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Allelopathic Effects of
Invasive Woody Plant Species in Hungary

AgnesCsIszAR

Department of Botany and Nature Conservation, Faculty of Forestry, University of West Hungary, Sopron, Hungary

Abstract — Allelopathy may play an important role in the invasion success of adventive plant species.
The aim of this study was to determine the allelopathic potential of invasive woody plant species occurring
in Hungary. Juglone index of fourteen invasive woody plant species in Hungary was determined by the
method of Szab@l997), comparing the effects of juglone and substance extracted of plant species with
unknown allelopathic potential on the germination rate, shoot length and rooth length of white mustard
(Sinapis albal.) used as receiver species. Results have proven a more or less expressed allelopathic
potential in case of all species. The juglone index at higher concentration gtrgalsy plant material
extracted with 100 ml distilled water) of almost every studied species approaches to 1 or is above 1, this
means the effect of the extracts is similar to juglone or surpasses it. In terms of juglone index, the
allelopathic potential of false indig@\forpha fruticosd..), tree-of-heavenAflanthus altissimgMill.)

Swingle) and hackbernCeltis occidentalid..) were the highest. Besides these species the treatment with
the extracts of black walnutl{glans nigral.), black cherry Prunus serotinaEhrh.) and green ash
(Fraxinus pennsylvanicARSH. var. subintegerrimaVahl) Fern) reduced extremely significantly the
germination rate, shoot and root length, compared to the control.

species / allelopathy / juglone index / germination inhibition / growth inhibition

Kivonat — Magyarorszagon eéfordul6 fas szarl 6zonfajok allelopatikus hatdsanak vizsgalata.

Az allelopatia egyes adventiv ndvényfajok invaziés sikerében gslezerepet tolthet be, ezért jelen
vizsgalat a Magyarorszagon 6fdrduld, fas szarl 6zonnovények allelopatikus potencialjanak
megallapitasatizte ki céljaul. A vizsgalat soran tizennégy, hazankban invaziés fas szard névényfaj
juglon-indexe kerllt meghatarozasra Szab6 (1997) altal leirt médszer szerint, aniyeeatlen
allelopatikus potenciali névényfajbdl készitett kivonat hatdsat a juglonéval hasonlitia 6ssze a fehér
mustar (Sinapis alba..) tesztndvény csirazasi szazalékara, gyokér- és hajtashosszisagara nézve.
A vizsgalat eredményeként bebizonyosodott, hogy a Magyarorszégfondeld, fas szard invazios
novényfajok mindegyike rendelkezik kifejezett vagy kevésbé kifejezett allelopatikus potencidllal, a
magasabb koncentracioju kivonatok (5 g szaritott ndvényi anyag 100 ml desztillalt vizben kivonva) esetén
csaknem mindegyik faj juglon-indexe kozelit az 1-hez vagy meghaladja azt, vagyis hatasa a juglonéhoz
kdzelit, vagy azét felilmalja. A juglon-indexet tekintve kiemetkadyyalogakacAmorpha fruticosd..), a
balvanyfa Ailanthus altissimgMill.) Swingle) és a nyugati ostorf&éltis occidentalid..) allelopatikus
potencialja. E fajokon kivil a fekete didu@lans nigral.), a kései meggyPfunus serotind&hrh.) és a

z06ld koris (Fraxinus pennsylvanicMarsh. var.subintegerrimaVahl) Fern) kivonataval tortént kezelés

mind a csirazasi szazalék, mind a hajtashosszlisag, mind pedig a gyokérhosszisag esetén rendkivil
szignifikans eltérést mutatott a kontrollhoz képest.

fas szaru 6zonfajok / allelopatia / juglon-index / csirazasgatlas / névekedésgatlas

’ keresztlapu@emk.nyme.hu; H-9401 Sopron, POB 132, Hungary
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1 INTRODUCTION

Records about allelopathy are known since ancierdst however the inhibitory effect was
not attributed to the secondary metabolites (PdirBecundusicentury AD cit. Rice 1984).
After introducing the term allelopathy by Molisho@7), the definition has undergone several
changing and widening of meaning (Csontos 1997 cilBrér — Szab6 2001), nowadays it
refers to the positive or negative, direct or imdir effect by one plant, fungus or
microorganisms to the other through the productibohemical compounds that escape into
the environment (RE 1984). Most observations of allelopathy connectéith \&griculture,
several weeds are known which are allelopathicultivated plants (Terp6 — Kotofi974,
Mikulds 1981, Kazinczi et al. 1991), plant spea#slopathic to weeds can offer a selective
and an environmentally friendlier way of weed bioirol.

Because of the complexity of allelopathy and protdeof its practical applications the
beneficial effects of allelopathy have not beenlexgd in the forestry yet, although the
competition and allelopathic effects are more @xplin the forested plant communities
because of huge biomass of canopy and root lajrattissier — Gallet — Souto 2002). It is
also notable that almost one third of allelopatiient species are woody plants in Hungary
(Szab6 1997). Allelopathy can influence the sudoesdetermine the pattern of cut area,
inhibit the forestation and forest regenerationjenstory species can inhibit the germination
of woody plants therefore the secondary metabolitesvoody plant species can greatly
influence the pattern of understory (Lodhi 197578,91978, Kuiters — Denneman 1987,
Csontos 1991). The effect of understory species mrexpressed indirectly through the
microbiological activity of the soi{Szabo et al 1987), however the effect can shoferéifit
rate in laboratory experiments and under field dons (Fekete 1974). The role of
allelopathy in the forest ecosystem has been prby&raboun (2004) in the seed production,
forest regeneration and protection, forest strecamd production of biomass. According to
Carroll (1994): ,Within the forest ecosystem allgiemical interaction plays a much larger
role than previously thought, affecting growth, meration, plant succession, and vegetative
patterning of forest ecosystem.”

It is not surprising that the percentage of alipecges among the allelopathic plants is
very high; since the species living close to eattterowere able to adapt to metabolites
produced by the other species during the evolutiod,an alien species is more likely to emit
chemicals that native plants are less resista(@Catlaway — Aschehoug 2000). Many studies
suggest that allelopathy may contribute the abdityan alien species to become dominant in
invaded plant communities (Ridenour — Callavz®01, Hierro — Callaway2003). Among
native plant communities the forests are especailyangered by the invasion of alien plant
species in Hungary (Bartha 2002), the number @nalvoody plant species can exceed the
native woody species locally. Among invasive wo@ignt species occurring in Hungary the
allelopathic effect of Manitoba mapl@dcer negunda..), false indigo Amorpha fruticosd..),
black locust Robinia pseudoacacia.), black walnut Juglans nigral.), white mulberry
(Morus albalL.), tree-of-heaven Ailanthus altissima(Mill.) Swingle), hackberry Celtis
occidentalis L.), black cherry Prunus serotinaEHRH.) and Russian-olive Hlaeagnus
angustifoliaL.) has been proverCaboun 1994, Nandat al.1994, Elakovich — Wooter1 995,
1996,Heisey 1996Szabd 1999). This study aimed at investigatingaifedopathic effects of
invasive woody plant species occurring in Hungander the same conditions providing
comparison of allelopathic potential of species amdults which can contribute to
understanding of complex function of forest ecosyst and hereby the protection and
conservation of our forests.
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2 MATERIALS AND METHODS

Juglone index (3BO 1999) was chosen to study the allelopathic paénfiinvasive woody
plant species in Hungary. Juglone is a strongagkgthic naftoquinone has been isolated from
Persian walnutJuglans regial.), black walnut Juglans nigralL.) and many species in the
Juglandaceadamily; it is washed into the soil by the rain fmoleaves (RGLISH 1950,
PRATAVIERA et al.1983). Juglone has an inhibitory effect on gernmiamaand seedling growth
of several plant species (Kocacaliskan — Terzi 20tis inhibition is expressed by reduced
intensity of photosynthesis and respiration (Hejlak 1993, Jose — Gillespie 1998), and
increased oxidative stress (Segura-Aguilar et 892). EcisLl et al. (2005) treated day-
neutral strawberryRragaria x ananassal.) by juglone and found that the fruit yield per
plant, the number of fruit per plant, average fratight, crowns per plant, number of leaves,
leaf area, fresh root weight, total soluble soli&§), vitamin C, acidity and uptake of some
nutrient element decreased. Method of juglone indag introduced by B0 (1999), it is
based on comparing the effects of treatment withM juglone and substance extracted of
plant species with unknown allelopathic potentialglone index is a quotient created by the
germination rate, shoot length and root length bitevmustard $inapis albal.) treated with
juglone and substance with unknown allelopathiceptial. If this quotient is above 1, the
allelopathic potential is more expressed than tiglope’s and the inhibitory effect is
stronger; if it is below 1, the allelopathic potiahts less expressed than the juglone’s and the
inhibitory effect is weaker. If the juglone index smaller than 0,5, we can not practically
speak about an allelopathic potential (Szabd 1988¢. juglone index (I/x) of a substance
with unknown allelopathic potential is:

I Ix= (H+R +G)/ (H + R+ G)

Abbreviations: K: average of shoot lengths of 3 times 10 white ardsseeds treated with 1 mM juglone (mm),
R;: average of root lengths of 3 times 10 white mubkt®eds treated with 1 mM juglone (mmy), & erage of
germination rates of 3 times 100 white mustard seeghted with 1 mM juglone (number),:tverage of shoot
lengths of 3 times 10 white mustard seeds treaféfd substance from species “x” with unknown alleltipc
potential (mm), R average of root lengths of 3 times 10 white muktseeds treated with substance from
species “X” with unknown allelopathic potential (Mn&,: average of germination rates of 3 times 100 white
mustard seeds treated with substance from speciegith unknown allelopathic potential (number).

For the examination shoots of invasive woody plamse collected in May 2008 and
dried at room temperature. The studied species Werdollowing: Manitoba mapleAcer
negundolL.), false indigo Amorpha fruticosal.), black locust Robinia pseudoacacid.),
black walnut Juglans nigraL.), white mulberry Korus albal.), tree-of-heavenAjlanthus
altissima(Mill.) SwINGLE), hackberry Celtis occidentalid..), black cherry Prunus serotina
EHRH.), Russian-olive Elaeagnus angustifolid..), thicket creeperRarthenocissus inserta
(A. Kern) Fritsch), golden curranR{bes aureunPursH), riverbank grape\{itis riparia
MicHx.), common hoptreePtelea trifoliatal.), red ashKraxinus pennsylvanicklarsh. var.
austiniFern) and green ashr(axinus pennsylvanicillarsh. varsubintegerrimgVahl) Fern).

Aqueous extracts were prepared at two differenteotrations by soaking 1 g and 5 ¢
dried plant material (leaves and stems) of the depecies in 100 ml distilled water at 20 °C
for an hour, shaken in every 10 minutes and fittehgough filter paper. White mustard seeds
were germinated between two filter papers wettelth &iml extract, in darkness, placed in a
biological thermostat at 20 °C. 100 white mustaedds were placed in each petri dishes,
| repeated the experiment with each concentrati@hspecies three times. Germination rate,
shoot and root length were registered on the 6th cdaunted from the beginning of
imbibition. The effects of the different plant specextracts on the germination rate, shoot
and root length of white mustard were comparech&tteatment with using distilled water
(control). The statistical analysis of the reswts made by using Chi-square test in case of

Acta Silv. Lign. Hung. 5, 2009



12 Csiszar, A.

germination rate, with Mann-Whitney test in casesbbot and root length using the InStat
statistical program (InStat 1997). During the statal analysis the categories of InStat
statistical program [extremely significant (P <@L}, very significant (P < 0.01), significant
(P < 0.05), not quite significant 0.1), not significant (P > 0.1)] were used.

3 RESULTS

Regarding juglone index of invasive woody plantcee in Hungary it is conspicuous, that
the juglone index at higher concentration extramtsalmost every studied plant species
approaches to 1 or is above 1, this means thetedfethe extracts is similar to juglone or
exceeds i{Table 1) Amorpha fruticosas preeminent among the species, its juglone inglex
the highest at both concentrations, and it is tilg one which juglone index is more than 1 at
lower concentration extract. In case of higher emtiation extractémorpha fruticosavas
followed by Ailanthus altissimaand Celtis occidentaliswith juglone index 1.49 and 1.36.
Juglans nigraPrunus serotingPtelea trifoliatg Fraxinus pennsylvanicear. subintegerrima
and Robinia pseudoacaciaave a juglone index higher than 1. The juglorsexnof Acer
negundo Parthenocissus insertditis riparia, Elaeagnus angustifoliandRibes aureunare
only with some hundreth lower than Morus albaandFraxinus pennsylvanicaar. austini
can be characterized by the lowest juglone indegase of higher concentration extracts.
Lower juglone index belonged to lower concentrat@tracts than to higher concentration
extract in case of every species, although thiedihce was more considerable in case of
species having a higher juglone index.

Table 1. Juglone index of invasive woody plant iggeaccurring in Hungary

Juglone index

at lower at higher
. concentration  concentration
Species extract(1 g plant extract(s g plant
material extracted material extracted
with 100 ml with 100 ml
distilled water) distilled water)
Acer negundd.. 0.93 0.99
Ailanthus altissimgdMILL .) SWINGLE 0.80 1.49
Amorpha fruticosd.. 1.11 2.00
Celtis occidentalid.. 0.86 1.36
Elaeagnus angustifolia. 0.74 0.93
Fraxinus pennsylvanicilarsh. varaustiniFern 0.79 0.85
Fraxinus pennsylvanicilarsh. varsubintegerrima 0.76 1.01
(Vahl)Fern
Juglans nigral. 0.80 1.08
Morus albalL. 0.80 0.86
Parthenocissus insert@. Kern) Fritsch 0.76 0.96
Prunus serotind&hrh. 0.77 1.04
Ptelea trifoliatal. 0.73 1.03
Ribes aureunfursh 0.77 0.91
Robinia pseudoacacia. 0.84 1.01
Vitis riparia Michx. 0.81 0.94
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Allelopathic effects of invasive woody plant speaeHungary 13

Species can be ranked based on expression of dlelopathic potential using the
juglone index at different concentrations of extsadut it does not give any information
about how the species inhibit the growth and dguakent of the test plant. To find this out |
compared the germination rate, shoot and root ledgta in case of each plant species and
concentration to the data of control (treatmenhwlistilled waterTable 2)

Table 2. Inhibitory effects of extracts of invaswoody plant species in Hungary on the
germination of Sinapis alba L. according to the lgses by Chi-square test and
Mann-Whitney test

. Weight of plant Germination  Shoot Root
Donor species

material (g) rate length length
5 * *k% *k%k
Acer negundd.. 1 ) ) *kk
Ailanthus altissima 5 fl i o
(Mill.) Swingle 1 - - b
. 5 *k*k *k%k *k%k
Amorpha fruticosd.. 1 o *kk >k
) . . 5 *k*%k *k% *k%k
Celtis occidentalid.. 1 ) 3 *kk
- 5 - - o
Elaeagnus angustifolia. 1 i ) *kk
Fraxinus pennsylvanica 5 - - i
Marsh. varaustiniFern 1 - 0 i
Fraxinus pennsylvanicilarsh. var. 5 K o i
subintegerrimgVahl) Fern 1 - - el
. 5 *k% **k%k *k%
Juglans nigral. 1 ) ) *kk
_ kK
Morus albalL. i ) (_) kk
Parthenocissus inserta 5 * * i
(A. Kern) Fritsch 1 - * el
. 5 *k*%k *k%k *k%k
Prunus serotind&hrh. 1 ) 3 —
. . 5 *k%k *% *%k%k
Ptelea trifoliatal. 1 ) * *k
. 5 _ _ *k*k
Ribes aureunfursh 1 ) ) *kk
. . 5 o 0 i
Robinia pseudoacacia. 1 ) ) *kk
I 5 el * o
Vitis riparia Michx. 1 ) * kk

Abbreviations: The inhibitory effect: ***: extremekignificant, **: very significant, *: significant
0: not quite significant, -: not significant

Examining the germination rate the treatment witghbér concentration extracts of
Ailanthus altissima, Amorpha fruticosa, Celtis ammitalis, Fraxinus pennsylvanicaar.
subintegerrima, Juglans nigr&runus serotinaPtelea trifoliataandVitis riparia considered
extremely significantly different compared to thentrol. The germination rates were very
significantly lower than the control following theeatment with higher concentration extract

Acta Silv. Lign. Hung. 5, 2009



14 Csiszar, A.

eof Robinia pseudoacaciand the treatment with lower concentration exti@cAmorpha
fruticosa There were significant difference between thetrbrand the treatment with higher
concentration extracts dhcer negundoand Parthenocissus insertalreatment with other
extracts did not show significant difference to tioatrol.

Analyzing the shoot length data the effects of magispecies and concentrations divided
more considerably: eight extracts caused extremsgggificant, one very significant, five
significant, three not quite significant and theme not significant differences. Higher
concentration extracts ofcer negundo, Ailanthus altissima, Amorpha frutiggo€eltis
occidentalis Fraxinus pennsylvanicaar. subintegerrima,Juglans nigraandPrunus serotina
and lower concentration extract dimorpha fruticosaresulted extremely significant
difference to the data of control. Higher concetidraextract ofPtelea trifoliatareduced very
significantly the shoot length. After the treatmevith lower concentration extract éftelea
trifoliata and both concentration extracts\ofis riparia andParthenocissus insertidée shoot
lengths were significantly shorter.

The root lengths influenced with treatment usinffedent species and concentrations
brought more unified results. With the exceptionlafer concentration extract déftelea
trifoliata — which showed very significant difference complate the control — extracts at
both concentration in case of every species redeggdmely significantly the root length.

4 CONCLUSION

The results of study have proven that every inwasmoody plant species occurring in
Hungary has a more or less expressed allelopatitenpal. These allelopathic effects are
known from the literature in case of some studigecges, but there are not any publications
or there are some ones about the allelopathy ofraostudied species such Bsaxinus
pennsylvanicavar. austini Vitis riparia, Parthenocissus insert@telea trifoliata and Ribes
aureum In term of juglone index the allelopathic potahtbf Amorpha fruticosaAilanthus
altissima and Celtis occidentaliswere the most preeminent. Besides these specegs th
treatment with Juglans nigra Prunus serotina and Fraxinus pennsylvanicavar.
subintegerrimaextracts reduced extremely significantly the geation rate, shoot and root
length, compared to the control.

The comparison of the juglone index of investigadeldentive woody species with the
values of adventive herbaceous species reporte§8zbbp6 (1999), revealed that for higher
concentrations extracts, juglone indices of woqagcgs were in general similar, around 1. No
extreme values were found comparable to Eastesy daabane Krigeron annuugL.) Pers.)
with a juglone index of 8.77 (Szab6 1999). In cakElaeagnus angustifolid,found at lower
extract concentration an index lower by 0.14, ahbr concentration higher by 0.18,
respectively, than reported by Szabd6 (1999). Thiferénce is not considerable and does not
reduce the authenticity of methods; on the othemdh# highlights the fact, that the
concentration of allelopathica is influenced byesaV biotic and abiotic factors and may have
seasonal variability.

It is known, that Petri dish bioassays could gyeatlerestimate the allelopathic effect
compared to realistic field conditions (Keeley 198&ardle et al. 1998). The explanation of
different allelopathic effects can be the transfation of allelochemicals by organic and
anorganic compounds of soil, adsorption by colloatsd dilution by the precipitation
(Brickner — Szab6 2001). During these processes atlochemicals can lose their
allelopathic effects although it can be preservedl fTo sum up in vitro researches are
suitable for determining the allelopathic potentialit allelopathic effect should be proven
under field conditions too.

Acta Silv. Lign. Hung. 5, 2009



Allelopathic effects of invasive woody plant speaeHungary 15

Nowadays several uses of allelochemicals are knblmdesirable deciduous plants were
controlled successfully in Canada sowing allelogatilant species to the understory or
incorporating barley, oat and wheat residues ih (Sobidon et al. 1989). As the results of
HEISEY's (1997) studies the ailanthone, the allelochemio&lsee-of-heaven was considered
a broad-spectrum, pre- and postemergent herbibdst herbicides derived from plants are
biodegradable and usually considered to be safer fruman health and environmental point
of view (Rizvi — Rizvi1992). The invasive alien species cause consideblironmental,
economical and human health harm worldwide, theeefwse can agree with findings of
Hierro andCallaway (2003 p. 29): ,We do not recommend allatby as a 'unifying theory’
for plant interactions, nor do we espouse the \ieat allelopathy is the dominant way that
plants interact, but we argue that non-resourcehar@sms should be returned to the
discussion table as a potential mechanism for @xpta the remarkable success of some
invasive species.”
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Wood-Inhabiting Macrofungi Proposed for Conservation
from the Primeval Bog of Batorliget

Imre RMoczi® —Lajos BENEDEK? — Heinz FORSTINGER

@ Department of Botany and Soroksar Botanical GarBaaylty of Horticultural Science,
Corvinus University of Budapest, Hungary
® A-4910 REID/Innkreis, Konrad L. str. 1., Austria

Abstract —Short description and evaluation of the wood-inhabiting macrofungi proposed for
conservation in the primeval bog of Batorliget is presented here for the sppeietacteugFr.) Fr.,
Kavinia himantia(Schw.: Fr.) Erikss.Perenniporia fraxinegBull.: Fr.) Ryv., Phlebia livida(Pers.: Fr.)
Bres.,Artomyces pyxidatu@ers.: Fr.) JulichAntrodia albida(Fr.: Fr.) Donk Antrodiella semisupina
(Berk. et Curt) Ryv. et JohanserGeriporiopsis resinascengRom.) Domanski, Oxyporus
latemarginatus(Dur. et Mont.) DonkSpongipellis pachydofPers.) Kotl. et Pouzar, arileurotus
cornucopiag(Paulet: Pers.) Roll.

xilophagous macrofungi / Fraxino pannonicae—Ulmetum / Convallario—Quercetum roboris
tilietosum / conservation of macrofungi

Kivonat — Fan él védends nagygombak a Batorligeti Oslap tarsulasaiban.A Batorligeti 5slap
terliletén @iforduld fan éb, védend nagygombak koziil az alabbiak rovid ismertetését és értékelését
adjuk: Irpex lacteus(Fr.) Fr., Hydnocristella himantia(Schwein.) R. H. Peterseferenniporia
fraxinea (Bull.: Fr.) Ryv., Phlebia livida (Pers.: Fr.) BresArtomyces pyxidatugPers.: Fr.) Jilich,
Antrodia albida (Fr.: Fr.) Donk, Antrodiella semisupina(Berk. et Curt.)) Ryv. et Johansen,
Ceriporiopsis resinascengRom.) Domanski,Oxyporus latemarginatugDur. et Mont.) Donk,
Sarcodontia pachydofPers.) SpirinPleurotus cornucopia@aulet: Pers.) Roll.

xilofag nagygombak / keményfa ligetredk / harssal elegyes gydngyviragos tolgyes / védeénd
nagygombak

1 INTRODUCTION

The primeval bog of Béatorliget was discovered in 1914 by Janos Tuzson. The outstanding
diversity of its flora originates from the beech and birch-pine epoch of the Great Hungarian
Plain (Boros 1932, So6 1934, Simon 1991).

The macrofungi of the region were listed by Ubrizsy (1937, 1940, 1941, 1943,19953,
for the first time. The latest monograph on the primeval bog of Batorliget contains (Mahunka
1991) no information on the macrofungi, though several works have been published discussing
thoroughly the macrofungi of other protected areas and of national parks.
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The macrofungi of the Bog has been continuouslgstigated since 1995 (Lenti-Maté 1995,
1996, Rimdczi 2002). Moreover, today the surveylwgs also the nearby ‘great pasture’ of
Batorliget (Leni et al. 2004) and the Fényi forgsnti 2007).

2 METHODS

We regularly documented the mushroom species itihgdiving and dead wood in the two
plant communities, that cover the majority of thegBin the lowland oak woodlands mixed
with lime (Convallario—Quercetum roboris tilietosprand in the oak-elm-ash woodlands
(Fraxino pannonicae—Ulmetum). The first resultstlot survey were published in 1997
(Riméczi et al. 1997)This work, however, did not discuss the conservasitatus of these
fungi, since the plan of the Red List of our musims has been developed simultaneously
(Riméczi 1997). The revised version of the Red ,Lishich is still today valid for the
Hungarian macrofungi, was published in 1999 (Rimdtzal. 1999). Fungal species being
under legal protection (35 species altogether)carapiled in the governmental decrie
23/2005 (VIII. 31.) Ministry of Environment and Was. This list of the Ministry, containing
astonishingly and inexplicably few species, ismatsonable from any scientific aspect.

The above mentioned facts led us to the decishat,ih the present article we describe
such species of the wood-inhabiting macrofungi éfdBliget, that are included in the Red
List, but their legal protection was rejected bg Ministry. Some species of our compilation
were found in the Bog in the past few years angaldished here for the first time.

3 RESULTS

Irpex lacteuqFr.) Fr.

Annual basidiocarps are effuse, effuse-reflexedcomposed of shelf-like pilei with a
diameter of 1-2 cm. Reflexing surfaces are crimitelyety. The trama is quite varying:
composed of narrow pores when young, then the pdoagate forming lamellae, finally split
into teeth and spines. The sporocarps can be daasehvoughout the year: from the early
spring right till the persistent frosts. This sapophic species causes white-rot. It fruits on
standing or lying trunks and logs of deciduousdree

In 1783, Batsch regarded this species as a menilk¢ydmaceae. Fries classified it into
its current genus in 1818, under the ndmpex pavichii Pilat considered it as a lamellate
polypore:Trametes lactea@r.) Pilat.

According to Igmandi (1999), in Hungary this spedewidespread from the lowlands to
the mountains. It fruits not only dfagus Quercus PrunusandPopulusspecies, but also on
RobiniaandAilanthus and rarely even on the woodRihus He does not assign this species
to any community.

Krieglsteiner (2000) describes it as a rare spegigh is characteristic of oak-elm-ash
woodlands and ash-alder swamp woodlands. He olzbérmeostly on the wood dfraxinus
excelsior Frangula alnus Betula pendulandSalix species in the forests of the lowland and
the hills, less frequently in the mountains of nuedielevation.

We found it on the twigs dfraxinus angustifolissubsp pannonicaandBetula pendula
Nature conservation status: very rare in the N&hds and in ltaly, rare in Sweden,
Germany and Switzerland. On our Red List, this g®ebelongs to Category ‘3’, because it
prefers principally the wetlands, the communiti€svhich are also proposed for conservation
(Borhidi — Santa 1999).
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Hydnocristella himantia (SchwinR. H. Petersen

(= Kavinia himantia(Schw.: Fr.) Erikss.)

(= Clavaria himantiaFr.)

The widely effused sporocarp is thin, soft andyfediften with risomorphs. The odontoid
trama is composed of dense, needle-shaped, raweigling teeth of 2-7 mm length, hanging
down from the sporocarp (‘Hangezahnchen’).

Spore print is pale yellonKavinia himantiafruits on decayed, often mossy trunks and
logs, in autumn or in late autumn. It is a chanastie circumpolar species of the riverine
woodlands, found on the timber 8&lix, FraxinusandCarpinus In Béatorliget we found it on
the fallen trunk ofFraxinus angustifolia subsp. pannonickhis fungus is distributed in the
sub-Atlantic regions of the temperate zone of Eardpis a very rare species of the Red List.

Perenniporia fraxinegBull.: Fr.) Ryv.

(= Fomes cytisinuBBk.] Gill.), (= Fomitopsis cytisingBerk.] Bontd. et Sing.)

This species lives as a parasite of deciduous treebe fringes of riverine woodlands,
and it can also be found as a saprotrophic polymoréogs and fallen dead wood in tree lines.
It turns the timber white and soft. Fruit bodiesynaso be observed in the sunny areas of
parks. Contrary to its scientific name, it is mdrequent on black locust, than on ash.
Perenniporia fraxineacan be come across throughout the whole year;afigrbecause it is
perennial, and also because new sporocarps mayooeiged in almost each months. The
basidiocarp is broadly attached to the substrattendiameter is 10-20 cm, even reaching 50
cm, if several fruitbodies coalesce. The margimrnsgularly crispate. The sporocarp often
encloses plant remnants by its growth. Pores ofythang fruit body are narrow, later they
may become larger cream-coloured, turning brovpmetsed.

It is rare (Netherlands, Germany, Switzerland)pwradic (Italy) in Europe. On our Red
List it belongs to Category ‘4’, principally becausf its preference of humid riverine
habitats. However, it also lives in antropogenibitas, even on the trunk dobinia or
Aesculus

Phlebia livida(Pers.: Fr.) Bres.

(= Corticium lividumPers.)

The effused sporocarp forms a 2-4 mm thick, wag-ltkust on the surface of decaying
deciduous trees. The trama is smooth or granuleady, involute, cracking with drying. Its
colour is quite varying.

Phlebia lividafruits throughout the whole year, but most fredlyem late autumn. It
causes the white-rot of deciduous trees, in thermmddiate phases of decay. We have
observed it on the lying trunks dfraxinus angustifoliasubsp. pannonica and Alnus
glutinosa According to the literature, it inhabits also ttber of Quercus Carpinusand
Fagus (Kreigsteiner 2000), beside that &etulg Tilia (Arnolds et al. 1995), oPicea
(Breitenbach-Kranzlin 1986). It is considered ramethe Netherlands. It is not frequent
anywhere in Europe. It belongs to Category ‘3’ of &ed List, because it primarily lives in
mesophilic woodlands and riverine forests.

