41.908( 0.003
Height of HFL 17.4+2.9 13.1+2.0| 23.6+4/0 5.144 0.07
field layer [cm]

Capture statistics and diversity

In total 4,018 carabid beetles belonging to 48 seevere sampledCalathus
fuscipes Goeze (1,523 individuals, 37.9 % of total catai Hebria salina Fairmaire &
Laboulbene (1,264 ind., 31.5 %) were the dominpats in all sites. Frequent species
were Calathus erratus C.R. Sahlberg (259 ind., 6.4 Y%)ecilus versicolor Sturm (146
ind., 3.6 %) and\mara lunicollis Schiddte (110 ind., 2.7 %).

Species richness (observed and estimated) anddodivichness was highest in the
sod-cutted site followed by choppering and mowifigb(e 3, Fig. 1). In contrast,
diversity measures indicate a higher diversity be mown site compared to the
choppered and sod-cutted sites, which both had sieryar values. Rarefaction curves
showed for all three management schemes no reachangasymptoter{g. 7).

Table 3.Species richness and diversity measures of carabid beetles in three different
managed heathland sites a) sod-cutting, b) choppering and c) mowing.

Sod-cutting | Choppering | Mowing

Individuals 1,738 1,497 783
Species richness

Observed 37 30 29

Chaol 40.5 32.5 31.0

ACE 44.0 32.9 32.1

2%order Jackknife 46.0 37.0 35.0

Rarefied (n=780) 29.6 26.3 29.0
Diversity

ShannorH” 1.6 1.6 2.2

Simpson (1D) 3.0 3.0 6.2

Berger-Parker (&) 1.9 2.0 3.6
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Figure 1. Individual-based rarefaction curves based on carabid beetle data of three different
managed heathland sites a) sod-cutting, b) choppering and c) mowing

Rank-abundance plots of carabid3g( 2) did not differ significantly among sites
(Komogorov-Smirnof two-sample test; sod-cutting elsopperingDmax = 0.054,D, =
0.334, p > 0.05; sod-cutting vs. mowingPmax = 0.241,D, = 0.337,p > 0.05;
choppering vs. mowingDmax = 0.276,D, = 0.354,p > 0.05). However, rank-
abundance plot of the mown site showed a more dignbution of species while the
sod-cutted and choppered sites were dominatedrbg tr two species, respectively.

—&— Sod-cutting
: Q-+ Choppering
614 i ‘\ —¥— Mowing

0.01 4

Relative abundance

0.001 A

0.0001

Species rank

Figure 2. Rank-abundance plots based on carabid beetle data of three different managed
heathland sites a) sod-cutting, b) choppering and c) mowing.

Species composition

The similarity index of Jaccard showed a weak simy between carabid beetle
species inventory of sod-cutting and chopperigy £ 0.523) and sod-cutting and
mowing (C, = 0.404). The choppered site and the mown siteedl23 species of 34 and
had a moderately similar species inventary£ 0.676).
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Figure 3. RDA-ordination of carabid beetles (species > 3 ind. per transect, two transects per
site) and vegetation parameters of three different managed heathland sites a) sod-cutting, b)
choppering and c) mowing during the whole catching period from May 2008 until October
2009. Abbreviation of species names: Ama.equ = Amara equestris, Ama.ful = A. fulva,
Ama.lun= A. lunicollis, Ama.tib = A. tibialis, Bra.ruf = Bradycellus ruficollis, Bro.cep =
Broscus cephalotus, Cal.err = Calathus erratus, Cal.fus = C. fuscipes, Cal.mic = C.
micropterus, Car.nem = Carabus nemoralis, Cic.cam = Cicindela campestris, Cic.hyb = C.
hybrida, Cli.fos = Clivina fossor, Har.aff = Harpalus affinis, Har.anx = H. anxius, Har.lat = H.
latus, Har.neg = H. neglectus, Har.sma = H. smaragdinus, Mas.wet = Masoreus wetterhallii,
Mic.min = Microlestes minutulus, Neb.bre = Nebria brevicollis, Neb.sal = N. salina, Not.aqu =
Notiophilus aquaticus, Not.ger = N. germinyi, Not.pal = N. palustris, Oxy.obs = Oxypselaphus
obscurus, Poe.ver = Poecilus versicolor, Tre.qua = Trechus quadristriatus

RDA ordination of carabid data showed a separaifdhe six transects mainly along
two axis (eigenvalues of axis: 1. = 0.569, 2. =76,33. = 0.029, 4. = 0.01&g. 3).
Axis 1 showed a separation along a vegetation tdegsadient while the second axes
showed a gradient from high to low vegetation. Boel-cutting transects could be
found on the right end of the ordination plot anerevpositively correlated with a high
proportion of bare soil (DBS) and negatively wikie tdensity of total vegetation (DTV).
Typical species exclusively occurring at this saiere Cicindela hybrida Linnaeus,
Masoreus wetterhallii Gyllenhal, Broscus cephalotus Linnaeus, Amara fulva O.F.
Miller, Clivina fossor Linnaeus,Harpalus neglectus Audinet-Serville andHarpalus
smaragdinus Duftschmid. Most frequent species wete fuscipes (52%), N. salina
(20%) andC. erratus (14%). An intermediate position along this gradliésok the
choppering transects. This site was characterigatidodominance aV. salina (50%),

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 8(3): B5175.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2010, ALOKI Kit., Budapest, Hungary



Schirmel: Short-term effects of modern heathlandagement measures on carabid beetles (Coleoptarabi@ae)
-172 -

less abundantC. fuscipes (27%) and the frequent occurrence Ndbria brevicollis
Fabricius(4%) andTrechus quadristriatus Schrank (4%). Other species preferring this
site wereCicindela campestris Linnaeus anVotiophilus palustris Duftschmid. On the
left side of the ordination plot and positively peated with vegetation density (DTV,
DCR, DLI) were the mown transects situated. Typispécies in this site werk.
versicolor, Notiophilus germinyi Fauvel in GrenierA. lunicollis, Amara tibialis Paykull
andBradycellus ruficollis Stephens. Agail. fuscipes (28%) andN. salina (22%) were
the dominant species, but alBoversicolor (14%),A. lunicollis (11%) andB. ruficollis
(5%) were common.

Discussion

In order to preserve heathlands several differesdisurements were used but with
different success (Power et al., 2001). As show(dey Boer and de Vries, 1994), even
by the application of the very intensive measurdnse-cutting, a typical heathland
carabid beetle fauna developed on a long-term Vvigaw besides the aim of a long-term
preservation of a typical heathland vegetation #nghal composition, the use of
different management measures might furthermoreaterea more heterogenous
heathland. (Gardner, 1991) proposed, that the omoce of different heathland
successional stages could enhance carabid beedesitdy and (Schirmel et al., 2010)
showed, that habitat mosaics within a heathlandewef great importance for
Orthoptera. So in which way do the three diffenmanaged sites differ and which value
do the management measures have for carabid beetles

Since the sites were closely related (max. distaboait 250 m), were not divided by
any barriers, and had a similar vegetation prionag@ment (Blindow, pers. comm.),
we assume a similar carabid beetle compositiorhefsites prior the the management
measures. Detected differences in this study ansiteg, could therefore mainly be
returned to the effect of each of the applied manant measures. Differences were
detected in species and individual richness andpecies composition of carabid
beetles. The site with the most intensive measadecstting showed clearly both the
highest species and individual richness. High ihligl numbers can be explained by
the frequent occurrence @falathus fuscipes. Individual richness was also relatively
high on the choppered site while on the mown sitlg about the half of the individual
number could be detected. Species richness bettheechoppered and the mown site
showed similar results.

Species composition of the different managed sitifsred clearly indicated by the
RDA ordination and the Jaccard index. Especiallyngosition of the sod-cutted site
could be well separated. On this site several sgemtcur exclusively. To these species
belong mainly typical “dune” species such Hsrpalus smaragdinus, H. neglectus,
Broscus cephalotus, Masoreus wetterhallii, Amara fulva and Cicindela hybrida (Turin,
2000). On the other hand typical “heath” specieshsas the locally threatened
Bradycellus ruficollis or Notiophilus germinyi (Turin, 2000) were very frequent on the
mown site. Also species depending on higher vegeta{Poecilus versicolor,
Oxypselaphus obscurus) found suitable habitat conditions on this sitbeToccurrence
of these species reflects the low intensity of thmanagement measurement and
indicates a low impact on the typical heathlandbal beetle fauna. Choppering, which
take an intermediate position in management intgnaiso showed an intermediate
position referring to species composition. Howewvegjther typical dune nor heath
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species occurred frequently in this site and tlee@blage mainly consist of eurytopic
species (e.gVebria salina, Notiophilus palustris) (Turin, 2000).

From a carabid beetle conservation point of vidw, application of sod-cutting and
mowing therefore present two important habitats $pecialised carabid beetles.
Thereby sod-cutting creates secondary, highly dycean{e.g. sand blow) habitats
similar to younger and more pristine successiotages. In contrast, mowing seemed to
preserve a typical(alluna) heathland carabid fauna which found suitable thabi
conditions shortly after application. This shouldimy be caused by the fact, that the
topsoil is not affected and torphobiont speciesl{sasB. ruficollis) are still able to find
approbiate habitat conditions which seemed noettrie for the choppered site.

By applying management for nature conservationt@ealways to keep in mind the
costs: While sod-cutting (or topsoil removal in geal) is extremely expensive (e.g.
Klimkowska, in press), mowing have relatively loasts. For the conservation of heath
carabid beetles species mowing seems to be an @@gieo management scheme and
should be preferred compared to choppering whichaee expensive. But of course the
future perspective and the vegetation developmérnhese sites are of outstanding
importance. If nutrient loads in heathland habitssame to high, mowing might be an
unsuitable measure and e.g. choppering might be swacessfull.

In conlusion, the use of different management nmesshave a great short-term
effect on carabid beetles. While sod-cutting creatdighly dynamic habitat important
for several and often threatened dune species, mgoywieserve a typical heathland
carabid fauna. Choppering seemd to be of low relexan a short-term basis, because
of the quasi absence of dune and heath speciesugéhef different managements can
led to a more heterogenous heathland which mightripsrtant not only for carabid
beetles but for several arthropods and might erenainaiversity in general.
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Abstract The climate change is one of the most relevantieges that agriculture is facing in Hungary
and all over the World. It is very difficult to esgss the agriculture related effects of the clintdignge

in numbers and figures, since the atmosphere-tilt gystem is very complex. A crop simulation mode
was used for exploring the prospective effects lshate change on the agro-ecological potential of
Hungary. The model was linked to a detailed metegical and soil database of Hungary to provide the
required input data. Simulations first employingasired meteorological data then combining them with
a climate change scenario were used to determiaepthsent and the prospective agro-ecological
potential of Hungary. The simulation results indic¢hat the Hungarian agriculture can not avoid the
effects of climate change, and unfortunately th¢ontg of these effects would be negative. Thedgebf

the spring crops will prospectively decrease whilgher yields might be expected for the autumn srop
The amount of N-based green house gases emittedH® soil will prospectively increase becausehef t
changes in the annual distribution of precipitatiGm the basis of the simulation results the rdléhe
autumn crops is likely to become more significantHungary. Another alternative for the Hungarian
agriculture is to find new crops maybe species efdiferranean origin that could be profitably grown
here.

Keywords: crop model, crop production, GHGs, nitrate leaching

Introduction

The Carpathian basin is an important area of cropyzction in Europe. Around 10
million tonnes yields of different crops are proddchere for eight countries, not
counting the exports. The majority of the agrictdtuland in the basin belongs to
Hungary. Unfortunately the animal husbandry gralguall into the background in the
past decades, yet concerning its plant producttamgary is among the best on the
world regarding the average yields of her main srofhis result could be primarily
owed to the outstanding natural endowments of tentry: the majority of soils
naturally have high water storing capacity and highrient content (Kovacs et al.,
2005) and the climate is favourable to many agmcal crops. Considering the
performance of crops production in Hungary it i$ amegligible factor that farmers are
supported by such advisory systems as the RISSAC-Rbst-effective and
environmentally friendly fertilizer recommendati@ystem (Csatho et al.,, 1998) that
was awarded with the Hungarian Innovation GrandePn 2008.

One of the most important questions that the Huagaagriculture faces is whether
this performance could be maintained in the futidere and more observations prove
that the Middle-European climate is changing fagtan in any other period in the past.
Even the most cautious climate change scenariadicormore than 1 °C temperature
increase (the average of different scenarios iSCB combined with a decrease of
precipitation by the end of this century. Using thethod of spatial analogies (Adams
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et al.,, 1998) it is quite easy to find those partsEurope whose present climate is
similar to the future climate of the Carpathianiba3he analogous locations of the
Carpathian basin for 2030, 2060 and 2090 could daend in Northern Bulgaria,
Northern Greece and Northern Africa (Horvath, 20@hce agriculture is very much
dependent on the climate it is no small wonder tthatpattern of agricultural land use is
quite different for the present Carpathian basid & its future analogue, Northern
Greece. Winter wheat, maize, sunflower and rapdatadasic crops of agriculture in
Hungary. Around 85% of the agricultural land is emad with these crops. Will the
present way of agriculture sustainable in the futor we need new, feasible but also
profitable alternatives for sustainable agriculturélungary? Should the present pattern
of land use be modified due to climate change amh@mic changes? There are two
main conceptions about the future of the agriceliarHungary:

» The food production and the processing industrybased mostly on the above
mentioned four crops. Despite of the changes tihmatk conditions for
producing the present basic crops will be given,eeen if the conditions
became marginal it would be too difficult to change whole system.

* Approaching the end of this century the climatehid area will become more
and more Mediterranean which may open the doomfany crops which can
not be grown profitably here at present, while tdomditions might become
marginal for some of the currently dominant cropsr example cotton is
grown at 15 % of the agricultural land in North&reece. The increase of the
fossil fuel prices has turned the attention of memgnergy crops. The share of
energy consumption of biomass origin has shown mtiramously growing
figure in the near past. These are only two singxemples that might cause
bigger changes in land use in the future in Hungarwell as in the Carpathian
basin.

The agriculture related effects of climate changelungary would prospectively be
mainly negative (Erdélyi, 2009). The climate chamsgenarios predict several degree
increase of temperature by the end of the centargbined with a 10% decrease of
precipitation for the crucial summer period (Porgrat al., 2006). Along with this the
probability of extreme weather events such as fisting autumn and spring is
expected to increase (Mika et al., 2008). The latkrecipitation during summer,
prospectively result in an increase of yield losd arop fluctuation. New pests, weeds,
plant diseases might appear on the scene and ttb dste of pests is expected to
decrease due to the milder winters. The increasd@raér precipitation amount and the
more intense rainstorms increase the risk of sogien.

It is very difficult to express the agriculture atdd effects of the climate change in
numbers and figures, since the atmosphere-soil-jsigstem is very complex. On one
hectare agricultural land 4 TJ solar radiation &8000 tonnes of precipitation reach
the soil surface within a year, and from the selvlEdekgs of sown seeds over 20 tonnes
of biomass develops. In the meanwhile innumeradédétef and slower, important and
less important processes take place that moressritdluence each other. The crop
simulation models were created to give an approbanaescription of this complex
system.

The primary purpose of crop simulation models igléscribe the processes of the
very complex atmosphere—soil-plant system, inclydinuman activities, using
mathematical tools (functions, differential equasipetc.) and to simulate them with the
help of computers. The ultimate aim of using themelels, however, is to answer such
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production and environment related questions tharavise could only be answered by
carrying out expensive and time-consuming experimiehhe main advantage of the
simulation models is that they are capable of dxatgscribing the processes within,
and interactions between complex systems. As aemattcourse the precondition of
using models is that they have to be calibratedvatidated using quality experimental
data.

Many aspects of the potential effects due to timate change in Hungary were
investigated by several researchers (Ladanyi anthddel, 2006; Sipkay et al., 2008;
Boksai and Erdélyi, 2009; Dids et al., 2009; Ladamyd Horvath, 2010). The main
objective of this study is to enlarge the scopehef previous studies (Harnos, 1996;
Kovacs et al., 1998; Harnos, 2000) by exploring astimating the prospective effects
of climate change on the agro-ecological poterdfaHungary in more detail, more
accurately using more sophisticated instruments.

Materials and methods
Meteorological, soil and plant data used in the dtu

A database of the Hungarian Meteorological Senfme the 2002-2006 period
including daily maximum temperature, daily minimutemperature and daily
precipitation covering the area of Hungary with1dé degree resolution grid was used
in the present study(g. 7).

MEAN TEMPERATURE (°C)

CUMULATIVE PRECIPITATION (mm) "-

by rl

M >800
M 7-800
M 6-700
[ 5-600
[ <500

Figure 1. The spatial distribution of average annual cumulative precipitation and mean
temperature in Hungary, 2002-2006 (source: Hungarian Meteorological Service)
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The database contains the data of 466 rectanglesith considered meteorologically
homogenous. Despite of its shortness, the 2002-p@6i6d seems to be representative
for Hungary regarding the average annual cumulaprecipitation and the mean
temperature as well as the distribution of the vimlial years within the period
(Table 1). There is an average year, two years that aghtbliunder and above the
average and two years that are considerably umdkealaove the average regarding both
investigated meteorological parameters. The natewverage of the annual precipitation
totals is practically equal for the 2002-2006 perand the 1961-1990 reference period
(Table 1). Extrapolating the linear temperature growth r@g6 + 0,28 °C/100 year
(a=0,05)) that was established based on the 1901-géfidd (Szalaer al., 2005) the
average temperature of the 2002-2006 period shoeildl0,25 + 0,15 °C that is lower
than the observed by a couple of tenth degrédsd 7).

Table 1.Some of the characteristic figures of the 2002-2006 period, compared to the 1961-
1990 reference period for Hungary

Year / period cum ul;?i:fir;f:zi:?; ltl:loln’ mm Mean temperature, °C
2002 552 11.5
2003 469 10.6
2004 693 10.4
2005 737 10
2006 585 10.8
2002-2006 607 10.66
1961-1990 612 9.96

It could be attributed to the fact that this peneds warmer than the average thus it
can not be considered to be representative, owouldcbe ascribed to the direct
manifestation of the climate change (local warmirgg)d the linear trend of the
temperature growth simply underestimate the aajuaith rate at end of the 1901-
2004 period. We make the latter likely since foe tiext 100 years even the most
cautious climate change scenarios predict more thahC temperature increase
(Bartholy et al., 2006) that indicates that theréase of the average temperature is
different from the linear, it is more like exponhtOn the basis of all this we used the
working hypothesis that the 2002-2006 period wasagentative for the present climate
of Hungary.

The database of the Hungarian soils was creatdédeirResearch Institute of Soil
Science and Agricultural Chemistry in the early A9%Vérallyay et al., 1994). It is
presented otig. 2 in a form of a map just to demonstrate the divgrsnd the mosaic
character of the Hungarian soils. The databaseyeatres the Hungarian soils into 22
soil types and characterise each of these typds avitepresentative soil profile. The
soil-physical and soil-chemical parameters as w&slithe water and nutrient balance
characteristics of the profiles were measuredtun &nd were included in the database.
This database was used in the study.
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Figure 2. FAO soil map of Hungary (source: Research Institute for Soil Science and
Agricultural Chemistry, Hungary)

The maximum yields of winter wheat, maize and sawér in Hungary on a county
level were extracted from the yearbooks of the éi8tatistical Office for the 1982-
2006 period Fig. 3). It is obvious that even the yield of the bestirtty in the best year
can not be considered to be equal to the potgnéll because none of the counties can
be considered to be homogenous from pedologicahatéorological point of view, to
say nothing of the fact that many of the farmers nat afford to provide the ideal
agricultural conditions for plant growth. Since tb#ect of climate change was the
focus of this study it was practical to use the maxof the yearly maximum yield
levels as conditionally potential yields for eadlo Conditionally potential yield is
defined as the maximum reachable yield level antbegpresent climatic, pedological
and agricultural circumstances.

‘ ¢ Winter wheat o Maize » Sunflower ‘
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Figure 3. Maximum yields of the three main crops of Hungary and their maxima in the period
of 1982-2006, on a county level (source: Central Statistical Office, Hungary)
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Methods and tools used in the study

The collected data were fed into the 4M crop sitmaiamodel (Fodor et al., 2002;
Fodor and Kovacs, 2003) so that some indices ofatip®-ecological potential of
Hungary and its prospective development due toatinthange could be quantified.
4M is a CERES (Ritchie et al., 1998) clone. Thersewode of the CERES model
(Ritchie et al., 1994) was used as a starting pmintdeveloping 4M. Several studies
have proved CERES to be an effective crop model#ks et al., 1995; Jamiesenal.,
1998). The entire FORTRAN code of CERES was reamitin Delphi and a user-
friendly interface was also developed for the madeéase handling input and output
data. 4M inherited all the capabilities of CERES tas developed with several new
subroutines and modules in the past years (Fo@06;ZFodoret al., 2009).

4M is a daily-step, deterministic (not stochasticjodel whose functioning
(computation) is determined by the numerical charatics (parameters) of the
atmosphere—soil-plants system. Besides the datadésaribe the physical, chemical
and biological profile of the system, it is alsacessary to set its initial, boundary and
constraint conditions in the input file of the mbd&he parameters regulate the
functions and equations of the model: the developtraad growth of plants or the heat,
water and nutrient balance of the soil. The initiahditions are the measured system
variables at the beginning of the simulation ruahsas the water or nutrient content of
the soil. The boundary conditions are primarily tlaly meteorological data such as the
global radiation, temperature and precipitatione Tdonstraint conditions cover the
numerical expressions of the human activities sagshdata about planting, harvest,
fertilization or irrigation.

Without going into details the outlined functionird 4M is the following. The
model calculates (simulates) the plant growth aedetbpment determined by the
meteorological, soil and agro-technical conditigmgen by the input data. It calculates
how the plant goes through the different phenokllgatages, the amount of the new
matter produced by the plant via photosyntheses pértition of the assimilates among
the organs, the leaf growth depending on the amounéw matter that arrives into the
leaves, and finally the yield. Meanwhile the modksio calculates the amount of water
and nutrients extracted from the soil by the plamtl as a result of this how the soil
dries out and becomes poorer in nutrients. If taéewand/or the nutrient content of the
soil decrease under a predefined limit the plamwgn slows down and in serious
shortage the plant even dies. In parallel with ¢hdse simulation of the processes
independent of plant growth also takes place. Thedeh calculates how the
precipitation infiltrates into the soil, the amouwft nitrate that percolates down under
the root zone and the amount of the ,N@ases released from the soil due to
denitrification: the former can contaminate thenkling water reservoirs by reaching the
water table, while the latter are greenhouse gases.

Since all the required meteorological and soil datae available only the plant
parameters were needed to be set. The plant paenwdtthe model were calibrated so
that the simulated yields would be equal to themeined conditionally potential yields
(Fig. 3) for each investigated crop switching off the efffef any kind of stress factor in
the model. In other words we adjusted the cropsiBpenput parameters till the
simulated and observed conditionally potentialdgsaelere practically the same.

Only the most basic agro-technical applicationsemaken into account during the
simulations {able 2). The amount of fertilizer required by the planas calculated by
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using the Cost-Saving and Environmentally Friendlgrtilizer Recommendation
System of the RISSAC and RIA institutes (Csathal.et1998).

After feeding all the input data into the 4M modek 2002-2006 period was
simulated for every meteorologically and pedololiycdifferent cell of Hungary as if
winter wheat, maize or sunflower was grown on #raa. This meant 1311 simulation
runs for each crops, since the intersect of thesn@pFig. / and Fig. 2, the 466
meteorologically distinguished cells and the 18idguished soil groups resulted in this
many combinations for Hungary. It has to be noted four of the 22 FAO soil groups
that is presented in Hungary were excluded fromstinely since on these areas (e.g.
Gleysols) there is no reason for the existenceirofilating crop production not even
from theoretical point of view. These soils addtapan insignificant proportion of the
country area and are denoted with black colouherrésult maps.

Table 2. Characteristics of the agro-technical applications that were taken into account
during the simulations.

Crop Planting date Harvest date Fertilization date N dos_el:
(day/month) (day/month) (day/month) [kg ha™]
Winter wheat 10/10 10/07 25/09+05/03 30+60
Maize 25/04 30/09 05/04 100
Sunflower 15/04 20/09 05/04 50

The calculated 5 year average vyields, denitrificatand nitrate leaching were
recorded in every simulation and were representednaps. Three categories were
displayed on each map: under the average, averayalzove the average areas. The
lower and upper limits of the average category wagtermined by extracting and
adding the standard deviation from and to the 5 ymuntry average. Since the
simulated denitrification values showed a quitewsk@ distribution, the median was
used instead of the arithmetic mean in this casgndgJthe simulation results an
estimation could be given for the agro-ecologiaatieptial of Hungary taking the most
important limiting factors such as the climate #mel soil into account.

The prospective development in the next hundredsye& the above determined
potentials due to the climate change was also imaed. The 4M model enables the
user to systematically alter the original weathatadthat is representing the present
climate, according to a scenario taking the efé¢atlimate change into account during
the simulations. A scenario can be visualized asbée that sets the amount and the
mathematical operation for the change of the metegical data {able 3).

Table 3.The prospective scale of climate change by 2100 in Hungary

Parameter Mathemz_ltical Winter Spring Summer Autumn
operation
Temperature (°C) Add 3.2 2.3 2.8 2.7
Precipitation (mm) Multiply 1.11 1.04 0.91 0.99
CO, (mg kg Fix value 557

The actual values in the scenaritufle 3) were set based upon the studies of
Hungarian climate change researchers (Pongracd.,eRQ0D6; Haszpra, 2008) and
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represent the simple arithmetic mean of severaktiegi prognoses for each
meteorological variable.

The effect of the predicted increase of the poltsitof frosts during spring and
autumn (Mika et al., 2008) as well as the progoastid increase of rainstorm events
during summer (Bartholy et al., 2006) was ignoredthe simulations. It was also
postulated that there will be no significant changethe soil conditions as well as in
the plant production. It has to be noted the prbabhievements of plant breeders in
improving more drought resistant cultivars was tadien into account either. This was
beyond the scope of this study. However the metegical data of the 2002-2006
period was used in the study, on the maps presgmhia results, for the shake of
simplicity, year 2000 and 2100 were indicated dmgpthat the specific results related
to the present or the future climatic conditions.

Results

Being a countrywide investigation, the amount of,Nf@ses that is emitted from the
agricultural areas of Hungary (approx. 45 000°koould be estimated. An average of
1 650 000 kg of N based greenhouse gases of agrigubrigin are emitted to the
atmosphere in Hungary in a year and this figurexjgected to slightly increase by the
end of this century independently of the kind &f groduced crop$i{g. 5).

It is fully visible on the yield maps{g. 4a andFig. 4b) that both the climatic and
the soil conditions are responsible for the devalept of the winter wheat and maize
yields: the mosaic-like pattern coming from botk tiimate and soil databasgidg. /
and Fig. 2) is identifiable on the corresponding maps. Tlharacteristic prospectively
will not change due to the climate change. On thelgwer yield maps, however, only
the pattern of the meteorological cellBig. /) appears indicating that the yield
development of this crop is determined by the déema the first place, which can be
explained with the greater water demand of the lswefr. Based on the simulation
results the sunflower will be an explicit ‘loseri@ to the climate change: the expected
yields are shifted from the ‘above average’ catggorthe ‘average’ while the average
yields are shifted to the ‘below average’ catedadtiy. 4c).

It is not so obvious to see the prospective eftéalimate change for maize, though
an 6-7% decrease of the average vyield is expeatedoantry level. There could be
smaller areas at the central and the north-wegians of Hungary where an increase of
the maize vyields could be expected while an expligicrease of yields could be
expected at the eastern territories of the cou(fity. 4b). In case of both crops the
dryer and hotter summers resulting in greater watel heat stresses could be hold
responsible for the yield loss. This negative dffeauld not be counterbalanced by the
increased C@promoted photosynthesis.

The probable reaction of winter wheat is just camtito that of the sunflower. The
present ‘below average’ yields practically disappéae to the climate change while
higher than the present average yields could beat@d at the majority of the country
area by the end of this centujig. 4a). It is probably due to the increased precipitatio
amount during the winter perio@dple 3) which creates more advantageous conditions
for the development in spring. The less summeripitation does not really decrease
the yield since the growing season of the winteeattends at the end of June or at the
beginning of July even today and the shorteninthefgrowing seasons is also expected
(Erdélyi, 2008) due to the climate change.
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(a) winter wheat

2000

(c) sunflower

2000

Figure 4. The spatial distribution of the present (2000) and the expected future (2100) yields in
Hungary for the three main crops. The grey colour denotes the present average yields (winter
wheat: 3300-4300 kg ha', maize: 4500-6500 kg ha, sunflower: 2500-3000 kg ha'), while light
and dark grey represent the ‘below average’ and the ‘above average’ yields respectively

It is distinctly visible on the maps presenting tiaitrification (NQ emission) rates
(Fig. 5) that the soils having high clay content at thstexa part of Hungary produce
‘above average’ NPemission rates in the first place. The quantityhed is expected to
increase due to the climate change especially & dhse of growing maize and
sunflower. The increase of precipitation amountshm winter-spring period might be
responsible for this when the soil is not or scigrcevered with crops thus the plant
water uptake is negligible that results in higheit sater content and an increase of
denitrification rates. This phenomenon is not sessted in case of growing winter
wheat since its growing season includes the whaiewspring period.

A similar trend can be seen on the nitrate leachmags fig. 6) due to the climate
change. The risk of nitrate leaching is expectedrise as a consequence of the
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increasing precipitation amounts during the winged spring quartersTgble 3).
Another factor that might contribute to the proleabitrate leaching increase is that the
plants prospectively won’t take up as much nitrogentoday as they develop lower
yields. Since possible changes in fertilizationcpces were not taken into account in
the simulations more and more nitrogen could bearmeed in the sol during the
consecutive growing seasons further increasing ritle of nitrate leaching. This
tendency can be observed in the case of winter wdeg to a small degree. Wheat
takes up water as well as nitrogen during winter spring that might be an explanation

for this.
2100 | '
2000 | ' 2100 | '
(c) sunflower
2000 | ' 2100 ‘ '

(a) winter wheat

2000 | '

(b) maize

Figure 5. The spatial distribution of the present (2000) and the expected future (2100) NO,
emission in Hungary growing winter wheat (a), maize (b) and sunflower (c). The grey colour
denotes the present average emission rates (0-2000 kg km™ y™), while dark grey represents the
‘above average’ emission rates
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(a) winter wheat

2000

(b) maize

Figure 6. The spatial distribution of the present (2000) and the expected future (2100) nitrate
leaching rates in Hungary growing winter wheat (a), maize (b) and sunflower (c). The grey
colour denotes the present average nitrate leaching rates (1000-3000 kg km™ y™), while light
and dark grey represent the ‘below average’ and the ‘above average’ leaching rates
respectively

Summary and conclusions

The 4M crop simulation model was used to quantdyns indices of the agro-
ecological potential of Hungary and its prospectieselopment due to climate change.
The simulation results indicate that the Hungaggniculture can not avoid the effects
of climate change, and unfortunately the majoritytheese effects would be negative.
The yields of the spring crops (maize, sunflowée,)avill prospectively decrease while
higher yields might be expected for the autumn grigqe winter wheat. The selection
of the suitable variety to sow might become paléidy important. The need for
drought resistant varieties — especially for sumélo - might be the most important
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challenge for plant breeders hoping that this racald be won by the man and not by
the nature. The feasibility of irrigation should ipgestigated from economic and as a
matter of course from environmental protection poinview, since yield loss of spring
crops could be attributed to the dryer summersenfirst place. The amount of N-based
green house gases emitted from the soil will prospely increase because of the
changes in the annual distribution of precipitatibhe growing of spring crops might
imply an additional environmental protection riskedto the prospectively increasing
nitrate leaching rates. This effect might be miteghby rational and properly timed
fertilization. Considering the prospectively groginyields and the decreasing
environmental protection risks the role of the autucrops is likely to become more
significant in Hungary. Another alternative for tlungarian agriculture is to start
testing and - in case of getting positive resusart growing alternative crops such as
energy crops like robiniaRpbinia pseudoacacia), poplar Populus), etc. or crops native
or successfully grown at Mediterranean areas sscfemugreek Arigonella foenum-
graecum L.), lady’s thistle(Silybum marianum (L.) Gaernt.) or cotton Gossypium).
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Abstract. The coastal waters from an oil polluted area igala were examined for some physico-
chemical parameters and heavy metals. The impaseasonal changes on water qualities was also
investigated. The nutrient levels particularly digrthe dry season are eutrophic. The trends wete su
that apart from electrical conductivity, total diked solids and Zn where averagely <10% , < 17%
and none respectively exceeded the WHO guidelioesvater at both seasons, other parameters
exceeded the guidelines greatly. Additionally, levebtained rendered the water unsuitable for both
recreational and agricultural purposes based onRASguidelines. Significant correlations (p < 0.01)
were observed between the levels obtained betweetwb seasons. However, only with pH was any
significant difference in the mean between the $e@asons recorded. The anthropogenic input of oil in
the form of spill was observed to influence greaityne water qualities. Thus, not only is the water
unfit for drinking but also unsuitable for livestoand agricultural activities which are the maigsté

the inhabitants.

Keywords: Contamination, oil spill, pollution, toxicity, water quality parameter.

Introduction

Pollution is an unwanted and detrimental changeaimatural system. It is
associated with the presence of toxic substanchks. idtroduction of oil into the
ocean via oll spill is one major way by which thetural coastal area of Ondo State,
Nigeria, is getting polluted. Oil pollution is a r&es obstacle to food chain
productivity of the sea (Kavitha et al., 1999).emstingly, a significant quantity of
petroleum, estimated at 0.2million tons a yeartgrsrthe sea without any help from
humans, through natural seeps and continental marfnus, oil is a natural
constituent of the marine environment (Thomas anllidv, 2004). Apart from the
physico-chemical damage that accompanied oil wiedgased into the ocean, some
levels of metals are equally released (Thomas atdl&en, 1998).

Metals are usually found as ions and complex comg@gsun the hydrosphere and
concentration of metal species in various typesvafer cover a wide range. The
presence of toxic metal such as Pb, Cd, Ni, Crietthe environment, particularly in
water has been a source of worry to environmehtajigvernment agencies and
health practitioners (Kakulu and Obibanjo, 1992;n#am et al., 1993; Fatoki and
Awofolu, 2003; Eddy and Ekop, 2007). The heavy riseteve been referred to as
economic pollutants, which are widely distributedhe environment (O’Neil, 1993).
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The major sources of heavy metals in water espgdialthe oil producing area
(like the study area in this study) has been repgloi include crude oil, drilling fluids
or mud and production water naturally occurringhe production reservoir. These
metals include V, Ni, Co, Cd, Pb, Zn, Mn, Cr andThomas and Kathleen, 1998).

The metals in the aquatic environment are of enwrental interest and
importance because of their interactions with sqplithse materials of geological
origin and also because of their influence on lgjaal processes. Within the aquatic
system, geological weathering and dissolution ofos@ particles from the
atmosphere are some of the natural sources of thetds (Gary and Stephen, 2001).

Few people are fully aware of their daily dependemgon crude oil. Awareness is
growing as the fragilities of modern civilizatiostemming from population growth
and economic expansion become recognizable notasyorld and natural problem
but also a personal problem. However, as humanndiemee on crude-oil increases
especially in a country like Nigeria, the dangérat taccompanied it also increase. In
spite of the growing concern by private individuaisho are environmentally
conscious about the associated problems with dlagp based on global disaster
records, the government especially at the statd #mems adamant about this silently
killing oil-containing pollutant.

The water within the present study area remainsrtdjer source of livelihood for
the inhabitants. In view of the health concerngtate by the magnitude of the
problems afflicting the inhabitants within mosttbé communities within the studied
area, especially the children, the present worthis carried out partly to create
awareness to the inhabitant and society at largke camsequently recommend the
urgent need for better understanding of the asttiroblems that oil spillage and
other activities by oil companies within this zomad and still causing especially in
organic, ionic and metal enrichments.

Study area

The study area for the work is the oil producingastal region of Ondo State,
Nigeria (Fig. 1). There have been several cases of oil spillageirwitiese coastal
communities as a result of the activities of oimpanies operating within these
zones. The same river leads to the Atlantic Ocewhta some other parts of the
country which means that the pollution may haveneedous adverse effect on other
parts of the country. The major occupation of tifgabitants are fishing and farming.
Most members of these communities are not awatieeoénvironmental impact of oil
pollution and most have died due to their ignorance

Materials and methods
Sampling and sample preservation

Sampling sitegTable 1) were chosen with the aim of collecting water san@t a
place that truly represent the water body (Wildalet1999).The global positioning
system (GPS) was used for site identification tbagce future monitoring. Twenty
three (23) representative sites were consideredh®mphysico-chemical parameters
so as to comply with the objectives of the study easy access, out of which nine (9)
strategic locations were studied for some heavyalsieThe sampling sites were all
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located along the same river course and were aglgrag) a distance of 2 km from

one another. Three reference locations were sampildih the same geographical

location with similar ecological conditions. Sammgliat each sites were in triplicate
in order to ensure better precision. The samplieguency chosen for this study was
based on literature guidance (US EPA, 2004).

KIGERIA

AQUJA

AFRICA

5200

Lt
OGUN '\Ol\lTlPUPA L.G.A

°15'

6° 00N

State and Local
overnment bounda

Figure 1. Map of sampling locations
(Inserted is the area map of Nigeria and Africa showing the geographical locations)

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 8(3): 19205.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2010, ALOKI Kft., Budapest, Hungary



Ololade — Lajide: Post-impact assessment of ollagrg on water characterisation
-194 -

Table 1.Site identification and coordinates. Igbokoda 1, 2 and 3 represent control locations

Abbreviation Names of Latitude Longitude Altitude
communities (degree) (degree) (meters)
1 A Ayetoro (town) 06°06'12.4" 004°46'36.0” 12
2 B Idi ogba 06°05'56.1" 004°47'13.2" 14
3 C Alagbin zion 06°04'48.8” 004°47'14.9" 14
4 D Oroto 06°04'22.3" 004°48'53.7" 14
5 E Asumaga 06°03'20.9” 004°39'58.9" 12
6 F llowo 06°03'15.6” 004°50'10.1" 11
7 G llepete 06°02'10.0" 004°51'23.3" 14
8 H Obeadun 06°01'35.5” 004°51'57.5" 16
9 I Obe Nla 06°00'51.9” 004°52'40.2” 16
10 J Erebino 05°59'51.3” 004°53'37.1" 15
11 K Ikorigho 05°57'15.0" 004°53'59.6” 10
12 L Obe iji 05°59'16.9” 004°54°09.8” 9
13 M Obereweje 05°58'55.6” 004°54'27.2" 13
14 N Obebowoto 05°56'52.4" 004°54'34.4" 13
15 0] Ojumole 05°56'05.4" 004°53'10.2” 15
16 P Atlantic ocean 05°57°00.4" 004°55'34.7 16
17 Q Atlantic (inside) 05°56'59.8” 004°53'52.2" 16
18 R Otumara 05°56'42.8” 004°55'55.8" 14
19 S Odonla 05°56'24.5" 004°56'56.7" 13
20 T Ilu abo 05°55'38.5” 004°56'44.7" 13
21 U Jinrinwo 05°55'55.1" 004°57'28.7" 10
22 \% Odofado 05°55'18.3” 004°58'03.7" 12
23 w Awoye 05°54°46.7" 004°57'56.2" 10
24 X Ighokoda & 06°09'12.3” 004°44'32.4” 10
25 Z Ighokoda 2 06°09'12.4” 004°43'33.7" 13
26 Z Ighokoda 3 06°09'12.7" 004°44'32.5" 11

On collection, measurements were made of pH, temper and conductivity
using pre-calibrated pH meter (Hanna pH 211 miavogssor), thermometer and
conductivity meter respectively. Samples were ctdld in polyethylene bottles
cleansed with 50% HN{ Samples for anion analyses were unfiltered and
unacidified. However, for cations analyses and feetae samples were unfiltered
but acidified with HNQ (Nickson et al., 2005). The essence of not filigrsamples
was to ensure accurate result. All samples wereedtin the refrigerator at a
temperature of about 4 °C prior to chemical analyS§iampolo et al., 2002; DWAF,
2002). As part of quality control, field blanks weantroduced in the chain of custody.

Chemical analyses

Total solids (TS) and total dissolved solids (TD&re determined using the
standard method (APHA, 1989). Walkley and Blackhudtof 1934 was adopted for
the determination of total organic carbon (TOC).loide and sulphate were
determined using the Morhs and turbidimetric stathdaethods respectively. The
Cadmium reduction and ascorbic acid methods wesgetively employed for nitrate
and phosphate determination. Heavy metals in therweere analyzed after careful
digestion with conc. HCI using AAS (Alpha 4AAS, Cheal Tech. Analytical,
Euro). Blanks and standards were used as qualitfraloneasures. Detection limits
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(ng/l) were; Cd (0.002); Ni (0.05); Pb (0.004) and (0.006). Statistical analysis
using the SPSS for windows 13.0 versions was &tgrloyed for data presentations.

Results and discussion

Results

Table 2 and 3 present a summary statistics of some water clarsiits and heavy
metals during the dry and wet seasons. The redidltshow apparent seasonal

Table 2.Summary statistics of some water physico-chemical properties#

pH EC TS TDS SS
(uS/cm) (mg/) (mg/) (mg/)
Range 4.1-6.9 2.2-354 209-3650 150-2404 59-1246
(mg/l) (5.8-8.5) (3.0-23.4) | (148-2300) | (112-1438) (86-612)
Mean 5.43 11.17 1176 760 419
(mg/l) (6.89) (12.05) (918) (602) (322)
S.D 0.81 7.3 691 496 314
(0.77) (5.5) (479) (315) (215)
C.V (%) 14.73 65.4 59 65 75
(10.00) (46.1) (52) (52) (67)
WHO 7.0-8.5 20 500 1000 Na
% Viol. 83(33) 8.3(12.5) 96(79) 16.7(8.3) -
Chl Sulp Nit Phosp TOC
(mg/) (mg/) (mg/) (mg/) (mg/)
Range 266-1012 65-605 40-400 73-703 8.9-41.7
(mg/l) (352-932) (61-416) (91-401) (69-541) (13.2-32.5)
Mean 664 235 164 302 20.3
(mg/l) (606) (206) (198) (222) (20)
S.D 216 169 101 190 9.4
(170) (110) (79) (125) (5.0)
C.V (%) 33 72 62 63 46.3
(28) (53) (40) (56) (25.0)
WHO 250 250 50 0.5 na
% Viol. 100(100) 46(46) 88(100) 100(100), -

#: Concentrations are mean of triplicate analysis. Values in parenthesis are results of the wet season
C.V: Coefficient of variation; S.D: Standard deviation; na: Guidelines not available
Chl: Chloride; Sulp:Sulphate; Nit: Nitrate and Phosp: Phosphate;
%Viol: percent of concentration in violation of WHO standard guidelines for drinking water.

Sources: WHO (1993)
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Table 3.Descriptive basic statistics of the heavy metals contents’ (mg/l) in the studied water

Locations Seasons Cd Ni Pb Zn
Ayetoro D 1.0£+0.37 0.4+0.1 14.58 +5.04 0.04+0.14
W 10.9°%0.14 0.4°+0.3 8.62°+2.64 0.04+0.03
Asumaga D 0.130.14 <0.1 18.21+189 0.08+0.31
W 0.17+0.31 0.6°+0.9 6.16°%1.26 0.05+0.01
llopete D 2.27°+0.14 0.5+0.3 12.19°+2.86 0.1#+0.03
W 2.4971+0.23 0.8°+1.2 4.09+0.24 0.08:0.82
Obe nla D 1.1%+0.04 2.3+0.3 19.89 +1.64 0.1#0.12
W 1.727%0.72 2.7+1.4 6.1§°7 +0.59 0.09+1.12
Ikorigho D 0.92+0.14 1.7+0.9 19.98+1.36 0.1%0.17
W 1.64°°%1.31 2.F9+0.4 7.199°+0.94 0.09+0.63
Ojumole D 1.36+0.22 1.9+0.9 20.53+2.96 0.18:0.03
W 1.65°%1.24 1.6°9+0.1 9.17+1.31 0.130.24
Otumara D 3.4%0.13 1.9+0.7 42.38+3.41 0.42+0.31
W 3.26"0.27I 1.879+0.4d | 9.92+2.13 0.22+0.14
Odofado D 1.96°+0.96 0.9+0.2 22.39+0.12 0.52+0.37
W 2.16"7 +1.26 1.89+1.3 9.147+0.89 0.3%0.16
Awoye D 2.28+0.13a 0.4+0.5 21.40+1.22 0.57+0.13
W 2.39%+0.97 0.6°9+0.3 9.467+1.36 0.22+0.21
Igbokoda* D 0.030.14 1.02°:0.12 12.25°"+1.02 | 0.09+0.32
W 1.10*™0.14 1.458"+1.05 9.65"+1.12 0.04+0.53
Mean = S.D D 1.52 +0.97 1.11+0.78 20.37 +8.57| 22&0.20
W 1.76 +0.87 1.44 +0.74 7.95+1.94 0.13 +0/09
Coeff. of Var. D 64 70 42 91
W 49 51 24 69
Range 0.17 - 2.49 4.09 - 42.35 <01-27 0057
WHO Stand. 0.003 0.02 0.01 3.0
% Viol. 100 100 100 None

#: Concentrations are mean of triplicate analysis. Values in parenthesis are results of the wet season
C.V: Coefficient of variation; *: Reference location; S.D: Standard deviation

WHO Stand: World Health Organization Standards for drinking water (1993)

%Viol: percent of concentration in violation of WHO standard guidelines for drinking water.

Means in the same column followed by the same suoppt are not significantly
different @ = 0.05) according to Duncan’s New Multiple Rangsstldifferences. The
temperature of the water samples ranged from 2Z.30°31.8 °C during the dry
season. However, the temperature ranged from Z51® 28.7°C in the wet season.
The ranges in pH and conductivity respectively wete 6.9 and 2.2-35.4u Senfor
the dry season; 5.8-7.9 and 3.0-23.4p3dor the wet season. Similarly, ranges
(mg/l) during the dry and wet seasons respectif@lyther parameters are TS (209-
3650 and 198-2300), TDS (150-2404 and 112-1438% {®-1100 and 86-1140),
Chloride (266-1012 and 401-769), sulphate (65-6b &l-392), nitrate (40-400 and
91-401) phosphate (73-703 and 69-541) and totarocgcarbon (8.9-41.7 and 13.2-
27.2). The metal displayed similar, increasing meamcentrations in the order Zn <
Ni < Cd < Pb at both seasons. The highest and \eagttion were reported by Zn
(CV: 91%) and (CV: 24%) respectively at both season

Water quality dynamics

The dynamics of some of the significant parametasspbtained in the present
study for both dry and wet seasons are showhignres 2a to 3b. It is interesting to
note the observed differences, in temporal dynarafceater quality between the
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different seasons. The figures indicate that wapeality during the two seasons
exhibits seasonal changes and distinct dry andpemdds can be identified for most
parameters.

The colour of the water samples varied considerabtyeen the two seasons and
even with slight variation within some communit@&sthe same season. In general,
the colours varied from brown to light yellow. Nowas colourless at both seasons, a
characteristic that is noted for impure water. pihesence of colour at some of the
locations, particularly during the dry season idigative of greater organic and
inorganic matter in suspension. This is reflectimethe TOC obtained at these
locations.