Artomyces pyxidatuders.: Fr.) Julich

(= Clavicorona pyxidatdPers: Fr./ Donk)

The terminal branches @éirtomyces pyxidatugrown-tipped coral fungus) end in minute
cups with tapering edge. Its flesh is tough, yelsbwor greyish brown, turning brown with
aging. Its taste is hot spicy, and the fungusesliiole. It fruits from the beginning of summer
till late autumn, on decaying and mossy wood.
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On the first sight, its fruiting body resembles allvdeveloped coral fungus, though it is
not a relative of them. The terminal branches femall cups. From the edges of these cups,
4-6 thin branches derive that end in even smal@scThe edges of the smallest cups bear
only small, needle-like outgrowths. Its flesh isisgy, whitish yellow when young, changing
into brown with a flesh tint with aging. Its smé&l very spicy, later it becomes stinking. Its
taste turns gradually ever bitter, finally burnimgg.

Artomyces pyxidatuguits on the logs and lying trunks of deciduoteses (and rarely
those ofPinusor Abieg in the intermediate and final decay phases, frlegnmid-summer till
the first frosts. This Holarctic species (Cornei7QPwas observed in Batorliget on thick,
well-decayed fallen trunks dfopulus Salix and Fraxinus angustifolissubsp.pannonica in
the heart of riverine forests that are always mdtiss under protection everywhere in Europe,
becoming more and more rare due to the lack (arffiegent amount) of dead wood in the
natural riverine forests. It belongs to Categoryoi2 our Red List.

Antrodia albida(Fr.: Fr.) Donk

(= Lenzites albiddr.) (=Antrodia serpengFr.: Fr.) G. Karst.)

Sporocarp is effused, or emerges at the marginsyirig hat-like structures, which
arrange above each other in a tile-like mannersutsace is slightly felty, white or cream-
coloured. Pores are whitish, wide and slightly dagat the effused parts of the sporocarp,
while at the hat-like emergences they gradually into lamellae, elongating in a labyrinth-
like way, . It fruits from early summer till latasumn, and the basidiocarps pulverize by the
next springAntrodia albidais a rare species everywhere in Europe. It cathgelsrown-rot of
the trees irBalixandAlnusforests and in other riverine woodlands. In Béget, we found it
on the timber of poplar and ash. It belongs toGha&egory ‘3’ on our Red List.

Antrodiella semisupinéBerk. et Curt.) Ryv. et Johansen

Fruit bodies appear as mycelial patches, attactese do the substratum, later they
become effused, conchiform. Its thickness is some and the sporocarp tapers into a stem-
like stalk near the substratum. Its surface ishdijgundulate with irregularly lobed margin.
Pores of the underside are round, or slightly edded, Flesh is white, quite elastic, almost
rubber-like. Its smell is uncharacteristic, itstéais sweetish.

This fungus lives in beech forests mixed with heann, and in oak-elm-ash or alder
woodlands of the Great Plain. It fruits on lyingellkdecomposed twigs and trunks, being in
the intermediate and terminal phases of decay.d8pqus often turn up on the soil-facing
side of the trunks. It causes white-rot.

The fresh fruiting body can be observed from thgifn@ng of June till the persistent
frosts. It distributes throughout Europe, but in@t a frequent species. It lives from the sub-
Mediterranean region to the boreal forests, whereas found also on the trunks of spruce
and fir.

In Batorliget we have found it on the trunks of afimglish oak and poplar. Often
inhabiting humid, semi-natural habitatsntrodiella semisupinanay become endangered in
the future.

Ceriporiopsis resinascer(®om.) Domanski

(= Poria aneirina[Somm.] Sacc.) (Fyromyces polyetd3arm.)

Sporocarp is closely attached to the substratumifig a 1-2 mm thick, wax-like crust.
Its surface is finely porous, whitish or cream whwhen young, turning ochre and dark
orange-brown with aging. Pores are initially roulader becoming angular or elongated.

It is the characteristic species of alder and wilforests, and also of riverine woodlands.
It fruits from the end of summer, even over mildenters, mainly on the lying and standing
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decayed trunks dbalix but it also to be found on the wood Rdbpulus Fraxinusand even
Sambucuslt causes white-rot. In Batorliget we found it tre fallen twigs ofSalix and
Populus

This Holarctic species is rare throughout Europleis Tungus of humid, semi-natural
habitats would worth legal protection even in Huyga

Oxyporus latemarginatu®ur. et Mont.) Donk

(= Poria ambiguaBres.)

Oxyporus latemarginatuss the characteristic species of riverine woodlandguits on
the lying, well-decayed twigs and trunks of po@ad alder. It prefers the quickly warming,
open parts of the forests. It is sporadic everyehier the sub-Mediterranean regions of
Europe and also in Central Europe. Banhegyi — Behkalmar — Ubrizsy (1953) mentioned
it several times, as a rare wood-rotting mushrobut, they never described the accurate
location of the species. Igmandy (1991) regardss it sporadic species in Hungary, fruiting
on decomposing trunks and branches of deciduoes.tte Batorliget, we found it on the
branches oblimus Fraxinusand presumabl$alix

Sarcodontia pachydofiPers.) Spirin

(= Spongipellis pachydo(Pers.) Kotl. et Pouzar)

Its sporocarp is effused, or forms pilei growingab each other, in a tile-like manner. It
fruits from early spring till late autumn. The sagé of the fruiting body is finely felty, partly
becoming glabrous. Its cream white colour turnditligrown with aging. The trama is
composed of flattened, spiny projections (or teetbmetimes of 10—-15 mm length. At the
edge of the sporocarp, these spines fuse to fomellae. Its flesh is cartilaginous when
young, turning brittle with aging.

The fruit bodies ofSpongipellis pachydoaccurs in deciduous forests, on standing dead
trunks or on fallen branches or logs. It causegeatut. In Béatorliget, we found this species
on the twigs ofPopulusand Quercus roburlt is a rare species all over Europe, being under
protection. It belongs to Category ‘3’ on our Rasdtli.e. it is ‘endangered’.

Pleurotus cornucopiaéPaulet: Pers.) Roll.

In deeply shaded habitats the cap is bright yelkonning paler in the more sunny ones.
The dense gills are white, often with a pink tifthey are running right down the stem, where
they anastomose reticularly. Its snow-white fleslsaft when young, later becoming fibrose.
It is slightly flour-flavored, delicious.

Most often, thus also in Batorliget, it fruits dmetdecomposing logs and fallen trunks of
Ulmus always forming groups of numerous fruit bodiesm®times it is found on other
deciduous trees, like poplar or ash.

This species is characteristic of oak-elm-ash waod. It fruits from early summer till
the first frosts. It is a rarefying species throoghEurope. It belongs to Category ‘3’ on the
Hungarian Red List. The main reasons for this pwsiare the decline of its habitats,
diminishing of its substrata, and also its delisioiaste. It is the most delicate oyster
mushroom, containing the ‘least amount of fibrés' cultivation has been under development
for decades.

Approximately 120-140 species from 75 genera of dhger Aphyllophorales lives in
Batorliget. 55-70% of them are characteristic & #rea, which can be assigned to a certain
plant community.
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Abstract —In the leaf extracts of two plant speci€duércus roburlL. and Phaseolus vulgari4..),
peroxidase (POD) and polyphenol oxidase (PPO) activities have been measured by the methods of
Shannon et al (1966) and Flurkey and Jen (1978). The oxidative activities regarded as semi-empirical
biochemical variables have distributions in the plant foliage and between them a linear correlation has
been observed. In this work the resultant oxidative activities of POD and PPO isoenzymes of plant
foliages, the measuring uncertainties of their values and their correlation are interpreted. For the
effects of cold shock and lack of illumination, significant alterations in the correlation have been
revealed that are also reflected by the parameters of the regression. The correlation of POD and PPO
has been established to be stress sensitive by the application of covariance analysis (ANCOVA).

plant stress / enzyme correlation /Quercus robur L./ Phaseolus wulgaris L. / peroxidase /
polyphenol oxidase

Kivonat — N6vényi oxidativ aktivitads-korrelacio stressz-érzékenység&ét névényfaj Quercus

robur L. és Phaseolus vulgarid..) lombozatidbol peroxidaz (POD) és polifenol oxidaz (PPO)
aktivitdsokat hataroztunk meg Shannon et al (1966), ill. Flurkey-Jen (1978) mddszerével. A
félempirikus biokémiai valtozoknak tekintett oxidativ aktivitasok a noévényi lombozatban
eloszlassal rendelkeznek. Ertékeik kozott linearis korrelaciot tapasztaltunk. Dolgozatunkban a
POD és PPO izoenzimek efedxidativ aktivitasait, értékeik bizonytalansagat és korrelaciojukat
egyarant értelmezziuk. Hideg sokk és fényhiany hatasdra a regresszidos paraméterek altal
visszajelzett szignifikdns valtozasokat észleltiink a POD versus PPO korrelacidban. A kovariancia
analizis (ANCOVA) alkalmazésaval ez a korrelacid statisztikai értelemben stressz-érzékenynek
bizonyult.

novényi stressz / enzimkorrelacié /Quercus robur L. / Phaseolus vulgaris L. / peroxidaz /
polifenol oxidaz
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1 INTRODUCTION

The plant cells have a complex antioxidant systésrprimary role is to minimize the amount
of hydrogen-peroxide produced in the SOD-ASC-GSEleguring the photosynthesis (Polle
2001) and to oxidize some metabolites, respectivédyious peroxidases (POD isoenzymes)
and polyphenol oxidases (PPOs) take part in theatxin of the metabolites. The higher
plants have several classes and types of PODd)ingagp to 160 isoenzymes in some plants
such as cereals (Dunford 1999). The same is trudRD (Mayer 2006). In their activity
controls, there were found both up and down regdl&oenzymes (Boss et al. 1994, Kim et
al. 2001, Li— Steffens 2002, Thipayong et al. 200/ng — Constabel, 2004). In cases of
these two enzyme classes it is necessary to enzghthg activity overlapping between them,
too. For example, 10 isoenzymes of PODs in tobdeawves can also produce PPO activity
(Sheen—Calvert 1969).

The plant antioxidant enzyme system has been prdwebe stress sensitive. The
stress sensitivity of these two enzyme groupsPi@®® and the PPO enzymes have in turn
been experienced in a numerous cases of envirommemd stress effects. Their
susceptibility can be related to their gene traipsions influenced by abiotic and biotic
stress factors. Their investigations are very inguar part in the researches of plant
physiological states and these state alteratioasd{SStefanovits-Banyai 2006, Jaleel et
al. 2009). The knowledge about the stress deperdehdOD and PPO activities has
continuously been broadening. Recently, in the stigations ofCatharanthus roseus
(Jaleel et al. 2008), cowpea (Chandra et al. 20@8p)nach (Ozturk et al. 2008),
Polygonum vivparun{fWang et al. 2009) and bean (Sardi — StefanovBaryai 2006),
the POD and/or PPO activities are significantlyesdtd by sodium chlorite, triadimefpn
Rhizoctonia solaninoculation, ethephon, different altitudes @skudomonas savastanoi
infection. However, the relative large standardideons of the results greatly limit the
characterization of stress with enzyme activities.many cases, the establishment of
significant difference between the two means rexpuimany simultaneous experiments,
that can improve the statistical comparability. &hson determination of enzyme
activities, a substantial condition of stress dwalg conception is to decrease the
standard deviation of the measurements. The remluaf standard deviations demands
that we know the reasons and the origin of thevagtdifferences. The standard deviation
of the enzyme activity results from the stochastior of analytical methods, uncertainty
of fixation of the developmental stage and différémtensities of metabolisms. The
difference in metabolic intensities among the ckds the dominant role. In consequence,
efficiency of the stress investigations carried bythe measurement of enzyme activities
can be augmented if there is a possibility to daseeor avoid metabolic intensity
deviations of biological samples.

Observations of the existence or non-existencéefcbrrelations between biochemical
variables are important establishments that suggeghchronized potential regulation of the
variable values in the metabolism. Seeking theimig the correlations, the conditions of the
existence of state-dependent correlation have teelared in one of the recent articles and a
theoretical equation was successfully deduced éolitiear regression symbolizing state-
dependent correlation of two biochemical varialjfdédmeth et al. 2009a):

_0 O, — O 4,
=—tx +—=<1 e 1
X, z, o) (1)
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where,x; andx, are the biochemical variables in the correlatiag. (metabolite concentrations,
enzyme activities, etcys and», are the expected values of the variabdeandx,. o, and

o,are the theoretical standard deviations of distidms of variables; and x,. Applying
equation 1 to enzyme concentrations, the relatiprshenzyme correlation is obtained:

[El] =

(2)

aEl [E2]+ aEzluEl _UEI:UEZ
o, O,

where, 4 and 4 are the means of concentration distributionsEpfand E; enzymes.
o¢ ando. are the theoretical standard deviations of theilligtons of enzyme concentrations.

The correlations belonging to the same sampling @re considered as state-dependent
correlations. State-dependent correlation is a eointhat is based on the physiological state
of organism. The slope and the intercept of stafgeddent regression can alter in time. It
makes an opportunity to characterize the physiokigstates or state alterations with the
correlation of biochemical variables. The stateetejent correlation is regarded as sensitive
to state alteration if the slope and/or the interoaf regression straight line, ergo if the
theoretical standard deviations and/or the expeutddes of distributions of biochemical
variables can significantly change during the stdteration (Németh et al. 2009a). By a
correlative investigation in this paper, we showttthe physiological stages of biological
systems can be distinguished from each other i@ mensitive way in relation to only the
comparisons of the means of correspondent varialidgsusing the ANCOVA method
statistical identity or deviation has effectivelgdn established among the state-dependent
regressions of some plant stresses.

Resultant activities of both POD and PPO isoenzynaes often tracked by
spectrophotometrical methods (Chisari et al. 2008pes et al. 2007, Toralles et al. 2005;
Rajeswari — Paliwal 2008). In these protocols, ithgitro abilities of the crude leaf extract,
which degradeo-dianizidine and catechol substrates, have printegn monitored. The
correlative approximation has been extended tarhestigation of the resultant activities of
peroxidase (POD) and polyphenol oxidase (PPO) moeas. Via a model investigation, the
existence of the correlation of resultant oxidataaivities was discussed. Moreover, the
correlations of some biochemical variables (carlotage contents, levels of quaterneric
ammonium compounds, etc) have been proven to lmestilsle to some plant stresses. As a
result of this phenomenon, the stress syndromesmk plants have been characterized with
the state-dependent regressions having variougslapd intercepts (Németh et al. 2009b).
Thus, for the investigation of stress sensitivitg hiave tried to choose these two universal
activities whose roles are related to high-fluxKimmme of the metabolism and which can be
stress sensitive. The alterations of POD and PRDitaas have been investigated in the
leaves of a herbaceous plant and a forest tredespegposed to cold shock and lack of
illumination.
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2 MATERIALS AND METHODS

2.1 Plants

Individual characteristics of the investigated perdate oak treesuercus robut.) located
in the Botanical Garden at the University are thetn(a) first tree. No 1.; GPS:47.67730.
016.54928E; age: 27 years; (b) second tree. No 2; GPS:4B®7M9. 016.57364E;
age: 32 years; third tree. No 3; GPS: 47.6796316.5736CE; age: 32 years.

Peroxidase (POD) and polyphenol oxidase (PPO) iaetv were determined in
pedunculate oak seedlings with six leaves, in ¢a@ds of pedunculate oak trees and also in
leaves of large white bean planBh@seolus vulgaris.). All experiments were performed at
the Department of Chemistry of the University of 8¥é&lungary. Fresh acorns originated
from West Hungary (Vitnyéd) were stored in refrigier at 2C and 80% relative humidity
until used.

The germination of oak acorns and bean seeds tiwigg seedlings and plants were
carried out in a wet bed of Florasca B soil (Floeaktd. Sopron. Hungary) under greenhouse
condition.

2.2 Extraction of enzymes

All reagents came from Merck Chemical Co. (Germamay)ld Reanal Chemical Co.
(Hungary). After sampling the sample clean-up wasried out immediately and all

measurements were made in triplicate. The freshekavere homogenized with equal
quantity of quartz sand. For enzyme extraction, damples of 1.20 g were extracted with
15.00 cni amounts of K-Na-phosphate buffer (pH = 6.0) sohsiat 4C for 20 minutes and

then centrifuged at 6000 rpm for 10 minutes.

2.3 Assay for oxidative activity of POD isoenzymes

Resultant activity of POD isoenzymes (EC. 1.11.lwith o-dianizidine as chromogen
reagent was determined by spectrophotometry atrd80The reaction mixture contained
1.7 mL of buffer (pH=6.0), 3QL of 0.3 % HO, and 20uL of o-dianizidine as substrates.
The reactions were started by the addition of 1@@uL of extracts (Shannon et al. 1966)
The increase was followed for 4 minutes. 1 POD Brt01 absorbance unit-riin

2.4 Assay for oxidative activity of PPO isoenzymes

By monitoring of the increase in absorbance at\evélth second with a Hitachi U-1500
spectrophotometer at 420 nm, resultant activityP&fO isoenzymes (EC 1.10.3.1) with
catechol substrate was measured. The increase ragieed for 3 minutes. The reaction
mixture contained 1mL of buffer (pH=6.0), 1 mL oM catechol as a substrate and 0.5 mL
of extract (Flurkey—Jen 19783l measurements were performed at room tempegatach
sample was assay in triplicate. 1 PPO Unit = Odlfiorbance unit-mif

2.5 Protein determination

All enzyme activities were expressed as units peragram of protein weight (g protein’).
The determination of protein amounts in the extrazas carried out with Bradford’s method
(Bradford 1976)

Acta Silv. Lign. Hung. 5, 2009



Stress sensitivity of correlation between POD aR®Ractivities in plants 31

3 RESULTANT EFFECT OF ISOENZYMES

Biochemical researches with reductionist approxiomabhad a penchant for the application of
spectrophotometrical technique in order to dethet énzymes and to confirm their ubiety
within a given tissue, respectively. During enzycwalysis, chemical conversion of the
substrates added to the extract of biological sartpthe products could be tracked according
to Beer’s law of spectrophotometry. For detecting &ctivities of various enzymes a lot of
photometrical protocols have been developed. Utitd middle of the seventies, the
spectrophotometrical protocols had been dominadtcanckly feasible indirect methods of
enzyme kinetical investigations. Determinationhd talues of enzyme activities on the basis
of biochemical reaction models (e.g. Michaelis-Megnkinetic, Ping-pong mechanism, etc)
was taken back to quantitative alterations of sabstor product in time. Since finding of the
existence of isoenzymes, these bioanalytical poitolcave become semi-empiricals because
they are directly not able to distinguish the dif& isoenzymes or their catalitical properties.
With spectrophotometrical investigations of the hames, POD and PPO isoenzymes
degrading the same substrate can not be distingglisbm each other. The investigation of
enzyme activities has been relocated to the aoalytiechniques including the separation of
isoenzymes (e.g. protein electrophoresis). In spife development of isoenzyme
investigations, the applications of spectrophotoit@t activity measurements has not sunk
into oblivion since the semi-empirical informatipnovided by them are/were characteristic
of the biological systems. Physiological states bancharacterized and their significant
differences can be revealed by the measuremendsroi-empirical activities, respectively.
Spectrophotometrical activity protocols integrdte activities of the isoenzymes. They reflect
the resultant effect of the isoenzymes as theiactif a hypotethical enzyme, wich substitute
the roles of each isoenzymes in the investigatedhamical reaction. The resultant effect of
the isoenzymes can be interpreted as a specifabdap or activity of biological extract. The
effects of POD and PPO isoenzymes in the samplaaxin given substrates (e.g. catechol
and o-dianizidine) are named as substrate spemiftative activities ofin vitro biological
system.

The reaction ratev] depends on the converting capability of biologmgstem @) and
the biochemical driving forcegpf. The driving force of biochemical reactiong([S) is
influenced by substrate concentration and the vafu¢’ is determined by product of rate
constant ) and enzyme concentrationE{). The rate ofi™ reaction catalyzed by
iMisoenzymes:

v =P 2w [e ) m)=klEPIS). 1=12 . ®
i dt i i0 i i0 ! T e

whereo([9) O [0, 1]. n is the number of isoenzyme®] [is the biochemical producty[is
the substrate concentratio| is the total amount df" isoenzyme an# is the rate constant
of product formation in thé" reaction.

If the substrate concentration is much larger ttr@nvalues of Michaelis constants of
their isoenzymes § >> Kuy, Kuy, ...., Kui, ..., Kun,) the biochemical reaction rates are
particularly propotion to the concentrations ofitheoenzymes £([j) = 1). Anyway, this
limitation is the necessary condition of the apilcn of spectrophotometrical activity
measurements. The overall reaction rate is detednibpy the amount of the rates of
independent reaction steps.

V:V1 +V2 +"'+Vi +"'+Vn = (kl[E10]+ k2[E20]+"'+ ki[Ei0]+"'+ kn[EnO])[¢([S])

ke B(s)=K[E] @
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V= V|¢([S])=1 = kl[Elo] + kz[Ezo] to.t kn[En§] 4.1)

v is the resultant reaction rate measurednirvitro manner. Adapted the nomenclature of
specific enzyme reactions to this reaction ratearn be regarded as the resultant activity of
the isoenzymeR;, E,, ...,E,, or as the converting activity of the extract.

[Eol" =[Es]+[Exo] +. # [Eio] ..+ [Ero] (4.2)

KD = kl[ElO] + kz[Ezo] +otk [EiO] to.t kn[EnO]
[Euo] +[Eno] .+ [Eo] + .+ [Ero]

(4.3)

3.1 Uncertainty of resultant activities

Stochastic error and/or measuring precisionA@ of the reaction rates is collectively
influenced by the values of rate constakisks, ..., ky, which are equivalent to turnover
numbersand stochastic deviations ME;]) of isoenzyme activitiek, E,, ..., E,. Applied the
law of error propagation to equation (4.1) we aietdithe equation (5).

Av = klA[El] + sz[Ez] tot knA[En] ()

On the basis of equation (5), model valueshef which have been determined at the
combinations of identical and different hypothéticte constants (cases A, B and C in the
Table 3 and the same values 4fE;] deviations (hypothetical absolute error: + 0.1+0t),
respectively, are shown ifable 1

Table 1. Effect of the turnover numbers (ki) aratisastic error of isoenzyme concentrations
(4[Ei]) on the resultant reaction rate in a hypothel case of three isoenzymes.

Combl_natlons of A B c
reaction rates
 S— [
V = 2V;= constant 1 5 3 1 5 3 1 5 3
AlE] (E] [Ed=1 [EJ=1 [Eg=1 [EJ=5 [EJ=2 [Eg]=5 [EJ=1 [E;]=3 [Eg]=1
! k| k1= 1 k2= 1 k3= 1 k]_:O A k2= 1 k3=0 A k]_:O k2= 1 k3=0
vi=ki[Ei] 1 1 1 0.5 2 0.5 0 3 0
+0.1 Av=kA[E] 0.1 0.1 0.1 +0.01 0.1 0.01 0 0.1 0
Av=2Av, +0.3 +0.12 +0.1
+1 Av=2Av; +3 +1.2 +1

With the hypothetical value + 0.1 &[Ei] such a biological system (e.g. blood) is
represented, in which the concentrations of theenggmes can be considered nearly
constant. The absolute error is about + 10% ofrtteans or smaller than this limit. In
these systems the stochastic deviations of isoeazymantities can primary be originated
from the noises of gene operations (McAdams — A9, Thattai — van Qudenaarden
2001, Arkin et al. 1998). In a hypothetical case Ei] < + 1, in turn, such biological
tissues (e.g. plant foliage) are modelled whereishenzyme concentrations E1, E2, ..., En
have some distributions. The absolute error is akal00% of the means or smaller than
this limit. In the cases of the errors of both 1@%@ 100% , the value &v is minimal if
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the conversion of the substrate S to product Parsied out by only one isoenzyme. In
case of collective catalysis of more isoenzymes ifrthe rate constants were equivalent

(k1 = k2 =...=ki =... =kn ) theAv would be equivalent to nk[Ei]. The value ofAv
will decrease if one of the rate constants becoo@minant with respect to the rest
(kj >> k1, k2, ..., ki,...., kn; g i). Besides the constancy of resultant reactiae,rthe

larger is the dominancy of kj, the smaller will he.

The occurrence of this latter case within the melialn is supported by reference
data (Masanori et al. 1984, Chemnitius et al. 1982, — Marletta 1988, Thongsook —
Barrett 2005, Bogdanovic et al. 2005). Moreovérhas been established in our own
experiments that the distributions of resultantdative activities cover the domains of
about one magnitude order surrounding their exgeettues similarly to the distributions
of other biochemical variables. These phenomena miap reflect the fact that the
metabolic regulation mechanisms make every effortntinimize the uncertainty of
biochemical reactions. During the improvement ofntcol of metabolic fluxes the
deacrease of flux noises must have ensured evohltiadvantage to the organisms
(Savageau 1976, Heinrich — Schuster 1996).

3.2 Correlation and state dependence of resultanttvities

In a former paper it has already been proven tiawalues of two biochemical variables can
produce state dependent linear correlation if tltkstributions are identical and if the
regulation of their values in the metabolism isdyonized (Németh et al. 2009a). There is a
linear correlation between the resultant activitéssoenzymes if the mentioned conditions
are valid for the dominant isoenzymes or for albeiszymes. In that case if some
environmental state alteration is able to indugaificant alteration in the physiological state
of the organism then the isoenzyme activities dam eéhange in significant manner. If, during
the alteration of physiological state, the identifyhe distributions and the synchronization of
regulation of the activities to each other are rt@aied then the new environmental state will
be characterized by a new correlation differingrfrthe previous one. Various environmental
states can be distinguished from each other bgdhelation of resultant isoenzyme activities
being susceptible for state alteration, for examplethe correlation of different oxidative
activities of leaf extracts. According to the isppmes determining them, these oxidative
activities are specific and significantly indepentd&om each other. The oxidative activities
measured by us were specific according to their RGOPPO isoenzymes. In such situations
the correlations of oxidative activities are repréed by regression straight lines. To
distinguish them from each other is possible bywgighe covariance analysis (ANCOVA)
(Svab 1967). In the next, representing and modgllarious environmental effects, oxidative
activities, their linear correlations and covariaramalysis of regression straight lines of the
correlations are reported.

4 RESULTS AND DISCUSSION

To study the correlation between the oxidative vateds produced by peroxidase and
polyphenol oxidase isoenzymes we chose three pathitacoak treesuercus robur.) at
the Botanical Garden of the University of West Haryg(Sopron, Hungary). The sampling of
the leaves of the three trees was variously dedigDeferent leaf samplings were applied to
get information about their effect on the invedighenzyme correlation. Six leaves from
each tree were cut off and then they were analgsedce.
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In case of the first tree (No 1) a random sampbhdeaves was taken from the same
branch. The leaves of the second tree (No 2) aigohfrom six different branches. The leaf
samples from the third tree (No 3) were gatherethowit assigning branches. The leaf
samplings were taken for three days when the vatiesmatic parameters (e.g. temperature:
20,6+ 0,9°C; moisture: 68 1 %, atmospherical pressure: 1642 kPa; sunshine duration:
1.5+ 0.2 h;) could be regarded as nearly the same.prbin contents of leaf samples
provided the confidence interval of 7.24).95 mg/g dry weight independent of the individual
character of oak trees. Thus, the protein contettie leaves has been considered as constant
in the statistical sense. The three trees wereiggan brown earth soil.

The linear regression of enzyme activities providee straight lines with about 0.93
values of the coefficients of determinatioh, The results of enzyme activities are shown in
Table 2 The influence of the trees (and different leahgbngs) on the correlations were
investigated by covariance analysis (ANCOVA) andfaend some answers to the next four
guestions.

I. May a total equation of linear regression beligppto incorporated results of the leaf

samplings?

Il. May the regression coefficients of differentrgaings be considered as the same? (Is

there a significant deviation between the slopab®ftraight lines?)

lll. Are the regression of the mean enzyme acésitand the regressions of the trees

identical with each other?

IV. May the corrected PPO activities, treating ther® independent variables, be

regarded as almost the same?

With respect to the assumed normal distributionentyme activities, the ANCOVA
analysis was carried out (Svab 1967) by StatsDin6.5 software (StatsDirect Ltd,
Altrincham, UK). These two covariance methods cave ghe answers to the question
mentioned above. The statistical equations of adpdiovariance method can be found in the
Supplemental Data.