—&— TOC(Wet)(mg/L) —— pH(Wet)

45 - TOC(Dry)(mg/L) pH (Dry)
40 -
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30 - /‘\ \.\
25 - /‘\
20 - ’\/ \—o——/ e
15
10 A

5 1 S SR SR T Sy
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Ayetoro Oroto Obe Adun Obe iji Atlantic llu Abo Igbokoda 1

(Town) ocean
2a: Variation in pH and Total Organicrbon
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2b: Variation in Electrical Conductivi
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2c: Variation in chloride and sulph

Figure 2. (a-c) Variations of some water physico-chemical parameters
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Figure 3. (a-b) Variations of some water physico-chemical parameters

The pH for most of the water samples (83.3 %) dutime dry season fell within
4.13 to 5.97 while those of the wet season wereonbt fairly increased but fairly
constant across most of the sampling locations. édew the comparatively low
values of pH (i.e. greater acidity) during the deason to those of wet season can be
attributed to natural sources or some organic mgtkartial decomposition of some
organic matters by bacteria and fungi has longesh lbecognized to produce various
organic acids that are capable of lowering the pBEigoieous solution (Bowen, 1986).
Most of the pH data in the dry season fall outhef 6.5-8.5 range of WHO standard
for drinking water(Table 2) and water intended for aquatic life and recreation
activities (DWAF, 2002; WHO, 2002; US EPA, 2004)eTacidic nature of the water
particularly during the dry season is expectechflueénce the solubility, availability
and toxicity of metals in the aquatic ecosystems.

All the water samples did not show any measurablige of phenolphthalein
alkalinity. Thus, the entire river shows no excbasic constituent. This has further
supported the pH values obtained which fell entikeithin the acidic-neutral range.
In a similar manner, higher conductivity valuesvater were obtained during the dry
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season. Highest values were recorded at llepet8335/cm) and Atlantic Ocean
(30.88uS/cm) during the dry season. These suggédstga amount of dissolved
mineral salts within these communities. At fourfetiént locations; L, I, H and R,
abnormally low values of 2.21, 4.56, 5.88 and 5%t respectively were obtained.
These low values were reflective in the amount ie$alved solids (TDS) recorded
during the dry season at these locations. Exceptof@ location, each for both
season, the ranges for both season fell withinh#O (20uS/cm) for EC in water
intended for domestic use (DWAF, 2002; WHO, 200EMW, 2003).

A thorough assessment of the TDS which is sligl#hove half or almost
equivalent of TS at some of the sampling locationicate a high value for both
seasons. The higher values of TDS during the dagme cannot but be associated
with the nature of the medium, which is entirelydacfrom the pH values recorded.
Thus low value of the pH equally depicts water ricldissolved organic matter and
polluted acid drainage. Increased dissolved sd@it lead to improved mineralization
of receiving water or depletion of oxygen, depegdum the nature (either organic or
inorganic). Oxygen depletion can result from theidakon of nitrogen and
phosphorous (which are chemically combined in oigaampounds) to nitrates and
phosphates. The suspended solids were also ahaviiges even at the control sites
(X,Y and Z). The consistent trading activities das contributing factors to these
values.

The organic carbon ranged from 8.9-4.17 mg/l and-B2.5 mg/l during the dry
and wet season respectively. The mean are verg @ond not significantly different
(o =0.05, P =0.720).These values are very highfandbove the 0-5mg/l guidelines
for domestic use (DWAF, 2002). As generally notedjanic matter influences the
mobility and flux of the trace metals .The highdéwbtained in the study is an
indication of greater metal input into the aquesakition in the bioavailable form.
This portends danger and serious threat to aglfatic

It is of interest to note that at both seasons.enohthe communities recorded
normal phosphate (0.5mg/l), chloride (<250mg/l) amdh not less than 88%
violating nitrate WHO guideline for drinking watefhe level of chloride was very
high, much higher than nitrate, sulphate and phateplespecially during the dry
season. Of particular interests are communitiesiratadhe Atlantic ocean and the
Atlantic itself (i.e. P and Q) where highest corications were recorded, though, this
was expected. The high degree of pollution of ¢tioris indicative of salt-water
intrusion. The chloride concentrations were foundj¢énerally decrease with distance
away for the Atlantic Ocean downstream to site(Mik. 2¢). The normal chloride
released into the sea from in-take of petroleunusiy in Nigeria is <200mg/|
(FEPA, 1992). Chloride values recorded at both@eaare quite higher. About 41%
of the total (both seasons) exceeded the maximlowable concentrations of ClI
(<700mg/l) in water for agricultural purposes (eigigation) in Nigeria (FEPA,
1992).

Nitrates and Phosphates are two important nutriéms have been increasing
markedly in natural waters since the mid-1960s (@$od, 2004). The increase in
these nutrients, particularly phosphate, as exdieglin the present report over
nitrate is of environmental concern and was notxpeeted. This is because, Iin
anaerobic environment, coupled with oil pollutiohtlee sea during the dry season,
nitrates are in low concentration and manganesefexnd oxides are abundant. The
environmental significance of these metal oxideth& they serve a dual role. Not
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only are they a source of oxidants to micro organithus leading to ‘algae blooms’,
they are also important for their capacity to btodic metals, deleterious organic
compounds, phosphates and gases (Thomas and Wjll2Z004). Oil spillage, is a
major cause of low biological productivity whichrceesult in appreciable amount of
phosphate (Hammerton and Sherah, 1992). Sinceainéibeium existing between
photosynthesis (Process of cell formation) and iraspn (process of cell decay)
should be maintained, any disturbance as obsernvéitki present study whereby the
rate of cell decay is greater than that of celinfation, especially during the dry
season (due to oil spill), will lead to accumulatiof excess organic nutrients (see
TOC values for dry season) which will in turn stiate bacteria activity, thus making
the water to become eutrophic.

The fairly clear appearance with low light penetmat foul smelling odour
coupled with scarce varieties of fish especiallyinty the dry season; at the time of
sampling for the present study are essential featwf eutrophic waters (Samir,
2003). Moreover, since primary producers in waterchs as cyanobacteria,
phytoplankton and algae depend so much on sunégttas such limited to the
region near the surface of the ocean, where suntigh penetrate i.e. the euphotic
zone (Thomas and Williams, 2004), the presencelafrothe ocean has limited all
possible microbial activities. Thus, oxygen supply the ocean gets exhausted
making the existing bacteria to shift from predoamtly aerobic to anaerobic
microorganisms that generate noxious products ,()H,and HS) of anaerobic

metabolism. In general nitrate levels are obseteetde less during the dry season
while those of phosphates were observed to be hidtig 3a). The levels of N@
and PQ* obtained in this report are exceedingly too high Hoth aquatic life and
irrigation purposes with guideline values of <0.3hfgr NOs and <0.05mg/| for
PQO,> respectively (FEPA, 1992; Campolo et al., 200e Water is not equally
suitable for livestock watering and recreationaivétees with guideline of <10mg/I
for NOs and <0.05mg/l for P respectively (FEPA, 1992; WHO,2002). The results
of the sulphate obtained at both seasons arevediattomparable with almost half
violating the WHO guideline values. The resultstleg TOC for both seasons were
not with exceptions as virtually all the sampledtevaviolated the <5mg/l quality
guidelines values for domestic uses (Campolo, 2002)

In an attempt to further ascertain the pattern @edd of the water physico-
chemical characteristics, a comparison was made pviévious studies within the
ecological zoneTable 4). Most of the parameters apart from EC were obsketode
recorded at higher concentrations than the preljicalstained data. This can be said
to be an enrichment of the aquatic ecosystem vatlifponal nutrients.

Heavy metals enrichment

The range of results obtained from the river wdisplayed slight variation at both
seasons. Cadmium and Ni were observed to be lowie Wb and Zn were at higher
concentrations in the dry season. Significant mgi#fierences occurred in Pb (P =
0.000) and Zn (P = 0.030). Based on Pearson ctomlgTable 4), there are
1).Significant (a < 0.01) positive correlation between Cd and Zn. gniicant (@ <
0.05) positive correlations between Cd and Pb; i@tNi:Zn and Pb during either the
wet and/or dry season(s). From the correlationltesucan be said that the heavy
metals are directly and significantly related. Witie limited available data, all the
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metals except Zn exceeded standard guideline v@ivetO, 2002; NEMA, 2003)
(Table 3).

In addition, levels of Cd and Pb are higher than taximum contaminant level
(MCL) for livestock drinking (0.02 and 0.01mg/l)grcultural purposes such as agua
culture (0.01 and 0.2mg/l) and irrigation (0.2-1g8pand 1.7ug/l ) respectively (US
EPA, 2004).This showed that water from the rivegénerally unsuitable for these
activities with regards to the values obtainedhis study, which could have chronic
health effects on various users. Cadmium remainmetal without any known
biological significance.

Toxicity in water is expected based on the levdismimed in this study. Chronic
exposure to Pb has been linked to growth retandatiochildren (Schwartz et al.,
1986). Lead toxicity studies conducted on femalamats revealed mostly
miscarriages, premature delivery and potent mtytdlTapieau et al., 2000). A
concentration of Pk 0.1mg/l is detrimental to foetuses and childrethvpossible
development of neurological problem (Fatoki et 2002).

Apart from very few locations, levels of Ni obtathare higher than the guideline
values. More importantly, attention has to be fedusn the toxicity of Ni in low
concentrations due to the fact that Ni can causegat reactions and that certain Ni
compounds may be carcinogenic (Mokenzie and Smyt®@8). All Ni compounds
except for metallic Ni have been classified as icagenic to humans. Some of the
health related effects of Ni are skin allergiesgldibrosis, variable degrees of kidney
and cardiovascular system poisoning and stimulatibmeoplastic transformation
(Awofolu and Fatoki, 2005).

Levels of Zn in the river water are quite less thhe 3.0mg/l WHO guideline
value. Hence, no detrimental effects from domest&ter usage are expected.
However, the USEPA levels for Zn in water for safgiatic ecosystem, irrigation and
livestock watering are 0.003mg/l, 0-0.1mg/l and.DRy/l respectively (US EPA,
2004). Consequently, the water is unfit for thetso@nce of the aquatic ecosystem
but could still be utilized for irrigation and ligeock watering at some of the studied
locations where concentration fell below the USHéVels.

Generally, the elevated level of metals and physloamical properties examined
in this study and possibly some other factors whighhope to look into in future
studies complicated the economic sustenance ofntiebitants within the studied
area. It equally represents what can be obtairam@here where oil operation (on-
shore and off-shore) are being carried out It nstever be emphasized that the
source of these metals concentration cannot tobalyassociated with petroleum if
one considers the percentage of metals in petrol€iansequently, they must have
been sourced, in addition, through anthropogendé iarparticular natural seepage.
Increased in metals could also have resulted fromual drilling and disposal, a
regular operation being carried out within thesecmnities by oil companies.

Using the available data from studies carried oitihiovthe same ecological zone
and other parts of the countfJable 5), the range of most of the metals are lower
than most reported concentrations. The mean cadmiimand Zn levels in this
study are lower than the range reported by sontoau{Kakulu, 1985; Okoye, 1989;
Asaolu, 1998). Lead is unique in the sense thatréinge reported in this study is
higher than those reported by other workers idexdtiabove. This again signaled that
probably, leaded gasoline has not yet been phageaf our oil operation.
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Table 4.Correlation Matrix of Physico-Chemical Properties for Dry and Wet Seasons
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Table 5.Comparison of Water Quality Characteristics of Rivers in the Present Study with
Previous Studies within the Ecological Zone and FME Limits *

Parameter Present Okitipupa SE | Ondo Coastal | River Oluwa® | Niger Delta’
Study Belt® Water”
pH 4.13-8.46 5.37-7.70 6.00-7.43 6.90-7.50
EC(uS/cm) 2.21-35.35 10.00-125.00 10.00-3658.00 -
TSS(mg/l) 51-1246 2.15-29.40 0.20-3.75 <20
TDS(mg/l) 112-2404 5.19-75.45 0.0005-19.99 200
TS (mgll) 148-3650 10.55-85.18 0.26-21.67 -
CI" (mg/l) 266-1012 6.97-29.60 10.24-1627.50 -
NO3z (mg/l) 40-401 nd-42.00 nd-0.04 -
PQO,>(mg/l) 73-703 nd-88.00 21.70-297.25 -
SO, (mg/l) 61-605 2.36-11.08 nd-475 -
Cd (mg/l) 0.17-2.49 - 0.1-9.6 - 0.67-5.07
Pb (mg/l) 4.09-42.35 - 0.2-36.0 - 0.67-5.07
Ni (mg/l) <0.1-2.7 - 2.0-9.3 - nd-22.45
Zn (mg/l) 0.04-0.57 - 0.6-17.6 - nd-42.86

Sources: “Ayesanmi "Asaolu (1998); “Ajayi and Osibanjo (1981); *Kukulu (1985)
* Water quality standard for aquatic life
- = Not determined
NS = Not Specified

Conclusion

Oil pollution (i.e. water pollution due to oil s[g) is one problem for which no
effective and final solution has been found anywhiar the World and in spite of
every concerted effort to abate it, it has remaiaednseparable part of the oil based
operation. Some of the parameters determined wewerded at levels above the
WHO standards for drinking water. It was equallg@tved that the levels of some of
these parameters rendered the water unsuitableefaeational and agricultural
purposes. The higher levels of most of the paramm&teer previous reports from the
same ecological zone are indicative of anthropagesmhancement and poor
monitoring system. The persistent incidence of spillage into these coastal
environments can be said to be contributory toutmesually high concentrations of
some of the parameters determined in this studg. diiserved seasonal differences
with higher concentrations of some parameters e et season than in the dry
season may be attributed to increased land basedfido the water body. Other
possible reason may be due to increased waterntuanel wave action, which may
largely disturb the sediment, with the concomitaesurfacing of the previously
leached materials into the sediment. It is theeefoecommended that proper
assessment and monitoring system be set up byoVermment so that aquatic and
human lives would not be endangered.
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Abstract: Phytoremediation is a group of technologies thatplants to reduce, degrade, or immobilize
environmental toxins, primarily those of anthropmgeorigin, with the aim to clean-up contaminated
areas. In this review paper, different types oftptgmediation processes, typical plants used agid th
application for clean-up of metal contaminatedssitere reviewed. Plant responses to heavy metdls an
mechanisms of metal uptake and transport weredissnissed. Phytoremediation of Pb, Zn, Cu and Fe
tailings and mine spoils were carried out by greiseerbs and shrubs, which could be categoriséd as
accumulator Raspalum, Eriochloa, Holcus, Pennisetum Juncus, Scirpus and Thymus), Pb accumulator
(Brassica juncea, Vetiveria, Sesbania, Minuartia, Juncus, Scirpus and Thymus), Cu accumulator
(Ammania baccifera, Scleranthus) Zn and Cd accumulat@W¥etiveria, Sesbania, Viola, Sedum, Rumex).

The research work showed that, bioavailability ametal uptake by plants could be accomplished by
ameliorating pH, addition of organic amendmenttiliser and chelating agents. Further research is
required to develop fast growing high biomass @anith improved metal uptake ability, increased
translocation and tolerance of metals through geregineering for effective phytoremediation oftaie
mine wastes.

Keywords: Phytoextraction, mine tailings, metal accumulator plants.

Introduction

Phytoremediation, the use of plants for environ@engstoration, is an emerging
cleanup technology. Both metal and non-metal migicgyvities generate huge quantity
of waste rocks, which damages the aesthetics odirtbee. Particularly, in case of metal
mining, activites such as crushing, grinding, waghsmelting and all the other process
used to extract, concentrate metals, generatega &mount of waste rocks and tailings
which scars the landscape, disrupts ecosystemsestrioys microbial communities.
Waste materials or spoils that remain after theagibn of usable ores are dumped on
the surrounding land, which is the sources of toretals, leave the land devoid of
topsoil, nutrients and supportive microflora andjetation, thus remains barren (Das
and Maiti, 2008).

Most of the conventional remedial technologies likeaching of pollutant,
vitrification, electrokinetical treatment, excawatiand off-site treatment are expensive
and technically limited to relatively small aredafcel6 and Poschenrieder, 2003).
Moreover, they deteriorates the soil fertility, wii subsequently causes negative
impacts on the ecosystem. Establishment of vegetabver can fulfill the objectives of
stabilization, pollution control, visual improventeand removal of threats to human
beings (Freitas et al., 2004). The use of plantspfarifying contaminated soils and
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water has been developed much more recently. 119@@s, reclamation initiatives of
mining sites developed technologies for coverind) w@h vegetation for stabilization
purposes and reduction of visual impact (Williamsom Johnson, 1981). It was not
until the 1990s, that the concept of phytoremedimaamerged as a new technology that
uses plants to reduce, remove, degrade or immel®lizzironmental toxins, primarily
those of anthropogenic origin, with the aim of oesty area sites to a condition useable
for private or public applications. The genericie€phytoremediation’ consists of the
Greek prefix “phyto” (plant), attached to the Latioot “remedium” (to correct or
remove evil) (Cunningham and Ow, 1996). Phytoreatesh is a cost effective,
environmental friendly, aesthetically pleasing amh with long term applicability.
Phytoremediation is well suited for use at vergdafield sites where other methods of
remediation are not cost effective or practicaldllfamson and Johnson, 1981).

However, adverse factors such as acidity, nutréficiencies, toxic heavy metal
ions, poor physical structure, and their interactio most mine tailings inhibit plant
establishment and growth on the tailings (Pichtel 8alt, 2003). Mine spoil or tailing
dumps usually have barren surfaces, with rare gpldrt show signs of suffering such
as stunted growth, chlorosis, necrosis and anorsaleuelopment of roots with respect
to shoots (Dinelli and Lombini, 1996). Low specifloversity in the mine spoil area is
the result of severe environmental conditions, bame plants can tolerate high
concentration without sign of stress. Collectingrplspecies from contaminated soill
and the evaluation of plant metal concentrations lma used to get information about
specific plant behavior in this environment andoonplete data about metal dispersion,
with reference to their mobility to the biomassn&oplants phytostabilise heavy metals
in the rhizophere through root exudates immobilmatBlaylock and Huang, 2000),
whilst other species incorporate them into rodugs (Khan, 2001). Some plants also
transfer metals to their above ground tissues, npaly allowing the soil to be
decontaminated by harvesting the aboveground patisrefore, plant community
established on mine spoil / tailings could be ulsefuminimize the impacts of mining.
Moreover knowing the diversity of plant responses contaminated sites having
different metals and toxicity levels, is importait study the composition of plant
community that was established on degraded soitsie spoil, which would serve as a
basic approach for mine remediation.

Phytoremediation processes

Plants have shown the capacity to withstand redtiliigh concentrations of organic
chemicals without toxic effects, and they can uptakd convert chemicals quickly to
less toxic metabolites in some cases. In additibay stimulate the degradation of
organic chemicals in the rhizosphere by the reledseot exudates, enzymes and the
build-up of organic carbon in the soil. For metahtaminates, plants show the potential
for phytoextraction (uptake and recovery of contates into above-ground biomass),
filtering metals from water into root system&ifofiltration), or stabilizing waste sites
by erosion control and evapotranspiration of largpiantities of water
(phytostabilization) and so on (Cunningham and Ow, 1996). There anember of
different forms of phytoremediation, discussed beldll phytoremediation processes
are not exclusive and may be used simultaneouslye Tifferent forms of
phytoremediation may apply to specific types ofteomnants or contaminated media
and may require different types of plants as shiovituble 1.
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Table 1. Typical Plants Used in Various Phytoremediation Processes

leachate, Land
application of
wastewater

Chlorianated aliphatics

(TCE)

Nutrients (NQ, NH,",

PO%)

Ammunition wastes

(TNT, RDX)

Process Mechanism Media Contaminants Typical Plants
1. Phyto- Hyper- Soil, Metals (Pb, Cd, Zn, Ni, Sunflowers, Indian
extraction accumulation Brownfields, Cu) with EDTA addition | mustard, Rape seed plants,
Sediments for Pb, Selenium. Barley, Hops,
Crucifers, Serpentine
plants
2. Rhizo- Rhizosphere Groundwater, Metals (Pb, Cd, Zn, Ni, Aquatic Plants:
filtration accumulation Water and Cu) - Emergents (bullrush,
Wastewater in Radionuclides’'Cs, cattail, pondweed,
Lagoons or Dy, 238) arrowroot, duckweed);
Created Hydrophobic organics - Submergents (algae,
Wetlands stonewort, parrot feather
Hydrilla)
3. Phyto - Complexation Soil, Sediment$s Metals (Pb, Cd, Zsn, A  Phreatophyte trees to
stabilization Cu, Cr, Se, U) transpire large amounts of
Hydrophobic Organics water for hydraulic
(PAHSs, PCBs, dioxins, control;
furans, Grasses with fibrous roots
pentachlorophenol, DDT| to stabilize soil erosion;
dieldrin) Dense root systems are
needed to sorb / bind
contaminants
4. Phyto- Volatization by Soil, Mercury, Selenium, Poplar,
volatization leaves Groundwater, Tritium Indian mustard,
Sediments Canola,
Tobacco plants.
5. Phyto- Degradation in Sail, Herbicides (atrazine, Phreatophyte trees
degradation plant Groundwater, alachlor) (poplar, willow,
Landfill Aromatics (BTEX) cottonwood);

Grasses (rye, Bermuda,
sorghum, fescue);
Legumes (clover, alfalfa,
cowpeas)

6. Rhizo-
degradation

Degradation by
plant rhizosphere
microorganisms

Soil, Sediments,
Land
application of
wastewater

Organic contaminants
(pesticides, aromatics and (mulberry, apple, orange);
polynuclear aromatic
hydrocarbons [PAHSs])

Phenolics releasers

Grasses with fibrous root
(rye, fescue, Bermuda) fol
contaminants 0-3 ft deep
Phreatophyte trees for 0
10 ft;
Aquatic plants for
sediments

= =

Phytoextraction

This process reduces soil metal concentrations Uslyvating plants with a high

capacity for metal accumulation in shoots (Barcat Poschenrieder, 2003). The
plants must extract large concentrations of heagtals into their roots, translocate the

heavy metals to above ground shoots or leaves evdupe large quantity of plant

biomass that can be easily harvested; when plamtsharvested contaminants are
removed from the soil. Recovery of high price netedm the harvested plant material
may be cost effective (eg. phytomining of Ni, TlAu). If not, the dry matter can be

burnt and the ash disposed of under controlled idond. Phytoextraction is also

known as phytoaccumulation, phytoabsorption andqs®guestration. Phytoextraction

can be divided into two categories: continuous amduced (Salt et al, 1998).

Continuous phytoextraction requires the use oftglémat accumulate particularly high
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levels of the toxic contaminants throughout thédetime (hyperaccumulators), while
induced phytoextraction approaches enhance toxinnaglation at a single time point
by addition of accelerants or chelators to the soil

Rhizofiltration

This technique is used for cleaning contaminatethse waters or waste waters such
as industrial discharge, agricultural runoff, ondamine drainage by absorption or
precipitation of metals onto roots or absorptionrbgts or other submerged organs of
metal tolerant aquatic plants. For this purposatplanust not only be metal resistant
but also have a high absorption surface and miestate hypoxia (Dushenkov et al.,
1995). Contaminant should be those that sorb slyaiegroots, such as hydrophobic
organics, lead, chromium(lll), uranium and arseWjc(Plants like sunflower, Indian
mustard, tobacco, rye, spinach and corn have beelied for their ability to remove
lead from effluent, with sunflower having the gesit ability (Raskin and Ensley,
2000).

Phytostabilization

It refers to the holding of contaminated soils @ediments in place by vegetation,
and to immobilizing toxic contaminants in soils.yRistabilization is also known as in-
place inactivation or phytoimmobilization. Phytdstaation can occur through the
sorption, precipitation, complexation or metal vale reduction (Ghosh and Singh,
2005). Metals do not ultimately degrade, so capguthem in situ is sometimes the best
alternative at sites with low contamination leveisat vast contaminated areas where a
large scale removal action or other in situ renm@zhais not possible. Plants with high
transpiration rates, such as grasses, sedges,efqgiagts and reeds are useful for
phytostabilization by decreasing the amount of gcbwater migrating away from the
site carrying contaminants. Combining these plaritls hardy, perennial, dense rooted
or deep rooting trees (popular, cottonwoods) caarbeffective combination (Berti and
Cunningham, 2000).

Phytovolatization

It involves the use of plants to take up contamisdmm the soil transforming them
into volatile form and transpiring them into thenasphere. Selenium (Se) is a special
case of a metal that is taken up by plants andtiliésl. Neumann et al. (2003) found
that an axenically cultured isolate of single aklieeshwater microalgae&hlorella sp.)
metabolized toxic selenate to volatile dimethyle&le at exceptionally high rates when
transferred from mineral solution to water for 24tan those similarly measured for
wetland macroalgae and higher plants. Hyper-vadatibn of selenate by microalgae
cells may provide a novel detoxification responidptake and evaporation of Hg is
achieved by some bacteria. The bacterial genesomsipge have already been
transferred taVicotiana or Brassica species, and these transgenic plants may become
useful in cleaning Hg-contaminated soils (Meagealet2000).

Phytodegradation

It involves uptake, metabolisation and degradatibnontaminants within the plant,
or the degradation of contaminants in the soil medis, sludges, groundwater or
surface water by enzymes produced and releaseldebplant. Phytodegradation is not
dependent on microorganisms associated with tlz@sphere. Phytodegradation is also
known as phytotransformation, and is a contamimi@struction process. For instance,
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the major water and soil contaminant trichloroethg (TCE) was found to be taken up
by hybrid poplar treesPppulas deltoids nigra), which breaks down the contaminant
into its metabolic components (Newman et al., 1997)

Rhizodegradation

Rhizodegradation is the breakdown or organics ensitil through microbial activity
of the root zone (rhizosphere). Enhanced rhizogpl#ggradation uses plants to
stimulate the rhizosphere microbial community tgrdele organic contaminants (Kirk
et al., 2005). Grasses with high root density, tegs and alfalfa that fix nitrogen and
have high evapotranspiration rates are associaiéddiferent microbial populations.
Significantly higher populations of total heterqihs, denitrifers, were found in
rhizosphere soil around hybrid poplar trees ineddfpot than in non-rhizosphere soil
(Jordahl et al., 1997).

Phytorestoration

It involves the complete remediation of contamidaseils to fully functioning soils
(Bradshaw, 1997). In particular, this subdivisiohpbytoremediation uses plants that
are native to the particular area, in an attempetiorn the land to its natural state.

Hydraulic control

It is the use of vegetation to influence the moveintd ground water and soil water,
through the uptake and consumption of large voluwmiksvater. Hydraulic control
reduces or prevents infiltration and leaching amtices upward flow of water from the
water table through the vadose zone. Vegetatioemwgitake and transpiration rates are
important for hydraulic control. The application different phytoremediation
technologies for cleaning up of metal contaminatésk are given iffable 2.

Table 2.Phytoremediation application

Location Application Plants Contaminants Performance
Trenton, NJ Phytoextraction Indian mustard Pb Pb cleaned-up to
demonstration (Brassica juncea) below action level in

200 ft x 300 ft plot one season.

Brownfield location
Dearing, KS Phytostabilization Poplars Pb, Zn Cd 50% survival after 3
demonstration (Populus sp.) Concs. > 20,000 years. Site was

one acre test plot abandoned ppm for Pb and successfully

smelter, barren land Zn revegetated.
Whitewood Cr., Phytostabilization Poplars As, Cd 95% of trees died.
South Dakota demonstration (Populus sp.) Inclement weather,
one acre test plot mine toxicity caused die-

wastes off.
Pennsylvania Phytoextraction Thlaspi Zn, Cd Uptake is rapid but
mine wastes caerulescens difficult to

decontaminate soil.
San Francisco, Phytovolatization Brassica sp. Se Selenium is partly

CA refinery wastes and taken-up and

agricultural soils volatilized, but

difficult to

decontaminate soil.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 8(3): 20222.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2010, ALOKI Kit., Budapest, Hungary




Mukhopadhyay — Maiti: Phytoremediation of metal mimaste
-212 -

Plant response to heavy metals

When categorizing plants that can grow in the presef toxic elements, the terms
"metal excluder"”, "metal indicator”, and "metal agwlator" are used. Metal excluders
prevent metal from entering their aerial parts aintain low and constant metal
concentration over a broad range of metal concemitran soil; they mainly restrict
metal in their roots. The plant may alter its meama permeability, change metal
binding capacity of cell walls, or exclude more leli@ag substances (Lasat, 2000).

A metal indicator species is one that actively awglates metal in their aerial tissues
and generally reflects metal level in soil. Theletate the existing concentration level
of metals by producing intracellular metal binde@mpounds (chelators), or alter metal
compartmentalization pattern by storing metalsan-sensitive parts (Ghosh and Singh,
2005). Indicator species have been used for miaspecting to find new ore bodies.

Metal accumulators can concentrate metal in trexsabparts, to levels far exceeding
than soil. By definition, hyperaccumulators are baeeous or woody plants that
accumulate and tolerate without visible symptomiuadred times or greater metal
concentrations in shoots than those usually founchan-accumulators. Baker and
Brooks (1989) established 0.1% as the minimum Hulestissue concentrations for
plants considered Co, Cu, Cr, Pb or Ni hyperaccatau$, while for Zn or Mn the
threshold is 1%. For cadmium and other rare meitlss 0.01% by dry weight.
Hyperaccumulators are found in 45 different famsilievith the highest occurrence
among the Brassicaceae (Reeves and Baker, 20063e Htants are quite varied, from
perennial shrubs and trees to small annual hedrseSf the hyperaccumulators and
their metal accumulation capabilities are listeddnle 3.

Table 3. Metal concentrations (on a dry weight basis) in known hyperaccumulators

Concentrations in “Harvestable”
Metal Plant Species Material from Plants Grown in
Contaminated Soil (dry wt basis)
Cd Thlaspi caerulescens 1,800 mg kg" in shoots
(Baker and Walker, 1990)
Cu Ipomoea alpine 12,300 mg kg'in shoots
(Baker and Walker, 1990)
Co Haumaniastrum robertii 10,200 mg kg'in shoots
(Baker and Walker, 1990)
Pb T. rotundifolium 8,200 mg kg'in shoots
(Baker and Walker, 1990)
Mn Macadamia neurophylla 51,800 mg kg' in shoots
(Baker and Walker, 1990)
Ni Psychotria douarrei, 47,500 mg kg'in shoots
Sebertia acuminate (Baker and Walker, 1990)
25% by wt of dried sap
(Jaffre et al., 1976)
Zn T. caerulescens 51,600 mg kg' in shoots
(Brown et al., 1994)
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How do plants take up and transport metal?

The process of metal accumulation involves sew&eys; one or more of which are
responsible for the hyperaccumulation in plants:

Solubilization of the metal from the soil matrix

Many metals are found in soil-insoluble forms. Rdanse two methods to desorb
metals from the soil matrix: acidification of thaéizosphere through the action of
plasma membrane proton pumps and secretion ofdggeapable of chelating the metal.
Plants have evolved these processes to liberapmtedsmetals from the soil, but soils
with high concentrations of toxic metals will re¢eaboth essential and toxic metals to
solution (Lasat, 2000).

Uptake into the root

Soluble metals can enter into the root symplastrbgsing the plasma membrane of
the root endodermal cells or they can enter the apoplast through the space between
cells. While it is possible for solutes to trav@l through the plant by apoplastic flow,
the more efficient method of moving up the plarthi®ugh the vasculature of the plant,
called the xylem. To enter the xylem, solutes marsss the Casparian strip, a waxy
coating, which is impermeable to solutes, unlegy thass through the cells of the
endodermis. Therefore, to enter the xylem, metalstnaross a membrane, probably
through the action of a membrane pump or channektNbxic metals are thought to
cross these membranes through pumps and chanmeigléd to transport essential
elements. Excluder plants survive by enhancingiBpieg for the essential element or
pumping the toxic metal back out of the plant (H2002).

Transport to the leaves

Once loaded into the xylem, the flow of the xyleap svill transport the metal to the
leaves, where it must be loaded into the cellshefleaf, again crossing a membrane.
The cell types where the metals are depositedbetmyeen hyperaccumulator species.

Detoxification and/or chelation

At any point along the pathway, the metal couldcbaverted to a less toxic form
through chemical conversion or by complexation. iMas oxidation states of toxic
elements have very different uptake, transport, a®tjuestration or toxicity
characteristics in plants. Chelation of toxins Ing@genous plant compounds can have
similar effects on all of these properties as w&d. many chelators use thiol groups as
ligands, the sulfur (S) biosynthetic pathways hdeen shown to be critical for
hyperaccumulator function (Van Huysen et al., 2084 for possible phytoremediation
strategies.

Sequestration and volatilization

The final step for the accumulation of most metalthe sequestration of the metal
away from any cellular processes it might disr@@#questration usually occurs in the
plant vacuole, where the metal/metal-ligand mustrbesported across the vacuolar
membrane. Metals may also remain in the cell wadtdad of crossing the plasma
membrane into the cell, as the negative charge siethe cell walls may interact with
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polyvalent cations (Wang and Evangelou, 1998glenium may also be volatized
through the stomata.

Phytoremediation of metal mine waste

The selection of trace element tolerant speciea key factor to the success of
remediation of degraded mine soils. For long-teemediation, metal tolerant species
are commonly used for revegetation of mine tailiflgan et al., 1997), and herbaceous
legumes can be used as pioneer species to solyedhlem of nitrogen deficiencies in
mining wastelands because of thei fiXing ability (Lan et al., 1997).

Singh et al. (2004) describes the impact of youigd-density plantations of two
native leguminousA(lbizia procera andA. lebbeck) and one non-leguminous timber tree
(Tectona grandis) species on the soil redevelopment process duhnegarly phase of
mine restoration in a dry tropical environment. fEheas a general improvement in soil
properties due to establishment of plantationshelst) soil organic C values were found
in A. lebbeck plantations and lowest i grandis plantations. Botl\. lebbeck andA.
procera substantially increased levels of nitrogen in.sblibwever,A. procera, with
slow decomposing litter, was not as effective irsirg N levels in the soil ad.
lebbeck, indicating that all N fixers may not be equalffi@ent in raising soil N levels.

Yang et al. (2003) conducted a field trial at LawpaPb/Zn mine tailings of
Guangdong Province, Southern China to compare g@ropgrformance, metal
accumulation of Vetiver Wetiveria zizanioides) and two legume specieSefbania
rostrata and Sesbania sesban) grown on the tailings amended with domestic refus
and/or fertilizer. It was revealed that domestituse alone and the combination of
domestic refuse and artificial fertilizer signifitdy improved the survival rates and
growth of V. zizanioides and two Sesbania species, especially the combination.
However, artificial fertilizer alone did not imprevboth the survival rate and growth
performance of the plants grown on tailings. Radtthese species accumulated similar
levels of heavy metals, but the shoots of Swebania species accumulated higher (3-4
folds) concentrations of Pb, Zn, Cu and Cd tharoshof V. zizanioides. Most of the
heavy metals inV. zizanioides were accumulated in roots, and the translocatibn o
metals from roots to shoots was restricted.

Metal uptake capacity by Caryophyllaceae specieng@ Dianthus, Minuartia,
Scleranthus and Silene) were studied from metsdlife soils in northern Greece,
having different concentrations of Cu, Pb, Zn, Qdi, Cr, Fe, Mn, Ca, Mg
(Konstantinou and Babalonas, 1996). They conclutatScieranthus perennis subsp.
perennis showed the highest Cu concentration (205 mg) kehereasMinuartia cf.
bulgarica hyperaccumulated Pb (1175 mggCa concentrations in plants were in
most cases much higher than those in soil, wheéteasontrary was true for Mg. As a
result the Ca/Mg ratio, which was in almost allea®wer than 1 in the soil, was much
increased in the plants.

Mine spoil dump material and plant&ene armeriu (Caryophyllaceae)Salix spp.
(Salicaceae) anBlopulus nigra (Salicaceae) were sampled at 4 different growiages
from the pyrite-chalcopyrite mining area of Vigonma(Northern Apennines, Italy).
Mine spoils have high concentrations of Fe, Mg, @r, Co and Ni, and are
characterized by moderately to strongly acid emmental conditions. Water leaching
tests indicate the following order of extractiom Z Cu > Ni > Fe> Cr (Dinelli and
Lombini, 1996). The results indicate that metal camirations increase with plant
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ageing, the highest concentrations being obsernel@aves. The variations of BAC

(Biological Accumulation Coefficient) for the plangrowing on the Vigonzano mine
spoil area indicates that Zn is the element mastyeabsorbed by plants. An absorption
sequence Zn >Co >Cu >Ni > Fe >Cr can be generalaeglants growing on the mine

spoil area indicating the importance of soil santcomposition in plant absorption.

Selection of plant materials is an important fact@r successful field
phytoremediation. Zhuang et al. (2007) conductdtld experiment to evaluate the
phytoextraction abilities of six high biomass p&nrtVertiveria zizanioides, Dianthus
chinensis, Rumex K-1 (Rumex upatientia X R. timschmicus), Rumex crispus, and two
populations ofRumex acetosa — in comparison to metal hyperaccumulatovsol:
baoshanensis, Sedum alfredii). The paddy fields used in the experiment were
contaminated with Pb, Zn, and Cd. Results indicatkdt Viola baoshanensis
accumulated 28 mg Cd Kgand S. alfredii accumulated 6279 mg Zn'k@lry weight)
in shoots, with bioconcentration factors up to d8l 6.3, respectively. The resulting
total extractions o¥. baoshanensis ands. alfredii were 0.17 kg ha for Cd and 32.7 kg
ha' for Zn, respectively, with one harvest without @amgatment. The phytoextraction
rates of V. baoshanensis and S. alfredii for Cd and Zn were 0.88 and 1.15 %,
respectively. Among the high biomass plamscrispus extracted Zn and Cd of 26.8
and 0.16 kg hd, respectively, with one harvest without any tresitnso it could be a
candidate species for phytoextraction of Cd andr@m soil. No plants were proved to
have the ability to phytoextract Pb with such hafficiency.

Bech et al. (2002) reported the results of theestng of plant species from three
different mining areas in South America: a copperemn Peru “Mina Turmalin’), a
silver mine in Ecuador‘Mina San Bartolon™ and a copper mine in Chil“Mina El
Tenient(’). The accumulation of heavy metals viz. As in gkoas a function of
extractable metal concentrations in the soils waalyzed in field samples. The
different plant species collected from the seweneblluted soils exhibited large
differences in accumulation of heavy metals and Asiong the grass species
(Poaceae), the highest concentration of As wasredden the shoots dfaspalum sp.

(> 1000 mg k@") andEriochloa ramosa (460 mg kg') from the Cu mine in Peru, and

in Holcus lanatus andPennisetum clandestinum (> 200 mg kg*) from the silver mine in
Ecuador. Paspalum racemosum also accumulated considerable concentrations of Cu
and Zn. The species from the genus Bidens (Astaegacevere not only able to
accumulate high concentration of As in shoots (80Lthg kg* in B. cynapiifolia from
Peru), but also considerable amounts of Bb Humilis from Chile). The highest
concentration of Cu was found in the shoot3aflinum spinosum (870 mg kg*) and

in B. cynapiifolia (620 mg kg"). The accumulation of Zn was highest in the shodts
Baccharis amdatensis (> 1900 mg kg') and inRumex crispus (1300 mg kg*) from the
silver mine in Ecuador.

Maiti et al. (2005) conducted a study with the aomdentify pioneering species that
naturally colonize Fe tailings and accumulate hemetals. Total, bioavailable, acid
extractable and water-soluble fractions were studidter the second year onwards,
along with nine herbaceous pioneering species, toeg speciesTectona grandis,
Alstonia scholaris, Azadirachta indica andPeltaphorum) were found growing naturally.
The study shows that some species could accumulalstively high metal
concentrations indicating internal detoxificatiohmetals. The study revealed tHat
grandis accumulated a higher concentration of metals thancholaris in the Fe
tailings, but all concentrations were within thermal range. Native naturally
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colonizing plant species may be used for the biedkation of iron tailings as initial
cover species to stabilize and reduce erosion.

A pilot scale study conducted on the Fe tailing®Noamundi, Tata- Steel by Maiti
and Nandhini (2005) reported that nine plant spgewias able to grow naturally on the
Fe tailings, out of which 4 species namBbyhevia repens, Oxalis corniculata, Blumea
lacera andAvera aspera were analysed for total metal contents in the whpdnt. The
total metal contents in the natural vegetationedmwidely between 1530-8412 mg Fe
kg', 17-102 mg Mn kg, 28-110 mg Zn kg, 10.8-18.8 mg Cu Kk 5.2-35.8 mg Pb kg
1712-32 mg Ni kg and 5.5-31.8 mg Co Kg Maximum accumulation of Fe was found
in Oxalis (7442 mg kd) whereas Mn and Zn were observed maximunBimnea
lacera (88 mg kd') andAvera aspera (109 mg kg') respectively. The variation of BAC
(Biological Accumulation Coefficient = total metats plants/ DTPA metals in soil) for
plants growing in the Fe tailings indicated thatwaes the element most easily absorbed
by the plants. An absorption sequence was in tderasf Fe> Ni> Pb> Zn> Cu> Mn>
Co.

Das and Maiti (2007a) conducted a field studiesam abandoned copper mine
tailings (Rakha mine, Jharkhand, India), to find aacumulation of metals (Cu, Ni,
Mn, Zn, Pb, Cd and Co) in the naturally colonisiregetation. They found that, out of
11 speciesAmmania baccifera growing on copper tailings, levels of Cu accumuolat
in the root parts was found even more than 1000kgh dry weight (DW). Metals
accumulated byA. baccifera were mostly distributed in root tissues, suggestirat an
exclusion strategy for metal tolerance widely exist them. Thus, establishment of
such plant on copper tailings can be a safe methathbilize the metals.

Das and Maiti (2007b) analyzed metal accumulatioralbove and underground
tissues of plants belonging to 5 genera and 4 fesnffom the abandoned Cu-tailing
ponds of Rakha mines, Jharkhand, India. Tailinge llagh concentration of Cu, Ni and
characterized by moderately acid environment ang lautrient contents. Plant
communities respond differently, depending on ttahility to uptake or exclude a
variety of metals. Accumulated metals were mostiiained in root tissue indicating
that an exclusion mechanism for metal toleranceelyi@xists in them. Retention of
some metals more than toxic level in the above muidissues of some plants suggests
the presence of internal metal detoxification asdrance mechanisms in them.

Freitas et al. (2004) studied the metal accumulaitiothe natural vegetation in the
degraded copper mine of Sdo Domingos, SE Port&dahts belonging to 24 species,
16 genera and 13 families were collected and sawpéze analyzed for total Ag, As,
Cu, Ni, Pb, and Zn. The highest concentrations efats in Cu mine soil (DW) were
11217.5 mg Pb Kg, 1829 mg Cu kg, 1291 mg As kg, 713.7 mg Zn kg, 84.6 mg Cr
kg™, 54.3 mg Co ki, 52.9 mg Ni kg* and 16.6 mg Ag Kd. With respect to plants,
the higher concentrations of Pb and As were recbiidethe semi-aquatic species
Juncus conglomeratus with 84.8 and 23.5 mg KDW respectivelyJuncus efusus with
22.4 and 8.5 mg kg DW, andScirpus holoschoenus with 51.7 and 8.0 mg k§ DW,
respectively.Thymus mastichina also showed high content of As in the aboveground
parts, 13.6 mg Kg DW. Overall, the results indicates accumulatiorvafious metals
by different plant species, with some of these tadiaing partitioned to the shoots.

In a study conducted by (Blaylock et al., 1999)aatead-contaminated site in
Trenton, New Jersey, the soil was treated for pleytediation using successive crops
of B. juncea combined with soil amendments. Through phytoreatéxzh, the average
surface soil Pb concentration was reduced by 13%caddition, the target soil
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concentration of 400 mg/kg was achieved in apprasaly 72% of the treated area in
one cropping season. It is found that the integnatf specially selected metal-
accumulating crop plant®fassica juncea (L) Czern.) with innovative soil amendments
allows plants to achieve high biomass and metalmatation rates.

In a field study, mine wastes containing Cu, Pb Andvere stabilized by grasses —
Agrostis tenuis for acid lead and zinc mine wastegrostis tenuis for copper mine
wastes, andFestuca rubra for calcareous lead and zinc mine wastes (Smitth an
Bradshaw, 1979).

Shu et al. (2004) conducted a field experiment dmmare the growth and metal
accumulation in 4 grasseYVeftiveria zizanioides, Paspalum notatum, Cynodon
dactylon and Imparata cylindraca var major) on the fields amended with 10 cm
domestic refuse + complex fertilizer (NPK, Treattnéy), 10 cm domestic refuse
(Treatment B) and complex fertilizer (NPK, Treatmeés), respectively, and without
any amendment used as control (Treatment D). Thétseindicated tha¥. zizanioides
was a typical heavy metal excluder, because theectrations in shoots of the plants
were the lowest among the four plant species te3tieel most of metal accumulated in
V. zizanioides distributed in its roots, and transportation otahén this plant from root
to shoot was restricted. Therefore/. =zizanioides was more suitable for
phytostabilization of toxic mined lands thah notatum and C. dactylon, which
accumulated a relatively high level of metals igitlshoots and roots. It was found that
L. cylindraca var. major accumulated lower amounts of Pb, Zn Cu thadactylon and
P. notatum and could also be considered for phytostabiliratibtailings. Although the
metal (Pb, Zn, and Cu) concentrations in shootsrants of V. zizanioides were the
lowest, the total amounts of heavy metals accuradlat shoots of V. zizanioides were
the highest among the four tested plant speciegaltree highest dry weight yield of it.
The results indicated that zizanioides was the best choice among the four species
used for phytoremediation (for both phytostabii@atand phytoextraction) of metal
contaminated soils.

Chelant-enhanced phytoextraction of heavy metalanisemerging technological
approach for a non-destructive remediation of amimtated soils. Komarek et al. (2006)
studied the effect of the use of maize and poplahelant-enhanced phytoextraction of
lead from contaminated soils. The main objectivethis study were (i) to assess the
extraction efficiency of two different synthetic ethting agents (ethylenediamine-
tetraacetic acid (EDTA) and ethylenediaminedisuccatid (EDDS) for desorbing Pb
from two contaminated agricultural soils origingtimom a mining and smelting district
and (i) to assess the phytoextraction efficiendynmize ¢ea mays) and poplar
(Populus sp.) after EDTA application. EDTA was more efficienhan EDDS in
desorbing and complexing Pb from both soils, remg\das much as 60% of Pb. Maize
exhibited better results than poplar when extrgcBb from the more acidic (pH 4) and
more contaminated (upto 1360 mg Pb Ygagricultural soil originating from the
smelting area. On the other hand, poplars proveaetaore efficient when grown on
the near-neutral (pH6) and less contaminated (upto 200 mg PH)kagricultural soil
originating from the mining area. Furthermore, thddition of EDTA led to a
significant increase of Pb content especially implpo leaves, proving a strong
translocation rate within the poplar plants.