After fitting straight lines in terms of the fornation of [PPO]:b[POD]+a to the

values of POD and PPO specific activities, to resptm our questions the investigations of
following hypotheses are necessary:

l.  Ho: br 20 andHa: br = 0, respectivelylf the condition ofor #0is met then there is
a total linear relationship in the incorporated aeénzyme activities.bf — he slope
of the total linear regression)

Il. For the second question, tHg: by = b; = b, = bz and respectivelyH,: by Zby Zb, Zbs
hypotheses have to be checked, whgyas the slope of the regression within the
classes (or of the trees) alnds the slope oif" class.

lll. For the third case the investigationd§: bg = by resp.Ha: bs # by hypothesis give
some answersb§ — the slope between the classes)

IV. Ho: Y'1 = Y’2 = Y'3is the hypothesis of the equivalence of corre®B® specific
oxidative activities.

The parameters of ANCOVA are shownTiable 2and their results and statements are
recorded inTable 3

On the basis of ANCOVA, the leaf sampling did nétow any influence on the
investigated enzyme correlations. There was noifgignt deviation in the slopes and
interceptions of the linear relationships. Thus, iticorporated set of activity data pairs can be
characterized by a common regression straight Tihe. existence of the total regression is
independent of the sampling and of the entity of thak trees. The total correlation
relationship between POD and PPO specific actwitielependent of the leaf sampling and
the individual character of the tree is depicte&igure 1
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Table 2. Activities (Uug protein-1) of POD and PPO isoenzymes in the leafiptas of
Quercus robur L. and their statistical data. (Ssaital equations can be found in
Supplemental Data)

j=1.k j —the number of investigated oak trees
i=1..n 1. 2. 3.
Leaves from the same branch Leaves from six various Leaves from the tree 3 by
k=3 of the oak tree 1. branches of the oak tree 2. chance.
= POD PPO POD PPO POD PPO
i Xia Yi Xi1 Yia X2 Yi Xi2Yip X3 Yi Xi3Yis
1 4.014 0.068 0.2729 8.496  0.150 1.2744 6.532  0.206.3456
2 22.018 0.470 10.349 1.074 0.110 0.1181 6.790 40.221.5210
3 13.564 0.262 3.5538 17.5200.352 6.1670 3.018 0.082 0.2475
4 10.836 0.224 24273 3.120 0.070 0.2184 8.130 00.191.5447
5 11.594 0.312 3.6173 1.950 0.042 0.0819 17.031408  6.9499
6 16.024 0.414 6.6339 9.882 0.250 24705 12.411326  4.0467
Mean: 13.008 0.292 44756 7.007 0.162 1.7217 8.986 0.232.6093
O(...): 78.050 1.750 26.853 42.0420.974 10.330 53.918 1.436 15.656
0.9 1193.5 0.61308 182.78 491.48.22767 45.83 608.240.4082 71.25

[0(.)]%: 6091.8 3.063 721.12 1767.50.9487 106.72 2907.22.0621 245.10

Calculated statistical data

Grand means SST(X) $11.02 SST(Y) =0.2875 SPT(XY) =12.6240
SSB(X) = 112.22 SSB(Y) =0.0508 SPB(XY) = 2.2781

G(X)= 10.236 SSW(X) =498.80 SSW(Y) =0.2367 SPW(XY) =10.3459
G(Y)= 0.2447 SW(X) = 178.20 SW(Y) = 0.1027 PW(XY)1 = 4.0891
G(XY) = 3.1082 SW(X) = 196.89 SW(Y) = 0.0696 PW(XY)2 = 3.5056
SW(X); = 123.72 SW(Y) = 0.0645 PW(XY)3 = 2.7512

—
w

1 PPO=0.0207 POD + 0.0314
= 0.9072

= = =
[ ] ] K
. .

PPO activity (Ufpg protein)

=
-

0 5 10 15 20
POD activity (Ufng protein)
¢ -tree 10 —tree 2A - tree 3,
Activity data are inTable 2

Figure 1. Linear correlation between POD and PPO sfieeictivities from different
pedunculate oak trees and various leaf samplinggdes Total correlation equation:
PPO = 0.0207 POD + 0.0314% = 0.9072; (Global solar radiation (GSR) = 4.82 Wi /day")
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Table 3. Variance table for the investigation of logenity of the linear regressions.
(F - variable of F test; Fcv - criterion value of Fsteata = 0.05 significance level)

[1=0.05 Deviation from linear regression
i Source of variation D; DFD; MD;=D;/DFD; F Fev
1 summarized for the samples 0.01928 12 0.00160
(D1 =Dg)
2 within samples collectively 0.02213 14 0.00158
(D2 = Dw)
3 between samples 0.00454 1 0.00454 MD, _ 284
(D3 = Dp) MD, 4.60
4  for total regression 0.02669 16 0.00167
(D4 =Dr)
Null Hyphothesis
5 Hg: by #0; There is a common MD,
regression equation 0.00741 4 0.00185 MD =116 3.26
(Ds = D+- Dc) 1
6 Ho: b]_z b2=b3:bw; MD6
The slopes are almost the sam@.00285 2 0.00143 =090 3.89
(D = Dw- Do) MD,
7 Ho Y=Y ,=Y;3; Corrected MD,
Y means are almost the same 0.00456 2 0.00228 =144 374
(D,=D+- Dy) MD,
7 T W,
8 Ho: bw= bg; MDy
0.00002 1 0.00002 =001 4.60
(Dg = Dt- Dg- Dy) MD,

The distributions of activities of POD and PPO isogmes were checked by Shapiro-
Wilk test and the characterization of its distribatis depicted in th&igure 2by van der
Waerden’s methods (Buchan 2000). Note that in taenwf normal scores versus enzyme
activities, scattering patterns of the points alomgr fitted straight lines are very similar.
This similarity results from necessary condition type identity of the distributions
(Németh et al. 2009a). In the case of meeting tréept type identity of the distributions,
the normal scores of POD and PPO would provide lthear regression withr®=1
(seeFigure 29.

R
NS=d(p), 1 @)
whereNSis the normal score for an observati®is the rank for that observatiomjs the
sample size andD(p) is thep™ quantile from the standard normal distribution ¢Ban

2000).

The results of Shapiro-Wilk test applied to thensigance level ofi] = 0.05 did not
contradict our hypothesis for the normal distribn8 of enzymes activities. As can be
seen in theFigure 2 the normal scores of activities determined by den Waerden test
versus the values of the activities representsalineelationships with a very good
approximation.
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2a 2b 2c
NS(POD) = 0.1456 POD - 1.4078 NS(PPO) =6.7141 PPO - 1.5517
2.0 ) 2.0 ) 2005
- r2=0.9767 r?=0.9775 &
Q1. ) 15 &
g 5 £
21.0 0 1.0

0.5
NS(POD)

1 2
-1.0| r?=0.9993
1.5
2.0

Figure 2. Investigation of distributions of POD aR&O activities in Table 2 by van der
Waerden's test. (NS(POD), NS(PPO) — normal scofempyme activities POD and PPO)

The correlation between the resultant oxidativevaigts of POD and PPO isoenzymes,
which showed an independence of tree entity, andhmivas found in pedunculate oak trees,
has also been mapped for a herbaceous plant s@ealefor the leaves of large white bean
plant Phaseolus vulgarit..). Since the cold shock and absence of illuniamaare able to
change some enzyme activities (Li et al. 2006, tBneset al. 2004, Cohen et al. 1984, Fair et
al. 1974) the role of these environmental effectsP@D-PPO oxidative activity correlation
has been investigated. For control and stress tigadi®ns oak acorns and bean seeds were
germinated and full-grown bean plants and oak segslwere exposed to the similar effects.
Linear correlations between POD and PPO specifiwiaes of both the oak seedlings and
bean plants were founéifure 3.

Themeasured protein contents in the control state, cold shauk lack of illumination of
bean plants and oak trees were in the confideriesvats of75.65+ 3.97and 6.32+ 0.30mg/g
dry weight (1 = 0.05).

As an alternative statistical evaluation, the regi@n straight lines, whose data are
depicted in théables 4 and 5yere compared to each other by the ANCOVA of Stiaesct
v2.6.5 software (StatsDirect Ltd., UK). The resulifsthis evaluation are enclosed in the
sections Il. and Ill. of Supplemental Data. Fronerthit can be established that the
investigated environmental effects induced sigaificalterations in the regression parameters
of oxidative activities POD and PPO. These envirental conditions are characterized by
significantly different POD versus PPO correlatiomhis correlation has been proven to be
stress sensitive. With respect to the classical pasison of activity means, the stress
sensitivity of the correlation can reveal extreomfiation about the measured data. Note that,
for example in the case éfigure 3hy statisticalt-testis not able to detect any differences
between the POD or PPO values because there aostaiotal overlaps in their confidence
intervals.
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1.2|m Cold shock (-20°C, 45 h) 3a 3.5 ® Cold shock (2 °C, 4.5 h) 3b
~ e Control - + Control
= 4 Lack of illumination {72 h) ‘qg'; 3.0
% 1.0 £
=3 225
2 0.1 2
3 520
£ 05, £ 5
5 0.4 5 1.0
=9 -
0.5
021
0.0 ; i e
1 1 2 3 4 5 6 7
POD activity (Ufg protein) POD activity (Ufj1g protein)
3a: Pedunculate oak seedling. 3b: large white bean plant.
B - cold shock{-20C, 4.5 h}, PPO = 0.0929 B - cold shock{2’C, 4.5 h}, PPO = 0.6043
POD + 0.4081,%r= 0.9206; POD + 0.1415,= 0.9258;
@ - control, PPO =0.0419 POD + 0.3737, @ - control, PPO =0.4074 POD - 0.0766,
r* = 0.9529; r’ = 0.9477

A - lack of illumination{72 h}, PPO = 0.0153
POD + 0.1948,7= 0.9195

Figure 3. Effects of the cold shock and lack aniination
on the PPO versus POD correlations

5 CONCLUSION

Linear correlations between the activities of POd PO isoenzymes in leaf samples from
oak trees as well as bean plants have been ek&dliThe linear relationship independently
of the individual character of the species is dyaale to reflect the synchronic regulation of
these isoenzymes in leaf metabolism. If there iglsSROD specific activity in the leaves, then
small value of PPO specific activity will be reldt® it. This correlation has been assumed to
reveal some important information characterizing fflant species and to eliminate the
individual characteristics of the investigated plantree.

Comparing the confidence intervals of the actigtithe effect of environmental
conditions on the metabolism in the leaves couldaiways be detected. On the contrary,
the slope of a linear relationship between the Itasti oxidative activities is stress
sensitive. The cold shock and the lack of illumioatwere able to alter the enzyme
correlation characterizing a steady state of théabwism in significant way. The linear
character of the regressions obtained after thessteffect can be related to the property
of the plant leaf cells that were able to find avreteady state for their metabolism.
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SUPPLEMENTAL DATA

I. Equations of covariance analysis (ANCOVA)

Equations (1- 122 are necessary to calculate the sfisquares for statistical evaluatiagsis the
POD activity ofi" leaf ofj™ tree shown in th&able 1 Y; is the PPO activity belonging 1§.

(1) SSTX) =SSy = ZZ(X —X) (4) SSTY) =SSy = ZZ( )

j=1i=1 j=1i=1

(2) SSHX) = S8 = (X1 ~ X[ (5) SSHY) = S = nZ(V -

j=1

(3) SSWX) = Sy = 232 (X, =X f (6) SSWY) =SSy = 2301, -V f

j=1i=1 j=1i=1

=}

Xijj k n =
(7) SV\/(X) ZX (i: (8) SPT(XY) = SPI'otaI (xY) ZZ(YU -Y Xij _X)

|_|

©)SWY), =Y ¥ - ( J (10) SPEXY) = SRy =nz( = I
(11)SPWXY) = Sanhm (xY) Zk:zn:( _?j)(xij _YJ')

i Xij Zn:YU
(12) PW(XY) ZXIJ ij _%

Deviations (13-16) for ANCOVA analysisTiable 2.

@30, = ssu)- LG aop, - ssi)- St
(15) Dy :st)_%x (16)D; = Z{SW(Y) F)SV\V/\E();:;) }
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II. Results of ANCOVA of Table 4 by Stats Direct v2.6.5 software

Table 4. Resultant oxidative activities flg protein-1 ) of perosidase (POD) and polyphenol
oxidase (PPO) in the leaves of Quercus robur L.dkegs under different
enviromental conditions (Figure 3a)

] 1. 2. 3.
j=1..k Control Cold shock ( -28C) Lack of illumination
i=1..n POD PPO POD PPO POD PPO
i Xi Yi Xi2 Yio Xis Yi
1 4.345 0.559 4118 0.821 3.587 0.238
2 2.736 0.522 5.543 0.866 2.895 0.259
3 7.631 0.703 2.243 0.676 9.789 0.345
4 5.872 0.585 6.803 0.982 5.487 0.287
5 2.134 0.441 7.357 1.178 3.996 0.245
6 9.056 0.737 1.783 0.553 8.235 0.322
7 8.235 0.745 3.667 0.707 4.763 0.259
Grouped linear regression
Source of variation SSq DF MSq VR
Common slope 0.229150 1 0.229150 135.240204 PGO0.0
Between slopes 0.098859 2 0.049430 29.172567 BGOD.
Separate residuals 0.025416 15 0.001694
Within groups 0.353425 18

Common slope is significant
Difference between slopes is significant

Slope comparisons

Slopel (Xil) versusSlope2 (Xi2) = 0.0418%ersus

0.092859

Difference(95% CIl)= 0.050969 (0.029801 to 0.072137)

t=2.956198 P =0.0098
Slopel (Xil) versusSlope3 (Xi3) = 0.0418%ersus

0.015259

Difference (95% CI) = 0.026631 (0.00743 to 0.04583

t=-5.132126 P =0.0001
Slope2 (Xi2) versusSlope3 (Xi3) = 0.09285%ersus

0.015259

Difference (95% CI) = 0.077599 (0.055851 to 0.0833

t=7.605173 P <0.0001
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Covariance analysis

Source of variation YY xY XX DF
Uncorrected
Between groups 1.063725 -1.782643 6.006368 2
Within 0.353425 5.060858 111.770938 18
Total 1.417151 3.278216 117.777305 20
Source of variation SSq DF MSq VR
Corrected
Between groups 1.201629 2 0.600815 82.187254
Within 0.124275 17 0.007310
Total 1.325905 19
P <0.0001
Corrected Y means + SE for baseline mean predictasf 5.25119
Y'=0.592116 +0.032534
Y'=0.860065 +0.032879
Y'=0.26639 +0.032398
Line separations (common slope = 0.045279)
Lines not parallel
Line 1 (Xil) versud.ine 2 (Xi2) vertical separation = -0.267949
95% CI = -0.36657 to -0.169328
t =-5.732288 (17 df) P <0.0001
Line 1 (Xil1) versud.ine 3 (Xi3) vertical separation = 0.325726
95% CIl = 0.229255 to 0.422198
t=7.123604 (17 df) P < 0.0001
Line 2 (Xi2) versud.ine 3 (Xi3) vertical separation = 0.593675
95% CI = 0.495652 to 0.691699
t=12.778037 (17 df) P <0.0001
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lll. Results of ANCOVA of Table 5 by Stats Direct \2.6.5 software

Table 5. Resultant oxidative activities flg protein-1) of peroxidases (POD) and polyphenol
oxidases (PPO) in the leaves of Phaseolus vuldarants under control and cold
shock conditions (Figure 3b)

j 1. 2.
j=1..k Control Cold shock (2C)
i=1..n POD PPO POD PPO
i Xi1 Vi1 Xi2 Yi2
1 2.745 0.906 1.454 0.932
2 2.803 1.110 3.694 2.739
3 0.978 0.435 5.213 3.483
4 5.693 2.012 4.624 2.747
5 6.328 2.660 1.765 1.435
6 3.431 1.562 2.727 1.453
7 1.986 0.542 4.872 2.916
Grouped linear regression
Source of variation SSq DF MSq VR
Common slope 8.477383 1 8.477383 138.35847 % 0.0001
Between slopes 0.333158 1 0.333158 543743 P 49.04
Separate residuals 0.612712 10 0.061271
Within groups 9.423253 12

Common slope is significant
Difference between slopes is significant

Slope comparisons

Slopel (Xil) versusSlope2 (Xi2) = 0.40740%ersus0.604322
Difference(95% CI) = 0.196912 (0.008756 to 0.385069)
t=-2.33183 P =0.0419

Covariance analysis

Source of variation YY xY XX DF
Uncorrected
Between groups 2.997463 0.178145 0.010587 1
Within 9.423253 17.563323 36.387443 12
Total 12.420716 17.741468 36.398031 13
Source of variation SSq DF MSq VR
Corrected
Between groups 2.827135 1 2.827135 32.878208
Within 0.945869 11 0.085988
Total 3.773004 12

P =0.0001
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Corrected Y means + SE for baseline mean predictasf 3.450929

Y'=1.331416 +0.110841
Y'=2.230298 +0.110841

Line separations (common slope = 0.482675)

Lines not parallel

Line 1 (Xil) versud.ine 2 (Xi2) vertical separation = -0.898881
95% CIl = -1.243918 to -0.553845
t=-5.733952 (11 df) P =0.0001
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Transfer Analysis of Provenance Trials
Reveals Macroclimatic Adaptedness of European Beech
(Fagus sylvatica L.)*
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4nstitute of Environmental and Earth Sciences, FadiilForestry, University of West Hungary, Sopron, Hungary
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dCroatian Forestry Institute, Jastrebarsko, Croatia

Abstract —The aim of the study was to analyse provenance tests of beech situated close to the
Southeastern-continental limits of the species, in order to develop a response model of adaptation and
plasticity of populations on evolutionary-ecological basis, following sudden climatic changes as a
result of transplanting. Modelling of juvenile height was performed with the help of ecodistance
variables. The concept of transfer analysis and ecodistance is based on the hypothesis that phenotypic
response to macroclimatic changes depends on the inherited adaptive potential of the population and
on the magnitude and direction of experienced environmental change. In common garden experiments,
the transfer to the planting site is interpreted as simulation of environmental change. The application
of ecodistance of transfer for evaluating common garden experiments provides much needed
guantitative information about response of tree populations to predicted climatic changes.

The analysis of three field experiments of European beech in SE Europe invalidate earlier doubts
about the existence of macroclimatic adaptation patterns in juvenile growth and justify restrictions of
use of reproductive material on the basis of evolutionary ecology. The presented model illustrates that
response to climatic change is regionally divergent, depending on testing conditions and on hereditary
traits. In particular, climatic warming in the central-northern part of the range may lead to production
increase. However, under the stressful and uncertain conditions at the lower (xeric) limit of the
species, growth depression and vitality loss are predicted. The deviating behaviour of higher elevation
provenances support their separate treatment.

The results may be utilised in climate change adaptation and mitigation policy in forestry and
nature conservation, to revise rules for use of reproductive material and also for validating
evolutionary and ecological hypotheses related to climate change effects.

genetic adaptation / common gardens / climate change / phenotypic stability / ecodistance

Kivonat — Szarmazési kisérletek attelepitési elemzése igazolta a bikk makroklimatikus
adaptaltsagat. A délkelet-eurépai, alsé (szarazsagi) hatarhoz kozeli szarmazasi kisérletek
elemzésének célja az alkalmazkodas és plaszticitds altal meghatarozott valaszreakciék modellezése
volt. Az evollcié-6koldgiai alapon felépitett modell az attelepités kovetkeztében fellépett hirtelen

! Paper presented at the COST E52 Beech genetics (18608, and also availableiBbrest, Florence
“corresponding author: cm@emk.nyme.hu, H-9401 So@B 132, Hungary
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klimavaltozas leirdsahoz az un. 6kologiai tavolehgt alkalmazza. Az attelepitési elemzés azon a
hipotézisen alapszik, hogy a populacié makroklimetivaltozasra adott (fenotipikus) valaszreakcioja
— minden mas tényézllanddésaga mellett — az 6roklott adaptiv potdtdtiés az érzékelt klimatikus
valtozas mértékét fligg. A kozds tenyészkerti kisérletekbe val6 lafiiést a kdrnyezet szimulalt
valtozdsaként értelmezzik. Az attelepités Okolog@iolsdga a szarmazasi kisérletek Ujszer
értékelését teszi letiaté, és régdta hidnyzé kvantitativ informaciokatlgattat a fas populaciok
klimavaltozassal kapcsolatban varhat6 valaszarol.

Az elemzésbe vont harom DK-eurdpai bukk kisérleederényei a fiatalkori névekedés
tekintetében igazoljdk a fajon beluli, makroklinkas alkalmazkodasi mintazat eddig kétségbevont
létezését, amely indokolttd teszi a szaporitdamzsgnalat evolicidés 6koldgiai alapu szabalyozaséat.
A bemutatott modellll lathatdé, hogy a klimavaltozasra adott valaszokbegionalis kilénbségek
léteznek, amelyeket a kisérleti kérnyezet és axkldttbtulajdonsagok hatdroznak meg. A faji area
kozép$-északi részén a melegedés produkciondvekedésmém@zhet. Ugyanakkor a szérazsagi
(als6) hatar szélséges és bizonytalan viszonyai ndvekedés-cstkkegsstvitalitas-vesztést
prognosztizalnak. A magasabb tszf. magassagu liegksszarmazasai elté&n viselkednek, és ez
indokolja kulon kezelésuket.

Az eredmények felhasznalhatok a klimavaltozashozalmbzkodds stratégigjanak
megfogalmazasahoz mind az erdészetben, mind aseetvédelemben. Segitséglikkel pontosithatdk
a szaporitdbanyag felhasznalasi szabalyok, és &rgdlde a klimavaltozasi hatasokkal kapcsolatos
kuldnb6 evolucids és dkoldgiai hipotézisek is.

genetikai adaptécio / kozos tenyészkert / klimavatzés / fenotipusos stabilits / 6koldgiai thvolsag

1 INTRODUCTION: CLIMATIC SELECTION AND ADAPTATION S TRATEGY

Different hypotheses on the adaptation strategyeet are co-existing in contemporary genetics
and ecology. With regard to predicted climate sdesascarcity of reliable information on
responses to macroclimatic changes is a centrélgmoand obstacle. In order to formulate
realistic predictions, both the nature of geneati@pdation to past and current climate, and thd leve
of sensitivity to sudden environmental changes ba@ understood and properly interpreted. In
the context of large-scale climatic changeacroclimatic adaptatiolis an important component
to study and evaluate. It the fraction of within-species adaptive geneticedsity which is
attributable to adaptation to macroclimatic factors

Although climatic selection might act more reliabbn local, microclimatic level,
macroclimate is exclusively considered here maiioly three reasons: climatic scenarios
utilized for forecasting describe changes on méevet only, and on the other hand, data on
micro- and meso-level climate is in most casessudficient for proper analysis. Finally, the
extensive sampling pattern of the studied set plfations prohibits a finer-scale approach.

Under selection pressure, genetic resources of lggagms are adjusted to maintain
competitive growth, adapted phenology, reprodugtiand tolerance to diseases and pests, i.e.
stability and adaptability. Differing direction andtensity of selection pressure within the
species’ range exert a disruptive selection effetich may lead to characteristic, stabilised
patterns of adaptive genetic variability. Countiog the strong and lasting effects of local
selection, a close (“ecotypic”) adaptation is ity assumed for K-strategist tree species such
as beech. This assumption has been generally adaegpractical silviculture; a view which has
been nourished by classic field experiments witleipaals, starting with Clausen et al. (1940).

However, molecular genetic studies have revealedeifiect of strong counteracting
forces such as genetic drift and isolation, bugtfof all the effect of postglacial migration
which produced for woody species such as beechactaaistic geographic patterns. These
patterns follow rather routes of colonisation tlemological conditions (Comps et al. 1998,
Comps et al. 2001, Magri et al. 2006). There areimber of other biotic reasons why the
genetic system of tree species may robustly coacttefimatic selection (Matyas 2007).
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Conflicting approaches and unclear role of differfaictors determining adaptability keep
macroclimatic selection still as an open questiorgpite of its importance for practical forest
management. Adaptation to macroclimate is the fasgetting the rules of reproductive material
use, for concepts to conserve genetic resourcepeties, and for strategies to adapt to and to
mitigate expected effects of environmental changess. raises the following questions:

- what kind of phenotypic response is expected ifnmeonatic environment changes,

- how much of observed response is attributable twroséimatic adaptation,
- what is the role of phenotypical stability,
- what is the relation of macroclimatic to micro-&ébcal) adaptation?

In the present study only a part of these problaresaddressed.

2 TRACING MACRO-CLIMATIC SELECTION ON QUANTITATIVE  TRAITS

Annual growth and development cycle of beech -emaariy other temperate species — is governed
besides the photoperiod by the amount of physicédlgi effective heat sum (Kramer 1994,
Chuine et al. 2003) and of course precipitationthslatter two are unevenly distributed across
the range of the species, diverging direction atehsity of climatic selection may be assumed.
The consequence of climatic selection, differeioimain phenological behaviour is well reflected
by field test results. For example, budbreak ottheshows a clinal East-West pattern: Atlantic
coast provenances are late, while Alpine and Seg&aan continental sources are early flushing
(Wihlisch et al. 1995, Fihrer et al. 2009, GOM&YY.

Reports on similar patterns are expectable alsgyfowth traits. However, studies on
growth of beech provenances in field tests desanbtead of climate-related patterns rather
an ecotypic (i.e. unexplained random) type of \enm (e.g. Wuihlisch et al. 1995,
Kleinschmidt — Svolba 1995, Jazbec et al. 2007gxmiain spatial differentiation in response
by the phylogenetic past (e.g. Gomory 2009). (Brent"provenance” is used synonymously
in the paper for "transferred population of knowigim”.)

2.1 The ecodistance approach of modelling macroclatic adaptation

For the investigation of macroclimatic adaptatitiie concept of ecodistance has been applied.
The ecodistance (ecological distance) conceptdsdan the idea that if populations adapted to
certain ecological (climatic) conditions are tramefd to a new environment, and all other site
factors are kept equal or disregarded, thleénotypic response to climate depends not onligeon
climatic conditions where the population is actyajrown or tested, but also on the ecodistance
of transfer, i.eon the magnitude and direction of environmentalingeaexperienced due to the
transplanting to the test site, related to the matmate they had been adapted to originally
Accordingly, the ecodistance value of a locallyfadd population in a test takes the value 0. The
concept of transfer analysis and ecodistance (Magyd'eatman 1992, Matyas 1994, 1996,
Matyas et al. 2008b) has been used for the anaysismodelling of data of common garden
(provenance) tests. This approach enables a paolegharison of various test sites and thus
increases statistical reliability. Applying ecodiste instead of simple geographic or ecological
parameters allows the detection of general pattraslaptation. An important advantage of the
concept is thatesponses to transfer into new environments magtemreted as simulations of
future climatic changes realistic validation of prediction models.

In the transfer analysis, the climatic varialg ¢elected to best describe macroclimatic
adaptation serves as independent variable, expressdifference between test si¥) (@nd
location of origin K,). It may be a simple or complex variable such asught or
continentality index, or a principal component etc.
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The ecodistancelE) is then calculated as
AE =X — X%

For example, if the variable is mean annual tentpezaandX; > X,, the positive value
of AE expresses a simulated warming of the environnfeatigh transfer to the site.

2.2 Modeling response of populations to transfer

According to the classical additive model of Fis{iE358) and Wright (1950), the phenotypic
response of an individual or population)(Fay be described as the sum of the estimated
genetic {;) and the environmentad;{ deviations from the experimental meai (

P=p+yi+g

Both the genetic and the environmental componeny ma partitioned for our
purposes. Regarding the effect of the environmessponse strongly depends on the site
potential of the test. The site conditions havecavgrful influence on differentiation
between populations and on interaction effectis therefore advisable to separate the test
site potential(T), expressed usually as the local mean of tested pbpnk, and the
interaction effect (see further below).

There are two types of genetic response to trangfech may be calculated from a
dataset containing data of numerous populatioma fiset of experimental sites:

a) General or “species-specific” respori&€) to macroclimatic change, calculated from
pooled data of the observed trait Y from dJItést sites, and alp) provenances, providing
the function

Yo = f (4Ey)

The function supplies quantitative information dme tpooled response to changing
environment, triggered by the transfer of localjapted populations into a new ambient.
(Needless to say thaE values for the same provenance are different aieest location.)

b) As the various populations investigated may havdifferent microevolutionary
background and have been exposed to selectionteiédifferent nature and intensity, the
general response will conceal much of the betweaewgmance genetic differentiation.
Individual, population-specific respongB) of population p” across test sites, defined as
response functioper sein recent literature (e.g. Thomson - Parker 2008)s indicating
individual sensitivity or phenotypic plasticity tife population to changes, in interaction with
local site conditions. It is identical with therefreaction norm” of ecology:

Y = (UEp)

In case of sufficient data, the function may defihe physiological (genetic) optimum
for the population in the climatic niche.

The residual of the recorded population mean astsite, which is left unexplained by the
other additive components, is regarded as intera€t) and errorinteractionin genetic sense is
the part of response which appears as deviatiom thhe average response regressions established
across the test sitesgusing a change in rankingf populationgsee Figure 3)Strong interaction
effects indicate narrower plasticity, and respagrsdss to certain (usually extreme) conditions.

The unified additive model to comprise all compdses then:

Y=U+G+P+T+l+¢

where the residual error(e) may include also genetic components unrelated to
macroclimatic adaptation.
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3 A CASE STUDY: ANALYSIS OF THREE SE-EUROPEAN TRIAL S

In the case study the construction of an additesponse model is presented, based on the
ecodistance concept. The selected variable foristemte calculations is one of multiple
options. Environmental effects other than macroaten(e.g. soil characteristics) are not
discussed here because these are beyond the istafrdss study.