Zhuang et al. (2005) conducted a field trial to leate the phytoextraction
efficiencies of three plants and the effects of BDDBr ammonium addition
[(NH4)2S04 and NH4NO3] for assisting heavy metd),(Bn, and Cd) removal from
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contaminated soil. The tested plants inclWd&da baoshanensis, Vertiveria zizanioides,
andRumex K-1 (Rumex patientia X R. timschmicus). The application of EDTA soil was
the most efficient to enhance the phytoavailabibfyPb and Zn, but did not have
significant effect on Cd. Lead phytoextraction satd V. baoshanensis, V. zizanioides
and Rumex K-1 were improved by 19-, 2-, and 13-folds comparethwhe control
treatment, respectively. The application of ammondid not have obvious effects on
phytoextraction of the three metals, except thatatcumulations of Zn and Cd in shoot
of V. baoshanensis. Among the three tested plants,baoshanensis always accumulated
the highest concentrations of Pb, Zn, and Cd. Tmeentrations of Pb, Zn, and Cd in
the shoots olV. baoshanensis treated with EDTA were 624, 795, and 25 mg'kg
respectively, and the phytoextraction efficiencadsthis species for Pb, Zn, and Cd
were also the highest among the three speciesltBR@sasented here indicated that
baoshanensis had great potential in phytoremediation of soilataminated by multiple
heavy metals, although the dry weight yield waslomeest among the three plants.

Enhancement of phytoremediation by plant genetic modification

The development of commercial phytoextraction tedbgies requires plants that
produce high biomass and that accumulate high metalentrations in organs that can
be easily harvested, i.e. in shoots. It has beggesied that phytoremediation would
rapidly become commercially available if metal-resmlo properties of
hyperaccumulator plants, such B&laspi caerulescens, could be transferred to high-
biomass producing species, such as Indian musBuds{ca juncea) or maize ¥ea
mays) (Brown et al., 1995)In an effort to correct for small size of hyperaceuator
plants, Brewer et al. (1997) generated somatic ilgdvetweerf. caerulescens (a Zn
hyperaccumulator) anBrassica napus (canola), followed by hybrid selection for Zn
tolerance. High biomass hybrids with superior Zarence were recovered.

The use of genetic engineering to modify plants rfwetal uptake, transport and
sequestration may open up new avenues for enhaatiicgency of phytoremediation.
Metal chelator, metal transporter, metallothion@T), and phytochelatin (PC) genes
have been transferred to plants for improved matabke and sequestration. For
example, in tobaccaVicotiana tabacum) increased metal tolerance has been obtained
by expressing the mammalian metallothionein, mieitading proteins, genes (Maiti et
al., 1991).

Transgenic plants, which detoxify/accumulate Cd, Rb, As and Se have been
developed. The most spectacular application ofeblutology for environmental
restoration has been the bioengineering of plaapalle of volatilizing Hg from soil
contaminated with methylmercury. Methyl-mercury,saong neurotoxic agent, is
biosynthesized in Hg-contaminated soils. To dejoxtiis toxin, transgenic plants
(Arabidopsis and tobacco) were engineered to express bacteneds merB and merA.
In these modified plants, merB catalyzes the pmli@is of the carbonmercury bond
with the generation of Hg, a less mobile mercury species. Subsequently, MerA
converts Hg(ll) to Hg (0) a less toxic, volatileeglent which is released into the
atmosphere (Rugh et al., 1996)g reductase has also been successfully trandfesre
Brassica, tobacco and yellow poplar trees (Meager et aD020

Phytoremediation efficiency of plants can be suliggly improved using genetic
engineering technologies. Recent research regoltkiding overexpression of genes
whose protein products are involved in metal uptédesport, and sequestration, or act
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as enzymes involved in the degradation of hazaradwganics, have opened up new
possibilities in phytoremediation. A better undarsting of the mechanisms of
rhizosphere interaction, uptake, transport and estgation of metals in
hyperaccumulator plants will lead to designing ndvansgenic plants with improved
remediation traits. As more genes related to nrm&ahbolism are discovered, facilitated
by the genome sequencing projects, new vistasbeilbpened up for development of
efficient transgenic plants for phytoremediatianslalso expected that recent advances
in biotechnology will play a promising role in thelevelopment of new
hyperaccumulators by transferring metal hyperacdatimg genes from low biomass
wild species to the higher biomass producing catad species in the times to come.

Technology development

Phytoremediation is an emerging technology, pa#pteffective and applicable to a
number of different contaminants and site condgiaviajor limitations of the present
research lacks data related to the mass balartbe ofietals. In addition, the problem is
compounded by metal leaching away from the origseairce. The cost associated with
phytoremediation is difficult to estimate becau$sdaok of economic data. It is likely,
however, that the cost will be very much site sii@cRecently, a group of scientist
ranked a variety of metals with respect to phytmetion research status, readiness for
commercialization, and regulatory acceptance oftélcnology (Lasat, 2000). Results
of this evaluation are shown Tuble 4.

Table 4.Current research status, readiness for commercialization, and regulatory acceptance
of phytoremediation for several metal and metalloid contaminants

Contaminant
Metal Ni_  Co Se Pb Hg Cd Zn As
Commercial readiness® 4 4 4 4 3 2 3 1
Regulatory acceptance*t Y Y N Y N Y Y N

* rating: 1- basic research underway; 2- laboratory stage; 3- field deployment; 4- under
commercialization.
** Regulatory acceptance: Y- yes, N- no.

Conclusions

Metal mine waste generally contain anomalous cdanaggon of metals, which
inhibit the plant colonisation. Metal being non-tégradable, phytoremediation
techniques are the only viable solution to decomtata the metal contaminated land.
Even though, there are several processes of pmyeatiation and different plant species
have been used, role of grasses, legumes and s@mmespecies has been well
established. Out of the several grass and leguneeiesp reportedVetiveria sp.,
Sesbania sp were found to be most promising for bioremealmbf tailings pond.
Adding organic amendment facilitates the effectdgtablishment and colonisation of
pioneer species. The research work showed thatyvhilability and metal uptake by
plants could be accompalished by ameliorating pétjirey chelating agents, using
appropriate fertilisers and altering soil ion comspion. Further research is required to
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develop fast growing high biomass plants with inyea metal uptake, translocation
and tolerance through genetic engineering for éfe@hytoremediation of metal mine
wastes.
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Abstract Our method is presented with displaying time sermmnsisting of the daily amount of
precipitation of 100 years, which has meant a s#pachallenge, as the precipitation data shows
significant deviations. By nowadays, mankind haanged its environment to such an extent that itshas
significant effect on other species as well. Th@ideptera data series of the National Plant Pritect
and Forestry Light Trap Network can be used tdfjgtis. This network has a national coverageargée
number of collected Lepidoptera, and an availaldag data series of several years. For obtaining
information from these data, the setting up of asyeo manage database is necessary. Furthermiwe, i
important to represent our data and our resultmieasily analysable and expressive way. In thislar
the setting up of the database is introduced, bagetvith the presentation of a three dimensional
visualization method, which depicts the long-rangd seasonal changes together.

Keywords: biodiversity, monitoring, data mining, Lepidoptera

Introduction

The spreading and the structure of ecological aassors significantly depend on
environmental factors and resources. This is cadledlogical niche, which can be
perceived as part of an n dimensional space thatesl by the given population (n
dimension means the n number of different enviramalesffects and resources).

There is no opportunity on an examination of popoadynamics to investigate all
(n) environmental factors. Therefore we only looKed relationships between a few
relevant environmental parameters and the dataeated by monitoring the
communities. In view of these correlations we afitad to draw conclusions about the
future state of the population.

The size and the structure of populations are embed by several factors:
agriculture, urbanization, climate, soil, vegetatisalar radiation, etc. However, these
effects are not independent from each other. Cénthitange has an effect on each
component. Thus, environmental effects (biotic aimotic), cannot be examined
independently from each other. That is, no suclalidga@cumstances can be created,
where it could be investigated for example how @pulation is effected by
temperature changes, since it has an effect om otfieential environmental factors as
well, which can have an effect on the investigapegulation. The investigation is
further complicated by the fact that climate is tia only thing having an effect on the
population and its surroundings. Primarily humativag should be mentioned here.
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One of the big problems of these times is thatéte available for us are growing at
an incredible pace. Filtering out important datanfrthe databases is getting to be an
increasing problem.

The aim of our work is to create a database froenLtbpidoptera data of the light
trap network, which assures the availability ofedfatr the purpose of writing this article
and further researches in an easily manageable ®esides this we have introduced a
three-dimensional depicting method in this artigldjch presents time series figures in
an expressive way.

A Visual-Basic program has been made for data psiog, evaluating and
visualizing the results. We chose this programnmarguage primarily because it can
easily be set up for the direct use of Excel andess files. These programs are suitable
for the graphical visualization of long time seneish the help of Autocad and ArcGIS
graphical programs.

Review of literature

The most widespread collection method of Lepidaptlying at night is light
trapping. This method was first employed followitige experiments of Williams
(1935). Light traps have been used since 1940 imgety. In 1952 the construction of
an internationally unique trap network began (Jerd861; Nowinszky, 2003a). By
now, the Hungarian light trap system has been egdipuniformly with Jermy type
light traps.

Those light traps that have been operating fomg kkime uninterrupted, in the same
place are the most suitable for population dynammesstigation (Nowinszky, 2003b).

It is practical to use all the light trap data hesm of the effects of different abiotic
factors. This way it is achievable that the effegipearing in different collection places
and modifying the number of collections neutrakaeh other (Nowinszky, 2003b).

The longest possible time series (daily data seiseseeded to define the changes in
a data series and its tendencies in the most leliby. It should cover the largest
possible geographical area and data collection Idhbe carried out with the same
method all along. The data series of the NationahtPProtection and Forestry Light
Trap Network is the most adequate for these cantit{Hufnagel et al., 2008).

Large quantity data coming from different sourcas be processed with methods of
data mining. As a first step data warehouses a&ed from databases (Bohlen, 2003;
Fan, 2009; Han and Kambel, 2004; Keim, 2004). Tgrscedure is preprocessing
(Kennedy, et al. 1998; Pyle, 1999), during which #utomatically detectable defective
data are removed. The rest of the defective databeafiltered out only with human
assistance, in an interactive way (Han and Kami@€l4p

With the joining of databases a data structureresited, which ensures data access
according to several points of view. The most $&litastructure for this is an n-
dimensional data cube (Euler, 2005; Gray et ab/)9

The moving average method can be used for filteong extremes appearing in
databases and for decreasing the fluctuations ta skxies (Heuvelink and Webster,
2001). It smoothes the data series at the saméHaneand Kambel, 2004).

Image visualization is closer to human thinking nthiarge tables containing
numerical data, which, though, provide exact infation, but are difficult to handle and
they are not suitable to present correlations (Gim2004) either. When analysing
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calculation results, it can be helpful if the dagresented in an easily interpretable,
graphical form.

We used three-dimensional figures for the presiemtaif long time series, where the
yearly and seasonal changes could be seen wellse thre outlined by Gimesi (2009).
A similar depicting method was used by Mulligan (@P%r the demonstration of the
seasonal changes of vegetation. He remarked tkam#thod is able to demonstrate
both short- and long-range tendencies. For the dstraiion of Lepidoptera data, three-
dimensional figures were also used by Marchiori Rothanowski (2006).

Diversity indices are numerical functions defined seis of species frequency or
species occurence probability(lzsak, 2001). Sodikersity of a biozoenosis — in an
ecological sense — is some kind of a function efithmber and abundance of species.

Biological diversity primarily means the varioussesf species regarding a given
area and a given period. Species, genus or gegigtcsities can be studied, such as
epidemiologic or population diversities (I1zsak, 19844k and Juhasz-Nagy, 1984).

However, diversity indices do not provide infornaatiabout the spatial position of
entities, which can characterize the communityeatst as much as the number of
species or the diversity (Menhinick, 1962).

In statistical ecology numerous functions are aupas diversity indices (Dewar and
Porté 2008; Izsak, 2001; Mishra et al., 2009; Syp&hal., 2005; Tothméresz, 1997).
Different diversity indices described in the ecaotad literature present the diversity of
a given species community from different pointsvigw. It is general experience that
the diversity of numerous fauna and flora commansitneasured by different indices
show significant positive correlation. The maingea for this is the high sensibility of
indices to the change of population with the largesnber of entities. Indices depend
on the size of the sample, though to different eix{dbaiez et al.,1995).

Numerous methods have been worked out to charaetdiversity, which can be
assorted as follows, according to Téthmérész (2001

— Number of species,

— Diversity indices,

— Classical diversity statistics,

— Scale-pending characterization of diversity,

— Mosaicity, the role of patterng-diversity),

— Space-series analysis.

Shannon diversity index is the most commonly use@dological literature (e.g.:
Arnan et al., 2009; Balog et al., 2008; Chefaoul babo, 2008; Kevan, 1999; Skalskia
and Pepiech, 2006), therefore we also investigated th&ridution of collected
Lepidoptera with the help of this one.
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Trap Code Start

1 Nov. 1961.
2 Jun. 1961.

3 Jun. 1961.

4 Apr. 1962.

5 Jan. 1962.

6 Apr. 1965.

7 Jun. 1961.

8 Mar. 1962.

9 Feb. 1962.

10 Aug. 1967.
11 Jan. 1961.

12 Mar. 1962.
13 Jun. 1961.

14 Mar. 1962.

15 Feb. 1962.

16 Jun. 1969.

17 Aug. 1969.
18 Aug. 1969.
19 Aug. 1969.
20 Sept. 1969.
21 Mar. 1970.
22 July. 1972.
23 May. 1978.
24 Sept. 1977.
25 Aug. 1976.
26 July. 1976.
27 July. 1976.
28 Jun. 1976.

29 May. 1976.
30 Sept. 1975.
31 Mar. 1988.
32 1977. Apr.

33 Sept. 1979.
34 May. 1990.
35 Apr. 1992.

36 Mar. 1992.
37 Sept. 1975.
38 Mar. 1981.
40 Mar. 1977.
41 May. 1993.
42 July. 1976.
43 Jun. 1977.

52 Sept. 1991.
53 May. 1994.
54 Dec. 1993.
55 Mar. 1995.
56 Apr. 1993.

57 Apr. 1996.

58 Apr. 1996.

59 Apr. 1995.

60 Mar. 1999.
61 Apr. 1999.

62 Mar. 2005.
63 Mar. 2005.
64 Apr. 2005.
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Table 1.Trap statistics (highlighted traps worked for the longest time)

Date
End
Dec. 1975.

July. 1991.

Dec. 2006.
Dec. 2006.
Apr. 1976.
Oct. 1990.
Dec. 2006.
Nov. 2006.
Oct. 2006.
Jun. 1973.
Dec. 2006.
Feb. 1977.
Dec. 2006.
Oct. 2006.
Nov. 2006.

Aug. 1990.

Dec. 2006.
Aug. 2003.
Aug. 1975.
Jun. 1974.
Aug. 1975.
Aug. 1995.
Nov. 2006.

Dec. 2006.
Sept. 1995.

Dec. 2006.
Nov. 2006.
Oct. 2003.
Aug. 1985.

Nov. 2006.

Oct. 1990.
July. 2006.

Nov. 2000.

Nov. 2006.
Jun. 1995.
Oct. 1998.

Dec. 2006.

July. 1981.

Sept. 2003.
May. 1993.

July. 1979.

Aug. 1977.
Nov. 2006.

Dec. 1995.
Oct. 1995.

May. 2001.

Oct. 2006.
Oct. 2006.
Nov. 2003.
Dec. 2006.
Nov. 2006.

Sept. 1999.

Aug. 2006.

Sept. 2006.

Dec. 2006.

Operation
Time [months] Individuals
139 63948
302 602476
441 285752
421 291694
147 29852
185 134303
364 102903
417 298604
393 193967
45 11267
354 301795
153 39242
403 325227
445 715915
446 476072
149 25183
334 175334
85 48671
48 578
28 1125
45 1656
204 82770
186 200144
243 557826
152 87831
253 326855
253 183090
147 68158
72 41544
215 183190
23 6080
268 161841
188 190769
154 151071
14 1785
38 19153
141 108785
5 1183
128 181664
1 39
26 3094
3 457
133 204087
13 9468
15 4285
49 24170
109 117965
48 53304
57 58244
93 136481
71 29617
6 6322
12 15209
16 21667
17 35804

Number of Number of

Species
572
798
776
677

60
588
662
686
770
416
697
520
689
696
765
479
698
552

33

30

30
621
638
638
458
656
672
538
526
675

62
618
548
560
141
394
493
159
568

18
301

54
702
313
195
368
510
434
517
459
466
195
289
335
365
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Name of Trap

Budakeszi
Makkoshotyka
Felgtarkany
Gerla-Gyula
Kunfehérté
Farkasgyef
M.Haza,M.Almas
Répéashuta
Sopron
Szakonyfalu
Szentpéterfolde
Szombathely
Tolna

Tompa
Vargesztes
Gyulaj-Kocsola
Erdésmecske
Komore

Kékat
Alsékovesd
Zalaerdd
Piliscsaba
Gilvanfa-Sumony
Kapuvar
Karcag-Apavara
Bugac
Nagyrakos-Szala
Szulok
Zalaszanto-Supr
Sarvar-Baj-Acsad
Bejcgyertyanos
Sasrét
Jankmaijtis
Didsjer
Nagyldzs
Telkibanya
Hégyész-Tamasi
Ilvanc
Asotthalom
Godolb

N&adasd
Albertirsa
Bakonybél-Somh
Mosonmagyaréar
Asvanyraré
Barcs-Krigoc
Egyhézaskesz
Kecskemét
Pilismarot
Pispokladany
Kemencepatak
Maroslele
Csdprond
Szentendre
Vamosatya



Gimesi — Hufnagel: The possibilities of biodiveysitonitoring based on Hungarian Light Trap Networks
- 227 -

Materials and methods

In the course of our work we used the National PRmotection and Forestry Light
Trap Network, the first light traps of which werestalled in 1961 (Szontagh, 1975).

These traps are operating all year round, exceghtize days when the temperature
does not rise above 0 °C, or when the area is edvey snow (Nowinszky, 2003a).We
received the data of the National Plant Protectiod Forestry Light Trap Network in
dBase format. Our object was to create a databatsefdhese hardly processable data
that allows access to the data easily, in a gerieradat. This way we have created a
database essential for further researches.

The data of the National Plant Protection and Rordsight Trap Network were
processed using data-mining methods. As a firgt stbased on a method well known
in the literature(Bohlen, 2003; Fan, 2009; Han &aanbel, 2004; Keim, 2004) — we
created a data warehouse out of the available als¢ab This process included the
merge and the filtering of databases (BogdanovaGauigieva, 2008).

The trap statistics created from the trap databsaseen iffable 1. In this table the
beginning and the end of the operation are shoagether with the operation time in
months, the total number of collected individusfee number of collected species, and
the name of the trap (its geographical position).

The merge of databases

The original (light trap collection) data can beifid in separate databases for each
trap. The record structure of the original databasas be seen iFig. /.

Data
SORSZ | CSAPDA K_KOD| A EV A_HO D1 D2 D31 FELV FIDO JEL IDO

Figure 1. The record structure of the original databases
The following fields can be found in the databases:

SORSZ (sn) — ordinal number of the measurement
CSAPDA (trap) — trap code

K_KOD (I_code) — code of the insect species( Lepidmma)
A_EV (yoh) — year of collection

A_HO (moh) — month of collection

D1-D30 — number of individuals collected daily

FELV (rec) — name of the data recorder

FIDO (torec) — date of recording

JEL (sign) — sign

IDO (time) — date of collection

Fig. 2 presents the record structure of trap and speeaiebdses. These are linked to the
structure presented fig. 1.
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Trap Species
CS_KOD CS_NEV| MENT K_KOD | K_NEV |K_RNEV| KONYV

Figure 2. The record structure of trap and species databases
The following fields can be found in the databases:

CS_KOD (trap) — trap code

CS_NEV (name) — name of the trap
MENT — one boolean data

K_KOD (species) — species code
K_NEV (nhame) — name of the species
K_RNEV (nhame) — short name
KONYYV (name) — name by book

Fig. 3. demonstrates the relational connections of tafpéerds) presented ifig. 7,
Fig. 2.

Trap Data Species
CS_KOD SORSZ K_KOD
CS_NEV L CSAPDA K_NEV
MENT K_KOD K_RNEV
A_EV KONYV
A_HO
D1
D2

Figure 3. The relational connections of data-tables

With the merge of databases we created a datawsteuihat ensures searching by
trap code, Lepidoptera code, and date. The mosthdaistructure for this is the three-
dimensional data cube that can be seeFign4. The dimensions of the cube arze,
trap code, species code. This way one elemental cube contains the numbspecies
collected in a given trap on a definite day.

For the sake of quicker data access and the fallpwgraphical depiction we have
divided the time dimension into year and day. Tfweee we actually used a four-
dimensional data cube.

While defining the ordinal number of the day —tioe sake of uniformization — years
were considered to contain 365 days, i.e. measumtsmmeade on 29 February were
excluded. This did not cause any error, as dulteg4-year period of investigation —
considering all the traps and species — it meavig out altogether 109 individuals.
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31/12/200 |

| | | | 1 | 4
I I I | 1 I

01/03/1964
— >

Date

01/02/196%

01/01/1964 v
__ Y &K&

1 2 3 1137

Lepidoptera code

Figure 4. The data cube

Data filtering, data cleaning

During the course of creating the data warehouseexexuted an automatically

performable filtering, during which:

— incorrect dates coming from data recording mistakexe removed (only the data
of the period between 1962 and 2006 were colledi®el,ordinal number of
months had to be between 1 and 12, and the nunilti&rys had to correspond
with the value belonging to the given month),

— those species codes that were not included in pleeies database have been
filtered out,

— doubly recorded data were deleted.

The filtering out of other defective data can beaxed in an automatic way only to

a limited extent. In the rest of the cases an aufére (requiring human assistance)
filtering can be carried out (Han and Kambel, 2004je visualization method recited
in this article is suitable for noticing flagrawiflely differing from the environment)
data easily (Gimesi, 2008).

Filtering based on trap code

Those light traps that have been operating in #meesplace for a long time without
interruption are the most suitable for the purpokevestigating population dynamics
(Nowinszky, 2003b). Accordingly, we chose from ttegabase those traps have worked
for the longest time, mindful of having data of thighest possible number of days in
the examined period. We have chosen those 9 thegisamorked for the longest time
between 1962 and 2006. The data of these are maikediighlighting inTable 1.

For the sake of further processing we distinguisbetiveen the cases when a trap
did not operate and when it did not collect anycspen of the given species. A trap
was considered not operating when no collection éagg on a given day regarding all
species.

The geographical position of the examined trapsdareonstrated iikig. 5. In this
figure green (darker) rings indicate those settl@sevhere the chosen traps can be
found.
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Répashuta

»  Miskg
Felsotarkany;
Matrahdza

Gyor Debrecen

Szeged

Tompa

Figure 5. The regional distribution of the examined light traps

Filtering based on species code

From this point on only those species data werd ugere there was collection of at
least one specimen every year in the examined @p€1i@62-2006), considering all the
traps. After filtering, altogether 281 species wiefein the database.

After finishing data cleaning and data filteringethepidoptera database contained
the data of 9 traps, 281 species, which altogetheant 4,020,614 records. The
structure of the database is showiig 6.

Lepidoptera database
EV NAP |CSAPDA| FAJ DB

Figure 6. The final structure of the Lepidoptera database

The following fields could be found in the datahase

EV (year) — year

NAP (day) — the ordinal number of the day withie fear

CSAPDA (trap) — trap code

FAJ (species) — species code

DB - the number of individuals of the species at#d on the given day by the
given trap

Merging the trap data

For the sake of decreasing the different abiototdis and the effects modifying the
number of collections happening in different cdilea places, it is practical to use the
data of the greatest possible number of light-téijmsvinszky, 2003b). For the creation
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of a national time series the data of the trapsdon different places had to be merged
by species. This is the so called data reducindhaade(Moon and Kim, 2007), that was
carried out by a moving-average calculation. Théhod of moving-average is suitable
for filtering out the extremes occurring in thelgalata and to decrease the fluctuations
in the data series (Heuvelink and Webster, 200f)s Tethod is also smoothing the
time series (Han and Kambel, 2004).

During the moving-average calculations we usedaerage of 9 days’ (moving-
average of 9th grade). We chose number 9, becauserésponded to the number of
traps.Fig. 7 demonstrates the window-method that we used tuleaé the average, but
with fictive data. The figure shows the calculatafrthe merged data of a given species.
Days can be found in the vertical direction, amgb$rin the horizontal one. “-1” in a cell
indicates that the trap did not operate on thergn@y. In such case, when calculating
the average, the content of the cell is not addedd sum and the value of the divisor is
not increased either.

Trap:
0/3/2/0 -1-120 0
204/ 0 121 4/3 1
10 1/-15/1/0/5/4

¢ | 1/-12/0/10 3 -12
Slol-152 150 4|1
0/5/13 02 -150
1104 -154/0/2/3
1-12/ 0[5 15/ -12
13/03 -12 40 -1

Figure 7. The window used for average calculation

The following formula was used for the calculatafraverage:

1k+8 9
=>>d.. k=1.16417
nig =
,where:
dl.’j= the value of the cell (humber of individuals), wie is the ordinal

number of the trap, j is the ordinal number of ttey (cells containing 1 are not
calculated!)

n = the number of cells not containing 1

k = the first day of the window

The maximum value of is the number of days betweet January 1962 and 31
December 2002, minus 8.

After the calculation of average the data structwrtined inFig. 8§ was presented
where the rows of the table show the years andrti@al number of the day within the
year (16425 rows), and the columns show the speos (281 columns).
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Species coc
123 456 7--979

1962 1

Date

N O 01 AW

2006 36
Figure 8. The Lepidoptera data table after the average calculation

We made a program using Visual Basic languageh®icteation of the Lepidoptera
data warehouse, for the data filtering and forrfertdata processing.

Results

Biological diversity means primarily the diversiy species concerning a given area
and a given period of time. For the characterizatibdiversity we used the number of
individuals, the number of species, and the Shawuinersity index.

Time series of aggregate collection

The time series of the number of Lepidoptera ctdig@detween 1962 and 2006 is
demonstrated ifig. 9.

2010 | | |

2000

1990

- 436

4713
[ 132-235
[ 1236-340
1341 - 445
[ 446- 558

1980

[ 559 - BeO
[ Ba - 837
[ 838- 1070
[0 1 080 - 1 360
3 [11370-1740
| [ 11750-2230

Jan  Feb |Mar Apr May Jun Tuly Aug  Sept Oct |Nov Dec

1970

1960

Figure 9. The three-dimensional time series figure of the number of individuals based on the
Lepidoptera data
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It can be seen in the figure that the maximum ofnilneber of individuals occurs in
the middle of summer, but there are smaller petkseaend of March, at the beginning

of April and in November, as well.
In summer a significant increase can be observéateimumber of individuals, which

shows up every 15-20 years.
A remarkable anomaly can be observed in this figur@ also in further time series
figures in 1972 and 1973. The reason for thih& the definition of Lepidoptera was

less accurate in this period.

Number of species (taxon)

One of the most important diversity indices is thanber of species (Tothmérész,
2002), the measure of which depends on the numbemtities collected and the
attraction zone of the traps. Its drawback is thdbes not make a difference between
populous species and those that are representetehbyr@ few entities and moreover, it
is territory dependent.

Fig. 10 shows the distribution of the number of collectpécies. There are fractions
in it as well, because the figure was made by jatiation.

2010 |

2000

1990

[ 0,281 - 9,06
[0 5,07 - 231
[1232-394
[l395-597
[ls88-781
[1m2-a78
[ g7,9-117
18- 132
[ 133 - 148
[0 147 - 158
[ 1180-172
[1173- 198

1980

1970

1960
|Ian ‘Feb |Mar Apr May Tun TJuly Aug  Sept Oct NO\" Dec‘

Figure 10. The three-dimensional time series figure of the number of species based on the
Lepidoptera data

The time series of the number of species showsaotrar picture than that of the
number of individuals. However, it can be obserliede as well that there are periods
(years) when the number of species is significarttigher compared to the
neighbouring years.

In the literature Shannon index is used the mostngonly for the characterization of
diversity, therefore we have also used this forahalysis of our data.

This index is sensitive to the changes of rareispethat is its value decreases with
the increase of the number of individuals of domirgpecies, but it increases with the
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increase of the number of species. The time sefifl®e Shannon index can be seen in
Fig. 11.

2000

1990

I 0.00- 0,274
[ 0,275- 0,733
[ 10,734- 1,14
[C1115-154
[11,55-192

: ‘J [r83-227

i > : [lz2:- 266
=i N ] [ 2,67-311

" 2l ] 3,12 3,54

[ 3,55 - 3,87

1980

1970

[la89-418
[1417- 4585

1960
‘]ﬂll ‘Feh Mar  Apr May Tun Tuly Aug Sept Oct Nov Dec

Figure 11. The three-dimensional time series figure of the Shannon-Wiener index of
Lepidoptera data

It can be seen in the figure that the diversityeixdias maximums in the middle of
June and of August. Accordingly, a decrease inrdityecan be observed in July.

In the winter period between 1965 and 1980 relbtitgh diversity values can be
seen, in spite of the fact that they cannot be sstrer in the time series of the
aggregate number of collected individudigg( 9), or in that of the speciegig. 10).

It is fully visible in all three figures that theales significantly depend on the
season.

A significant anomaly can be noticed in 1972 and 973 in the time series figures.
A likely reason for this is a personal change at thime, as a consequence of which the
definition of Lepidoptera was carried out less pely.

Fig. 12 shows the numbers of individuals collected dauyirg the 33- year period,
Fig. 13 show the dispersion as a function of days.
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2500

2000

1500 + h4 -

Individual

1000

500 ~

Figure 12. The numbers of individuals collected daily based on Lepidoptera data
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0 \ \ \ \ \ \ \ \ \ \ \ \ \ T
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Figure 13. Dispersion of the number of individuals collected daily

In Figure 13 three easily separable stages can be seen: theipegof spring (1.),
summer (ll.), and late autumn (111.).

The increase in the numbers of individuals are @ary those dominant species that
swarm in those periods.

We have made a list of the dominant species ofttee periods, which is shown in
Table 2. The dominant species appeare in a larger ratilmglthe spring and the
autumn period. The reason for this is that in thpsgods the number of existing
species is lower.

Species 42 and 43 are two-generational. 43 isddsanant in the autumn period,
which can be seen in the table. Species 172 haswaons as well, but both of them
are in summer.
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Table 2. The ratio of the dominant species in the three periods

Period Code Species name Ratio

40 Orthosia gothica {nnaeus, 1758) 75 %

- 41 Orthosia cruda (Denis & Schiffermuller, 1775) ,68.%0

E 42 Eupsilia transvergd@dufnagel, 1766) 9,0%

2 43 Conistra vaccinifLinnaeus, 1761) 25,2 %
51 Alsophila aesculari@Denis & Schiffermdiller], 1775) 16,3 %
449 Orthosia incertéHufnagel, 1766) 5,0 %
172 Ectropis bistortatégGoeze, 1781) 28%

5 240 Eilema compland.jnnaeus, 1758) 4.3 %

g 398 Athetis furvula (HUbner,1808) 2,7%

E 411 Paracolax glaucinal{®enis & Schiffermuller, 1775) 52 %

n 515 Zanclognatha lunal{&copoli, 1763) 41 %
519 Eilema lurideoldZincken, 1817) 3.7%
43 Conistra vaccinijLinnaeus, 1761) 35%

= 52 Alsophila quadripunctaria (Esper, 1800) 58 %

E 54 Operophtera brumathifnaeus, 1758) 45,7 %

= 63 Erannis aurantiaria (Huibner, 1799) 4,01%

< 65 Erannis defoliariéClerck, 1759) 16,8 %
656 Ptilophora plumigergDenis & Schiffermiller], 1775) 8,7 %

Discussion

In this article the data processing of the NatidPlaint Protection and Forestry Light
Trap Network was introduced together with a possuisualization method.

The database created is based on the light trap ldas suitable for utilization in the
most important research areas of the national lighpping. These areas were
summarized by Szentkirdlyi (2002). Among them amenfstical, zoogeographical,
taxonomical, phytocenological, ethological, phegatal, ecological, etc. examinations
(Nowinszky, 2003c).

In case of examinations in swarming phenology thenlmer of generations
(Nowinszky, 2003b) and the seasonal changes caeteemined by the daily depiction
of the entity number of species. This method isesptead both in national and in
international publications (Abraham and Téth, 1988ldas, 1992; Kimura et al., 2008,
Mészaros, 1993; Szentkiralyi, 1984).

Investigations in population dynamics provide plogisy to draw a conclusion about
the tendency of change, based on the data of dliogegears (Nowinszky, 2003b).
This method has also been used by several publicatiConrad et al., 2006; Lesko et
al., 1997; Szentkiralyi et al.,1995; Szontagh, 200¥olda et al., 1998). These
publications depict the annual changes and thodgnna year separately. By merging
these two methods we introduced a three-dimensioe#hod that depicts the seasonal
and long-term (annual) changes in one figure. Tifferdnt time series can be depicted
much more expressively with this method (Gimesi,@&D09). A similar method was
used by Marchiori & Romanowski (2006) to demonstiasect collecting time series,
and also by Mulligan (1998) to demonstrate the @@alschanges of foliages.

In this article we presented the sorting of thospitioptera data into databases
which were collected by light traps and a viswlan method for that. We did not
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examine the reasons considering what environmefitatts led to certain changes in
the time series.

In the future we are willing to perform differemtviestigations with the help of the
compiled database. For example: the behaviour afetsoof species abundance, the
behaviour of linear quantile regressions, the majialistribution of different entities
and the temporal change of that, and also therdiitebiotic and abiotic effects on
population dynamics.
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Abstract. The paper applies a non-linear optimization appio@acevaluate biodiversity in the multi-
purpose modelling of forest management. An evemtdgeest of pure Norway spruce was generated
from large-scale inventory data of the Black Forektsouthwest Germany. The effects of different
management alternatives including five conversionemes, two traditional age-class and single-tree-
selection systems and a “Do-nothing” strategy veémaulated using the forest growth model “BWINPro-
S”. Optimal allocation of management strategiesthte forest area was found subject to the hard
constraints of “area” and “protection” and the atertonstraint “wood even flow”. A utility function
representing the value of biodiversity was estimabased on the opportunity costs of different
biodiversity levels. The upper and lower boundaésthe function were determined by successive
optimization runs. Subsequently, the obtained naryetalue of biodiversity was directly integratedoi

the optimization of a particular forest to identthe optimal allocation of management schemes tioeen
forest enterprise. Conservation or “Do-Nothing” wie most desirable scenario combined with the
partial establishment of beech regeneration. Ecam@nd silvicultural consequences of the optimal
multi-purpose forestanagement plan were discussed and compared titéhneative business-as-usual
strategies.

Keywords: Non-linear Optimization; Biodiversity; Multi-purpose Forest Management; Black Forest;
Climate Change

Introduction
Multi-purpose forest management and biodiversity

Sustainable management of forest ecosystems hawotode forest goods and
services without jeopardizing the ecological andiremmental quality. Therefore, in
many countries, forest management practices hame tieanged and there is a trend to
move away from homogeneous and non-site adaptettayed plantation forestry to
more close-to-nature ecosystems (Hanewinkel andzgete 2000; Schroder et al.,
2007; Knoke et al., 2008J.he conversion of pure coniferous stands into msgekies
forests, as an adaptation strategy to climate ch&Bg&cher, 2007) is a focus of
contemporary forest management and policy in Eul@tadt et al. 2009; Kint et al.
2009), especially in Germany (Hanewinkel and Poktzs2000; Spiecker, 2003;
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Schréder et al.,, 2007; Pretzsch et al., 2007). 3t¢twpe of forest conversion is to
enhance the level of biodiversity considerations inost-effective way based on the
idea of multi-purpose forest management (Steuer @dduler, 1978; Kangas and
Kuusipalo, 1993; Briceno-Elizondo et al., 2008; d®lat al., 2009). Nonetheless, a
comprehensive analysis of forest conversion withmti-purpose forest management
particularly including the valuation of biodivengis still lacking.

One concern is that biodiversity and its relatetldes are very difficult to integrate
into optimization models of forest management plagniSteuer and Schuler, 1978;
Schulte et al., 1998; Hanewinkel and Pretzsch, 28@8kela et al., 2007). The reason
for this is not only the lack of a unified theory lmodiversity (Schulte et al., 1998;
Buongiorno and Gilles, 2003) and, consequently, aofuniversal indicator for
biodiversity (Kangas and Kuusipalo, 1993; Zhou @&wbngiorno, 2006; Yousefpour
and Hanewinkel, 2009) but also the mathematical ptexity (i. e. the non-linear
nature) of most of the popular indices such asStennon index (Koskela et al., 2007).

Integration of biodiversity into forest optimizatio

In the present study, the management problem tmbé/zed was the conversion of
pure Norway spruce standBifea abies L. Karst) into mixed stands of Norway spruce
and European beecRdgus sylvatica L.) including economic and ecological aspects. To
model forest conversion, a forest growth simulasonecessary in order to predict the
effects of different silvicultural treatments onetldevelopment of the main forest
characteristics (Hanewinkel, 2001; Hasenauer, 260 et al., 2009). Despite their
limitations, these simulators are also practicalcaomparing consequences of such
strategies considering a wide variety of forestrab@ristics such as biodiversity
(Schroder, 2005). For this study, a single-treewginosimulator “BWINPro-S” was
selected which included the necessary juvenile eotthu model the establishment of
beech regeneration under the canopy of Norway sptees (Schroder et al., 2007;
Rohle, 2009).

The integration of biodiversity in forest optimiat is not new (Steuer and Schuler,
1978; Kangas and Kuusipalo, 1993; Buongiorno ank<i, 2003; Kurttila et al., 2006;
Briceno-Elizondo et al., 2008; Koskela et al., 200However, the studies have rarely
identified the most desirable forest management plsed on a recommendable level
of biodiversity, meaning a level that can be ackieunder given framework conditions
(e.g. constraints) and that — at same time — resagh@ptimum (Kurttila et al., 2006).

In order to incorporate biodiversity into the presef forest management modeling,
there is a need to monetize its value (Kangas andigalo, 1993; Kurttila et al., 2006;
Koskela et al.,, 2007; Yousefpour and Hanewinkeld)@0 The standard approach
therefore is an indirect one: biodiversity is fotated as a constraint within an
optimization procedure to calculate its opportuibgts (Buongiorno and Gilless, 2003;
Kurttila et al., 2006; Koskela et al., 200%).this study, a more direct way is proposed
to integrate biodiversity into a multi-objective opization problem. A great advantage
of this approach is identifying the upper and loweundaries of the regional utility-
loss function for biodiversity (regarded as a peiigibod) and, consequently, evaluation
of biodiversity for the multi-purpose modeling oparticular forest which is so far not
available in the literature.
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Goal of the study

The goal of the present study was to develop a method to valuate biodiversity
based on a non-linear optimization procedure. Theggin a first optimization step, a
global utility function for a forest management gesb subject to a biodiversity
constraint was defined and the boundaries from kvhiodiversity influenced the global
utility function were derived. A non-linear functiomrlated to the opportunity cost
(utility-loss) of biodiversity within the derivedolindaries of the feasible solution space
was parameterized. The effectiveness of the deedlgpocedure was demonstrated by
applying it to the problem of finding the optimalrést management pathway for a
forest conversion problem based on a recommendab& of biodiversity within a
second optimization step. Furthermore, a relatedsigeity analysis of the best
management solution was examined in a post-optiynalalysis (Buongiorno and
Gilless, 2003; Kurttila et al., 2006).

The paper is organized as follows. The sectiomtheerials and methods introduces
an adopted methodology to evaluate and integraiv@rsity in the modeling of forest
management. This is proposed to integrate biodiyersito a multi-objective
optimization problem by identifying the upper armver boundaries of the regional
utility-loss function for biodiversity and evaluati of biodiversity for the multi-purpose
modeling of a particular forest. Section of reswltglines the most desirable solution
and analyses the trade-offs between goals. Vawétyorest strategies have been
compared at the end of this section too. The kstian is first and foremost devoted to
the discussion of the modeling approach, its littutes and advantageous. Afterwards,
the main findings of provided numerical applicatidvae been interpreted for the case
of Black Forest to achieve the multiple goals @fioeal forest management.

Materials and methods
Forest management scenarios

Eight different forest management scenarios reptasg forest conversion (five
scenarios), a traditional age-class managemenngiedree-selection system for the
transformation of even-aged into uneven-aged standsa nature conservation strategy
were defined{able 1). Five different forest conversion scenarios, frpane- to mixed-
stands, were developed by applying different sillkical systems, namely:Group
Felling” (GF), “Shelterwood” (Sh), Strip Cutting” (SC), “Age-Class” (AC) and
“Transformation” (Tr, by means of a “Single-tree-sete system) all of which
include regeneration (planting of 1,500 beech segsliper ha). These scenarios were
formulated in detail {able 1) according to the approach of (Hanewinkel and 23,
2000). The conversion scenarios were compared to thetivadi age-class system of
managing pure Norway spruce in the Black Forest afeSouthwest Germany to the
transformation of the even-aged Norway spruce fonés an uneven-aged one and to a
“Do-nothing” alternative corresponding to a nataomservation scenario. The intensity
of the thinning activities of the different scemariwas expressed by the A-value
according to (Johann, 1982). The baseline convwersage-class- and transformation-
scenarios were formulated according (Blanewinkel and Pretzsch2000) and
(Hanewinkel, 2001) where details of the managenpeascriptions for the different
alternatives can be found.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 8(3): 24260.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2010, ALOKI Kit., Budapest, Hungary



Yousefpour et al.: Evaluation of biodiversity foulti-purpose forest management using a non-linpimization approach
- 244 -

Table 1.Management prescriptions for the different silvicultural scenarios

Period
Scenario : 2 3 1
Group Felling  (I)
(3 *25dm )
Shelterwood ()
(25 %)
. ) A-Value =4 A- Value = 6
Conversion (1-V}) Strip Cutting (11}
(=150 Crop tree'ha) { =200 Crop tree/ha (50 %) + Plantation
(1500/ha)
Age-Class ({1%]
(even-aged)
Transformation (V) > + Target
Single-tree-selection J
-diameter
’; A-Value =7 Age-Class
Age-Class (V1) * Gting 2k rharvest (50 %)
=
(= 300 Crop tree/ha) even-aged D.B.H.= 45¢m
. . 5 AValue =6 Single-tree-selection Single-tree-selection
Transformation (VII) & . i y
(=200 Crop tree'ha) uneven-aged uneven-aged
Conservation (VIII) ”
- Do-nothing

Period I-1V: Planning periods of 10 years each

(I) Group Felling (3%25m) = felling of three gaps with a diameter of 25 m each by “Group Felling”
(1I) Shelterwood (25 %) = removal of 25 % of the growing stock by “Shelterwood” cutting

(I11) Strip Cutting (50 %) = removal of 50 % of the growing stock by “Strip Cutting”

(IV) Age-Class = a traditional even-aged management system (also in scenario VI)

(V) Transformation = Transformation of the even-aged stand into an uneven-aged one following an
inverse j-shaped curve for the diameter distribution by “Single-tree-selection” system (also in
scenario VII)

(VIII) Conservation = to do no interventions in the forest

Target diameter harvest (50 %)- d.b.h = 45cm = removal of 50 % of the trees having reached a
target diameter of 45cm d.b.h

Simulation of decision alternatives

Simulation of forest stands and the predictionhaf ¢ffects of different silvicultural
treatments on these stands as management dedigomatives is a primary modeling
step towards forest enterprise optimization (Hasena006; Pretzsch et al., 2007). To
accomplish this, a model of an even-age forestrgrnse was generated according to
the technique of strata planning (Hanewinkel anet23ch, 2000)leduced from large-
scale inventory data (permanent plots of the natiéorest inventory of Germany) of
the northern Black Forest. Site productivity wasussed to be constant over space and
time. To test the decision alternatives for différstands, an age-class forest enterprise
consisting of five model stands in five age-classe30, 50, 70, 90 and 110 years with
200 ha of area each was simulated over a planmangdgof 40 years, divided into four
steps of ten years eadtuble 2 shows the main inventory data of the generatedista
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Table 2.Description of the stands (age-classes) deduced from large-scale inventory data
(permanent plots of the national forest inventory of Germany) of the northern Black Forest

Age D100 H100 N/ha Dg Hg B/ha V/ha
(years) (cm) (m) (cm) (m) (m2/ha) (m3/ha)
30-50 25.6 14.4 1648 15.7 12.5 31,9 207
50-70 36.2 21.4 728 24.0 19.5 32.9 318.6
70-90 46.2 27.8 277 35.3 27.5 27 329.4
90-110 55.5 33.5 180 46.8 32.7 30.9 435.7
110-130 62.7 38.1 150 56.6 37.6 37.71 587

D100 = average diameter of 100 highest trees

HI100 = average height of 100 highest trees

N/ha = number of trees (with the diameter of above 7 centimeters)
Dg = average diameter of all trees

Hg = average height of all trees

B/ha = average Basal area of all trees

V/ha = average Volume of all trees

The growth and yield simulator “BWINPro-S” which svased in this study is, aside
from the model SILVA (Pretzsch, 2001), one of tkv tcomputer-based simulators
currently used in Germany for a multitude of apgiions. Its regional relevance ranges
from the Pleistocene lowland conditions to sitesRataeozoic rocks in a chilly and
humid highland climate (Schroder et al., 208@cording to Furst et al., 2004) and can
therefore be applied to site conditions of the Bl&orest. In the present study, the
distance-dependent version of the growth and \settulator “BWINPro-S” was used
for the simulations (Rohle, 2009). One of the ueideatures of “BWINPro-S” is a
module to simulate juvenile growth of beech undes tanopy of Norway spruce
(Schroder et al., 2007and thereby enabling the simulator to model thalkdéishment
of regenerationFig. 1 illustrates how growth and yield predictions inWBNPro-S”
may be combined with thinning and harvesting opanatin order to simulate different
management options that can be compared by medhsiofinancial outcomes (Rohle,
2009).

:nl'dl;istrmlnm start dadl:; ~
orest inventory -, Backgrou
r . Data completion _JL_: information

& 1
! LElrur:lure generator 41

- — - - = Tables
Complete data set | » Paramelers
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¢——{  Thinning and harvesting | * Definitions

Generation | e :
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Figure 1. Main modules of the simulator “BWINPro-S” in Rohle, 2009
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Wood prices and the costs of silvicultural and $biemprovements were based on the
deflated average realized prices and costs dunad\e-year period from 2000-2005 to
calculate the net revenues of timber production. €stablishment cost of beech
regeneration was integrated into the harvestingt dos make the calculations
straightforward. A mean price of 3 € per seedlingswsed to calculate regeneration
Ccosts.

The simulation and optimization procedures weresearately in different software
environments. The output of the simulations runsewstored in a database and then
used as an input for the following optimization ggdures using the Solver Premium
Platform (Buongiorno and Gilless, 2003; Dirsch dtadoke, 2007; Yousefpour and
Hanewinkel, 2009).

Quantifying biodiversity

The scope of forest conversion in the present sigdio enhance the level of
biodiversity (structural diversity) of the managedests. Therefore, to express this in a
guantitative way, an adapted Shannon index was.u$kd index calculates the
evenness (uniformity) of the distribution of spec{ee. Norway spruce and European
beech) in the entire forest area and is theref@eoal measure of conversiafyation
1). A major goal of forest conversion in the Blackrést area is to improve the
structural diversity in pure monocultures of Norwagruce by establishing beech
(Hanewinkel and Pretzsch, 2000; Hanewinkel, 200it ket al., 2009). The index
reaches its maximum value when all species aresepted equally.

N
Sh ==Y Gn*In(G,),Gn =g, lg, (Eg. 1)

n=1

WhereGn is the proportion of the basal area in a pawmicspecies (gn), of which there

are n, to the total basal area of all species irstied (gN, N is the number of species
in a stand).