The transfer analysis had been applied sincergisférmulation (Matyas - Yeatman 1992)
for numerous conifer species. For beech, growthorese predictions have not been validated
thus far by field tests, rather backed by climatiwelopes (Fang - Lechowicz 2006, Czlcz et al.
2009). The beech provenance test series (Wuhli§€Y)2offers an opportunity to obtain
results similar to conifers with a "recalcitrantbhdleaved species.

3.1 Selected ecodistance variable

For ecodistance calculation, Ellenberg’s climatetgunt EQ) has been selected. It is a
simple index to express humidity, respectively owaritality of climate and has been
developed by Ellenberg (1988) first of all for bee®ecent analyses have proven its high
distinctive power to predict presence of beech u@imtral European conditions (Czlcz et al.
2009). Ellenberg’s climate quotient is defined las mean temperature of the warmest month
(July, To7) divided by the annual precipitatioBRa):
EQ=1000T,, (B,

The quotient indicates favourable climatic condisdor beech if th&Q value lies below
approximately 26 for Central Europe. In Hungarynhaosites withEQ values above
28 represent the xeric (lower) limits of the ditition of species (Czlcz et al. 200B) values
of provenancésand test sites are givenTables 1 and 2

Table 1. Data of analysed beech provenance trialsgeographic locations see Figure 1)

a. Geographic, climatic data

Altitude July mean Annual mean

Ereg' Country Location as.l temperature precipitation i:(ljlgzt()eEng))
' (m) (<€) (mm)
2012  Slovenia Straza 545 19.3 1260 15.3
2015 Hungary Bucsuta 200 19.7 747 26.3
2020  Slovakia Mlacik - Tale 850 16.8 779 21.5
mean 21.0
b. Statistical data
Reg. Site effect (T) Std. deviation Linear regression slope F value
Nr. Aver. height (H) (cm) of prov. means H'vs. AEQ of provenances between prov.
2012 228.3 +17.5 17.9 +0.628 14.00***
2015 218.9 +8.1 25.3 -0.690 3.36**
2020 185.2 -25.6 11.3 -1.572 3.40**

210.8 0

3.2 Analysed experiments and provenances

On the basis of an unpublished preliminary survgystudy (Matyas et al. 2008a), three
experiments of the 1998 series of the all-Eurogszech provenance trials (Wuhlisch 2007)
have been selected for analySisble 1a and 1b)The tests have been chosen within a region
of restricted size, to grant a relatively uniforymergy of climatic factors.

% The term "provenance” is used synonymously fon4farred population of known origin”
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The test sites are located in the Carpathian basiHungary, Slovenia and Slovakia, at
different elevationgFigure 1). All three are under the influence of the more ess| humid-
continental climate of SE Europe. The mid-elevatsite in Slovenia provides climatically
optimal conditions, while the two other sites ar@rencontinental as shown by their Ellenberg
indices(Table 1a)

Figure 1. Location of 10 beech populations seletdedtatistical analysis and of the 3 test sites.
The distribution range of beech (grey shade) hanhgovided by EUFORGEN

Table 2. Data of the 12 maritime (M), continen@) &nd Alpine (A) beech provenances common
in the 3 tests, ranked by their EQ index (for gapbic locations see Figure 1)

Additive Regression H'
Location name, Altitude  July  Annual EQof Corrected height Average  vs. EQ across
Type Nr. country asl. meanT meanP origin mean H' response ecodistance tests
(m) (°C) (mm) (cm) (cm) (EQindex)

A 35 Hinterstoder AUT 1250  11.8 1380 8.6 216.4 +6.54 12.46 +2.660
A 53 PostojnaM.SLO 1000 17.0 1718 9.9 222.5 +12.58 11.20 -1.432
C 51 HorniPlana CZE 990 134 1014 13.2 194.8 -15.07 7.73 -3.313
C 6 Plateux FRA 600 175 1223 14.3 197.5 -12.37 6.69 -4.239
C 48 Jablonec CZE 760 135 944 14.3 203.0 -6.87 6.56 -1.014
C 31 UrachGER 760 164 887 18.5 211.7 +1.83 243 +2.251
M 17 Westfield GBR 10 140 741 18.9 2141 +4.23 2.03 +2.746
M 21 Grasten DEN 45 16.3 810 201 189.3 -20.57 0.96 +1.458
M 14 Aamink NED 45 175 794 220 229.3 +19.43 -0.94 +1.258
M 13 Soignes BEL 110 179 796 225 214.4 +4.53 -1.38 +0.524
C 40 Tarnawa POL 540 176 762 23.1 228.1 +18.23 -2.03 -1.440
M 67 Bilowo POL 250 155 643 244 216.5 +6.63 -2.93 +1.740
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The experiments contain 36 provenances, however exactly the same ones.
12 populations have been selected from the 36 whielhrepresented in all three tests and
where available climatic data seemed to be religbl@ble 2, Figure 1).Out of the
12 provenances, 5 originate from low elevationssitemaritime climate, witheQ indices
between 19 and 24. Another 5 populations have breesferred from inland, continental
regions where beech is occupying sites at mediugnagions. The original sites have
generally EQ values below 20, except for Tarnawa, Poland (2a1id are situated in
medium mountains (540 to 990 m). Two Alpine poplas originate from altitudes at or
above 1000 m witfeQ values below 10.

At the warm-continental site in Hungariz@ = 26.3), all the 12 provenances have
been transferred into an environment with increasedtinentality, higher average
temperatures and higher drought stress. On the b#rel, in the Slovenian te€@ = 15.3)
the majority of the selected populations has beeaudht into an environment
cooler/wetter than their original climate.

For the analysis, ®8 year heights measured in winter 2005/2006 haven hesed.
Between-provenanc€& values from variance analysis of the 3 test s{idatyas et al.
2008a) are presented Trable 1b In the following analyses only average heightsesis
have been used. Obviously damaged or crippled treege been omitted from the
calculation.

3.3 Separating components of the additive model

Effect of test site potential differences

The additivetest site effecfT) is the difference of test averages from the gnaweén of all
experiments (210.8 crifable 1h). Measured average heights of provenances ahtbe tests
were corrected with the test site effect, to mdient directly comparable (corrected heights
are denoted further a$'). A correction for standard deviation differendegween tests was
omitted because the range of variation of proveeameans indicates the differentiating
power of the sit¢Table 1b).

The Slovak site has the lowest site potentialt fof all due to its relatively harsh
conditions. It shows also the lowest standard diewiaof means. At the Hungarian site,
differentiation between populations is the strong@sesumably also because of higher
climatic stress, close to the climatic limit fordod (i.e. the xeric limit, Matyas et al. 2008b,
Jump et al. 2009).

General (“species-specific”) response

Response to transfer has been analysed by two tgpeggressions: calculating the
individual response of provenances to respectivalistances across sites, and by using
means of all three tests for both provenances andistances.

“Mean ecodistance” expresses the general effectimiatic conditions of the tests as
experienced by differently adapted provenancesis Italculated from the difference
between the average ®&Q value of tests (21.0Table 13 and theEQ of origin of
populationgTable 2).

The limited number of observations allowed only tfaculation of a linear function
instead of the theoretically expected curvilineae.ol he data and regression showRigure 2
display a significant decline of height towards reasing warming (R = 0.486**).
The Alpine provenances appear as outliers, mayb#ypeaused by inaccurate climate
interpolation at higher elevations, but more prdpatue to truly different adaptation, as
the context of precipitation vs. temperature is olated by altitude. The analysis by

® Throughout the paper, star signs stand for levslgfificance: * = 0.05, ** = 0.01 and *** = 0.0Qdrobability
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Gomory (2009) also points out the divergent behawiof populations from higher
elevations. Therefore these were excluded fromh&rrtalculations.
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Figure 2. General response regression for correcteghn height (H’) vs. mean ecodistance
of provenances. Means are averages of all 3 tEspsation is calculated for 10 maritime and
continental provenances onliindicates the two Alpine outliers
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Figure 3. Reaction norm of corrected heights (H}wo maritime provenances
Aarnink (), Grasten &), and of two continental ones Tarnav ) and Plateaux ),
displaying individual differences in response agaiaQ values of test sites
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Comparing response regressions of different provees across test sites, the
calculated slopes show a marked differentiatiomréup of mostly maritime provenances
show improving performance with warming and dryenditions (positive slopes), while
continental populations display an opposite tréhable 2, Figure 3)The results propose
a relationship between the (climatic) origin ana ttharacter of response to changing
climate. The connection, expressed by the slopaegbf the regressions, is significant
(R* = 0.383*). This indicates that general or “species-specific” response (@)ay be
predicted by using ecodistance and site conditam@dependent variables (see later for
details).

Table 3. Results of analysis of variance of meaghte of 10 provenances at 3 locations
(uncorrected height data in cm units)

Effect SS DF MS F p
Provenances 4946.00 9 549.6 2.620 0.039
Sites 7110.30 2 3555.1 16.949 0.001
Interaction and error 3775.66 18 209.8

Individual response of populations

Deviation of the population mean from the grand meapresents thendividual,
population-level additive respongB). Population-specific differences of response s&ro
sites suggest also divergent sensitivity to climathange, thus regression statistics
characterise phenotypic plasticity. Low regressigiope values indicate stable
performance across sit€Bable 2, Figure 3).

Table 3 shows the results of the analysis of variance wic¢rrected) means of
10 provenances at 3 sites. No surprise that thectefif sites is clearly more significant
compared to the effect of provenances.

Interactions

In Figure 4, response of populations is comparable at two lonat as the horizontal
sequence of populations is identical in the graphise sequence is the same aJable 2,
as populations are ranked by their original EQ &ajuat the extreme left: Bilowo,
Poland.) A closer observation leaves no doubt finktractions with local climatic
conditions exist. Two provenances are marked ftaraction: Tarnawa (PL) and Plateaux
(FR). Both originate from medium elevations andfpen at low elevation in Hungary
below average, and the opposite is true for Slaveni

Interaction was found confounded with microsite antogeneity: in the variance
analysis by test locations (Matyas et al. 2008p)ication x provenance interactions were
significant (P = 0.01, not shown) in the Slovak &hahgarian trials, but not in Slovenia.
Therefore theinteraction componen(l) was not separated from the residual (error)
component.
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Figure 4. Regression of corrected height (H’) ofidéntic provenances with ecodistance, at
two sites with strongly differing EQ values (toprcButa, HUN: 26.3, bottom: Straza, SLO: 15.3).
The sequence of provenances is the same. Compat@dlprovenances marked wikhfor
interaction: Tarnawa (POL, left) and Plateaux (FR#ght). Both mountain populations
perform much better at higher elevation in Slovehen in Hungary

Construction of a 3-D response surface model

Based on the previous results, a three-dimensimaalel is presented which expresses
that height growth response to macroclimatic change ddpeon the climatic distance by
which the adapted populations were movgBQ@), and on the climatic environment where
they aretested (siteEQ)Corrected height (H’) serves as dependent variablthough the
regression is theoretically exponential, due to ldve number of tested sites, only a linear
response surface has been fitted on the @atmre 5). Calculated for 10 provenances, the
equation of general height response is:

H' = 162,63 + 2,2881EQ + 2,674%iteEQ- 0,223%EQ* siteEQ
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The proportion of variance accounted for is 35.783, coefficient R = 0,598***, the
individual differences between provenances leftomsadered. The distribution of residuals is
even, indicating a balanced regression. Certaits pdithe response surface are not supported
by data and are separated by linesFigure 5. The regression surface illustrates and
summarises some important conclusions:
* increasing, positive EQ values, i.e. warming andranarid conditions lead to
decreasing height growth and vitality;

» the effect of worsening of climatic conditions ieases toward the lower (xeric) limit
of distribution (EQ = 28)

» the interaction of site and macroclimatic adaptatis significant, an equation
excluding the interaction component explains omMyb2 of the variation.
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Figure 5. Linear model of height response of tegi@yenances, with corrected height (H’)
as dependent, and ecodistance of provenamte®), respectively EQ value of sites (SEQ)
as independent variables. Positive EQ values ddistance (to the right on the X axis) stand
for simulated warming effect. Lines separate the pathe surface not supported by data

4 DISCUSSION

4.1 Modelling adaptive response to macroclimatic @nge

Modelling of expected response has to expressattegitation is an evolutionary-genetic issue.
Present ecological models of phenotypic behavicswally treat temperate tree species,
including beech as monolithic, genetically unifoemtities (e.g. Kramer 1994, Chuine et al.
2003, Czucz et al. 2009). Another approach is tppliGation of process-based genetic
simulations which describe genetic processes @ leeel (Kramer et al. 2008). Both approaches
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necessarily disregard within-species adaptive reiffgation: ecological models assume functional
properties of species uniform across space. Tha general problem of bioclimatic models
(Matyas et al. 2009, Jeschke — Strayer 2008).

The special feature of the selected set of expeatsnie, that due to the specific climatic
relations between test locations and provenantgspvides a unique opportunity to study
adaptive differentiation and responses to climaacming. Detecting adaptive responses for a
species exhibiting a strongly developed plastig¢ityihlisch et al. 1995, Kleinschmidt —
Svolba 1995, Gémdry 2009) did not promise easyltesiihe selected variabEQ applied
for the ecodistance approach seems to describeeveryw macroclimatic conditions
sufficiently well, at least for Central Europe dod/ to medium elevations.

The study was successful in detecting that

» adaptation (and consequently, selection effectynicroclimate exists in spite of

counteracting genetic and evolutionary forces;

* response of provenances strongly depends on tmatati conditions at origin and at

the test, i.e. ecological distance is a valid cphéer explaining responses;

» site potential and the local climatic conditiongide not only height response and its

differentiation, but also interactions;

* a general, species-specific component of genesiporese could be identified beside

the individual differences of populations;

e interaction was noticeable mainly in relation totadlinal changes.

The regression surface shownHigure 5 summarises the general trend of response to
macroclimatic change. At the warm-continental &iteHungary, all provenances had been
moved into warmer and drier conditions and thewated polynomial shows a clear decline
of height growth beginning fromEQ value 4(Figure 5) Such a strong effect is not visible at
the site with lowesEQ value, in Slovenia, where most populations came antooler and
wetter (i.e. less stressful) environment than aagi In this case growth depression with
growing ecodistance was not detectable.

Regarding the mean performance of individual papra in the average of sites, the
Dutch provenance Aarnink was the best, and Grasten Denmark the wors{Table 2,
Figure 3).This had little or nothing to do with the (maciiaghtic) distance from the test sites.

The individual response of a population to changsmyironmental conditions is
described by the terphenotypic plasticityBetween-provenance differences in plasticity are
detected by testing growth response along an eicallogradient, in our case by calculating
regression of height v&EQ values of the test sitéBigure 3).

4.2 Caveats and limitations to the analysis

In the case study an attempt was made to quanhfy model the genetic effect of
macroclimatic selection on juvenile height growthbe@ech. A trait important for early-
stage competition, height is integrating effects mfmerous growing seasons, which
makes it logically related to climate which repmse also an average of annual
fluctuations. Climate means hide however year-taryand local deviations from long
term averages, although irregular extreme eventg heave a decisive selection effect
(Berki et al. 2007). Climate means should be tleeetegarded rather as surrogates for
extremes.

For analysis of climatic adaptation, large-scatermational trials seem to be ideal, as they
are established with natural populations of knowgim sampled across a large area. It is a pity
and a serious fault of international provenanceaeth that sufficiently reliable, detailed climate
data are missing in most cases. Ecological chaisatien was traditionally confined to
description of geographic parameters (coordinaddigude). The selective role of concrete
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climatic parameters has been analysed in detajl iontecent literature, as interpolated, digital

databases are increasingly accessible (e.g. Reldeldl. 2003, 2008, Matyas et al. 2008b).

Interpolations may, however, carry considerable bspecially for higher elevations and regions
with complex topography. The relatively low numloértest sites and of populations, certainly

limit the general validity of results. Howeverigtsuspected, that synergy of climatic components
might change across larger regions and therefoevaluation in an ecologically restricted area
might bring better results as pooling all availatda without preliminary screening.

The analysed data were measured in juvenile sgagiches in ranking may be expected
up to higher ages in beech, and early age—agelaiores are unreliable (Kleinschmidt —
Svolba 1995). Also, results refer to the invesgdabopulations and sites and may not be fully
applicable in other environments. Therefore theliegjpon of the method on extended
datasets is absolutely necessary.

Also, modelling the evolutionary-genetic backgrousidadaptive response is still not
precise enough for predictions as it fails to rddaiotic interactions and migration limitations
(Jeschke - Strayer 2008, Jump et al. 2009) or humtnference such as planned forest
management (Matyas et al. 2009).

Finally an additional factor causing estimationoesrshould be mentioned. This lies in
the unavoidable contradiction between the conditiof natural regeneration and selection
populations are adapted to, and the necessaribreiift, artificial character of nursery raising
and outplanting in comparative tests. In commordegas, populations experience transfer
into rather artificial environments. This has éttb do with natural conditions of regeneration,
but one should remember that the aim of these efudia) to derive information on use of
reproductive material, and b) to forecast effedtsnan-made climatic changes. Neither of
them are typically natural processes.

Understandably, a simulation of the natural ecaalgdemands of a tree species in the
field tests would cause a further loss of precigibresponse identification. Thus, the planned
experimentation itself compromises the exact ddteation of genetic response: an
unsolvable contradiction and an unexpected paralléleisenberg’s uncertainty principle in
quantum physics (Matyas et al. 2008b).

5 CONCLUSIONS

5.1 Implications for the management and conservatioof beech

The existence of macroclimatic adaptation pattenngivenile growth justifies genetically
based regulations for use of reproductive mateRagarding the sensitivity of beech to
macroclimatic changes, the results show that agapiattern and plasticity of the species is
fairly comparable to better explored conifer spgaech as pines, spruces (Matyas — Yeatman
1992, Rehfeldt et al. 2003, 2008, Matyas et al880Thomson — Parker 2008).
Main conclusions for reproductive material use are:
e it would be more appropriate to use ecologicallgduhcriteria instead of geographic-
based ones to define recommended directions aid lxintransfer;
» transfer effects are not similar in different pafrthe distribution area, in particular:
* in the range of the climatic optimum, in the areatee, and towards the thermal limit
(northward) transfers are less critical;
* proposed separate treatment of higher elevatiorulpbpns is supported by the
deviating behaviour of provenances from above 1800
» stressful and uncertain conditions at the loweri¢xdimit of the species demand
there more rigorous rules for use and conservation.
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Observations of mortality events close to the logeric) limit of the species indicate
that stability and vitality of populations depenast only on growth rate modelled from test
results. Extreme weather events (droughts) may ereaghysiological condition of
populations relatively fast and may lead to insed disease outbreaks in regions generally
suitable for the species (Berki et al. 2007, LakatdVolnar 2009). Therefore, when defining
maxima of allowable (ecological) distance of transthe principle of precaution should be
observed, i.e. limits should be drawn stricter tti@nresults of response regressions suggest.

Regarding climate change, the most important quesis how populations react to
warming, i.e. to positivelEQ values. The test in Hungary did detect sensitivayEQ
differences above the value ofHFgure 4).

Closer to the xeric/continental limit, already slmalchanges are limiting presence
(Czlcz et al. 2009). The results support the opitiat predicted climatic changes will not
have serious consequences and even lead to praduatrease in the central-northern part of
the range and at higher elevations as shown fafessnMatyas et al. 2008b). It is strongly
cautioned from overestimating the plasticity pagnfiound in this experiment, for regions
close to the lower (xeric) limit of the range, fietmore also because the results obtained at
juvenile age may not be maintained in later age.

Differences in growth performance and plasticity ppbvenances left unexplained by
macroclimatic factors sustain earlier assumptidregt tocal genetic adaptation also exists
(“ecotypes”) and maybe also epigenetic effectstheeiof them have been investigated in
detail in this analysis. It seems that in beeclpogulation- (stand-) level differentiation
co-exist with large-scale adaptedness and withifgignt plasticity. This supports the
maintenance of selection of stands for reproductiaéerial procurement (seed stands).

5.2 Application and advantages of the proposed appach

The proposed approach provides otherwise inacdessilormation on the real-world effects
of expected climatic changes. The success of etatuadepends of course on the
characteristics of the dataset: number and quafitgst sites, number and differentiation of
populations and last not least, the reliabilityeforded data.

The obtained results may be applied in adaptatrwhraitigation policy in forestry and
related fields such as nature and gene conseryaignfor planning human-aided migration
(Marris 2009). Typical uses are rules of forestrodpctive material use, assessment of local,
adapted populations or conservation strategy ofjmal populations (Matyas 2007).

The results may be useful also for testing or \adiidy ecological models, evolutionary
and ecological concepts and hypotheses relatelihtate change effects (see review of Jump
— Pefiuelas 2005, Matyas et al. 2008b, Jump e0@R)2The design and concept of presently
existing tests are however unsuitable to elucigatdlems such as micro-scale adaptation,
ongoing selection in extant populations, or theangnce of genetic carryover (epigenetic)
effects. These questions need further, very cdyghldnned experimentation.
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Effect of Thinning on the Diameter Increment in
Black Locust (Robinia pseudoacacia L.) Stands

Karoly REDE® —Henrik MEILBY"

#Hungarian Forest Research Institute, Budapest, &yng
® Danish Centre for Forest, Landscapes and Plandinigersity of Copenhagen, Denmark

Abstract —Black locust is one of the most important stand forming tree species in Hungary, covering
approximately 23% of the forested land (410 thousand ha) and providing 23% of the annual timber cut
of the country. Hence, during the past two decades several experiments with this species have been
carried out in the country. This paper investigates the influence of thinning on the diameter increment
in an experiment including four plots. One plot was left as an unthinned control plot and three plots
were thinned with various thinning intensities at age 22. The experiment was measured at ages 22, 27,
32, and 36. Apparently the thinning intensities applied on two of the plots did not come up to the
intensity required to influence the diameter growth of the remaining upper-storey trees. Therefore, for
a given tree size the growth of the trees on these two plots did not differ significantly from the growth
of similar trees in the unthinned plot. By contrast, significant thinning effects on the diameter
increment of individual trees were observed on the most heavily thinned plot. Here the diameter
increment was enhanced for trees with diameters of less than 20 cm, whereas the largest trees of the
stand exhibited moderately increased growth. Apparently a stand density corresponding to the heavy
thinning treatment (fFvalues of 22-23) is required to get a significant thinning response. On the other
hand, to avoid thinning shocks, it may be recommendable to apply two moderate thinning treatments
instead of a single heavy one.

Robinia pseudoacacia L. / thinning trial / diameter increment

Kivonat — A gyérités hatasa a mellmagassagi atmémovedékére akacallomanyokbanA fehér

akadc az egyik legfontosabb magyarorszagi allomanyalkoté fafaj, amely &teréket 23%-at

(410 ezer ha) boritja, s az éves fakitermelés 23%-at adjél KEbletkeden az elmult két évtizedben

tébb, a fafajt érint kisérlet létesiilt az orszagban. A jelen tanulmany a gyéritésnek a mellmagassagi
atmeérénovedékére gyakorolt hatasat vizsgalja egy négyparcellas kisérletben. Egy parcella a kontrollt
képviselte, harom parcella (allomanyaban) pedig kilohk&izlyi gyéritést viteleztek ki 22 éves
korban. A kisérleti fadllomanyokban 22, 27, 32 és 36 éves korban végeztek méréseket. Az
értékelésektl kovetkeden két parcella fadllomanyaban az alkalmazott gyérités intenzitas mértéke
nem volt hatassal a visszamarado, detintben elhelyezkéd fak atméréndvekedésére. EBb
adddoban, adott mérketfak esetében, azok atniéndvekedése szignifikhnsan nem kilénbodzott a
kontroll parcelldban talalhaté, hasonl6 mérdaegyedek novekedését Ezzel ellentétben, a
gyéritésnek a fak atméribvedékére torténszignifikans hatasat regisztraltak a légebb eréllyel
gyéritett faallomany parcellajaban. Itt az atbrddvedék fokozddasat a 20 cm-nél kisebb abpiéink
esetében regisztraltak, mig a faallomany ennek nagyobb Giimeyedeinél mérsékelt ndvekedés

volt megfigyelhed. Mindezeklbl az kdvetkezik, hogy esintenzitasu gyérités (E12-23) sziikséges

i Corresponding authoredei.karoly@t-online.hu, H-1023 Budaepst, Frankel Led u. 42-44.


https://doi.org/10.37045/aslh-2009-0005

64 Rédei, K. — Meilby, H.

a belenyulas szignifikdns hatasanak eléréséhezanddkor gyéritési sokk elkeriilése érdekében,
inkabb két mérsékeltebb erélgyérités javasolhatd, az egy, déseintenzitasu helyett.

Fehér akac / gyéritési kisérlet / atmér novedék

1 INTRODUCTION

Black locust Robinia pseudoacacih.) was the first forest tree species to be imgubfrom
North America to Europe (to France) some time af@01. Its rapid spread in Europe and
other parts of the world (Asia Minor - Turkey, ChjnKorea)may be attributed to its
adaptability to a wide range of growth conditions favourable breeding properties, frequent
and abundant seed production, excellent coppidasy,growth and high yield, as well as its
highly valuable timber.

In Hungary black locust is the most widespread $ggecies, covering approximately 23%
of the forested land (410 thousand ha) and progid% of the annual timber cut of the
country. In Hungary black locust stands have bestabéished on good as well as on medium
or partly poor quality sites. However, for high-fityatimber producing black locust forests,
the site must provide adequate moisture and aagedited and loose-structured soil that is rich in
nutrients and humus. Implementing good silvicultysians and models will lead to profitable
black locust stands and better acceptance of #wespby timber growers (Rédei 2002).

A lot of international papers have published reseaesults on the effect of tending
operations on the increment of diameter at bregighh and of standing volume.

In experimental thinning trials established, in D@s-fir stands in Italy with initial
stocking varied between 1600 and 3100 trees. A& age of 23-35 years, for all thinning
methods and grades, total production (standingmelyplus volume of thinned trees) and
current annual volume increment of standing treesewiot significantly different from the
control plots. Thinnings, regardless of methodptared increased DBH increment, compared to
control plots, but trees of the poorer site classggonded the best (Cutini — Nocentini 1987).

According to the investigations ofRinus nigrathinning trial at age of 35 years, 8 years
after the thinning no statistically significant féifences arose in total production, but growth
rates of basal area and stem volume were signifegthigher in the three thinning plots
compared with the control (Silvano — Vincenzo 1997)

Seven thinning trials investigations with Norwaysge in southern Sweden showed that
diameter class had no effect on response to thgnasindicated by the fact that the smaller
trees also responded strongly when thinned frow@@aper 1999).

A precommercial thinning trial, conducted in 1978a 20-year old balsam fir stand in
Canada was evaluated at 5 years intervals untB.1BBe diameter growth during the 20 year
period following thinning was inversely related tioe residual density. The increase in
diameter of trees in thinned plots accumulated aiaoring the first 10-year period. Total
volume per hectare after 20 years was proportidoalresidual stand density, white
merchantable volume per hectare was similar thrabighliange of densities (Pothier 2002).

The effect of different thinning intensities on gt and yield was studied iRinus
silvestisL. stands in Central Spain. The investigationswatb that the total volume and
volume increment decreased with thinning intenditys loss being more significant in the
case of moderate and heavy thinning. Height incrémeas not influenced by thinning,
whereas dominant and quadratic mean diameter imeresmincreased with the thinning
intensity. The response of diameter growth to timgrwas greater at younger ages (less than
50 years) and in medium sized trees (Rio et al8200
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In order to investigate the influence of variougnting intensities on the diameter
increment, several thinning trials were establismedHungary (Rédeil992,1995). In this
paper, the evaluation of one of these trials isgmeed.

2 MATERIAL

2.1 Description of the study area

In the past two decades several experimental pes been established in forest regions of
Hungary for investigating the growth, yield, anddang operation techniques of black locust
stands. A thinning trial with four plots of 0.10 heach were established in the
subcompartment Pusztavacs 201 E, which is locatéoei Danube-Tisza Interflow region, in
the central lowland part of Hungary.

According to the classification of site types usedHungary, the main ecological
characteristics of the study area are:

» Forest steppe climate zone: the air humidity is l#&®n 50% in July at 2 pm, the

annual precipitation is less than 600 mm.

» Hydrology: free draining.

* Genetic soil type: combination of humic sand soils.

» Elevation: < 100 metres

According to the Hungarian yield table for blackust stands (Réd&b83) the site class
of the investigated stand is Ill, that is the tHaebt out of VI.

2.2 Assessment of stand characteristics

At age 22, 27, 32, and 36 the tree height and tameter at breast height (d.b.h.) were
measured for all trees on the four plots. Basedtl@se measurements the following
parameters were calculated: stem number, stand e diameter corresponding to mean
basal area, stand height (Lorey’s height), stemmmel and stand volume. Stem volume was
estimated using the volume function (Sd®74):

v=10°d? ht (h/[h-1.3]P° (md h+ pd + mh + p)

where d is diameter at breast height (cm),
h is tree height (m),
po= 4.00,
p1=-0.6326,
p2=20.23,
ps= 0.00 and
ps= 3034.