General formulation of the optimization problem
Global utility function

Multi-objective optimization procedures are oftesed to support the process of
decision- making in forest management planning u&teand Schuler, 1978;
Buongiorno and Gilless, 2003; Baskent and Sedad52@irsch and Knoke, 2007;
Yoshimoto and Marusak, 2007; Briceno-Elizondo et, &008; Yousefpour and
Hanewinkel, 2009; Tahvonen, 2009). In this study, aglditive utility function was
defined to simultaneously consider the values aWvdgting activities and standing
volume. The forest optimization problem was fornbedafor a model age-class forest.
The stand typess) of this model forest standing for different adasses were treated
with different silvicultural scenarios (treatmentg) over several planning periodg)(
To represent a model age-class forest optimizgtioblem, the additive utility function
AUF (global utility/objective function) to be maximidean be written aguation 2):

AUF(X)=(U, +lUu, -U,)*x (Eq. 2)
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With:

U g = net present valudJ(ility) of all Harvest activities

S T P
Uy, = Z Z Z d; iy (s,t, p)
5=0 r=0 p=0 (qu 3)
s = stand (age-class 1-5)
t = silvicultural treatment (1-8) (sd@wble 1)
p = planning period of 10 years (1-4)
1
i,p (1+ i)p*lO
i = discount rate

is the discount factor, which depends on the pgsiadd,;

UL is the net present valu®tjlity) of the standing volume at thieast periodP
which was also subject to wood stumpage prices.

T

U, = i Z d; ,u, (s,t,P)
5=01=0 (Eq_ 4)

U] is the net present valu®tflity) of the standing volume at thimitial period Py

(period zero).
T

s
U, = Z Z di,pul (.2, po)
5=0 r=0 (qu 5)

Consequently[UL _Uf]is the change of the net present value of the gsigndi
volume during the conversion period of forty ye@s P0).

X is the area of the stand (s) to be optimally alted to the treatment (t).
X = x(s,t) (Eq. 6)

The considered revenuesAUF (Equation 2) ard/,, (Equation 3) and v, -vu,]

(Equation 4 and 5), which correspond respectively to the directfiicial revenue due to
harvest (as calculated by the simulator) and tHeevaf standing volume (calculated
with the subtraction of the value of the standifume at the initial step and last step,
derived from the simulator). An actual discounteraf 2% { = 0.02) and stumpage
prices of different stand ages were applied to inbtae present value of both
coefficients. The decision variablX, (Equation 6), represents the total area of a stand
type s devoted to treatment t. The optimizatiorbfmm consists of finding the space
optimal; {x(s,t)}s=1..s=1.7S€t of values.
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Global constraints

Along with the AUF, the most important forest enterprise constraiwwere
formulated. The constraints under examination weeeasset management (reality hard
constraint); wood even flow (which was considersdaft/chance constraints) and the
conservation of a proportion of the oldest star@hghard constraint). The punishment
function for the soft constraint (wood even flowjciuded the standard deviation
(expression 7) which represents the absolute amoumthich the constraint has gone
beyond its limit and was not met. The optimizatipmocedure was subject to these
constraints which signify supplementary objectigéa forest owner.

100* (exp(deviation 1100) —1) (Eq. 7)

The first constraint is an area (asset managensenstraint @a-(max)) allocated to

different decision alternativesEquation 8 expresses that for each stand tye
symbolizing one age-class, the total area mustlloeated among the entire set of
available treatments.

T

r=1 (Eq. 8)

In each planning period, the area of each stand (gge-class) must therefore be
equal to 200 ha.

The forest enterprise should ensure that it wilabke to produce a minimum volume
Cwef. of wood to be sold in each period. Equatiomleédnonstrates such a volume
constraint that is applied in each period, wheeé.(s,t) represents the volume of wood
to be harvested in periqaper hectare of starsdwhere the treatment t is applied.

S T

Op,(p =1,...P); ). > wef(s,t,p)* x(s,t) = Cwef. . (Eq.9)

s=1 =1

The lower bound of the wood even flow constraiiyef. min)) Was fixed at 4.0 m3

per year and ha (40%per 10-year-period), which on the one hand is tvelbw the site
productivity to guarantee a minimum harvest andvalfor the necessary harvesting
activities to install the regeneration in the casiw@n strategies and, on the other,
prevent excessive volume accumulation in the egmuaschemes. The volume
constraints of this optimization correspond to #flgicultural prescriptions that have
been developed by the State Forest Service BadettaMinerg in Southwest Germany
for the management of pure spruce forests in Saghwermany (MLR, 1999). In
order for the forest types “stable mixed spruceests” and “spruce forests to be
converted into mixed beech fores(®LR, 1999), a thinning interval of three to ten
years and a maximum of 80 m3/ha per thinning iretion was foreseen. The volume
constraints of those applied to this optimizatioareva compromise in part between
silvicultural needs, which should guarantee a ssgfoé conversion for the forest
enterprise, and the other hand prescriptions &gsafrd sustainability.
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Finally, to represent a “protected area” policygamservation constrainCf) was
applied Equation 10) to guarantee that at least a given proportRi) ¢f the area of the
oldest stand &) is devoted to a “Do-nothing” treatmefit)(

Cp.=2PrCa(S), a(S) = x(S,T) (Eq. 10)

The proportion of the oldest starf®) (o be reserved for nature conservation purposes
(treatmentT which is Do-nothing scenario) was fixed at 10 %itsfarea Pr*a(S) =
0.1*200=20 ha).

The adapted objective function and the set of caims defined above was applied
to analyze the optimization problem from the foresiterprise point of view by
dedicating an optimal area of each stand to eaahasio taking into account sustainable
forest management goals of a virtual forest owner.

Integration of biodiversity into the optimization

A fictional additional global utility due to biodersity (expressed as the Shannon
index) was derived and integrated into the modelioig multi-purpose forest
management. To develop a global utility function boodiversity, the Shannon Index
had to be computed for the entire forest enterghiseto its non-linear nature. The main
reason for this choice was that it is a well-knawdex which is computable from the
model outputs of most of the forest simulatorswd-step optimization procedure was
designed Kig. 2) that first defines a utility function for the Sion index
(optimizatione) and then — as a demonstrator of the effectivenés$se procedure —
integrates the values into the optimization of atipalar forest management plan
(optimization-f).
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Simulation

Forest Inventory Data

h 4
Model Age-Class Forest

Optimization-a

Multipurpose Forest Management

Aur= (U, U, -U, )X
Subject to Constraints:
Biodiversity (Ch.)

Wood Even Flow (Cwel.)
Protection (Cp.)

| Elementary Sylvicultural Scenarios

Stands Prescriptions
& Utilities of Harvest: U 5
& Standing Volume: U, = U,

Opportunity cost of Biodiversity

Uy =”£B(f3h(5>fn P)

Optimization-p

‘ Uﬂ ZMR(S,I,p)=uR(}t“(S_,I, P)) Bmin <B <Bmax

AUF=(U, +U, +[U, -U,)*X
Subject to: Cwef, & Cp.

Up=uty(s.t, p)=0

.......

- Optimal Adaptation Strategy &
- Optimal Global Utility based on
- Subsidy of Biodiversity

L=

Figure 2. Flowchart showing how biodiversity was conducted and integrated as a non-smooth
objective (IF-THEN function) in the two-steps simulation-optimization procedure
Parameters as described in section 2.2
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Optimizatione. successivelyses the output of the simulation rarsd optimizes the
global utility (Equation 1) subject to global constraints by iterating theialale level of
the Shannon index as a global constraiifi.}. From a certain level oB§i, — Fig. 3),
Cb. becomes an active constraint and consequerthgases the global utility to a level
where the optimization no longer has a feasiblet&ml Bmax as described ifrig. 3).
Afterwards, the opportunity cost of the differeavéls of the constraint “Biodiversity”
(Shannon Index) in its active area betwdgf, andBnax was calculated based on the
loss in global utility due to the constraint. Thepogunity cost of different levels of

Shannon index allows for the adjustment of a patam@) function fShQ (Fig. 3),

- " - : ”B(fsn(SJ’P))
which can serve as a utility function of the Shanmadex, . The
obtained utility function can now be reused in amimization of a particular forest
enterprise with similar management objectives armhstaints simultaneously
considering the values of biodiversity and timbexdurction.

Bmin Bmax Bmin Bmax
A : 4 4 4
) : : . I o & . : . =
¥ | Inactive area : Activearea 2 = | Inactive area Active area =
> ] = 172] o=}
_*: ....... I.'B' (=] A E
= 17 : => f f 7
E | % = Dl = 9(.\/1)‘ %
s = = /)5
2 |z = 1z
. 5 g
&) 2 =% /‘ I )
= ’
2 o o &
Z e I Z
' I > o —
Shannon index (level) Shannon index (level)

Figure 3. Schematic depiction of how to adjust the utility function of the Shannon index by
iteratively estimating the opportunity costs in the optimization runs

The adjustment of the utility function of the Shanrindex is a complex procedure.
In the present study, an IF-THEN function was ugedserve as the utility of
biodiversity in the AUF. This type of objective fuian for the evaluation of the global
utility leads to a non-smooth optimization procedurhis is an important issue in the
integration of the utility of biodiversity in ordeto prevent overestimation or
underestimation of its value compared to otherahjes.

For demonstration purposes, the adjusted functias when integrated into the
formulation of the global utility of the optimizatnf including biodiversity as an
objective {ig. 2). Optimizationp provided the opportunity for biodiversity to conpe
with other objectives (e. g. timber production) armtentified the optimal forest
management plan with the allocation of differenteralatives to the entire forest
enterprise area with the most recommendable levblaofiversity as expressed by the
Shannon index. Optimizatiof-therefore maximizes the optimal global utility kit
multiple values of biodiversity and timber prodoctiEquation 11).

AUF(X):(UB +UH +[UL_U1])*X (Eqg. 11)
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In this study, an identical dataset was used ftimopation-a — andp to demonstrate
the procedure of valuating biodiversity. Mathemaltc this is a repetition of the
optimizatione with Bmax as the highest, most recommendable level oiv@ogity. In
a practical application , the results of optimiaati and the developed utility function
should be applied to particular forest enterprisgh similar framework conditions in
order to determine the financial effects of a res@ndable level of biodiversity for
management strategies such as forest conversioverideless, this example was
demonstrated in this study to show trade-offs betwenber and non-timber objectives
in the process of multi-purpose forest modeling.

Results
Estimation of the utility function for the shannonndex

The extracted forest characteristics from the sataul for the optimization were
biomass, harvest revenues, operation costs andgedra@ea whereas a non-linear
optimization procedure was formulated based onethesults and on the Premium
Solver Platform of Frontline Systefh@rontline 2009). The first step was to calculate
the opportunity cost of biodiversity (optimizatien-by usingthe observations of the
Shannon index. A parametric function was adjustedhe calculated values for the

Shannon index, HB(fS”(S’[’P)). Subsequently, two different exponential utility
functions for the Shannon index were derived ardgirated into the optimizatio-
procedure with the following IF-THEN functio&uation 12):

(1 0.25<Sh<05U,=u, (_f‘_qh (5., P)): 4919.1% K™ (R? = 0.99)

it 05<Sh<0625U, =uylfy (5.0, P))=5729.1% Sk (R* =0.95) (Eq. 12)

Otherwise: U,Q =u R (,F.su'r ('5'- , P )) =0

\

Optimizing forest management incorporating biodiagy

Assuming of stability in the current discount raik 2% and using the global
additive utility function which include revenuesiin harvest as well as biodiversity
(optimizationp) led to an overall optimum (or near optimum) utilifgr the entire
enterprise of 7,958 €/ha. The optimal global wtitbnsists of the utility of the harvest
(1,016 €/ha), standing volume (6,134 €/ha) andiberdity (807 €/ha) with 13, 67 and
10 percent of the total utility respectively. Thaptimal solution resulted in a
recommendable level for the Shannon index of 0&&ten planting beech on an area
of 21 ha in stand-2 and 180 ha in stand-5) withtegl opportunity costs of 807 €/ha.

This optimum led to the distribution of the diffatesilvicultural treatments to the
different age-classes (“standsHig. 4 shows that the optimal solution does not consist
of a unique treatment for the entire forest entegsr and all age-classes, but of a
combination of different treatments in differerdrsds (age-classes).
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Figure 4. Results of the optimization for the entire forest enterprise — distribution of the
different silvicultural treatments to different age-classes (stands) including biodiversity
Silvicultural strategies as described in Table 1:
(1I) Conversion-Sh: “Shelterwood” used for the gap installation in the 3rd period of
Conversion
(1V) Conversion-Tr: Transformation by the means of “Single-tree-selection” system used
for the gap installation in the 3rd period of Conversion to transform the even-aged forest to
uneven-aged one
(VII) Age-Class: a traditional even-aged management system
(VIII) Conservation: ,,Do-nothing “strategy

Although the optimal pathway for stands 2 and Sisombination of different
treatments, the conservation strategy (Do-nothismi¢fle dominant scenario in stands 1,
3 and 5. Despite the integration of biodiversitioithe optimization, conversion which
also include the introduction of beech seedlingseappas optimal only in stand-2 by
shelterwood cutting and stand-5 by transformatiio an uneven-aged forest). This is
mainly due to the rather high costs of harvestimgl glanting beech and high
accumulation of standing volume in the “Do-nothirggenario that makes harvesting
less attractive. Other alternative scenarios suchraglitional age-class forestry are an
option for more than 50 % (101 ha) of stand-2.

Comparing the results of the forest optimizatiorthwaand without integration of
biodiversity proved the necessity of directly inating biodiversity as an objective into
the planning processig. 5 shows the results of the optimization without taking
biodiversity into account. The optimal solutionsisnilar to that inFig.4 except for a
replacement of the conversion scenario to non-asive in stand-5. The absence of the
notion of biodiversity in the body of the optimizat causes a shift towards traditional
silvicultural systems such as age-class (even-adedstry in the oldest stand.
Conversion (with group felling) appears only in artpof stand-2 (59 ha or 27 %).

Moreover, the level of Shannon index for the entorest enterprise decreases from
0.625 to 0.183.
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Figure 5. Results of the optimization for the forest enterprise — distribution of the different
silvicultural treatments to different age-classes (stands) without biodiversity
Silvicultural strategies as described in Table 1:
(I) Conversion-GF: “Group Felling” used for the gap installation in the 3" period of
Conversion
(VI) Age-Class: a traditional even-aged management system
(VIII) Conservation: ,,Do-nothing “ strategy

Comparison of forest management strategies — foesgterprise level

To compare potential alternative strategies foreahgre forest enterprise and their
effects on the global utility, the optimization peslure was run separately for each of
the main silvicultural strategies: i) “Do nothingConservation), ii) Traditional “Age-
Class” Forestry, iii) Transformation (even-agedutweven-aged) and iv) Conversion
(pure to mixed stands). The global utility of thesain strategies was differentiated

among the utility of harveét,, standing volume[UL _Uf]and the utility of

biodiversity U, and compared to that of the optimal forest pla® (ast section) as a

baseline. This allowed for the calculation of tleestcof different forest strategies when
applied to the entire forest enterprise and forahalysis of the effect of the different
utilities (Table 3). In the present study, the post-optimality analyis of specific
discount in that it shows the effect of the oppoitiicost of biodiversity on the whole
forest enterprise level.

Table 3.Global Utility and Utilities of different forest strategies when applied to the entire
forest enterprise

Forest Strategies Global Utility of Utility of Utility of
Utility* Harvest * Biodiversity* Standing Volume*
Conservation 8344 0 0 8344
Age-Class 7220 3738 (52%) 0 3482 (48%)
Transformation 5904 4447 (75%) 0 1457 (25%)
Conversion 5769 2817 (48%) 1356 (24%) 1597 (27%)
Optimal Forest Plan 7958 1016 (13%) 807 (10%) q¥340)

* = figures are all in €ha
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Table 3 shows the utilities of different strategies wheoplaed to the entire forest
enterprise. Compared to the optimal forest plaa,abst of converting the entire forest
enterprise from pure stands of Norway spruce intcecthstands of Norway spruce and
European beech would amount to 7,958 — 5,769 =92€1a (2,189,000 € overall) in
40 years. The utility of biodiversity for this s@io was 1,356 €/ha, which was
noticeably (nearly two times) higher than thatlué bptimal forest plan. This is due to
intensive forest management aiming at establishminged stands on the entire forest
area and consequently imposes a higher opportoogty Transforming the entire forest
enterprise from even-aged into uneven-aged stahdiowvay spruce led in costs of
more than 1,316 €/ha and by applying a traditi@ug-class system, reduced the global
utility by more than 738 €/ha. This was an effddthe earlier revenues from harvesting
when reducing the standing volume to install regaten or the approach to the
uneven-aged structure in the transformation and/esion strategies in the 40-year
planning period. The conservation (Do-nothing) tegg comprised the maximum
global utility, which is due to the fact that theseno possibility to implement the global
constraint of wood even flow for this strategy.

Discussion
Limitations of the models

As in many other studies (Buongiorono and Gillé¥)2 Hasenauer, 2008jirsch
and Knoke, 2007), the present investigation usetbdern growth simulator to depict
growth and yield of a model forest enterprise. €hae, all the results that are
presented here are subject to the limitations ese¢hgrowth models. One of the
important limitations is the lack of a natural regeation module that applies to most of
the simulators (except “BWINPro-S” with the beeayeneration module). Another
limitation of the simulators is the increase of amainty with increasing duration of the
simulation. Thus, the optimization took place inite time and was restricted to a time
span of 40 years (4 periods of 10 years each). e&losgnulations lead to a distinct
increase of the uncertainty linked to the prognos$igrowth and yield (Pretzsch et al.,
2007) and to a high risk of producing artefacts within theesent goal-seeking
investment problem.

In this study a procedure was developed to integbadiversity via an estimated
utility function in the post-simulation planning afforest enterprise in the Black Forest
area of Southwest Germany. The presented utilitgtfan of biodiversity is, of course,
dependent on the index for biodiversity that wasdugn this case the Shannon index),
the parameters of the growth model (“BWINPro-S"dahe underlying silvicultural
scenarios. Therefore, the value function as wellhas results should be primarily
regarded as an application of the introduced metlogy in the sense of a
demonstration. A generalization of the findingghe model forest used in this study is
therefore not possible and was not intended. Howelie methodology introduced in
the present investigation can be adopted to opéiffirest management planning taking
into account other non-monetary criteria and pesfees of decision-makers.
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Integration of biodiversity

Multi-criteria decision-making techniques are comnaais for treating biodiversity
in forest planning (Kangas and Kuusipalo, 1993; stfikm and Eriksson, 2000;
Buongiorno and Gilles, 2003; Kurttila et al., 20@¥iceno-Elizondo et al., 2008).
Biodiversity has been considered as an attributalfernative management scenarios in
forest plannindWikstrom and Eriksson, 2000), as an objectivehednalytic hierarchy
process (Kangas and Kuusipalo, 1993; Briceno-Etipoet al., 2008), as a constraint in
optimization processes (Buongiorno and Gilless, 208arttila et al., 2006).
Biodiversity has thus far not been directly integdainto the optimization process as an
objective due to valuation problems. The presempepauggests a way of evaluating
biodiversity based on the Shannon index, a commosgd and available measure of
biodiversity (Onal, 1997; Buongiorno and Gilles803), in forest enterprise level.

Kurttila et al. (2006) and Koskela et al. (20@XKamined the first-best instrument for
biodiversity maintenance on the stand level. Klartat al. (2006defined the bidding
price demand for the biodiversity objective andcakdted the subsidy of holding the
same total utility as clear cutting on a stand lleVaey came up with a value between
290 and 403 €/ha for a protection period of tweydar at a discount rate of 4%.
Koskela et al. (2007jound that a fully synchronized combination of reten tree
subsidy and harvest tax is needed to achieve the gjdbiodiversity management in
Boreal forests. Furthermore, it has been demomestréhat when combined with a
harvest tax, the retention tree subsidy was 1,068 &nd 750 €/ha using a Faustmann
and a Hartman model, respectively. When used witmlaer subsidy or a site value tax,
the retention tree subsidy was 1,700 €/ha in baitiets.

The results of the present studylible 3 show that for the optimal model, a subsidy
of 807 €/ha would be needed to compensate for pip@rtunity costs of biodiversity.
This would increase to 1,356 €/ha if a conversioenario were applied to the total
forest area (discount rate = 4%). Yoshimoto and ugak (2007)used a similar
approach for determining the price of carbon as idybsvhich can be regarded as
compensation or cost for carbon loss. They found dhan discount rate of 2%, the
annual cost for the amount of carbon sequesterdteinemaining trees ranged between
763 and 106 Yen/Ct/year (equal to 28-206 €/ha).

Multi-purpose forest management

The results indicate that the optimal managemeant phay vary with and without
pricing and integration of biodiversity as an olti)e into the optimization procedure
(Kangas and Kuusipalo, 1993; Wikstrom and Eriks90; Briceno-Elizondo et al.,
2008). The optimal solution also identifies theimil level of all integrated objectives
such as biodiversity. This is one of the main fingdi of this study that maybe used by
forest policy-makers in order to decide which leekbiodiversity is achievable and at
the same time, cost-efficient when designing fooestversion strategies for different
forest enterprises on a larger area. Once, thigydtihction is available, different forest
enterprises can use it to identify optimum soluidor conversion strategies under
similar conditions. The obtained optimal solutia® not only efficient because of
simultaneous approvals for the recommendable leselbiodiversity, but also
controllable due to the identified optimal managethygathways. Koskela et al. (2007)
came to a similar conclusidghat a combination of subsidy and a correctivestatxgidy
Is necessary to induce the landowner to followt#lrget of biodiversity maintenance in
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Boreal forests, which in this case means to lengibtimal rotation periods and to
provide an incentive to leave retention trees.

In this study, including biodiversity in the optimation of the forest management
plan leads to the conversion of the oldest stahd$oowvay spruce into mixed stands of
spruce and beech. Optimal silvicultural pathwayy wiffer not only among different
stands, but also at times within a given stand wimeiltiple values beyond timber
production such as carbon sequestration or bicsityeare taken into account (Zhou
and Buongiorno, 2006). Backéus et al. (2005) redk#hat by assigning a monetary
value to carbon storage as an objective of optitimaawith linear programming, the
harvest levels will be influenced. Koskela et &07) also found that the harvest tax
rate varies within the range of 40-65% in the Faasin model and 20-40% in the
Hartman model, while timber subsidy is between 0.6% and site value tax is
approximately 1.75%. The integration of criteridnat than the net present values of
harvesting and standing volume such as biodive(sitthe sense of the Shannon index)
and the respective constraints into the forest g@ma&nt decision-making process
usually leads to a diversification of silviculturatrategies (Schulte et al., 1998).
However, the “Do-nothing scenario was the mostcalled scheme in the entire forest
area in this study.

Conversion as adaptation strategy to climate change

Knoke et al. (2008yompared pure and mixed forests with mixed-spestimsds and
concluded that mixed forests are better able topemwate for disturbances than
monocultures, more resistant against biotic andtebdisturbances and by applying an
extended forest economic model, mixing large blooksative broadleaf species into
pure conifer forests may lead to a significant réidacof financial risk. This is of
crucial importance when taking into account an etg@ climate change with
increasing temperatures that will deteriorate ghowdnditions especially for non-site-
adapted secondary coniferous forests such as Nosprae (Spiecker, 2003). One of
the major adaptation strategies is the conversidhase forests into more site-adapted
species such as European beech. A general problen wnplementing this type of
strategy is the lack of a quantitative basis tatr@drihe success of the measures that are
foreseen.

The methodology presented in this study is not @aie to calculate the cost of
different forest management strategies such as attaptwith forest conversion, but
also to propose an optimal management plan fosithieultural interventions necessary
to achieve the desired status. The resuli®. (3 and 4) showed that the optimal
management plan may vary with and without pricimgl entegration of biodiversity.
Consequently, the variation imposed a shift fromsssvation to active, silvicultural
interventions with partial introduction of beechpesially in the oldest stand and this
increases the share of the biodiversity in the dlaliity from 10 to 24 percent
(Tabl 3). These results confirm the importance of takimg value of various ecological
considerations into account in order to achieve tmpimal level of ecological
considerations with consequential pathways foististainable forest management.