2.3 Thinning intensity

To stimulate the diameter increment a thinning wasied out at age 22 in three of the four
plots. Plot 1 was left as an unthinned control plod the other three plots were thinned from
below using a range of different thinning interestiamong which the treatment applied in
plot 4 can be considered a heavy treatment. Thatires stem numbers after thinning were:

plot 1: control, stem number = 770 per ha

plot 2: stem number (after thinning) = 700 per ha

plot 3: stem number (after thinning) = 550 per ha

plot 4: stem number (after thinning) = 400 per ha
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To provide a description of the thinning intenstbe Wilson factor (f) was used:
Fw = 100/(H NY?), where H is Lorey’s height in metres and N is stem numleerha.

2.4 Tree classification

Before the thinning at age 22 all trees on the faats were classified according to the tree
height classification system generally used in Huian silvicultural practice: 1 = dominant
tree, 2 = codominant tree, 3 = intermediate (pattigninated) tree, 4 = suppressed tree. At the
same occasion, all trees were classified usingithieultural classification system generally
applied in Hungarian practice: 1 = superior tree, ubdominant tree, 3 = rejected tree to be
removed, 4 = dead or dying tree.

3 STATISTICAL METHODS

The objective of the analysis is to determine thpaaent effects of thinning on the diameter
growth of black locust. Accordingly, we investigale variation of growth between plots and
height classes for each of the periods 22-27 y@ar82 years, and 32-36 years. Furthermore,
we analyse the relationship between stem diamettdameter increment and the effect of
plot (thinning), height class, silvicultural class)d period on this relationship. This analysis
enables us to distinguish the effect of plot (tingh on diameter growth from the effect of
variations in the tree size composition of thetatrenfortunately, as the experiment does not
include replications, it is not possible to distirgh the effect of thinning from the effect of
plot (growth conditions).

As our first approach, we test the hypothesis ehittal mean increments in each of two
specific groups of trees. These tests are carrigdas ordinary t-tests using the TTEST
procedure of the SAS (v. 6.12) software packagehtadividual comparison of two groups
of trees can be considered a simple analysis edivag based on the model:

ADjj = pi + €

whereADj; is the observed increment of tree j in group [iL,2], Wi is the true mean diameter
increment in group i, and tregs are normal and independent errors with meanam®icequal
variances. In cases where the hypothesis of ecu@nces is rejected, an approximate t
statistics is used. The degrees of freedom assdciaith the approximate t statistics are
calculated using Satterthwaite’s approximation.

The analysis of the relationship between diametdrdhameter increment was carried out
using general linear models. The models were deeelaising the GLM procedure of the
SAS (v. 6.12) software package. Instead of presgrgeparate models for each of the three
periods, it seems more informative to develop mibeacing models describing the
relationship between diameter and diameter incréem@&s both level and slope of this
relationship may depend on plot (thinning), heiglatss, silvicultural class, and period the
basic formulation of the model is:

ADpijjst =0 + & + bin + Cie + ths+ (B + & + on + Gt + ths) Drijst + Enijst

where Qi is the breast height diameter (cm) of tree j iotpgl height class h, and
silvicultural class s at time fDyjjs; IS the annual diameter increment (cm/year) inp@eod
immediately after time @ and3 are model parameters common to all classesna a; are
class-specific parameters for plot iy land b, are specific for height class hy and ¢; are
specific for the period following time t, andscind ds are specific for silvicultural class s.
Finally, thegnjss are assumed to be normal and independentlyldigtd random errors with
mean zero and equal variances.
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The possible interactions between plot (thinningensity), height class, silvicultural
class, and period were also considered in modédisechbove type.

4 RESULTS AND DISCUSSION

4.1 Stand diameter and diameter increment

The most important stand parameters of the plasiraiuded inTable 1 From this table it
appears that, before thinning, the mean diametéisem number of plot 1 were slightly lower
than those of plots 2-4. Therefore, after thinrabgge 22, the basal area and volume of plot 3
were almost equal to those of the unthinned plaintl, the basal area and volume of plot 2 were
even greater. As for the most heavily thinned @t more than half of the original stem number
and one third of the original volume were removatithinning treatments were carried out from
below and, therefore, the average height and daréthinned trees were less than those of the
remaining stand. Moreover, after thinning the dimmecorresponding to mean basal area
increased consistently from 16.7 cm to 20.1 cm witheasing thinning intensity. This should be
taken into account when examining the average deamecrements on the four plots.
Furthermore, it should be noted that the standhteigf plots 1, 2, and 4 were almost equal before
thinning, and that of plot 3 was only slightly heghAccordingly, we may assume that the growth
potential of the four plots was similar. Finallpjetmortality during the observation period (age
22-36) decreased with increasing thinning intensity

Table 1. The most important stand parameters ofdheplots (Pusztavacs 201 E)

Plot Age Remaining stand Thinning Before thinning Mortality: F
Nuom- N H Db G V N H Db G V. N H Db G V N V
ber 'yr. /ha m cm rham¥ha /ha m cm mhem’he /ha m  cm niham¥ha /ha m¥he
22 77020.0 16.7 16.84 177.9 770 20.0 16.7 16.84177.9 60 4.2
Plot 1.. 27 760 21.4 18.3 20.07 221.9 760 21.4 18.3 20.07221.9 70 5.4
Cortro. 32 630 22.8 20.6 21.08 244.7 630 22.8 20.6 21.06244.7 200 21.6
36 630 23.2 22.0 23.62 271.4 630 23.2 22.0 23.62271.4 200 23.1
22 700 20.4 189 19.61 211.1 150 16.0 11.5 1.57 14.2 850 20.1 17.8 21.16225.3
27 1 61021.0 21.4 21.86 241.1 610 21.0 21.4 21.86241.1 90 14.7
Plot 2. 32 510 22.9 23.6 22.40 262.2 510 22.9 23.6 22.40262.2 190 34.518.5
36 51023.3 24.9 24.02 282.1 510 23.3 24.9 24.02282.1 190 22.4
22 550 21.7 19.3 16.10 180.3 370 19.1 14.5 6.1564.0: 920 21.2 17.5 22.25244.3
27  55022.2 21.4 19.44 221.3 550 22.2 21.4 19.44221.3
Plot 3. 32 500 23.5 23.2 21.20 252.0 500 23.5 23.2 21.20252.0 50 11.719.6
36 500 24.9 24.2 23.02 279.0 500 24.9 24.2 23.02279.(::3 50 123
22 400 21.6 20.1 12.71 141.8 500 18.2 14.2 7.88 77.6. 900 20.3 17.1 20.59219.4;
27 400 22.4 22.3 15.71 179.8 400 22.4 22.3 15.71179.8;
Plot 4. 32 380 23.8 24.2 17.43 208.8 380 23.8 24.2 17.43208.8: 20 6.0 23.1
36 380 24.3 25.3 19.16 228.8 1380 24.3 25.319.16228.8 20 6.3

F (Wilson factor):= 100/(id N*?)

The average periodic annual diameter incrementsiaremarised ifable 2for each plot
and height class. From this table it appears thataverage diameter increment increased
consistently from plot 1 to plot 4 in all three els. On the other hand, as for the individual
height classes, this increase is not reflectedrigleBor most plots and periods the average
diameter increment increased consistently from htegjass 4 to height class 1, as the
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variation between height classes within plots isstderably greater than between plots for a
given height class. The general increase in avedsgmeter increment from plot 1 to 4 is

most pronounced in the first period (22-27 yearsgme the difference between plot 1 and 4
amounts to 0.15 cm/year. For comparison, the diffee between plot 1 and 4 in the third
period (32-36 years) only amounts to 0.05 cm/year.

Table 2. Average periodic annual increment (cm/yédar various periods, plots and height

classes
Period (age) Plot Height class
2 3 4 Al
1 0488(0.03) 0.388(0.01) 0.231(0.02) 0.1412D.00.300 (0.02)
2 0591(0.04) 0.433(0.02) 0.305(0.04) 0.1672p.00.361 (0.02)
22-27 3 0543(0.06) 0.429 (0.03) 0.300(0.04) 0.1283p.00.394 (0.03)
4  0513(0.02) 0.440(0.02) 0.364(0.06) 0.16@-) 0.446 (0.02)
1 0383(0.04) 0.260(0.01) 0.180(0.01) 0.0821p.00.213 (0.02)
2 0.363(0.03) 0.287(0.02) 0.142(0.02) 0.0812P.00.219 (0.02)
27-32 3 0.358(0.04) 0.261(0.02) 0.227 (0.03) 0.1484p.00.263 (0.02)
4  0.335(0.04) 0.333(0.02) 0.204(0.03) 0.10@) 0.312(0.02)
1 0377(0.04) 0311(0.03) 0.168(0.02) 0.1122D.00.234 (0.02)
2 0.296(0.05) 0.297 (0.02) 0.165(0.03) 0.1603D.00.240 (0.02)
32-36 3 0.423(0.04) 0.268(0.04) 0.196(0.04) 0.1904p.00.276 (0.02)
4 0292(0.04) 0.302(0.02) 0.225(0.07) 0.07%) 0.284 (0.02)

Standard errors are given in parentheses.

From Table 2it also appears that the average annual diamatezment within a given
height class quite often reaches its maximum vdfoe a given period) in plot 4, but
maximum values occur in plot 3 with a similar freqay, and the occurrence of maximum
values in plots 1 and 2 is not uncommon either.ofdingly, if it were not for the reduced
proportion of lower-storey trees with increasingntting intensity, it is not likely that the
highest average increment (all trees on a plot)ldvganerally be found in plot 4.

In Figure 1 the diameter distributions are showterathinning for all plots and stand
ages. For plots 1 and 2 it appears that the digtoib at age 22 is slightly skewed. It also
appears that the unthinned plot 1 tends to deweloipmodal diameter distribution. In fact, this
would not be surprising, as bimodality is a freglerreported property of diameter
distributions in unthinned stands (e.g. Mohler &t 178). Development of a bimodal
diameter distribution implies that the stand musnsist of two well-defined storeys with
distinguishable levels of diameter increment. Mesrothe mortality rate of the lower storey
must be so low that it does not offset the efféche faster growth of the upper storey on the
bimodality of the diameter distribution. Inspectiohthe developmental paths (not shown) of
trees in plot 1 yields the impression that distilestels of growth in the two storeys can
actually be observed. In addition, it turns out thaliameter of 16 cm at age 22 constitutes a
reasonable boundary between the two storeys.

A remarkable property of the diameter distributiemg-ig. 1 is that the distributions of
plots 1-3 all increase their spread over time, whsithe spread of the distribution in plot 4 is
almost constant. This seems to indicate that thmelier increment on this plot is not as size
dependent as on the other plots, i.e. comparedplotis 1-3 the growth of small trees on plot
4 is enhanced, or that of large trees is reduaeiptin.
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Figure 1. Diameter distributions in the four pla@sages 22, 27, 32, and 36 years

4.2 Testing the differences between average diametecrements

In Table 3the differences between the average diameter irereof the four plots have
been tested for each of the three periods. Usingi§¥%ficance levels we find that in the first
period (22-27 years) plot 1 differs significanthpiin all the other plots, whereas in the second
period (27-32 years) it only differs significanflpm plots 3 and 4. The diameter increment in
plot 2 differs significantly from plot 4 in the §t two periods. No significant differences are
found between any of the plots in the third perida-36 years). As will appear below, most
of the difference between plots is caused by thsimhilarities of their tree size compositions,

rather than by marked differences as regards thetgrof trees in a given size class.

Table 3. Tests of equal mean diameter incremeniléds within periods

; Plot
Plot Period (age) 1 > 3
22-27 *
2 27-32 NS
32-36 NS
22-27 ** NS
3 27-32 * NS
32-36 NS NS
22-27 Fkk ** NS
4 27-32 *kk Fhk NS
32-36 NS NS NS
Significance levels: 'NS’: not significant; '*%%, ™*': 1%, ***:0.1%.
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In Table 4the effect of increased thinning intensity on #werage diameter increment
has been tested for each of the height classeacim ef the three periods. The table shows
whether the observed effect of increased thinnintenisity is positive, negative, or
insignificant for a given height class. As the nembf trees per height class and plot is less
than 30 in all cases except one, the t-tests averghty weak. Accordingly, the significance

levels applied inTable 4are 5, 10, and 20%. As it appears from the tabée Highest

frequency of significant differences are found eight classes 2 and 3. The total number of
differences that are found to be significant at20@6 level is 22 and, out of these, only 4 are
negative, so the effect of increased thinning isitgris positive in most cases. However, three
of the significant negative effects are found inghe class 1 when plots 1, 2, and 3 are
compared with plot 4. Thus, it appears that thddsg trees respond negatively to the strong
thinning in plot 4. By contrast, when plots 1, 2da3 are compared with plot 4 for height

classes 2 and 3, all significant differences arsitpe, indicating that increased thinning

intensity generally influences the diameter incretva height classes 2 and 3 positively. On
plot 4 the number of trees in height class 4 igydnlnd, therefore, in this height class no
significant thinning effects are found in compansawith plot 4. However, in comparisons

between plots 1, 2, and 3 it appears that treéight class 4 are also influenced positively

by thinning.
Table 4. Tests of equal mean diameter incremeniléis within periods and height classes.
Height class 1 Height class 2
Plot Period Plot 1 Plot 2 Plot 3 Plot 1 Plot 2 Hot
22-27 + + + +
2 27-32 NS NS
32-36 NS NS
22-27 NS NS + NS
3 27-32 NS NS NS NS
32-36 NS + + NS NS
22-27 NS - - NS + + NS NS
4 27-32 NS NS NS +++ + +++
32-36 - NS --- NS NS NS
Height class 3 Height class 4
Plot Period Plot 1 Plot 2 Plot 3 Plot 1 Plot 2 Hot
22-27 + + NS
2 27-32 - NS
32-36 NS +
22-27 + NS NS NS
3 27-32 + + + + + + +
32-36 NS NS + NS
22-27 ++ + NS NS NS NS NS
4 27-32 NS + NS NS NS NS
32-36 NS NS NS NS NS NS
Signs indicate the effect of increased thinningmisity on average diameter increment.
Significance levels: 'NS’: not significant; '+4¥: 20%, '+ +'/--:10%, '+ + +'/---":5%.

Acta Silv. Lign. Hung. 5, 2009



Effect of thinning on black locust diameter 71

The tests iMMable 4indicate that the relatively strong thinning ontpt leads to reduced
diameter increment in height class 1, whereas heaigisses 2 and 3 respond positively. As
for the moderate thinning of plot 3 the thinninfeets are generally positive (or insignificant)
as compared with plots 1 and 2, and the majorityhef significant differences occur for
height classes 3 and 4. Finally, the effect oflidet thinning applied in plot 2 only seems to
last for the first period where the differencesa®sn plots 1 and 2 are significant at the 10%
level for height classes 1, 2, and 3.

In Table 5the differences in average annual diameter incésnbave been tested
between periods for each of the four plots. Acauglyj, this table yields an impression of the
combined effect of stand age, climate, and the uatiy decreasing effect of the thinning
treatment for various thinning intensities. It eges that, for all four plots, the mean annual
increments differed significantly between perio@22-27 years) and the two other periods,
whereas no significant differences are found betweeriods 2 and 3. Clearly, as similar
results are obtained for the thinned plots 2-4 &ordthe unthinned plot 1, most of the
difference observed between period 1 and the tlwergteriods must be ascribed to age and
climate, rather than to effects of thinning.

Table 5. Tests of equal mean diameter incrememdaods within plots.

Period (stand age)

Period Plot 29.97 57.32
1 *%k%
2 *%k%k
27-32 3 -
4 *%k%
1 * NS
2 *%k%k NS
32-36 3 - NS
4 ok NS

Significance levels: 'NS’: not significant, *":%, "**: 1%, ***: 0.1%

4.3 Relationship between diameter and diameter inement

A wide range of models were tested, some of thettuding interactions between the class
variables: plot, height class, silvicultural clagaed period. It turned out that the lowest possible
root mean squared error (RMSE) was 0.117 cm, wvigh reached by a model that included
interactions between plot and silvicultural clasd aetween height class and silvicultural class.
However, in this model there was no significaneetffof plot, and the total number of non-zero
parameters was 26. By comparison, models withdetaotions between class variables obtained
RMSE values that were only slightly higher (0.11920 cm) with only 13-16 non-zero
parameters. Accordingly, the final models do noluide interactions between class variables.

In the final model the effect of silvicultural ckas statistically significant. However, the
influence of silvicultural class on the annual d&er growth is small (much less than that of
height class) and, as the height and silvicultalassifications are closely related it has been
decided to present two models, one with and onkowttsilvicultural class. Apart from this,
the models both include the effect of current dismeseparate levels of increment for each
plot (thinning), separate levels for each heigldss| separate slopes for each plot, and
separate slopes for each period. The two modelswuanenarised iTables 6 and .71t should
be noted that the RMSE and Bf the two models are almost equal; so — from actmal
point of view — we may choose quite freely amongnihFor both models we tested whether
the residuals could actually be assumed to origifi@m a normal distribution (using the
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Shapiro-Wilk test statistic). In both cases thet t&atistics were outside the significance
region and we may therefore confidently assumettigatesiduals are actually normal.

As for the model inTable 6the a;s are negative and thgsaare positive for plots 1-3,
and it appears that the relationship between dexmemtd diameter increment moves to a
higher level and becomes more flat with increasimgning intensity. The height class turns
out mainly to influence the level of the relatioigsiand it appears that the level becomes
approximately 0.17 cm/year higher for height clasthan for height class 4. The isolated
effect of silvicultural class is smaller and acctsufor a maximum of 0.08 cm/year. It should
be noted that for silvicultural class 2 the growafiparently does not differ significantly from
class 4, as its;dparameter is not significantly different from zeFonally, the period mainly
influences the slope of the relationship and, as alao observed iiiable 5 a significant
difference is observed between period 1 and theotver periods, whereas these two periods
do not differ significantly from each other.

Table 6. Linear model with class-specific leveld alopes, including silvicultural class

Model: ADhijst = O + & + bin + Ohs+ (B + &i + Gt ) Dhijst + Enijst

RMSE = 0.1188 cm R=0.505
Parameter estimates
_ ~ Height Silv. ,
a B Plot & i class 1 lass dis Period  cx

0.2743-0.0065 1 -0.27/89 0.0127 1 0.1651 1 0.0795 22-27 0.0067
s -
2 -0.2321 0.0103 2 0.1334 2 0.0313° 27-32 0.0003'

3 -0.2282 0.0102 3 0.0360° 3 0.0500 32-36 0
4 0 0 4 0 4 0

All class-specific parameters are calculated urtter condition that the parameter of the highest
numbered class is restricted to zero. Symbolstesde

NS-marked parameter estimates are not significaliffigrent from zero (at the 5% level).

Units of measurement:iR:: cm, ADyjjs: cm/year.

In Table 7the model not including silvicultural class is geated. The table shows that
the effects of plot (@and a) and period (g) are almost unchanged as compared with the
model inTable 6,whereas the effect of height class has increasea @nsequence of the
removal of silvicultural class from the model. This due to the mentioned positive
relationship between height class and silvicultalass.

Table 7. Linear model with class-specific leveld alopes, not including silvicultural class

Model: ADpjjt = + & + bin + (B + &i + Gt ) Dt + €nit

RMSE = 0.1197 cm £=0.495
Parameter estimates
Height )
a B Plot ay; i clagss b1n Period Cot

0.2609 -0.005%° 1  -0.2374 0.0106 1 0.2242 22-27 0.0067
2  -0.1956 0.0084 2 0.1587 27-32 -0.0003°
3  -0.2091 0.0095 3 0.0669 32-36 0
4 0 0 4 0

Explanation: sed@able 6
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In Figure 2 thepredicted values of annual diameter incremeritarfitst period (22-27 years)
are presented for various combinations of diamater height class. As will appear from the
figure, the overall difference between the diaméterements of various height classes is
considerable. Furthermore, for height class 2 oispll-3 the predicted annual increment in
this period varies from 0.3 cm to 0.55 cm over #0e30 cm diameter range. However, for
plot 4 the variation is less than 0.05 cm and, canag with the other three plots, trees with a
diameter of less than approximately 20 cm exhibdreased diameter increment whereas
thicker trees respond to the increased thinnirensity by decreasing diameter growth.

— 05 1

o

2 g5 —— D =30cm, H.class 2
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5 011

o
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Figure 2. Predicted annual increment in the firstipd (22-27 years) as
depending on plot (thinning), diameter (D), anddiiclass (H.class).
All predictions are calculated using the model able 7.

In the following two periods (27-32 and 32-36 yeanst shown) the considerable
difference between the growth of small and largemditer trees has almost disappeared on
plots 1-3, and on plot 4 the relationship betwemmeéter and diameter increment has been
reversed, meaning that the predicted incrementnafilsdiameter trees exceeds that of large
diameter trees. However, small diameter treesi{d<$.20 cm) on plot 4 still exhibit faster
growth than on plots 1-3, so the thinning respgmsesists. On the other hand, the reduced
growth of large diameter trees seems to indicatg the dominant trees experienced a
thinning shock, whereas the smaller trees benefitesh the thinning. Clearly, this is in
agreement with the resultsTrable 4.

The predicted increments of trees on plots 1, 8, Z&mre almost similar and, provided
that the growth conditions on these plots are siisdlar, this implies that within the range of
thinning intensities applied on plots 2 and 3 almasthinning response occurs. Thus, as for
these plots the differences observedlable 4are mainly caused by the varying diameter
composition of each height class on the three plotsact, it turns out that the average
diameter of trees in a given height class on pl® generally 1-3 cm smaller at age 22 as
compared with trees in the same height class ais gl@and 3. Similarly, the thinning effects
observed imTable 3are mainly caused by the varying tree size coniposon the four plots.
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5 CONCLUSION

In this experiment the stands were thinned fromoweT his implies that most of the thinned trees
are in the lower part of the canopy (height cla8saad 4) and, therefore, effects of thinning on
the diameter increment of the remaining upper-gttnees cannot be observed at low thinning
intensities. Apparently, the thinning intensitiggpléed on plots 2 and 3 did not quite come up to
the intensity required to influence the diametemgh of the remaining trees. Thus, on these plots
the differences in diameter increment reportedables 3 and 4re basically consequences of
unequal tree size compositions. By contrast, sagmif thinning effects on diameter increment are
observed on plot 4. In this case, the diameteement is enhanced for trees with diameters of
less than 20 cm, whereas larger trees exhibit ezbigowth.

Many thinning experiments have consistently repbiitecreasing diameter growth with
decreasing stand density (Clutter et #083). Stands thinned in time develop larger aweerag
diameters than comparable unthinned stands. Thassis observed in the current experiment.
From a tending operations point of view one of thest important tasks is to create suitable
growing space for superior trees that exhibit treatgst diameter growth and volume increment.
However, in the present experiment, it appears tth@tthinning intensity required to obtain a
significant thinning response among medium-sizedstralso implied that the largest trees of the
stand experienced a thinning shock. Neverthelesgonrclude that when increment thinnings are
carried out, an f value of 22-23 may be preferable. This correspdndthe stand density
obtained in plot 4. However, to prevent thinningats on certain sites it may be considered to
carry out two moderate thinning treatments instédadsingle heavy one.
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Mass Mortality of Beech (Fagus sylvatica L.)
In South-West Hungary
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Abstract — The mass mortality of beech (Fagus sylvaticain Hungary, which started in 2003 and

went on through 2004, is the result of a typical damage chain. Mortality appeared first of all in beech
forests close or outside of its native distribution area. The most significant reason was the drought
period from 2000 to 2004, which weakened the trees, and favoured the development of different pests
and pathogens. Characteristic symptoms were frequent at stand margins and in stands thinned for
regeneration. The direct causes of the mortality were insects, the green jewel beetle (Agrilys viridis
and the beech bark beetle (Taphrorychus bigoks well as the fungus speciBsscogniauxia
nummularia With the improvement of weather conditions a continuous recovery of the stands has
been observed since 2005.

Fagus sylvatica / Agrilusviridis /Taphrorychus bicolor / Biscogniauxia nummularia

Kivonat — A bikk (Fagus sylvatica L.) ttmeges pusztulasa Délnyugat-Magyarorszagoi\ zalai
bukkdsokben 2003-ban keatbtt, majd 2004 soran jeléist mértékben jelentkézpusztulas egy
tipikus karlancolat eredménye. A megjdlertiinetek jellegzetesek, kuléndésen a napsutétte
allomanyszegélyeken és a bontévagassal érintett faallomanyokban gyakoriak.

A pusztulas elésorban az extrazonalis blukkostkben jelent meg. A Idgkivalté ok a 2000-ben
kezdsdott, 6t évig tartd aszalyos dszak, melynek kovetkeztében az allomanyok legyengultek,
kulonbo® karteww és korokozo fajok elszaporodtak. A pusztulds kdzvetlen kivaltd téngezold
karcsudiszbogar (Agrilus virigigs a bobitas biikkszu (Taphrorychus bicplmvarfajok valamint a
Biscogniauxia nummularigombafaj voltak.

Az idgjarasi tényedk javuldsaval 2005-6ta az édloméanyok egészségi allapotanak fokozatos
javulasa figyelhdt meg.

Fagus sylvatica / Agrilus viridis /Taphrorychus bicolor / Biscogniauxia nummularia

1 INTRODUCTION

Starting from 2003 mass mortality of beech was observed in several parts of Hungary. Health
conditions of beech stands were objectives of several investigations in Hungary (Tuzson
1931, Szant6 1948, Szontagh 1989, Leskd 1993, Toth et al. 1995, Molnar — Lakatos 2007).
However, similar symptoms were recorded only once in the eastern part of the Carpatian
basin (Maramaros county) in the 1880s. A short description of the event was published at that
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time, however no detailed investigation was madso(PL886). Similar decay of beech has
been recently reported from the southern part Geyrt@o (Delb 2005).

The recent mortality appeared with different intgns beech forests of several parts of
Hungary. Symptoms were first observed in Balat@hlainds and Bakony mountains, but the
most serious damage occurred in the south-westgtropHungary (Zala county). In this area
approximately 120,000 cubic meter of damaged od deaber had to be cut between 2003-
2006, which caused approximately 400 million HUF6M EUR) direct loss (Gober 2005)
for the forest owner.

The effect of change in the climatic conditions famest stands have been studied
intensively in the recent years (for review seelStiva et al (2009) and Matyas (2006)). The
aim of our investigation in the present study waslétermine the role and importance of the
biotic factors, like insects and fungi in theseqasses.

2 MATERIALS AND METHODS

Field studies were carried out in order to asséss dorrelations between the climatic
characteristics of the affected area and the dasn&gymptoms. The investigation sites were
at the eastern border of Zalaegerszeg, where taedst mortality was observed.

2.1 Site characteristics/features

The elevation of the study sites were between 185+8 above see level. Due to the hilly
terrain, shallow and deep tilths alternate withheather in short distances. Soils are of
medium and at some places very good fertility.

The macroclimate of the area is typical for thenb&am-sessile oak zon@uerco
petreae-Carpinetuin Owing to the prevailing wind direction and treafures of the terrain,
this area is characterized by cooler and rainieditmns than expected based on the general
climatic data.

2.2 Field observations

We established a network of 92 study plots wittiedént terrain and age (60-122 years) in
mixed forest subcompartments on an area of 102cGates. Each plot was marked by a
sample point. We evaluated the condition of thee fheech-trunks closest to each point
(altogether 460 individuals) every year at the ehthe vegetation period from 2003 to 2007.
During the experiment, besides the characteristopsoms of the damage and disease-
causing agents like insect and pathogens, we aaaed the crown conditions.

The following categories were used:

1. The crown of the tree died, epicormic branchag be seen.

2. Several side-branches are infected or died.

3. One side-branch is infected or died.

4. Branch-ends, small branches died, but side-bemare healthy.

5. Totally healthy specimen.

The following criteria were considered for attacidéor infection: blackish chromatism,
the existence or lack of bark-loss and the possiblang of the foliage. Other symptoms, like
bark beetle attack or early stage fungal infectim@se not eye-catching at the time of the
investigation. Due to the dieback of the trees tlwedcontinuous sanitary cuttings, the number
of the investigated trunks decreased from yeaetn.y

Xylo- and phloeophagous insects were assessedllbg feees in 2004 and 2006-2007
respectively. We selected trees in the health oat=g4 and 3 during autumn and cut them next
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February. Altogether 13 trees were cut (3-5-5 m years 2004, 2006 and 2007 respectively).
A total number of 37 cylinders of 35-40 cm lendtrf the stump, the trunk and the crown each,
except two trees, where the crown was missingedtitiie of cutting). Cylinders were taken after
cutting into our lab for insect rearing. Samplesfrone tree (stump, trunk and crown) were
placed into one eclector, and this — unfortunatetjoes not allow any further differentiation of
the tree parts. Hatched insects were collecteq eweek for determination.

Four discs from trunks attacked by insects werdarc@ctober 2005, and were put into a
wet incubator to determine the fungi in the eatipge of the infection.

We used the last past 46 years’ temperature argipfiegion data of a meteorological
station closest to the examined area. (ZalaegetBmegashida; courtesy of P. Vig).
We analysed the longest available data-set in dleeceive the most complete overview
about the changes of the climatic factors in tleaar

3 RESULTS, STATEMENTS

3.1 Health conditions

The first symptoms of insect attack and fungal étiten appeared in 2003 in forest
subcompartments relatively far from one anothewlthunderstocked stands on hilltops and
in open forest edges exposed to the south. In dlewing year the mortality increased
rapidly and many trees died. We did not find catieh between the social status of the
specimens, the exposure of the stands, the siameders and the health condition of the
trees. The mortality was mostly initiated by insila to the tree trunks.

From the year 2005 fresh symptoms have been olikentg on specimens with dying or
broken crowns. The spread of the mortality has p#dp Side-branches, which were
previously infected, have broken down from the ksunThis was the main reason, why the
canopy closure of the stands was still incomplétenumber of trees, having symptoms
earlier, have regenerated and developed new crOwly.those side-branches and trunks have
broken down where bark became blackish during daesyof the decay.

The number of trees in the critical health catexgoli-2-3 decreased continuoustig(re 1).
This shows the loss of side-branches with symptasngell. A tree classified previously into
categories 2 or 3 got into categories 3 or 4 dlftedoss of certain infected side-branches.
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Figure 1. The change of health condition betweedB822007 (%)
(O: cut/disappeared, 1: dead crown, 2: several dsige-branches,
3: one dead side-branch, 4: dead small branchdsranch-ends, 5: healthy)
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3.2 Insects and pathogens
Table 1. Insect species emerged from the sampliestenl in 2004-2007

Number of insect individuals

Family Species 2004 2006 2007
N oflogs: 21 Noflogs:8 N of logs: 8

Staphylinidae Staphylinidae 12 1
Buprestidae Agrilus viridis 73 3 13
Lymexylidae Hylecoetus flabellicornis 50
Lymexylidae Lymexylon navale 1
Cleridae Thanasimus formicarius 3 1
Cucujidae Monotomasp. 8
Cucujidae Laemophloeusp. 6
Cucujidae Laemophloeus testaceus 5 1 1
Cucujidae Silvanus unidentatus 2 1 2
Bostrichidae Lichenophanes varius 4 2 11
Anobiidae Ptilinus pectinicornis 14
Tenebrionidae  Tenebrionidaesp. 49 1
Mycetophagidae Litargus connexus 1 3
Colydiidae Cerylonsp. 434 6
Cerambycidae =~ Cerambyx scopolii 1
Cerambycidae  Xylotrechus antilope 1
Scolytidae Crypturgussp. 74 186 26
Scolytidae Taphrorychus bicolor 34 1136 707

Altogether 2,873 individuals of 18 beetle speciesemed from the collected wood
samples. From every collected trap tree sample are able to rear the specimensAgrilus
viridis and Taphrorychus bicolarHowever, their ratio has changed during the ydarshe
intensive dieback phase (2004) viridis, but in the recovery (2006-07) pha$e bicolor
prevailed. This might be connected with the différbealth status of the cut trees in the
different years. During the second period the nundieemerging insect species hatching
from dead or dying trees has increasédble ). Most of them are connected to dead,
discoloured wood (e.ddylecoetus flabellicornjs or to insectsThanasimus formicarigsand
fungi (Litargus connexysliving on this wood material. Some of them arerconsidered as
a rare species to Hungary (elgchenophanes varij)sWe have found insect galleries in the
bark usually just around the trunk part with fungtibck. In the bark with healthy xylem we
could detect only a few insect galleries. Only tive beetle specieA. viridis, andT. bicolor
can be considered as important in the sense dftfpretection. WhiléA. viridis seems to be
able to attack healthy trees and cause tree dealtiizolorattacks felled logs, fallen branches,
stressed trees and in some cases healthy lookutgv@oy probably already stressed) trees.
Even the pupal chamber éf viridis was different in the different years. While duritige
intensive mortality phase L-type (one hole) pupatichamber was typical, during the
recovery phase the U-type (two holes) pupation dsam

Fungal species involved in the process couldn'tidemtified from the sample disks,
therefore we did not repeat this examination onrdeovering stand. The fungus causing
characteristic blackish chromatism on side-brancheas identified asBiscogniauxia
nummularia(Bull) Kuntze (earlier nameédypoxylon nummulariur(Bulliard ex Fries)).
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3.3 Climate conditions

The macroclimate of the area is typical for thenbeam-sessile oak zon®uerco petreae-
Carpinetunm (Figure 2. The values of the Palfai drought ind&igure 3 show, that the mass
mortality have been initiated by an unusually heangt long drought period from 2001 to 2003.
Especially the value of 2003 (6.71) is an extreifiee drought period lasted for five years
(Figure 4-7). Even the average precipitation of the years 20052006 yet fell behind the average
of the previous decades (1961-2007). 2007 showeaslerage precipitation agaifiable 3.
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Figure 2. Walter climate diagram of the Figure 3. Palfai drought index and trend for the
investigated area (Zalaegerszeg, 1961-2007)nvestigated area (Zalaegerszeg, 1961-2007)
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Table 2. Amount of precipitation and average terapge, and values of the drought index
between 1961 and 2007 (Meteorological station, Zgéaszeg; courtesy of P. Vig)

Amount of precipitation (mm) Average temperatucé)( dFr)c?lljfa;\t

Annual  Apr-Sep Oct-Mar Annual Apr-Sep Oct- Mar indegx
2000 5,26
2001 459 327 132 11,1 17,1 50 5,58
2002 504 336 168 11,7 17,7 5,8 5,63
2003 436 270 166 11,1 18,8 3,4 6,71
2004 588 329 259 10,5 16,7 4,4 4,36
2005 669 518 151 10,1 16,8 3,4 3,13
2006 578 449 129 10,8 17,3 4,2 3,50
2007 697 449 248 12,0 18,5 55 4,52
1961-
2007 681 427 254 9,9 16,3 3,5 3,71

4 CONCLUSIONS

During the last 50 years there have been unfavteiianges in the weather conditions for
the beech forests both in Europe (Jump et al. 2@@6) in Hungary (Méatyas et al. 2007).
During this period the temperature was increasitglemthe amount of precipitation was
decreasing. Also its dispersion was changing in uhtavourable direction: the relatively
abundant rainfall of late autumn can hardly compenghe lack of summer precipitation
(Szalai — Mika 2007). To assume, the tendency gomg, the natural range of beech will be
definitely reduced in Hungary (Berki et al. 200The weakened trees are ideal places for
mass reproduction of different pests and heavystafeon of pathogens (Csdka et al. 2007,
Lakatos — Molnar, 2008).

The analysis of the climatic data showed that thatebeen dry years earlier, téagure 3,
however without remarkable damage symptoms. Thiawanirable periods, however, lasted
only for short period, followed by more favouralfleumid) years. Although the drought,
which started in 2000 and lasted for five yearsegaests and pathogenes the chance to attack
the weakened trees. Two beetle speckesyiridis and T. bicolor, were the major biotic
factors. Agrilus viridis can be considered as the main pest species inc#ss, while
T. bicolor attacks only weakened trees even if they look erathealthy based on our
categories (e.g. 4 and 5). The population sizehef tivo insects differs strongly in the
intensive and the recovery phase of the diebackiridis prefers the still living phloem with
sap circulation disorders, mainly in higher altéudf the trunk. Imagines developed in a
drying trunk part often do not have the capacitycteate exit holes, and they die in the
pupation chamber or in the exit hole. Bark beetalta could be found under the bark of
stumps, assortments and side-branches on the gasuwell. The importance at. bicolorin
the mortality of beech was highlighted in two reiceuablications from Austria (Steyrer 2008)
and Bavaria (Muck 2008). Delb (2005) reported e insect species involved in the beech
mortality in Baden-Wiurttemberg. Other xylo- and ggdphagous species emerged from the
trees have no significance in the damage chainir phesence can be explained by the large
amount of dying and dry trees suitable for theiradepment.

We presume that there is a strong relation betwesects and fungal damage. Larval
galleries and exit holes were found above trunkspaith fungal infection. At the present
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stage it is hard to give an unambiguous explanaiwh description of the process. It is very
likely, that entrance holes of the different insepecies offer a unique opportunity for the
fungal attack. However, the phloem, having weakdnethe fungal attack, provides optimum
conditions for the insect development too. On trydets without fungal attack insect
galleries and exit holes are rare and the mortalfitihe larvae is higher too. We can assure,
that there is a strong correlation between insaets pathogens, nevertheless their exact role
needs further explanation.

The role of the pathogene fungus spediscogniauxia nummulariéss not completely
clarified either, however its presence or abseaagucial in the damage chain. The fruiting
bodies appear in the first year of the decay. LHtertree loses almost all of the infected
branches. If the fruiting bodies appear also ortrinek, the entire crown will die. None of the
other symptoms can give an unambiguous forecasitahe process of the decline, since
spontaneous regeneration was often observed. Imett@very phase the beech stands are
losing side-branches infected Biscogniauxia nummularia
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Population Trend, Phenology and Dispersion of
Common Waterfowl Speciesin Hungary
Based on aTen Year Long Time Series of the
Hungarian Waterfowl Monitoring

Sandor FARAGO — Livia GOSZTONYI

Institute of Wildlife Management and Vertebrate Zoology, Faculty of Forestry,
University of West Hungary, Sopron, Hungary

Abstract — The HUNGARIAN WATERFOWL MONITORING (HWM) takes place at 48 observation
units. The current study shows the 25 common waterfowl species, their trend, phenology, and
dispersion in Hungary using the data of a ten-year period between the 1996/1997 and 2005/2006
seasons. The six commonest species were: Anas platyrhynchos, Anser albifrons, Anser fabalis, Anser
anser, Anas crecca and Fulica atra. During the ten-year period there were 8 species with about 1000
individuals or less (Anser erythropus, Mergus albellus, Tachybaptus ruficollis, Phalacrocorax
pygmeus, Netta rufina, Podiceps nigricollis, Cygnus olor, Mergus merganser). We report a heavy
increase of Aythya nyroca, Phalacrocorax pygmeus, Netta rufina, Podiceps nigricollis, Anas clypeata,
Cygnus olor, Anser albifrons, Podiceps cristatus, Anser anser, Anas strepera and a slight increase of
Phalacrocorax pygmeus and Tachybaptus ruficollis. A strong decrease can be seen in Anser
erythropus, Aythya fuligula, Anser fabalis, Anas querquedula, Aythya ferina, Anas crecca, Mergus
albellus, Anas penelope, Mergus merganser, a slight decrease in the case of Anas platyrhynchos and
Bucephala clangula. The 25 species were put into six different groups based on their types of
phenology: late summer migrating species, species migrating dominantly in autumn, over wintering
species, species passing through Hungary dominantly in spring, spring and late summer migrants,
species with a stable population. Eco-geographical differences between Transdanubia and the Great
Hungarian Plain explain the differences in the dispersion of species: distribution dominance in
Transdanubia, dispersion dominance in the Great Hungarian Plain, even distribution. Our conclusions
confirmed some of the earlier results, but in some cases we made conclusions different from the earlier
suggestions. It is obvious that changing environmental conditions affect the changes in population
parameters of waterfowl species.

Hungarian Waterfowl Monitoring (HWM) / common waterfowl species / population trend /
penology / dispersion / Hungary

Kivonat —Gyakoribb vizivadfajok allomanytrendje, fenolégidja és diszperzidja Magyaror szagon a
Magyar Vizivad Monitoring 10 éves adatsorainak tilkrében. A MAGYAR VIZIVAD MONITORING
megfigyelései 48 megfigyelési egységben folynak. Jelen munka az 1996/1997-2005/2006 kozott
vizsgalt 10 év adatai alapjan mutatja be 25 rendszeresen el6forduld vizivad faj dllomanydinamikajat,

e ey

albifrons, Anser fabalis, Anser anser, Anas crecca ¢és Fulica atra volt. 10 év alatt 1000 példany kozeli,
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vagy az alatti abszoliit maximuma 8 fajnak volt (Anser erythropus, Mergus albellus, Tachybaptus
ruficollis, Phalacrocorax pygmeus, Netta rufina, Podiceps nigricollis, Cygnhus olor, Mergus
merganser). Vizivad allomanyaink nagy részénél sikeriilt allomanyndvekedést kimutatni; erételjesen
novekedett: Aythya nyroca, Phalacrocorax pygmeus, Netta rufina, Podiceps nigricollis, Anas
clypeata, Cygnus olor, Anser albifrons, Podiceps cristatus, Anser anser, Anas strepera. Enyhén
gyarapodott: Phalacrocorax carbo és Tachybaptus ruficollis. Aggaszt6 jelenség az Anser erythropus,
Aythya fuligula, Anser fabalis, Anas querquedula, Aythya ferina, Anas crecca, Mergus albellus, Anas
penelope, Mergus merganser erételjes, az Anas platyrhynchos és a Bucephala clangula enyhe mértékii
allomanycsokkenése. A fenologiai jellemzOk alapjan rendezve, a vizsgalt 25 fajt hat csoportba
sorolhattuk, amelyek az alabbiak: nyarvégi vonuld fajok, dominansan 6sszel vonulo fajok, atteleld
fajok, dominansan tavasszal vonuld fajok, nyarvégi és tavaszi vonulok, allandé allomanyu fajok.
A diszperzidt tekintve tobb faj el6fordulasat befolyasoljak a Dundnttl és az Alfold kozotti
Okogeografiai kiilonbségek, igy létezik: dunantali diszperziés dominancia, alfoldi diszperzios
dominancia és egyenletes diszperzio. A korabbi megfigyelések alapjan sziiletett ismereteinket
kutatasaink részben megerdsitették, am sok esetben azoktol eltérd megallapitasokat tehettiink.
A valtozo6 kdrnyezeti allapotvaltozasokat idézhet el6 a vonulo vizivadfajok allomanyjellemzdiben.

Magyar Vizivad Monitoring (MVvM) / gyakoribb vizivadfajok / &loméanytrend / fenoldgia /
diszperzié / Magyar or szag

1 INTRODUCTION

The Hungarian waterfowl information system contributes to fulfilling the requirements of
AEWA and, more widely, it serves the purposes of nature protection and sustainable use.
It provides necessary information for nature conservation and game management, taking
into consideration the unity of the natural systems. An observational sub-system of the
Waterfowl Database focuses on the size of the waterfowl population, their current
dispersion and the structure of the waterfowl communities. All these refer to the on-going
Hungarian Waterfowl Monitoring (Faragd 1998a). The operation of the monitoring
provides information on the trend of waterfowl species within individual years and over a
period of years, referring to certain sites, regions, and the entire country. It also helps us
define the habitat use and selection of certain species within a year and over a period of
several years.

2 MATERIAL AND METHODS

The observations of the Hungarian Waterfowl Monitoring (HWM) take place in
23 districts, which are divided into 2 to 6 sub-districts each. It means that HWM takes
place in 48 observation units (Table 1, Map 1). The censuses were carried out between
October, 1996 and March, 1997, in connection with an international census day in each
month. Since the 1997/1998 seasons, a nine-month-long period between August and April
was used. The observations expanded to the following tax: all species of Anseriformes,
Gaviiformes, Podicipediformes, and Pelecaniformes; Great White Egret (Ardea alba),
Grey Heron (Ardea cinerea), Eurasian Coot (Fulica atra), Eurasian Crane (Grus grus) and
White-tailed Eagle (Haliaaetus albicilla) totaling 63 species. We have first chosen
natatorial birds from this list, but we took into consideration the information needs of fish
management, and the Authority for Nature Conservation. That is the reason for including
the Grey Heron, the Great White Egret, the Eurasian Crane and the White-tailed Eagle in
the survey.
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Table 1. Sze and geographic coordinates of the observation units of the Hungarian
Waterfowl Monitoring (HWM)

Site Area Degree of Degrlee of
ha latitude longitude
01 Lake Ferté 1918 476639 47.7389 16.6869  16.8484
02 Danube between Gyony(l and Szob 4842 477279 47.8229 17.8240  18.8414
03 Old Lake at Tata 230 47.6303 47.6499 18.3187  18.3405
04 Lake Velence 2600 | 474776 472383 185322  18.6620
05 Dinnyési Ferts . 545 | 471378 471767 185230  18.5639
06 Fishponds at Soponya © b20  46.9855 47.0715 18.4197  18.4931
07 Fishponds at Rétszilas 840 - 467950 46.8687 18.5556  18.6009
08 Lake Balaton. Keszthelyi-bay 2930 467062  46.7644 17.2434  17.3177
09.01 Kis-Balaton I. 1,630 | 46.5899 46.6749 171189 17.1738
09.02 Kis-Balaton II. 1,820 : 46.6127 46.6923  17.1761  17.2379
10 River Drava between Barcs and Szentborbas 465 = 458623 459515 17.4280 17.6501
11 Gravel pits at Gyékényes 170 46.2377 462513 16.9718  17.0014
12 Fishponds at Sumony 207 : 459573 459745  17.8736 17.8974
13 Fishponds at Pellérd 116 | 46.0436 46.0525 18.1358  18.1630
14 Danube bend 2977 | 47.8219 47.5608: 18.8483 19.1358
15 Danube between Baja and state border 2,554 . 459170 46.1875: 18.6803  18.9278
16.01 Natron lake Kelemen-szék at Fillopszallas 430 ' 46.7832 46.8047° 19.1678  19.2022
16.02 Natron lake Zab-szék at Szabadszallas 370 = 46.8126 46.8466: 19.1568  19.1813
17.01 Jusztus-Feketerét (marsh) 690 : 47.5460 47.5777: 20.8751 20.9164
17.02 Fishponds at Hortobagy 1,700 | 47.6040 47.6631: 21.0501 21.1140
17.03 Fishponds at Viragoskut 1,500 | 47.6516 47.7045. 21.3235 21.3713
18.01 Fishpond Fényes 258 . 475716  47.5880 21.0019  21.0287
18.02 Fishponds at Csécs and Parajos 554 : 475382 47.5648: 20.9984  21.0420
18.03 Fishponds Akadémia and Kungyorgy 248 © 475640 47.5913° 21.0631  21.0957
18.04 Pentezug pusza and marshes 4300 :@ 47.4849 47.5879: 21.0536 21.1535
18.05 Zami pusza and marshes 2,880 @ 474767 475378 20.9843 21.0725
18.06 Borzas 1,600 | 47.4473  47.4900: 21.0377 21.1075
18.07 Nagyivan and Kunmadaras puszta 1,350 : 47.4883 47.5376: 20.9308 20.9944
18.08 Kunkapolnas marshes 4,000 @ 474080 47.4959: 20.9292 21.0118
19.01 Angyalhaza and Szelencés . 6,250 . 474403 475495 21.0885 21.2076
19.02 Fishponds at Borsos and Malomhaz 2230 - 475392 475815 211336 21.2215
19.03 Borsos. Okérfold. Goérbehat 1,390 | 475395 4757770 21.2078  21.2886
19.04 Magdolna. Nyir6-lapos. Nyari-jaras 3,700 | 475521 4761527 21.2143  21.3385
19.05 Alomzug. Kdselyszeg 4600 : 474571 47.5443: 211650 21.2931
19.06 Fishpond at Elep 552  47.5289 475589 21.2654  21.2981
20 Lake Fehér at Kardoskut 100 = 46.4660 46.4762 20.6054  20.6482
21.01 Fishponds at Biharugra 773 : 46.9370 46.9723: 21.6013  21.6423
21.02 Fishponds at Begécs 1,212 | 46.9074 46.9401: 215252 21.5979
22 Lake Csaj at Tomaorkény 860 | 46.6044 46.5581: 20.0458  20.0950
23.01 Lake Fehér at Szeged 1,506 - 46.3033 46.3499: 20.0666 20.1346
23.02 Szegedi Ferté 628 = 46.3177 46.3560 . 20.1367 20.1792
Total | 68,045 |
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Map 1. Observation units of the Hungarian Waterfowl Monitoring (HWM)

The current study presents information on the following 25 common waterfowl species,
their trend, phenology, and dispersion in Hungary using the data of a ten-year-long period
between the 1996/1997 and 2005/2006 seasons (Faragd 1998b; 1998c; 1999a; 1999b; 2001a;
2001b; 2002a; Faragd — Gosztonyi, 2002; Farago, 2002b; 2002c; Faragd — Gosztonyi, 2003a;
2003b; Farago, 2005a; 2005b; 2006a; 2006b; 2007a; 2007b; 2007¢; 2007d):

Mute Swan — Cygnus olor (Gmeliin 1789)

Bean Goose — Anser fabalis (Latham 1787)

White-fronted Goose — Anser albifrons (Scopoli 1769)

Lesser White-fronted Goose — Anser erythropus (Linnaeus 1758)

Greylag Goose — Anser anser (Linnaeus 1758)

Wigeon — Anas penelope Linnaeus 1758

Gadwall — Anas strepera Linnaeus 1758

Teal — Anas crecca Linnaeus 1758

Mallard — Anas platyrhynchos Linnaeus 1758

Pintail — Anas acuta Linnaeus 1758

Garganey — Anas querquedula Linnaeus 1758

Northern Shoveler — Anas clypeata Linnaeus 1758

Red-crested Pochard — Netta rufina (Pallas 1773)

Pochard — Aythya ferina (Linnaeus 1758)

Ferruginous Duck — Aythya nyroca (Giildenstédt 1770)

Tufted Duck — Aythya fuligula (Linnaeus 1758)

Common Goldeneye — Bucephala clangula (Linnaeus 1758)

Smew — Mergus albellus Linnaeus 1758

Goosander — Mergus merganser Linnaeus 1758

Little Grebe — Tachybaptus ruficollis (Pallas 1764)

Great Crested Grebe — Podiceps cristatus (Linnaeus 1758)

Black-necked Grebe — Podiceps nigricollis (C.L. Brehm 1831)

Great Cormorant — Phalacrocorax carbo (Linnaeus 1758)

Pygmy Cormorant — Phalacrocorax pygmeus (Pallas 1773)

Eurasian Coot — Fulica atra (Linnaeus 1758)
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When investigating the species, we analyzed the following factors:

Population trends (1) and trends in relation to the examined sites, regions and Hungary
in the investigation period. In the current study we show the trends (Figure 1) defined
on the basis of the annual national season maximums (Table 2). When qualifying
trends, we named the population changes using the method applied by Tucker — Heath
(1994). Trend indices characterized the measure of stability of population between
1970 and 1990 with a range of 20%. They showed small changes (increase-decrease)
in the 20-49% range, and the larger ones with at least a 50% change. If the direction of
the trend was not clear and the change of values exceeded 20%, they classified it as
fluctuating. While Tucker and Heath (1994) used a twenty-year-long period we
studied only a ten-year-long period. Therefore we used the following evaluation:

— Large decrease  at least 25%

— Small decrease  11-24%

— Stable plus or minus 0-10%

— Small increase 11-24%

— Large increase at least 25%

— Fluctuating over 10% but with no clear trend

Population trend (2) — phenology: minimum, average and maximum number of birds
in each month (Figure 2).

We are showing maps based on the dispersion in each month. In the current study we
are showing the maps of peak seasons (month) of certain species (Map 2).
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Figure 1: Dynamic and trend calculated on the basis of seasonal maxima
in the case of the 25 most frequent waterfowl species
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Figure 1 (cont.): Dynamic and trend cal culated on the basis of seasonal maxima

in the case of the 25 most frequent waterfowl species

Acta Slv. Lign. Hung. 5, 2009



Farago, S. — Gosztonyi, L.

90

0L  668L% 1'9¢6'ZL €L0'2C | SZv'0z  L08'vL  ZELVL 8/T8L  €10'[C  299'LL  LLL'GL  80S'WZ  L¥E'YL 6.8l elje ealng
o6 L€/ 1982 089 8¢9 €29 089 207 1Lz Gl Gl €8 ol 8l snawbAd xeiodo.oefRyd
6L 908, €089 250°L 6LL'S  L6¥9 250 9289  ¥6L'9 1899 169  620L  8E0'9  9/8'¥ 00/ed Xe100010€[eyd
Z6L  L'GGL  €68C 19§ A4 G/l 14} Gve 195 eLe L&Y 6.1 LT ¥S sijjoouBIu sdaoipod
o 8G/€ 118G} TTeT €e6'L 629V 06YL  SPFL 6/8°L  Z80'L  CZ€T  8¥L  SO¥'L  GhLl snyeisuo sdsolpod
L €991 6779 988 €8y 00, 229 685 865 088 503 19 988 ¥Ge sijjoayns smdegAyoe]
62- €16 L08L €52 822 Iyl 891 181 0Ll oLl 02 €6z €6l 14T sasueBiaw snbispy
e~ 6281  G9/G6  020') 16Y 162 185 90§ 619 €l 8.6 020h 919 4% snjjagre snbisiy
8l- 0786  L'€/6'C £69'G Gv0'y  ee¥'e 18l Z8EY  ¢69'C 29 €69'C  6I¥Y  Ie¥T T8l e|nbue|d eeydsong
89- ¥'9GG°L €GlST €TL'S 089'L LLO'L v06'L  6LS'L  8Sl'T  zlZ'c  e8v'y  sev'e €20t €L enbin; eAyidy
0001 GGy LIl Gel'l Gel'L 086 9/ 088 780°L  SOF Gy 65 18T Ll ea0JAu eAYY
Zr- 1002’ 90969 08G'cL | 6889  Zv9'C  7€8'8  0S6Y  020'v  6LY'Y  LL9v  08G'EL  996'%  ££9'6 euns) eAyiy
oS 2€8L  G6ZC 685 602 (Wi4 685 1G) 202 gl €l L0}’ 00} 62 eulyn ensN
€Ll TPV 9VOY'L  628°LL | 628°LL  L8E'S  9le's  LE8'0L  /96'/  Z€8'9  980'8  6GG'S  lZEY  +TS'S eleadAjo seuy
v Sv¥e  L'SLZT  Ov0'Y 662  6EL'L  ¥60'CT  ¥E0'Z  80L'T  96L'€ 066}  02ZT  OWO'Y  160°C e|npanbianb seuy
8 7989  €/6L'1 €8T e8r'c 605 650'C 265 L0 6v0'L 00k  69¢'L T8 929’1 elnoe seuy
pl-  QLLG'6E T'16G'/6 65986 | ¥E6'/ZLL 88/'86  €8G'7G  ¥90'€8  190'88  TOLLL  6G9'86L 6LL18  €/G'9L €900l soyouAyiArerd seuy
6S-  L'v98'G  0°/18'6L LLLIE | LE0'WC  LZG'SL  G80'ZL  6G9'WL  ¥09'8L  0L0'€Z  GZ8'vZz  986'8L  8/CGL  LLL'LE 820810 Seuy
06 L'vZ. 68681 602 196'L  662C  €Z¢1 029V  S¥BL  vlZL  60C'C €6 1SE'L  €SLl eJadauns seuy
06~ GGE0'c  G'6ES'S 0296 1G99 ev/'L 0296  8€9'} €00t ¢SL'S  wi¥'L  €90'6  8LLT  g€8ll adojauad seuy
0¢ G0, 9€0S'ZE ¥8L'OF | 016'OC 6Y6'SC  ¥8L'OF  €60'/C  8¥6'LC  99/°/€ 9LL'6E  0GLLE  020'€C  00L'9C Jasue Jasuy
98- €128 998l S0} 05} £ 0/ or 9 9 14 oy 952 60} sndoiyihis 1asuy
€/ ¥Ye6'9Z 1'992'08 L18'9ZL | 6LZ'¥6  899°CL  L18'9ZL OLL'Ey  LL0'Z0L 68298 TEL'86  8¥0'9S  T6L6Y  1ZG'L9 suoljiqle Jasuy
19-  Gv08'8L G'6L'ZG /¥Z'08 | 9SL'vF  0GL'0E €29y  68G°LE  GEE'Yy  GBB'SE  660°.G  06v'¥.  1G8'9L  /¥T'08 si[eqe} Jasuy
6.  8G6 90y  G¥S Ly €0 GYS 625 8Ly Sy 8.2 L1 vle vl Jojo snubAD
th L, Gs obesoAy  XepN | 90/500¢ SO//00Z +0/€000Z €0/200Z 20/L00Z  L0/000Z 000Z/666L 66/366 86/.661 26/9661 SETRENIS

Spua ) pue (S ‘senfen abiejone “ewlixewl Jeak-0T 1Y) ‘sa1oads jmoyarem Jusnba ) 1S0w GZ ay) Jo sanfen sead [euosess g a|qel

Acta Silv. Lign. Hung. 5, 2009



Population trends, phenologies and dispersion of waterfowm

91

M ute Swan-Cygnus ol or

600

Bean Goose-Anser fabalis

90000
= I 80000 -
500
70000
400 _ 60000
~ 5
g < 50000
E) — E
300
g 2 40000
200 30000
20000
100
10000
014 044 s
aug sept oct nov dec jan feb mar april aug sept oct nov dec jan feb mar april
White-fronted Goose-Anser albifrons Lesser White-fronted Goose-Anser erythropus
140000 1200
-~ -
120000 1000+
100000 a 200
5 80000 5
2 B 6007
Z 60000 2
400
40000
=
20000 200
0 ——= 044 av—_—aw— =
aug sept oct nov dec jan feb mar april aug sept oct nov dec jan feb mar april
Greylag Goose-Anser anser \Wigeon-Anas penel ope
30000 10000 pu
45000
40000 8000
35000 —
g 30000 5 6000
£ 25000 =
=
2 20000 2 4000
15000
10000 2000
5000 i |
044 -:'m 0 .
aug sept oct nov dec jan feb mar april aug sept oct nov dec jan feb mar april
Gadwall-Anas strepera Teal-Anas crecca
4000 35000
30000
=
3000 25000
3 5 20000
E 2000 2
H 2 15000
1000 10000
| i | E' | 5000 q
0+ 04
aug sept oct nov dec jan feb mar april aug sept oct nov dec jan feb mar april
M allard-Anas platyrhynchos Pintail-Anas acuta
200000+ = 2000
180000 (
160000
140000 15001
E 120000 5
£ 100000+ £ 1000
= =
2 80000 B
600001 -
400004 5
200001 i |
044 0 :
aug sept oct nov dec jan feb mar april aug sept oct nov dec jan feb mar april

O min Maverage O max

O min M average O max

Figure 2. The phenology of the 25 most frequent waterfowl speciesin Hungary:
During the 10-year period the observed minimum, average and maximum number of
individuals in each month
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Figure 2 (cont.). The phenology of the 25 most frequent waterfowl speciesin Hungary:
During the 10-year period the observed minimum, average and maximum number of
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Figure 2 (cont.). The phenology of the 25 most frequent waterfowl speciesin Hungary:
During the 10-year period the observed minimum, average and maximum number of
individuals in each month
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Map 2. Soatial pattern of the 25 most frequent waterfowm species
intheir peak month of occurrence
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Map 2 (cont.). Spatial pattern of the 25 most frequent waterfowl species
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Map 2 (cont.). Soatial pattern of the 25 most frequent waterfow species
intheir peak month of occurrence

3 RESULTS

In an earlier paper we published a detailed regional analysis of all 42 waterfowl species
(Farago, 2008). We defined the phenology of the population of all those waterfowl species
migrating through Hungary or overwintering here. We also defined the areal dispersion and
its trend (shown on maps) the national, regional and local population trends in this period of
examination. We defined the spatial pattern of local population trends (shown on maps) in
relation to the season(s) of maximum population (peak period). We gave a comprehensive
review for 25 species. In an additional 17 rare species, no classification was possible because
of their small numbers.