Considering different adaptation strategies in $hee optimization procedure can
assist forest decision-makers to compare manageatemhatives such as adaptation
with forest conservation, “Do-nothing”, traditionalge-class forestry or conversion
from pure to mixed stands in a quantitative wdyble 3). In this study, the
optimization leads to a mixture of different siluitural strategies for the entire forest
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enterprise with at least partial introduction okble regenerationF(g. 4). Hanewinkel
(2001) and Knoke and Plusczyk (20@Maluated different conversion strategies from
pure to mixed stands. Depending on the discouat tiaé conversion systems applied in
these studies, proved to be financially advantageloesto the earlier revenues issued
from the more intensive thinning and openings @& danopy to allow regeneration.
Tahvonen (2009) also mentioned that although ewesd uneven-aged systems may
represent locally optimal solutions with equal emmit outcomes, changes in decision
parameters such as the rate of discount, timbee por planting cost may imply that the
optimal solution shifts from even- to uneven-agemhagement. Moreover, the optimal
solution for Norway spruce represents an interntediease between the two
management systems, even — and uneven-aged forasttyyields about 30% higher
economic output compared to a solution where the-aged forestry is predetermined.
This is all an effect that is also visible in theegent study, namely in the conversion
strategies foreseen in the optimal solutions fandt2 ¢ig. 4 and 5).
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Abstract The paper deals with connections between solag Hativities and pheromone trap collection
of harmful moth species. The authors have workedtloei pheromone catch data of Spotted Tentiform
Leafminer Phyllonorycter blancardella Fabricius, 1781), Peach Twig Boretn@rsia lineatella Zeller,
1839), European Vine MothLgbesia botrana Denis et Schiffermtller, 1775), Oriental Fruit Mot
(Grapholita molesta Busck, 1916), and Plum Fruit MotltGkapholita funebrana Treitschke, 1846) as
were operated for the period of 1988 and 1993-26(Borsod-Abauj-Zemplén County (Hungary). The
results proved that the daily catches were sigaifiiy modified by the Q-index, expressing the difa
lengths and intensities of the solar flares. Onsdaigth high Q-index relative to the ones of therage
swarming periods, the number of catches is corsigtower.

Keywords: harmful moths, pheromone trap, Q-index, solar flares

Introduction and review of literature

As part of global solar activity flares, eruptiacen be observed in the active regions
of the solar surface, that are accompanied by sntenX-ray, gamma- and corpuscular
radiations, that reach also the Earth and estalaishnteraction with its outermost
atmosphere, producing thus changes in its elecgoetec conditions (Smith and Smith,
1963). Solar flares are most powerful and explosivall forms of solar activity and the
most important in terrestrial effects. This ided $olar physicists to evaluable the daily
flare index (Ozgug¢ and Atag, 1989).

Most daily flare activities are characterised bysimauthors by index Q that
expresses the significance of flares also by tiheiation. Its calculation is made by the
following formula:

Q=(ixt)

where i = flare intensity, t = the time length t&f existence
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Earlier (Orményi, 1966) calculated and publishealftare activity numbers based on
similar theoretical principles (“Flare Activity Nusers”) for the period of 1957-1965.

The solar activity also exerts influence on lifepbmena. In the literature accessible
to the authors, however, no publication can be dotirat would have dealt with the
influence of flares on the collection of insects filyeromone traps. Earlier we have
published our studies and demonstrated the infli@icdiydrogen alpha flares No. 2.
and 3. on light-trap catches (Toth and NowinszI9g3).

Materials and methods

The Q-index daily data for the period 1988 and 12087 were provided by Dr. T.
Atag B.U. Kandilli Rasathanesi.

In 1988 pheromone traps were operating in BorsodefZemplén County
(Hungary —Europe) at 9 villages. An additional dreg operated between 1993 and
2007. These traps attracted 5 Microlepidopteraispeaaitogether, in some of the years
using 2-2 pheromone traps for each species, howavether years not all 5 species
were monitored. Catch data of the collected speisedisplayed inTable 1. We
examined the trapping data of these species dapgndithe Q-indexes.

Table 1.Number of examined individuals caught by pheromone trap and number of
observing data

Species Number of Number of
individuals data

Spotted Tentiform Leafminer 51 805 1766
Phyllonorycter blancardella Fabricius, 1781
Peach Twig Borer 6 873 1913
Anarsia lineatella Zeller, 1839
European Vine Moth 20 240 2320
Lobesia botrana Denis et Schiffermiller, 1775
Oriental Fruit Moth 12 673 2299
Grapholita molesta Busck, 1916
Plum Fruit Moth 27 679 3250
Grapholita funebrana Treitschke, 1846

From the catching data of the examined speciestivel catch (RC) data were
calculated for each observation posts and daysRIhés the quotient of the number of
individuals caught during a sampling time unit (ght) per the average number of
individuals of the same generation falling to theng time unit. In case of the expected
average individual number, the RC value is 1. Titeoduction of RC enables us to
carry out a joint evaluation of materials collecteddifferent years and at different
traps.

At the values of Q-index showed considerable diifiees in course of the respective
years, they were preferably expressed as percentaig¢he averages of swarming
periods. We studied the influence of flare actegton the daily catches. To disclose the
latter, the Q/Q average values were co-ordinaték thie relative catch data of different
observation posts for each day of the catch peiibé. Q/Q means values have been
contracted into groups (classes), and then averagtin the classes the relative
catches data pertaining to them.
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Results and discussion

The connections between Q/Q averages and dailjhveatof examined species are
presented ifig. 1 — 5.

From the results several important consequencdd beuwrawn.

The figures 1-5 show that in those days, in whieh @ /Q average value exceed the
species-characteristic value, a significant dectime pheromone trap catching result.
The number of Spotted Tentiform LeafminePhfllonorycter blancardella Fabr.),
Peach Twig Borer Anarsia lineatella Zeller), and European Vine Moth.dbesia
botrana Den. et Schiff.), begins to decrease when Q vahwedigher then averages for
swarming periods. As opposed to this the numbeglttaaf the Oriental Fruit Moth
(Grapholita molesta Busck) and Plum Fruit MothGrapholita funebrana Tr.) starts
decreasing already when the Q value attains tHfeohalverage value of the swarming

period.
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Figure 1. The pheromone trap catch of Spotted Tentiform Leafminer (Phyllonoricter
blancardella Fabr.) in connection with the Q/Q average values between 1993 and 2007
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Figure 2. The pheromone trap catch of Peach Twig Borer (Anarsia lineatella Zeller) in
connection with the Q/Q average values between 1993 and 2007
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Figure 3. The pheromone trap catch of European Vine Moth (Lobesia botrana Den. et Schiff.)

in connection with the Q/Q average values between 1993 and 2007
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The changes of the Q-index modify the number offthenful moths caught daily
significantly according to our results. This fast motable for the plant protection

prognostic.

115

110

105 -t e \

100

095 1 : /\ :

0sn

Relative catel

v[=0.000%:] - 0.021:2 ¥ 0.1321= 4 0.829
BYE( 8478 B <000l

025

020
.00 0.06 013 023 0.40 040 024 123 170 244 362 .96 1219

Q-index/Q-index-average

Figure 5. The pheromone trap catch of the Plum Fruit Moth (Grapholitafunebrana Tr.) in
connection with the Q/Q average values between 1993 and 2007
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Abstract. Cyanobacteria are algae of great importance tor@mviental and public health because they
produce toxins, such as microcystins. The sameiespeaf cyanobacteria may show microcystin-
producing and non-microcystin-producing genotyp&bjch are impossible to differentiate based on
morphological characteristics. The presence oftbgA gene has been used as an indirect diagnasis fo
the identification of microcystin-producing cyancberia. The aim of this work was to evaluate if the
blooms of cyanobacteria in the Itaipu reservoirspree a microcystin-producing genotype. To that end,
the phycocyanin intergenic spacer (PC-IGS) andgartcyA gene were amplified and sequenced. The
presence of these genes was observed in all thplesnindicating the toxicological potential of the
blooms of cyanobacteria in the Itaipu reservoir.e Thhylogenetic analyses of sequences from
cyanobacteria blooms isolated from the Itaipu neser and sequences available in GenBank
demonstrated the genetic similarity between sanfpdes Itaipu and species from ticrocystis genus.

Key words Microcystin, PC-IGS, mcyA.

Introduction

Cyanobacteria are ubiquitous organisms that carfobad in many diversified
aquatic environments. Their presence is importanalee they are known to produce
cyanotoxins (Carmichael, 1994) that are capablafigicting the aquatic biota, which
results in poisonous effects even in terrestriammals (Sivonsen and Jones, 1999).
Cyanobacteria produce several different types ofing) including microcystins.
Microcystins are a hepatotoxin produced by a clustelO genes consisting of 55,000
base pairs (bp) arranged in two probable operongArRC and mcyD-J, which encode
for a complex enzymatic system involved in micrdydiosynthesis (Tilletter al.,
2000), that acts by covalently binding to phospbataroteins, which disrupts cellular
signaling and can lead to hepatic tumors, as destriby (Falconeet al., 1994; Itoet
al., 1997). As such, the presence of microcystin-pcoty cyanobacteria in bodies of
water has obvious relevance to public health.

In 1995, Neilanet al. described a pair of primers that are derived fthm coding
region of thea andp subunits of the phycocyanin (cpcA and cpcB) areditiergenic
spacer between these two subunits (PC-IGS). Theseengs can be used to amplify
DNA by PCR (polymerase chain reaction) and, with tise of restriction enzymes
(RFLP), can aid in the identification of many cybaoteria genera. But the primers
selectively amplify both toxic and non-toxic variarof DNA of cyanobacteria that can
be present in the complex microbial communitieaaiatic environments.
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Another way to study the taxonomy and phylogenygyanobacteria is to sequence
the PC-IGS and compare its sequence with thosewdral species of cyanobacteria
that are available in GenBank using BLAST (Basiac&loAlignment Search Tool)
(Bakerer al., 2002). The PG-IGS of cyanobacteria is appropfiat phylogenic studies
because the two phycocyanin suburitsaand g that flank the intergenic spacer are
extremely conserved, which allows the annealingrofiers across many species. The
intergenic spacer, on the other hand, is very b&iand allows the distinction of
species of cyanobacteria (Neilerul., 1995).

The toxicity of cyanobacteria cannot be evaluatgdnorphological characteristics.
The difficulty in the differentiation among toxicnd non-toxic strains has been
overcome by the development of quantitative analysé cyanotoxins in water.
Recently, amplification of a fragment of the mcyAngeby PCR allowed the
identification of cyanobacteria with a microcyspmducing genotype in blooms of
water reservoirs. (Tilletér al., 2001) synthesized a pair of specific primeranaplify
the mcyA gene oMicrocystis species; however, the primers did not effectiahyplify
the mcyA gene of other cyanobacteria genera. (Higsleser al., 2003) synthesized a
different pair of primers that correspond to anotinagment of the mcyA gene, which
allowed the selective distinction of microcystin amwbn-microcystin-producing
cyanobacteria from several genera.

These alternative approaches for the detection afict cyanobacteria by
amplification of the mcy gene has been appliedeteral genera, such adicrocystis

(Davis et al., 2009 Kurmayeret al., 2003; Via-Ordorikaer al., 2004; Tilletter al.,

2001), Planktothrix (Kurmayer et al., 2004), Leptolyngbya and Geitlerinema
(Richardsoret al., 2007),Anabaena (Kaebernicket al., 2002),Nostoc (Hisbergueset
al., 2003), and others.

The evaluation of toxicity by PCR techniques is ¢stesit with results obtained by
the quantitative analyses of toxins in water byhods such as HPLC (High-pressure
liquid chromatography), MALDI-TOF MS (Matrix-assest laser desorption/ionization
Team-Of-Light mass spectrometry) and ELISA (Enzyimked immunosorbent assay).
Several authors have demonstrated a correlatiomeleeatthe presence of mcy genes and
the detection of microcystin in water (Bakeral., 2002; Boarwt al., 2006;Davis et
al., 2009 Kurmayeret al., 2004; Hisberguesr al., 2003; Mankiewicz-Boczek al.,
2006; Oberholstett al., 2009; Via-Ordorikaz al., 2004).

One of the most important reservoirs of South Angrthe Itaipu reservoir was built
in 1982 and is located in the southwest of Paraate $24° 15 — 25° 33’ S-latitude;
54° 00’ — 54° 37’ W-longitude), and it demarcatest f the border between Brazil and
Paraguay. The reservoir presents a flooded ar&866 knf and a residence time of 40
days. In general, the annual oscillations of theewkevel are less than one meter (Bini,
2001). Ecological or even taxonomy work on the algammmunity in the Itaipu
reservoir is very rare. As such, the aim of thiskweas evaluate the toxicity of natural
blooms of cyanobacteria in the Itaipu reservoirthy investigation of the presence of
the mcyA gene.

Materials and methods

Two of the eight tributaries on the Brazilian margf the Itaipu reservoir were
chosen to collect the biological samples. Spedlficthe tributaries that are formed by
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the Sao Francisco Verdadeiro (SV) and Séo Frandistsn (SF) rivers were selected
for this study Fig. I).
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Figure 1. Sampling sites in the two tributaries of the Itaipu reservoir (Sdo Francisco
Verdadeiro and Sdo Francisco Falso rivers)
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Approximately 150 ml of water from the subsurfabattcontains the cyanobacteria
bloom was collected in October 2007. The collectiarere performed at four locations
(SV1, SV2, SV3 and SV4) at the Séo Francisco Verladributary and in one location
(SF1) at the Sao Francisco Falso tributary. Anualicpf each sample was stored &t 4
for DNA extraction.

For DNA extraction, 2.0 ml of each sample was pub ian Eppendorf tubes and
centrifuged at 10,000 rpm for 10 min to pellet ttels. To each tube, 500 ul of
extraction buffer was added (1 M Tris-HCI, pH 8% M EDTA, pH 8.0, 140 mMs-
mercaptoethanol, 5 M NaCl, 5% CTAB, and SarcosyWb)},0in the presence of
lysozyme (1 mg/ml) and incubated in a water batB74C for 30 min. Proteinase K (50
ng/ml) was added and the cells were incubated foir2a water bath at 60°C. Cellular
debris was isolated from DNA by a phenol/chlorofoextraction. The purified DNA
was precipitated with a mixture of saline soluteord ethanol overnight. The DNA was
washed with ethanol to remove excess salt ancettesith RNAse in a 37°C water bath
for 2 h. Extracted DNA was quantified by agaros&) el electrophoresis, using as a
reference DNA from the bacteriophagat concentrations of 25, 50 and 100 ng/I.

The primer pair PEBF (5-GGCTGCTTGTTTACGCGACA-3) and PR (5'-
CCAGTACCA-CCAGCAACTAA-3") (Neilanet al., 1995) was used for amplification
of the phycocyanin intergenic spacer (PC-IGS), Whig a positive control for the
presence of cyanobacteria DNA in the sample. Thmesr pair mcyA-Cd1lR (5'-
AAAAGTGTTTTATTAGCGGCTCAT-3) and mcyA-Cd1F (5-
AAAATTAAAAGCCGTATCAAA-3) (Hisbergues et al., 2003) was used for the
partial amplification of the mcyA gene.

The PCR conditions were as described by (Peodil., 2002) and consisted of the
following steps: 95°C for 10 min, 35 cycles of 95/ 90 s, 56°C for 30 s, 72°C for 50
s and a final step of 72°C for 7 min. PCR fragmewtse submitted to electrophoresis
in a 1,5% agarose gel with a standard DNA laddérd® (Gibco BRL). The gels were
stained with ethidium bromide.

Approximately 50 ng of DNA from each reaction wased in the sequencing
reactions using the MegaBase automatic sequencerer@am), according to the
manufacturer's instructions. Fifty-one sequencaeb®fPC-IGS and 15 sequences of the
partial mcyA gene from species of cyanobacteriatlod orders Chroococcales,
Nostocales and Oscillatoriales were selected franBank for the phylogeny analysis.
Only sequences published in scientific journalsenssiected.

The sequences were aligned using the Clustal Wniplsoner al. 1994) computer
program and edited with the Bioedit program (H&899). The choice of evolutionary
model, using the Akaike Information Corrected QGrde (AICc) and Bayseian
Information Criterion (BIC) procedures, was perfedn using the Paup 4.0b4
(Swofford, 2002) and Modeltest 3.0 (Posed and Githnd998) programs. The
nucleotide diversity matrix and the Neighbor-Joinolgndrogram were built with the
Mega 4.0.1 program (Tamuea al., 2007). The principal coordinate scatter plot was
built using the eigenvectors after Lingoes coraectcriterion with the Statistica 7.1
program (StatSoft, Inc., 2005).
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Results
Phycocyanin Intergenic Spacer (PC-IGS)

The results of the PCR using primers to amplify B@&1GSproduced fragments of
approximately 650 bpFig. 2), which confirmed the presence of cyanobacteriaADM
the samples.

Figure 2. A 1,5 % agarose gel including a 100 bp ladder (La) and the negative control (Br).
Fragments of 650 bp correspond to the amplification product of the PC-IGS from samples of
cyanobacteria blooms from Sdo Francisco Verdadeiro (SV1, SV2, SV3 and SV4) and Sdo
Francisco Falso (SF1) tributaries, using the PCBF and PCaR primers

The PCR products for the samples from the S&o semd/erdadeiro (SV1, SV2,
SV3 and SV4) tributary were sequenced. After thgnatent, a 320 bp sequence was
obtained that encodes for part of the phycocygnsubunit, the complete intergenic
spacer and part of thesubunit. The Tamura-Nei evolutionary model wasa&ed for
phylogenetic analysis. The sequence indicated thare were six nucleotide
substitutions points among the four samples. Ncstsution was found between the
samples SV2 and SV3. The transition/transversias lias 1.7 and the distribution of
nucleotide bases was A=0.247, T=0.241, C=0.263G=21248.

The results of the Neighbor-Joining dendrogram thedscatter plot, that were built
with the Itaipu reservoir samples, in combinatioithwsequences available from
GenBank, made it was possible to characterize teetorders of cyanobacteria that
were analyzed. The sequences of the cyanobactanalss from the Itaipu reservoir
aligned with species from th&icrocystis genus in the Chroococcales clustgig( 3
andFig. 4).
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Figure 3. Neighbor-Joining dendrogram built with the Tamura-Nei model, with 10,000
Bootstraps, from sequences of the PC-IGS from samples of cyanobacteria blooms from Sdo
Francisco Verdadeiro (SV1, SV2, SV3 and SV4) tributary and sequences available in GenBank
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Toxicity

Partial amplification of the mcyA gene produced [dADfragment of approximately
300 bp for all analyzed sampldsig. 5). The presence of the mcyA gene in all samples
indicates that the cyanobacteria blooms presentén Itaipu reservoir are from a
microcystin-producing genotype strain.

The partial microcystin synthetase gene (mcyA) lofe¢ samples from Itaipu
reservoir was sequenced. After alignment, a 238dzuence was obtained. Only one
nucleotide substitution point was observed, whicswin the sample from the Sao
Francisco Falso (SF1) tributary. The transitiomésgersion bias was 1.7, with
nucleotide base distribution of A=0.265, T=0.3280A55 and G=0.253.
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Br svi SV2 sv3 Sv4 SF1

Figure 5.A 1,5% agarose gel including a 100 bp ladder (La), and the negative control (Br)
Fragments of 300 bp correspond to the amplification product of the partial mcyA gene from
samples from the Sdo Francisco Verdadeiro (SVI, SV2, SV3 and SV4) and Sdo Francisco Falso
(SF1) tributaries, using the mcyA-CdIR and mcyA-CdIF primers

The Neighbor-Joining dendrogram separated the snfpdm the Itaipu reservoir
into a single cluster, which was very close to tihester of the species from the
Microcystis genus Fig. 6). This results were consistent with the resuliaimed with
the PC-IGS sequences, The genetic analyses ofattialsequence of the mcyA gene
were also useful in the characterization of theelorders of cyanobacteria.

@ M. viridis EU203575

@ M. aeruginosa EU203573

& M. aeruginosa EU203576

@ M. viridis EU203579

60 | @ M. aeruginosa EU203577

@ M. aeruginosa AP009552
@ M. aeruginosa AB019578

Chroococcales

100

76| @ M. cf. aeruginosa AJ515459
L 2V aeruginosa DQ379709

@ sF1
495,‘; SV3
75 @ Sv4
® Nostoc sp. AJ515475
= ® Anabaena sp. AJ515461 NOStOCG'GS
4100‘_{ ® Anabaena sp. AJ515463
75'@ Anabaena flos-aquae AJ515466

A pianktothrix sp. AJ515471 ] Qscillatoriales

|
0.02

Figure 6. Neighbor-Joining tree built with the p distance, with 10,000 bootstrap, using
sequences of the partial mcyA gene from samples of cyanobacteria blooms from the Sdo
Francisco Verdadeiro (SV3 and SV4) and Sdo Francisco Falso (SF1) tributaries and sequences
available in GenBank
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Discussion

Amplification of the PC-IGS sequence is a posita@ntrol for the presence of
cyanobacteria DNA in the samples. (Neitaml., 1995) used primers of the PC-IGS for
the selective PCR amplification of genetic materdl cyanobacteria of different
samples from aquatic environments. Fragments froxic tgenera Nicrocystis and
Anabaena) had between 500 and 740 bp. All of the DNA sam@eidied from the
Itaipu reservoir tested positive for the PC-IGS,ialhconfirms the presence of
cyanobacteria in the algae blooms that were studied

The results of the PC-IGS sequencing demonstraegémetic relationship among
samples from the Itaipu reservoir and species fthenMicrocystis genus, such as
Microcystis aeruginosa. The exact result, with simple nucleotide peaks tlire
sequencing, confirms that the extracted DNA of slaenples were from one single
species since the presence of more than one sp@tisignificant abundance) would
show up as multiple nucleotide peaks (Bakerl., 2002).

The presence of the mcyA gene in the samples tetleftom the Itaipu reservoir
demonstrates the toxicological power of these clgaoteria blooms. Environmental
conditions, such as light intensity, nutrient camtcation, temperature, age and size of
the colony, appear to influence microcystin proouct However, the environmental
factors that control the expression of the micrtnoysynthetase genes are not yet
completely understood (Nishizawaal., 1999).

In fact, the presence of the mcyA gene alone isenough to infer that the blooms
are producing cyanotoxin. In 200@stermaier and Kurmayatemonstrated that the
mcyA gene could be inactivated in natural populajafue to a mutation in the gene.
However, the presence of the mcyA gene has beerlawmd with the ability of
cyanobacteria to produce microcystin (Tillet al. 2000), and several studies have
correlated the presence of mcy genes, included meyth the presence of microcystin
in water (Bakefer al., 2002; Boarw:t al., 2006; Kurmayeet al., 2004; Hisberguest
al., 2003; Mankiewicz-Boczelgt al., 2006; Via-Ordorikat al., 2004). Thus, the results
obtained in this work indicated that the speciescydnobacteria that is present in
samples from two tributaries of the Itaipu reservisifrom a microcystin-producing
strain.

The present study emphasizes the importance of uswigcular markers for the
identification of potentially toxic cyanobacteria environmental monitoring programs
because this method allows the evaluation of abgdere the toxins are released into
the water. The presence of a species that cordagesotype for microcystin production
is of particular concern for public health in wateservoirs, such at the Itaipu reservaoir,
because it is used for recreation by the riveriopputation and tourism

The sequencing of the PC-IGS and the partial mcgAegis shown to be useful in
the molecular analyses of cyanobacteria and mustutilzed together for the
identification of potentially toxin-producing cyalacteria.
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