We had no or only single records of the following 17 rare vagrant species in the area of the HWM: Cygnus
columbianus, Anser indicus, Branta canadensis, Alopochen aegyptiaca, Anas americana, Anas carolinensis,
Anas discors, Marmaronetta angustirostris, Aythya collaris, Aythya affinis, Somateria spectabilis, Polysticta
stelleri, Oxyura jamaicensis, Oxyura leucocephala, Gavia immer, Pelecanus onocrotalus, Pelecanus crispus.
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3.1 Analysisby species

Mute Swan — Cygnus olor — Migrating species, breeding in small numbers (MME
Nomenclator Bizottsag, 2008). Within the framework of the HWM its national maximum
was 545 individuals (the average of annual maximum was 420.6 individuals). Its
phenology had the maximum at late summer and early autumn with a similar maximum in
February and at late winter and this was characteristic. In October and November part of
the population migrated to the south and its minimum is also in this period. This species is
concentrated predominantly in Transdanubia. There were only a few migrating and
overwintering observations in the Great Hungarian Plain. We determined a large increase
in its population trend (+75 %).

Bean Goose — Anser fabalis — is a common migrating and overwintering species. Within
the framework of the HWM its national maximum was 80,245 individuals, (average: 52 179.5
individuals). Its dynamics had a maximum in November/December, which is characteristic.
A particular winter minimum (January) and spring maximum (February) can only be shown
in certain years. Since Hungary is one of it’s overwintering territories (Farago 1995), after its
November (December) peak its quantity continuously decreases until its passage. Departure
accelerates in March, and by April only insignificant numbers can be detected. Our
investigations supported an earlier finding (Faragd 1995): Bean Goose in Hungary
dominantly appears in Transdanubia. Its population trend showed a large decrease (—61%).

White-fronted Goose — Anser albifrons — is a common as migrating and overwintering
species. Within the framework of HWM its national maximum is 126,811 individuals,
(average: 80,266.1 individuals). Its phenology had a maximum in autumn (November), a
stronger one in February and a weaker one in March, which was very typical for this species.
The winter minimum is in January. The remaining April population is only several hundred
individuals. The earlier studies had stated (Sterbetz 1967; 1983) and confirmed (Faragd 1995)
that the White-fronted Goose mostly appears in the Great Hungarian Plain. Our results have
also shown their appearance in a more significant quantity in Transdanubia. Its national
population trend showed a large increase (+73%).

Lesser White-fronted Goose — Anser erythropus — is rare on passage and even rarer as
an overwintering species. Within the framework of HWM its absolute national maximum was
1,054 individuals, (average: 186.5 individuals).The top value must be the result of a one-time
probably eastern migration, which is not unprecedented in the case of this species. The same
phenomenon was shown in Bulgaria in 1991/1992 (Nankinov 1993; Lorentsen et al. 1999;
Michev — Profirov 2003). It must be known that the European breeding population of this
species was under this value in the given period. This is why, regarding the protecting
situation of the species, considerable conclusions cannot be drawn. A maximum in November
and a weaker one at the end of the winter in February characterize its phenology. The winter
minimum is in January. On the basis of our results we achieved similar consequences just as
in earlier studies (Sterbetz 1982, 1983): When migrating and overwintering, Lesser White-
fronted Geese pay a visit to territories of the Great Hungarian Plain (Tiszantul); however there
are occasional but frequent visits to Transdanubia, too. Its national population trend showed a
large, dramatic decrease (—86%).

Greylag Goose — Anser anser — This waterfowl species of large quantity breeds in
increasing population and common migrant (MME Nomenclator Bizottsag 2008). Within the
framework its national, absolute maximum is 46,187 individuals, (average: 32,303 individuals).
A maximum in autumn (November) and a weaker one at the end of winter, in February is
characteristic of its phenology. The winter minimum falls in January. According to former
enumerations (Sterbetz 1976, 1983) the Greylag Goose paid a visit to areas in the Great
Hungarian Plain when migrating and overwintering. Our own examinations (Faragd 1995)
demonstrated that up to the 1988/1989 season, a significant part of the observations also came
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from the Great Hungarian Plain. Since then, however, we have been witnessing a continuous
increasing dominance in Transdanubia. Its national population trend showed a large increase
(+30%) in the period of the survey.

Wigeon — Anas penelope — is a common migrant and non-nesting species. Within the
framework of HWM its national, absolute maximum was 9,620 individuals (average: 5,539.5
individuals). An autumn (November) weak maximum, and a stronger spring one in March
characterized its phenology. The winter minimum fell to January. According to former
knowledge (Bankovics 1990) Wigeons visited the eastern parts of the Great Hungarian Plain.
Our own investigations highlighted the role of Transdanubia during autumn migration, and
they justified the significance of the Great Hungarian Plain in springtime. Its national
population trend showed a large decrease (—30 %) in the period of the survey.

Gadwall — Anas strepera — rare breeding species and frequent migrant (MME
Nomenclator Bizottsag 2008). Within the framework of HWM its national, absolute
maximum is 3,209 individuals (average: 1,898.9 individuals). Its characteristic phenology has
an autumn maximum in October and one weaker, longer lasting spring maximum in March
and April. The winter minimum is in January, when it disappears from our wetlands. The
former data concerning its regional dispersion were contradictory. Our own investigations
showed, besides the presence on the Great Hungarian Plain, their presence in Transdanubia
during autumn. Besides their Transdanubian dominance, in certain years we have also
recorded their prevalence. Their population trend showed a large increase (+30 %) in the
examined period.

Teal — Anas crecca — This species is rare, occasional breeder in Hungary; but it is a very
common migrant, observed in great numbers (MME Nomenclator Bizottsag 2008). Within the
framework of HWM its national, absolute maximum is 31,171 individuals, (average: 19,817.0
birds). Its phenology has an autumn maximum in November, and a weaker one in March in
the spring. The winter minimum is in January. Even in April it is found in great quantities.
According to earlier counts (Schmidt 1977, 1982; Bankovics 1990), Teals appeared, during
spring and autumn migrations and overwintering, mostly on regions of the Great Hungarian
Plain. Our own investigations showed that recently they showed up in large numbers at the
wetlands of Transdanubia. The population trend has showed a large decrease (—39 %) in the
examined period.

Mallard — Anas platyrhynchos — is the commonest nesting and migrating waterfowl
species in Hungary (MME Nomenclator Bizottsag 2008). Within the framework of HWM, its
national, absolute maximum is 198,659 individuals, (average: 97,591.2 individuals). Its
dynamics showed only one December maximum. Although, every year in February there is a
slight increase, but its size hardly differs from the January values. In March, after start of
nesting, its population diminishes significantly. Earlier data (Schmidt 1975) on Mallards
showed that this species visited sites of the Great Hungarian Plain during the autumn
migration. In spring their dispersion was steady in the different parts of the country. Our
monitoring showed that during the past few years they appeared in a larger number at
important wetlands of Transdanubia, as opposed to the years before. As a result it became a
lot more evenly distributed, but there were some places with prominent values, in Fishponds
at Biharugra and Begécs, Hortobagy, and parts of the river Danube. The national population
trend showed a small decline (—14 %) in the period of the survey.

Pintail — Anas acuta — is a common migrant in Hungary but nests in small numbers
(MME Nomenclator Bizottsag 2008). Within the framework of HWM its national, absolute
maximum is 2,483 individuals (average: 1,197.3 individuals). Its characteristic population
dynamics is one modest maximum in autumn, in November, and a stronger maximum in
spring, in March. The winter minimum fell to January. According to former data, (Schmidt
1959; 1961) the migration of the Pintail may be connected to the areas of sodic soils of the
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Great Hungarian Plain. Our investigations have reconfirmed that earlier findings are still valid
nowadays. This species’ national population trend indicated stability but a strong fluctuation
(+ 8 %) in the examined period.

Garganey — Anas querquedula — is a fairly common nesting and migrating species in
Hungary (MME Nomenclator Bizottsag 2008). Within the framework of HWM its national,
absolute maximum was 4,040 individuals (average: 2,275.1 individuals). Its population
dynamics showed a late summer/early autumn maximum, and a somewhat heavier one in
March. The winter minimum fell to December and January. According to earlier surveys
(Faragd — Zomerdijk 1997a) Garganey preferred the sites of Transdanubia, both during the
autumn and the spring migration. As for our recent investigations, the dominance of the
western part of the country during migration is still valid, but during spring they appear at
certain wetlands of the Great Hungarian Plain in a larger number than on regions of
Transdanubia. Its national population trend showed a large decrease (— 44 %) in the period of
the survey.

Northern Shoveler — Anas clypeata — is a regular nesting species and common migrant
in some places in Hungary (MME Nomenclator Bizottsag 2008). Within the framework of
HWM its national, absolute maximum is 11,829 individuals (average: 7,464.6 individuals). Its
characteristic population dynamics is an autumn, and has a peak in November, and a weaker
but longer spring one in March and April. The winter minimum is in January. According to
former data (Faragd — Zomerdijk 1997a) the spring migration of the Northern Shoveler may
be connected to the Great Hungarian Plain. The autumn migration was steadier, but when a
large number of individuals showed up, they were bound always to the regions of the Great
Hungarian Plain. Our examinations showed that recently, Northern Shoveler have appeared at
certain wetlands of Transdanubia in great quantities, which exceeded their numbers on the
plain. This phenomenon can probably be related to the attraction of the habitat restoration of a
large area at Kisbalaton and Lake Fert6. The species’ population trend showed a large
increase (+113 %).

Red-crested Pochard — Netta rufina — is a rare nesting species, during the past few years
its range has expanded eastwards, regular on passage, in some places in Hungary in large
numbers (MME Nomenclator Bizottsag 2008). Within the framework of HWM its national,
absolute maximum was 589 individuals (average: 229.5 individuals). Its population dynamics
is characterized in autumn with a maximum in September and a more definite spring one in
April. The winter minimum is in January when it disappears from our wetlands. Up to 1975
there were only 23 observations, and between 1975-1983 there were only 33 observations in
Hungary. Later in the course of both the autumn and the spring migration period, it was
become commoner in some parts of Transdanubia, where this species was observed in greater
quantities. Some individuals were even later observed on the Great Hungarian Plain. Our
investigations have recorded its appearance at an increasing number of sites. Its centre of
occurrence in terms of migration and nesting has been in Transdanubia since 1983. Its
national population trend has shown a large increase (+540 %).

Pochard Aythya ferina — is a common nesting and migrating species in Hungary (MME
Nomenclator Bizottsag 2008). Within the framework of HWM its national, absolute maximum is
13,580 individuals, (average: 6,560.8 individuals). Its population dynamics shows an autumn
maximum in September and October and a stronger spring one, in March. The winter minimum
falls to December. According to former appraisals (Keve et al. 1959; Schmidt 1959, 1961) during
the autumn migration Pochard only appeared in great quantities either at Transdanubia or in the
Great Hungarian Plain, but never at the same time in both parts of the country. According to our
investigations a modest dominance of the western part of the country was recorded during the
wintering period. In other periods they appear in larger numbers at certain wetlands of the Great
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Hungarian Plain than those of Transdanubia. Its national population trend has shown a significant
decline (-42%) during the period of the survey.

Ferruginous Duck — Aythya nyroca — is a regular nesting and common migrant in
Hungary (MME Nomenclator Bizottsag 2008). Within the framework of HWM its national,
absolute maximum was 1,735 individuals (average: 717.0 individuals). Its population
dynamics can be characterized by an early maximum in September and a stronger spring one
in April. Its winter minimum is in January. According to former records (Keve et al. 1959;
SCHMIDT, 1982) the autumn and spring migration of Ferruginous Ducks was connected to
Transdanubia, and they became plentiful in the Great Hungarian Plain regions only during
their autumn migration. Our observations showed that in recent times during their autumn
migration there has been a slight shift in the focal point towards the Great Hungarian Plain
and during the spring migration towards Transdanubia. In the course of the investigated
period their population trend showed a large increase (+1000%!).

Tufted Duck — Aythya fuligula — is a scarce breeder, but a common migrant in Hungary
(MME Nomenclator Bizottsag 2008). Within the framework of HWM its national, absolute
maximum was 5,723 individuals (average: 2,515.3 individuals). Its population dynamics is
characterized by a winter maximum in December. According to earlier data (Keve et al. 1959;
Schmidt 1959; 1961) the autumn and spring migration of Tufted Ducks can be related to large
lakes of Transdanubia. This phenomenon is not attributable to geography, rather to food
supply and ecological reasons (the presence of the Lythoglyphus and Dreissena as food
species). Up to 1980, only 3 nests were found in Hungary. Since then both in Transdanubia
and sometimes in the Great Hungarian Plain, it has been nesting and spreading continuously
(Sterbetz in Haraszthy, 1998). Our investigations showed that certain parts of Transdanubia
are of particular importance, even in wintertime. Its national population trend showed a large
decrease (—68 %) during the period of the survey.

Common Goldeneye — Bucephala clangula — Only one Hungarian breeding pair is known,
but it is a common migrant and winter visitor in Hungary (MME Nomenclator Bizottsag 2008).
Within the framework of HWM its national, absolute maximum was 5,693 individuals, (average:
3,973.1 individuals). The first birds arrive in early autumn, but their multitudinous influx is typical
during the autumn season. Their winter maximum is in January. The January quantity remains
constant in February, but in March their number diminishes considerably. According to the
former counts in autumn and spring, the migration of Common Goldeneye mostly took place in
Transdanubia. In winter it appeared nearly exclusively in the Transdanubian sites (Lake Balaton,
and the river Danube). There were some observations at the Great Hungarian Plain, mostly at
Hortobagy and the River Tisza, (Faragd in Haraszthy, 1998). In our examinations their large
numbers are unchanged in Transdanubia. Its national population trend in the past decade has
shown a small decrease (—18%).

Smew — Mergus albellus — is a common migrant and winter guest in Hungary (MME
Nomenclator Bizottsag 2008). Within the framework of HWM its national, absolute
maximum is 1,020 individuals (average: 576.5 individuals). It appears at our wetlands in
greater numbers during November. Following this period its numbers grew continuously.
There is a characteristic population culmination in spring, in March. According to former data
(Bod in Haraszthy 1998) Smew appears at Lake Balaton, fishponds and rivers, during the
autumn and spring migration. They overwinter on non-freezing wetlands. During the past
decade, when migrating in autumn and spring, they appeared on the Great Hungarian Plain,
while their wintering concentrated on Kisbalaton, the River Danube and the wetlands of
south-east Hungary. Its national population trend showed a large decline (— 31 %).

Goosander — Mergus merganser — is an occasional nesting species in Hungary, but a
common migrant and winter guest (MME Nomenclator Bizottsag 2008). Within the framework of
HWM its national absolute maximum is 253 individuals, (average: 180.7 individuals). During
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November it appears in our wetlands in large numbers. After this its numbers increase
continuously. Its population dynamics showed a single winter maximum in January.
Following this period it decreases steadily. According to earlier data (Bod in Haraszthy 1998)
Goosanders appear during their autumn and spring migrations adjacent to our lakes and rivers
which are rich in fish. They generally overwinter on our non-freezing wetlands. Our
investigations have shown that this species concentrates on the river Danube and in the
southeast of Hungary during their autumn and spring migrations and wintering is concentrated
on the river Danube and the south-east of Hungary. Its national population trend showed a
large decline in the past decade (—29 %).

Little Grebe — Tachybaptus ruficollis — is a common nesting species in Hungary (MME
Nomenclator Bizottsag 2008). Within the framework of HWM its absolute national maximum
was 886 individuals (average: 622.9 individuals). Its phenology showed a late summer
maximum in August, and a weaker spring one in April. The winter minimum falls to
February. According to earlier estimations (Schmidt 1959, 1961) the migration of Little
Grebes concentrated in Transdanubia, both in autumn and spring. In the course of our
monitoring we have showed that their appearance has become equalized in terms of the
eastern and western parts of the country. All this has been valid with the hegemony of certain
parts of Transdanubia (e.g. Kisbalaton). The species’ national population trend showed a
small increase (+14 %).

Great Crested Grebe — Podiceps cristatus — is a common nesting species, migrating, and
wintering occasionally (MME Nomenclator Bizottsag 2008). Within the framework of HWM its
national absolute maximum was 2,322 individuals, (average: 1,581.1 individuals). There is an
early autumn population peak in September and a smaller peak in early spring, in April. The
winter minimum is in January, but by December there are few individuals, and some birds also
appear in February. It starts migrating from its winter territory in March. According to earlier
investigations (Keve et al. 1959; Schmidt 1959, 1961), the autumn and spring migration of the
Great Crested Grebe is mostly concentrated in Western Hungary, because the species requires big
lakes. On the contrary, between 1986 and 1992 these birds stopped on the Great Hungarian Plain
during their autumn and spring migrations. Our most recent investigations have proved that they
appear on the wetlands of Transdanubia in larger numbers than on the Great Hungarian Plain. Its
national population trend has shown a largeincrease (+40%).

Black-necked Grebe — Podiceps nigricollis — breeds and migrates in smaller numbers
(MME Nomenclator Bizottsag 2008). Within the framework of HWM its national absolute
maximum was 567 individuals (average: 289.3 individuals). Its population continuously
decreases during late summer. Between December and February it does not appear in our
wetlands. It begins to return in March. This is the reason for the slight, characteristic
population peak in late summer in August, and a somewhat stronger one during spring, in
April. According to earlier investigations (Keve et al. 1959; Schmidt 1959; 1961) Black-
necked Grebes mostly concentrate in Western Hungary during their autumn and partially
spring migration. This is so because they are attracted to large lakes. In certain years the role
of the Great Hungarian Plain increased in migration. Our studies have shown that in recent
times they have appeared in great quantities in certain wetlands of the Great Hungarian Plain.
Its national population trend has shown a large increase (+192 %).

Great Cormorant — Phalacrocorax carbo — is a common nesting species and increasing
both in population and range in Hungary (MME Nomenclator Bizottsag 2008). Within the
framework of HWM its national absolute maximum was 7,052 individuals (average: 6,370.3
individuals). It has a characteristic autumn population peak and a slightly stronger one in
spring (March). After the autumn cooling down, they depart from the frozen lakes to ice-free
rivers. In the winter the larger part of the population, including northern visitors, migrate to
the south. At the same time some of the nesting and visiting individuals stay in place. The
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minimum falls to January. According to the waterfowl census between 1986 and 1992 Great
Cormorants mostly visited areas of the Great Hungarian Plain during their autumn migration.
In the examined period the dominance of the Plain became more pronounced. In
Transdanubia the River Danube, Lake Balaton and the area of Kisbalaton plus certain
territories of Baranya County played an important role in their migration. In spring this
dispersion changed owing to the predominantly Transdanubian location of nesting places.
Because of the latter phenomenon our investigations have shown the increase of the role of
Transdanubia. The national population trend showed a small increase (+19 %).

Pygmy Cormorant — Phalacrocorax pygmeus — is an increasing nesting species and a
migrant in Hungary (MME Nomenclator Bizottsag 2008). Within the framework of HWM its
national absolute maximum was 680 individuals (average: 286.1 individuals). Its population
dynamics had one autumn maximum in October and one spring maximum in April. It’s
nesting population leaves continuously until February. In March overwintering species come
back from the Mediterranean region or the large European rivers. It has been a regular nesting
species in Hungary only since 1988 on the Great Hungarian Plain, before that there were only
some occasional observations. Our investigations have shown that apart from the nearly ten-
fold increase (+940 %), Pygmy Cormorants also appeared on the wetlands in the regions of
Transdanubia, particularly at the Kisbalaton.

Eurasian Coot — Fulica atra — is a common nesting, migrating and wintering species in
Hungary (MME Nomenclator Bizottsdg 2008). Within the framework of HWM its national
absolute maximum was 27,013 individuals, (average: 17,936.1 individuals). There is a
population peak with one strong autumn maximum in September and a weaker spring
maximum in March. After its autumn peak, the number of Coots continuously decreases up to
the winter minimum in January. Following this its population is gradually increasing up to the
above mentioned peak in March. Earlier this species migrated on the Great Hungarian Plain
both in autumn and in spring, although Lake Balaton and Kisbalaton also played an important
role in its migration. The newest investigations have shown the even distribution of the
Eurasian Coot; however, in winter it appears in large numbers on the ice-free wetlands of
Transdanubia. Its national population trend showed stability and a strong fluctuation in the
period of the survey.

3.2 Comparative Analysis

In comparative analyses, the first task is to record speciesin their largest numbers, and to
make an order for each species. These analyses reflect the potential importance of Hungary
for migration and overwintering for these species. Mallards had the biggest numbers on the
territories of HWM, followed by three species of geese: the White-fronted Goose, the Bean
Goose and the Greylag Goose (only latter one is breeding in Hungary). The fifth species—the
second commonest duck after Mallard—is the Teal (it is a rare, occasional nesting species).
The sixth most abundant waterfowl is the Eurasian Coot.

During the ten-year period there were 8 species with about 1000 individuals or less
(Anser erythropus, Mergus albellus, Tachybaptus ruficollis, Phalacrocorax pygmeus, Netta
rufina, Podiceps nigricallis, Cygnus olor, Mergus merganser). These species appeared
regularly but the numbers of individuals were small. Since some of the species are migrants,
or their winter population decreased markedly during the ten-year period, the average
maximum numbers of the last eight species showed changes, which put them to the end of
the list of the commonest species. Anser erythropus became second last on the list. Average
values for other species were near the end of the list which had very low annual peaks in the
first part of the decade, e. g. Aythya nyroca. The average number of individuals recorded is
unchanged at the top of the list. The position of the first six species is the same as the rank
order of their absolute maximums.
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Population changes i.e. trends over ten years provided the most important information for

conservation practice. We have listed the following species in different trend categories:

e Species with a heavily increasing population: Aythya nyroca, Phalacrocorax
pygmeus, Netta rufina, Podiceps nigricollis, Anas clypeata, Cygnus olor, Anser
albifrons, Podiceps cristatus, Anser anser, Anas strepera.

e Specieswith an increasing population: Phalacrocorax carbo, Tachybaptus ruficallis.

e Specieswith a stable population: —

e Specieswith afluctuating population: Fulica atra

e Specieswith a decreasing population: Anas platyrhynchos, Bucephala clangula

e Species with a heavily decreasing population: Anser erythropus, Aythya fuligula,
Anser fabalis, Anas querquedula, Aythya ferina, Anas crecca, Mergus albellus, Anas
penel ope, Mergus merganser.

To the real evaluation we have to add that even species showing definite changes showed
the significance of fluctuations. The irregular variations of climatic (too cold or too mild
winters) might change the speed and size of migration and the number of those birds
overwintering. Principles of energetic explain why species migrating from the north to
overwinter here in the Carpathian Basin are found in smaller numbers in mild winters than
during average winters. When winters are unusually harsh, a larger proportion of these birds
migrate to the Mediterranean region. In both cases it is the regional realignment of the
populations of the species, but that is detected as a fluctuation in the Pannon region. This
uncertainty becomes larger in small populations and for those species in areal expansion
(Netta rufina e.g.). Those species—e.g. Netta rufina, Aythya nyroca, Tachybaptus ruficollis
and Podiceps cristatus—where the number of breeding birds and nesting success at the end of
summer results the population peaks, the fluctuation is caused by climate anomalies, since in
dry years, the nesting success is reduced. Populations in August are smaller in dry years than
in optimal wetland conditions.
25 species were put into six different groups based on types of phenology. These are as
follows:
e Species passing through in late summer: Tachybaptus ruficollis, Podiceps cristatus.
e Species passing through dominantly in autumn: Anser erythropus, Anser anser,
Anas strepera, Anas crecca, Anas clypeata, Phalacrocorax carbo, Phalacrocorax
pygmeus, Fulica atra.
e Wintering species. Anser fabalis, Anser albifrons, Anas platyrhynchos, Aythya
fuligula, Bucephala clangula, Mergus albellus and Mergus merganser.
e Species passing through dominantly in spring: Anas penelope, Anas acuta, Anas
querquedula, Aythya ferina, Podiceps nigricollis.
e Speciespassing through in spring and late summer: Netta rufina, Aythya nyroca.
e Residents: Cygnusolor.

The ranking of two species needs explanation. Our wetlands, which are generally shallow
and when they do not freeze in winter, provide good wintering opportunities for those
Mallards (Anas platyrhynchos) coming southward from the north. This can lead to over-
population. There is a population swap when part of the nesting population of Cygnus olor
migrates south (to the Balkan) and their places are taken over by individuals of the same
species arriving from other parts of Central Europe. They equalize the number of the species
throughout the whole season.

Eco-geographical differences between Transdanubia and the Great Hungarian Plain
explain the differences in the dispersion of species.
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Dispersion dominance in Transdanubia: Cygnus olor, Anser fabalis, Anas strepera, Netta rufina, Aythya
fuligula, Bucephala clangula, Mergus merganser, Podiceps cristatus.

Dispersion dominance in the Great Hungarian Plain: Anser erythropus, Anas penelope, Anas acuta, Anas
guerquedula, Aythya ferina, Aythya nyroca, Mergus albellus, Podiceps nigricollis, Phalacrocorax carbo,
Phalacrocorax pygmeus.

Equal distribution: Anser albifrons, Anas crecca, Anas platyrhynchos, Anas clypeata, Tachybaptus ruficollis,
Fulica atra.

These conclusions are only valid for the periods of maximum populations. In other times,
both during migration and wintering, different values were obtained periodically.

4 DISCUSSION

Conclusions of the census on the Hungarian population trend, phenology and dispersion of
25 common waterfowl species reconfirmed some of the earlier results, but in some cases
different conclusions were drawn from earlier presumptions. It is evident that changing
environmental conditions affect population size, phenology and dispersion of migrating
waterfowl species.

These current investigations show the status after the change of the political system in
1989. There was a change of property ownership, a certain decrease of intensive agriculture,
and change in land use (Baldi — Faragé 2007), unfavorable impacts caused by global climate
change on nesting and migrating species and to their habitats (nesting, roosting, and feeding
sites) (Faragd 2005c). At the same time there were positive influences from nature
conservation efforts and habitat reconstruction. This created a special wetland system in
Hungary (Tardy 2007), and the effort is still continuing. This produces a steady positive
impact on the status of our waterfowl species. It helps compensate for the negative effects of
climate change in certain regions. Because of the large habitat restoration in Transdanubia,
there is now more balance in the dispersion of certain species instead of their earlier
dominance on the Great Hungarian Plain. This could be evaluated as a positive development.
Some conservation measures were taken in this period: closed season for waterfowl shooting
in certain wetlands in Hungary (Faragd 1997), designation of wetlands with international
importance (IBA) (Nagy in Heath — Evans 2002) and designation of special protection areas
(SPA) for birds and establishment of the entire NATURA 2000 ecological network.

Because of this system of changes we were able to increase the population of most

migrating and wintering species. We are glad to report a strong increase in some waterfowl
species: Aythya nyroca, Phalacrocorax pygmeus, Netta rufina, Podiceps nigricollis, Anas
clypeata, Cygnus olor, Anser albifrons, Podiceps cristatus, Anser anser, Anas strepera and a
slight increase of Phalacrocorax pygmeus and Tachybaptus ruficollis.
At the same time it is distressing to witness the decline of some other species. A strong
decrease can be seen in Anser erythropus, Aythya fuligula, Anser fabalis, Anas querquedula,
Aythya ferina, Anas crecca, Mergus albellus, Anas penelope, Mergus merganser. There is a
slight decrease in the case of Anas platyrhynchos and Bucephala clangula.

The globally threatened Anser erythropus is the most alarming. The focus of this problem
is outside of the Carpathian Basin. We can contribute very little to the solution of the problem
(Tar 2001), the key tools are not in our hands. Because of the realignment of wintering sites in
mild winters, we are witnessing the population decrease of the following waterfowl species:
Aythya fuligula, Anser fabalis, Anas crecca, Mergus albellus, Anas penelope, Mergus
merganser, Bucephala clangula. On the species level there is not much disturbance, since the
populations are stable, it is even increasing in the case of Mergus merganser (Wetlands
International 2006). Although in the case of Anas querquedula, Aythya ferina and Anas
platyrhynchos we are witnesses of a general population decrease (Wetlands International
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2006). The causes are not well understood. The decrease might be explained for Garganey by
desertification in their wintering territories in Africa. This is similar to the unfavorable
climate effects on nesting areas. Harsh winters, the instability of food sources (e.g. Dreissena
polymorpha) and some unknown processes, which are affecting breeding areas in Russia all
account for the decrease of Pochard. Mallards are decreasing for similar reasons.

Eleven species had a declining trend. Some of these species were hunted in the
investigation period: Anser fabalis, Anas platyrhynchos, Anas querquedula, Aythya ferina,
Anas crecca, Bucephala clangula. In the case of three species—Anas querquedula, Aythya
ferina and Anas platyrhynchos—for a positive change of the unfavorable population trend
termination of hunting should take responsibility.

Mallard was the commonest species. Large numbers occur in the Central European Region
and in the west Mediterranean region where one million individuals winter. There is no direct
danger, so no interference is needed (even though there is a slight uncertainty in the trend).

In 2008 the Hungarian hunting authorities decided to remove Garganey and Pochard from
the list of quarry species. We know that this is only a supporting measure and not enough to
reverse the negative population trend of the species. To achieve success quickly, we will need
protecting measures with an array of different methods of active intervention and a variety of
sites as locations of species conservation plans.

Last but not least, the importance of the role of long term monitoring systems must be
underlined, which are part of waterfowl research and conservation. Only the HUNGARIAN
WATERFOWL MONITORING makes it possible in Hungary to detect changes in the
population trends of our waterfowl species. This also applies to phenology and dispersion. We
should also draw conclusions for the sake of protection and use (hunting), since this has an
effect on our national interest.
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Abstract — Red deer (Cervus elaphusere fitted with GPS collars to estimate their habitat use and
feeding ethology. The purpose of the study was to find methods to reduce crop damage caused by
deer. The collars were programmed to produce an hourly recording of position. Two different types of
habitat were studied: a) An undisturbed and variable habitat (Zala County), b) A less variable area
much disturbed by human activities (Sopron mountains). Comparisons were made between 1) the
expansion of home range, 2) the intensity of open habitats use, and 3) the activity patterns of marked
individuals in the two areas.

The seasonal change of size of the home ranges showed similar dynamics in the two regions.
The summer home range was always smaller than the autumn-winter ranges. In Zala County, the
winter range often overlapped the summer range. In the Sopron mountain area, there was a
definite home range shift. The summer home ranges in the Sopron area were examined using the
60 % Kernel method where differences were usually found between the day and night-time home
areas. In the Zala region the phenomenon was not observed. The autumn-winter home range of
stags is larger than that of hinds particularly in the summer. Examined with the minimum convex
polygon method the difference is even larger than the results obtained from the Kernel method,
which focuses on density distribution. This shows that the autumn-winter movements mostly
represent rambling and only in a lesser, but still significant extent derive from the real extension
of home ranges.

Large differences existed at regional and individual levels regarding the use of the open habitats.
The red deer in Zala used the open habitats in a more intensive way than those in Sopron.

The daytime activity of the Sopron stags was less than that of the Zala stags.

red deer/ home range / habitat use / activity patterns

Kivonat — A gimszarvas terillethasznalata és mozgastkitdsa egy magas erésiltsédi és egy
mozaikos erdei éhelyen. Gimszarvasokat jeloltiink GPS nyakdrvekkel mozgaskdrzetilksBslyl
hasznalatuk becslése, taplalkozas-etoldgidjuk megismerése céljab6l annak érdekében, hogy
vadkarcsokkerit modszereket fejlessziink ki. A nyakdrveket Ggy programoztuk be, hogy oranként
mérjenek pozicidkat.

A vizsgalatot két, éhelyi adottsagukat tekintve eltétérileten végeztik: (a) Zala megyében,
egy viszonylag zavartalanabb és valtozatosalitheli adottsagu teriileten és (b) a Soproni-
hegyvidéken egy emberi tevékenység altdken zavart, kevésbé mozaikos teriileten. A két tertleten
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Osszehasonlitottuk (1) a mozgaskdrzetik kiterjadd@® a nyilt ébhelyek hasznalati intenzitasat,
illetve (3) a jeldlt példanyok mozgéasaktivitasat.

A mozgaskorzetek nagysaganak évszakos valtozasanlbaslinamikat mutatott a két
tertileten. A nyari mozgaskorzet mindig kisebb \amtészi-télinél, azonban, mig Zalaban a téli
leggyakrabban tartalmazta a nyérit, addig a Sophegyvidéken hatarozott mozgaskorzet-
eltolédéas volt kimutathaté. A soproni tertiletenyam mozgaskorzetek 60%-os Kernel médszerrel
vizsgéalva altaldban szétszakadtak a nappali éakgsamozgaskorzetek kulonbsége miatt, mig a
zalai terileten ilyen kulonbséget nem tapasztaltunlbikak 6szi-téli mozgaskdrzete lényegesen
jobban kitagul a nyarihoz képest, mint a tehendk#.a valtozas még nagyobb, ha minimum
konvex poligon modszerrel vizsgéljuk, mint, hat{aiségi eloszlast is figyelembe weKernel
modszert, ami azt mutatja, hogy &szi-téli elmozdulasok nagyobb részt elcsatangolddbk
allnak, és csak kisebb, bar szignifikhns mértékbeeszélhetiink valés mozgaskorzet
kiterjesztéssl.

A nyilt éléhelyek hasznalatat tekintve nagy eltérések vaneak csak a két terllet kozétt, de a
terlleteken belll az egyes példanyok kozott is.abaizszarvasok atlagosan sokkal intenzivebben
hasznaltak a nyilt éhelyeket, mint a soproniak.

A soproni szarvasok nappali aktivitdsa Iényegesmamdt a zalai szarvasokétol.

gimszarvas / mozgéaskorzet / éhely-hasznalat / mozgésaktivitas

1 INTRODUCTION

Research with telemetry equipment on the habitat arsd movement of red deer goes
back 40 years (Heezen — Tester 1967). In the eatinees use was made of radio

telemetry based on triangulation which was alsoduseHungary (e.g. Szemethy et al,

1996). The drawback of this method is that it isyvexpensive and time consuming in

studies measuring the position of large herbivéhas have a large home range (Kenward
1987). This is why the method is not suitable taraine home ranges over short periods
(e.g. monthly or day/night time periods). Anotheawback is that it is hard to observe

home range shifts, although Georgii (1981) and Kamnet al. (2008) reported successful
trials. The definition of habitat use is even mpreblematic because of the small number
and infrequency of observation points. The breakigh came with the application of

GPS telemetry in game biology. This allows obses\terget observation data every thirty
minutes if required. The aim of this research viRS telemetry was to estimate the home
range, habitat use and patterns of daily activityeal deer. By using knowledge of the

feeding ethology and strategy of red deer, methodshe reduction of crop damage can
be developed.

2 MATERIAL AND METHODS

Two territories with different habitat characteiest were used in the study. The first in
Zala was undisturbed and variable. The altitudetho$ territory is between 140 and
330 metres above sea level. The climate is a tiansito sub-Alpine and to sub-
Mediterranean. The habitat is patchy, formed ofmsively managed forest with an
emphasis on natural regeneration. Agriculture imid@ated by maize, clover, oilseed rape
and grain crops. The most common forest type issthghern Transdanubian beech forest
(Vicio oroboidi Fagetum The distribution of stand forming species isfal$ows: beech
41%, Turkey oak, respectively sessile oak 41%, Spone 12%, others 6%, the main
silvicultural activity is selective felling of bebcCollars were fitted on 7 red deer (4 stags
and 3 hinds).
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The second area was in the Sopron mountains, whah much coniferous forest
dominated by spruce and managed under a clearstensy land use is less fragmented,
agriculture being dominated by maize, sunflowergirgand viticulture. The area is also
much disturbed by human activity. The land has antan range of medium height with an
altitude between 340 and 460 metres above sea [Ekiel Sopron mountains belong to the
East Alpine flora domain (Noricum) and the Soprofskeg flora district (Ceticum). The
ratio between coniferous and broad-leaved spediethe study area changed to 46:54%,
because of preference of decidous species in regferes and damages by bark beetlps (
tipographu$ to spruce trees. In this second territory GP$acolere fitted to 6 deer (1 stag
and 5 hinds). One of the hinds subsequently gatedj by gunshot on one leg shortly after it
was collared, consequently its home range was snthkn that of the other animals although
it successfully raised a calf. Therefore this imdiisal was excluded from our calculations of
the size of the home ranges.

The collars have two main functions: the transroissof radio signals to faciliate a
search for the animal, plus the recording, stoagetransmission GPS positions. A separate
unit installed on the collar makes it possible émove the collar from the animal’'s neck by
using a remote controlled signal. This can be daine predetermined point in time. The
collars were programmed to record coordinates everyr. The collars were fitted in
February 2005 and 2006 and each of them was drapfpegfter 1-year work.

Comparisons were made of the extent of the homgesaand the intensity of use of the
open habitats in both territories. Activity pattewf the marked individuals were examined by
measuring the distances between the hourly codetina

The sizes of the home ranges were compared usegnihimum convex polygon
method and the Kernel method. The former methodbioes the most distant observation
points, producing a plain figure in which “it is puossible to hide.” It encloses the largest
territory within an irregular polygon. The Kernelethod focuses on the density of the
observation points defining an index based on thatp, giving the probability of whether
or not the animal entered a certain cell. Usingpbmts, the seasonal home ranges were
determined. There were great seasonal differencesutumn, winter and spring (later
shortened to winter) and the summer season, althdlig two periods were not set to
calendar dates, but instead to the seasonal chaintpe size of the home range of each
animal. The basis of the change of the separatias the beginning of the autumn
expansion of the home ranges, and the regular arigtn of the summer home ranges.
For stags, the two periods of change took plackugust-September and the end of April.
For hinds the range change was at the beginnir@cbdber and the end of April. Certain
individuals showed differences of a few days or kece

The differences of the home ranges of hinds argssathin the territories and between
these territories were compared by using a t-fE@st. changes of habitat types and activity
patterns were examined with a paired t-test.

3 RESULTS

In the course of the year the change of the siz@ofe ranges showed similar dynamics in the
two territories; the summer home range was alwmglsr than the winter one. Measuring with
an MCP in Zala County, the summer home range failshivas 1,310 + 700 hectares and the
winter range was 2,570 + 1,130 ha. In Sopron thedused 530 * 415 hectares in summer.
In winter it was 1,140 £ 600 h&igure 1).
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Figure 1.Home ranges of hinds in Sopron and Zala by seasons

The Zala home ranges were obviously bigger. Therdifice between the summer home
ranges was significant (p =0.05). In winter thdfedence between home ranges was
conspicuous, but not significant due to the laiggandard deviation. In summer the stags in
Zala were moving over 1,500 £ 820 ha. In winterythanged over 5,310 + 2,230 ha.
In Sopron the home range of the collared stag wE&0lha in summer and 4,110 ha in winter
(Figure 2.
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Figure 2.Home ranges of stags in Sopron and Zala by seasons

In Zala the winter home range overlapped the sumraege in 5 out of 7 cases.
However, in two cases a shift in home range wasmls within a certain forested area even
if the stags sometimes visited their summer homegealuring the winter. Red deer moving
in higher regions of the Sopron mountains showekfaite home range shift because they
were moving toward the foothills at the beginnifigunter. There were two exceptions. One
hind had a summer home range in the foothills arly expanded its original home range in
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winter. The other exception was the three leggead hivhich did not move from its
particularly high altitude home range even in winte

It is striking that in Zala there was no differenoetween the summer home range of
hinds and stags (p > 0.05). However, the winter dn@ange of stags was much larger than
that of hinds (p = 0.04). Examination of the annbame ranges with an MCP method
revealed that the average home range of stags7($h8p is larger than that of the hinds
(2,576 ha), (p =0.02). When investigated with &9Bernel method, the difference was
much smaller and was not significant at 1,291 &bl Ya respectively, (p > 0.05). In contrast
to the MCP method, the Kernel method focuses ondtesity distribution of points, and
consequently the larger home range of stags wadlynthse to rambling. The core of their
home range did not significantly exceed that ofttimals.

In summer, the daytime home range of the Soprogsstas always smaller than the
night-time range (p = 0.05). In a number of casespbserved a shift in the home range, due
to the disturbance of the territoryigure 3.
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Figure 3.Day and night-time home range of a collared Sopexhdeer
(daytime observation points, night-time observapomts)

In Zala the night-time and daytime home rangesdiddiffer in most cases.

There were large differences in terms of open hahise, not only between the two
populations, but also between certain individualkhiw the same population. On average the
Zala deer used open habitats in a far more intensay than the Sopron deer, based on the
annual data (42% : 23%). When analysed on a momiys, the difference was significant
(p = 0.000) Figure 4.
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Figure 4.Use of open habitats in the case of Sopron and deda

It was also conspicuous that the hinds used opéitatss more often than the stags
(p=0.04). The difference was particularly striking summer during the period of antler
growth.

The daily activity of the Sopron deer was less ttteZala deer both in summer and
in winter (p= 0.000). The greatest difference itivaty was in the winter daylight hours
(Figure 5.
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Figure 5.Daily activity patterns of Sopron and Zala deer

This was due to less cover and more disturbancesreTwere two activity peaks in
summer in both territories. The smaller one watheearly dawn hours, the other in the late
evening hours. In winter there was no dawn actipégk, but there was an evening peak.
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4 DISCUSSION

The size of the home range of deer species mayetszndined by several factors. These are
food supply and the habitat which provides the fo(®hid — Servanty 2005), population
density (Kjellander et al. 2004), the season, thed the deer, feeding style and body mass
(Mysterud et al. 2001). In this investigation, th#erences between the home ranges of both
stags and hinds were significant and the seasdwalge in the size of the home range was
also proven. In flat territory the presence of éapyedator species resulted in smaller home
ranges as recorded by Kamler et al. (2008). Thesratf the home ranges of the two sexes
and the seasonal changes in the size of home rasgescorded by Kamler were similar to
those of this study. The size of the winter homegeawas significantly larger than the
summer range in both territories.

Studies in France by Hamman et al. (1997) and Kéeid Hamman (1999) described
smaller home ranges of red deer than was obsemnvtiisi study. Investigating the movement
of the stags, Klein and Hamman (1999) found thatdbre-area of the range of older stags
had several centres, an observation confirmed sylteefrom this study. This was also the
case for hinds. In the disturbed Sopron territorye of the causes of the split of core-areas
was the difference between night-time and daytimmé ranges. In this area the summer
daytime home range of deer was always smaller ttiamight-time range. In Zala there was
no such difference between daytime and night-tiorednranges. As with the French data, the
main reason for the split of core-areas was defibpgdiological cycles (antler growing,
rutting and the late rutting season), as well assttmmer/winter home range shift.

In both territories seasonal changes to the homgeravere observed. This was more
characteristic in the mountainous terrain near &@opin Zala, the home range shift was less
common. In Sopron an exception was the movemetieoiind that was close to the foothills
in summer. If there is a shallow blanket of sndwe mountain deer which are not provided
with supplementary feeding, have a characteristittepn of behaviour, using the superior
food supply found in habitats in non-forested waleln contrast the deer provided with
supplementary feeding are more closely bound taracplar location, choosing to make their
home range adjacent to a feeding site (Schmidt)1983tase where home range shift was
observed, the feeding places were used in a mtelesive manner, unlike the deer that have a
very localised pattern of ranging behaviour and paore easily use a local food supply
(Luccarini et al. 2006). This means the home rastgk is not only a characteristic of animals
in a complex forest-agricultural habitat as examibg Szemethy et al. (2003) and Bir0 et al.
(2006). Furthermore the shift of home range is ooly a characteristic of red deer in
mountainous terrain, but it is also found in areflew relief and in forested terrain, although
to a lesser extent. The difference in the sizenefdction radius between the home ranges in
Sopron (2.1 £ 0.3) and Zala (6.8 + 3.0) was muchlenthan the above mentioned studies,
which had the values of 8.9 + 2.1.

In this study the home range of stags was largar that of the hinds, but the difference
was much smaller when we investigated with an MG&hod than with a 90 % Kernel
method. The latter method did not show significdifterence. This shows that within the
home range of stags there was a particular corehwivas used more frequently. The
positions were less common outside of this areas&lareas were less frequently used by
stags because of their habit of rambling. The asich is similar if we look at the research of
Kamler et al. (2007), who examined the daily movenwd hinds and stags and did not find a
significant difference in their daily home rangadthough the stags had a slightly larger
range. At the same time 12% of the hinds’ annuatdnoange and 3% of the range of stags
was used every day. This also proves that the 'dtagse ranges include areas that are used
in a less intensive way. It would appear that thiferdnce of body mass of the two sexes
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might influence the size of home ranges, but tluesdnot prove the significant difference
between their home ranges as shown by the MCP wheltie variation may be explained by
the behavioural differences of the two sexes berategs moved within large areas between
the summer home range, the area used in the riggagon, and from there towards their
winter range.

The characteristics of the habitat, namely the sfoiver ratio of the home ranges
influenced the frequency of use of the open habitBite disturbance of the area also played a
role. Forest cover is important in the protectigaiast predation (Wolff and Van Horn, 2003)
and against human disturbance. At the same timéotiest also provides thermal protection
(Cook et al. 1998; Porter et al. 2002). These factoake it probable that in highly forested
but disturbed areas the home range is smaller.eThirdings correlate very well with the
results from this study.

It is also known that the quantity of the feed dypm@as a negative influence on the size
of the home range, while the quality of the feedifnely influences the size of the range
(Saether and Andersen 1990; Mysterud et al. 200/hen feed is abundant, required dry
matter intake is achieved with reduced rangingvagtibut when feed quality is lower, the
time required for rumination is extended. Takingamt of these factors it is striking that the
home range and daily activity of the deer in therBo study area was smaller than that of the
deer in Zala, especially since the body mass atldragize was smaller in the Sopron deer
than in the deer in Zala. The habitat of the Zatardwas less uniform, supplying feed in
patches where it was found in larger quantitiesesehresults make it probable that the
reasons for the smaller Sopron home ranges artodbhe following facts: a larger proportion
of forested area, less variable habitat, more dhances, habitat with lower quality and
smaller quantity of available feed. Future researahld possibly prove the effect and the
weighting of these factors.

Hinds frequent the open habitats more than thesstegpecially in the summer antler
growing period and this supports the empirical eigmee of the reclusive behaviour of stags
at this time.

The fact that the daily activity of the Sopron digyged behind the deer in Zala both in
summer and in winter and especially in the earlyrdhours, can be explained by more cover
and more human disturbance in the Sopron regiothdBavarian Alps Georgii (2004) found
a bi-modal daily rhythm (two activity peaks) whigéas very similar to the results in this
study.

Kamler et al. (2007) have drawn attention to theoanance of human disturbance
influencing the activity patterns of deer. In anpeval forest without human influences, they
did not find activity peaks at dawn and dusk. Kamdeated that the activity of deer in
undisturbed forests is defined by natural factdrprecipitation, temperature, nutrition and
rumination.

5 CONCLUSIONS

When home ranges of red deer expand in autumn thexe increased risk of crop damage
over a larger area. Consequently from autumn tmgghe objective should be to limit deer
movements through the use of supplementary feeavhgzh should be distributed as far as
possible from the forest habitats that are sudgleptio damage. This is very important
because the scattered data from this study algmsiuine statement of McCorquodale (1993)
that, when there is a deep blanket of snow, deangdh their strategy, become sedentary and
less selective about their food, increasing thegdamf the browsing of seedlings. Results
from previous investigations (Nahlik 2002) havewhdhat the incidence of browse damage
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was greatly increased when herbaceous plants ofesthtions were covered by snow or in
consequence of total removing of undesirable treleshrub species during weeding.

The small daily home range of the Sopron deer Isaesvn that red deer have a reduced
pattern of movement during the day when there isenlmman disturbance, than at night.
Activity patterns were similar in both territoriemicreased disturbance and a consequent
decrease in daily home ranges result in increasmslde damage. This is because the deer are
not able to move out of their hiding areas durimg daytime. Consequently they have to feed
in stands which provide resting place i.e. oftestands formed by saplings or pole-size trees.
A similar problem occurs when heavy snow coverthntine movement of deer. In both cases
game managers can help by snow ploughing, the gooviof supplementary feed of a
suitable quality and by seeking to reduce humatuutance.

Although in the highly forested Sopron area theeedeer that spend their entire lives at
higher altitudes within the forest, even in winteoving only to the edge of the forest, red
deer usually choose a summer home range that exlad agricultural area with an adequate
food supply. The risk of deer damage to agricultaraps is much greater in habitats adjacent
to agricultural mosaic territories. If there areas of land in private ownership or there is land
that may be rented, also being suitable for uségase fields’, the strategic sowing of
attractive fodder crops may help in drawing deeayafvom cultivated areas.
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Algorithms for Stem Mapping
by Means of Terrestrial Laser Scanning

Gabor BRoLLY — Géza KRALY

Department of Surveying and Remote Sensing, Faculty of Forestry, University of West Hungary, Sopron, Hungary

Abstract — Terrestrial laser scanning is an active remote-sensing technique, which has the potential to
provide detailed spatial data for various applications in the fields of forestry and nature conservation.
This study introduces algorithms and methods to extract individual tree parameters — such as tree
location, stem diameter at breast height (DBH), and tree height — in automatic manner from terrestrial
laser scanning data. The efficiency of the algorithms was tested on laser scanning data collected in a
permanent sampling plot in the Hidegviz-volgy forest reserve. The accuracy of the derived individual
tree parameters was validated against tree metrics yielded by traditional field methods.

Remote Sensing / TLS / Modelling / Algorithms / Tree parameter estimation

Kivonat — Automatizalt eljarasok torzstérképek eballitasara foldi Iézeres letapogatas alapjan.

A foldi lézeres letapogatds egy Uj, aktiv tavérzékelési technika, mely részletes térbeli adatok
szolgaltatdsaval az erdészeti és természetvédelmi célu térképezések és faallomany-felvételek hatékony
eszkoze lehet. Jelen tanulmany olyan mdodszereket és algoritmusokat mutat be, melyekkel egyesfak
térképi pozicidja, mellmagassagi atdjér €és magassaga hatarozhaté meg automatizalt aton, a foldi
|ézeres letapogatas adataibdl. Az algoritmusok hatékonysagat a Hidegviz-vélggzendatum egyik
allandositott mintapontjan készitett felmérés adataival teszteltiik. A faegyedek helyének és méreteinek
pontossagi vizsgalatahoz az algoritmusok eredményeit hagyomanyos eszkdzokkel végzett térképezés
és torzsenkénti felvétel adataival hasonlitottuk dssze.

tavérzékelés / TLS / modellezés / algoritmusok / egyesfa paraméterek becslése

1 INTRODUCTION

Forest reserves are strictly protected conservation units. Beyond conservation, study of the
diversity and structure of undisturbed forests are prerequisites to understand their dynamics.
Data acquisition should be carried out on individual tree level since the traditional metrics are
related to single-trees. On this scale the classical inventory methods require manual
measurements and a lot of fieldwork. Up-to-date terrestrial remote sensing techniques offer
data from which forest-related information could be derived through modeéMiodels have

the ability to hold spatially explicit information such as distances, directions, angles,
neighbourhood relations, overlays, and surface roughness, which makes more realistic
structure characterization possible. Furthermore, parameters of accuracy are produced by
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several modelling methods. Laser scanning is onieinost efficient techniques today, to
obtain high-resolution datan the scale of single tredisat can be utilized to stem mapping,
realistic tree modelling and accurate paramet@masbn.

Laser scanning, often referred to as LIDAR, is etiva remote sensing technique, which
can operate on aerial or on terrestrial platformbdth cases, three-dimensional coordinates,
acquired by scanning laser range measurementsi;ilikesice surfaces of measured objects.
Laser scanning is developed for topographical sungeand civil engineering, but can be an
efficient tool in forestry-related data capturevesl. The primary output, the so-calleaw
data is a three-dimensional point cloud with high aecy, howeverwithout any thematical
or structural characteristicsConsidering the amount of data it is often nemgs$o use
automated algorithms with minimal user interactidn. obtain information from raw data,
reduction and generalization is necessary whichuoem filtering and modelling procedures
In the course of filtering measurements from refé\abjects are extracted from the raw data
set. Various object-types require special filterintgethods. In the stage of modelling
geometric primitives such as planes, surfaces, bodies of revolugtn,— are fitted on the
filtered points. Based on these models not onlyrimebut topological, structural, or even
thematical information can be obtained with simpsal or computer aided spatial analysis.
In this study we focused on the branch-free boleds. The main goal was the evaluation of
a terrestrial laser scanning for individual treepnaend classical forestry-related tree metrics
(DBH, tree height). The sample data derived from filst terrestrial laser scanning, which
was carried out on a Hungarian forest site. Thefopmance of the highly automated
algorithms was validated against classical fieldsueements.

2 MATERIALS

Forest Reserve ER-46 (Hidegviz-voldiigure 1) was selected for this study, due to its near-
natural stand structure. This reserve is a mixpgrax. 85-year-old stand with sessile oak
(Quercus petraga hornbeam Qarpinus betulus beech Fagus sylvaticy larch (arix
decidug and spruceRicea abie} species. Forest management had been moderateh whi
resulted in dense forest stand. The spruces ang ayfibark beetle damage. The stand has a
sparse lower canopy layer consisting of dying @ecBetula pendula hornbeam and beech.
There is a 50 x 50 m sampling grid over the resé&wvassign permanent sampling plots for
monitoring purposes.

The laser scanning survey was carried out on tvmmg@eent sample plots (No. 05-11 and
08-10), in April 2006 with a Riegl LMS-Z420i insment Figure 2. We investigated only
the data collected around the No. 05-11 sample Plee deciduous trees and bushes were in
leaf-less state that time. The scanning was donéherwhole upper hemisphere at three
different tilting angles of the rotating axis oktinstrument, resulting in a vertical range from
40° below the horizon to zenith with a 0.055° anglsolution. The scanning frequency was
24.1 KHz in each recording. The whole raw datasetained 11,738,206 measurements on
this plot. Simultaneously, colour photos were taketh a calibrated digital camera, so red,
green, and blue colour components were assigneshth point after the registration. The
surveying company Pi-Line performed the data adpms the registration and the colour
coding. Scanning in single-scan modus (i.e. scaniiom only the central position) is
enough for forestry-related and individual treegpagter estimation (Thies — Spiecker, 2004);
in addition it is highly economical then scannimgmi more directions. Our algorithms are
optimised to evaluate single scans, although taeyhandle multiple scans as well.
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Figure 1. Hidegviz-volgy forest reserve Figure 219—-7420i laser scanner

Reference measurements including tree positiorgispediameter at breast height, and
tree height were collected with traditional instemts to verify the models. The coordinates
of the trees inside the sample plot were acquirig &vLeica 1200 Smart Station. Diameters
at breast height were measured with measuring Tdpeheights of the tree were measured by
a digital photogrammetric workstation, utilisingstereo pair of colour aerial photos with
4 cm ground resolution.

3 METHODS

The introduced algorithms contained all the praogssteps to obtain stem models from raw data.
Beyond the individual stem models, an accurataallitgrrain model (DTM) and a digital crown
surface model (DSM) of the sample area were pratiuidee applied workflow was composed of
adopted and self-implemented algorithms. At theirtvéigg of the next sub-sections the basic
ideas of the algorithms are described followedHgy mhodification and implementation details.
The structure of presented algorithms and thepustare shown iRigure 3

Stem
detection
Drerivation of -
surface models [ 1 Algorithans
(DT, CHI ¥
Stem
modeling
|
¥ ¥ ¥
DT Tree Tree position, Ouiputs
CHIM heights= DEH

Figure 3. The workflow and outputs of the procegsin
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3.1 DTM generation

The filtering of terrain points from raw data ispeerequisite to extract vegetation points and
calculate relative heights above the ground. Siem@tsal. (2004), Henning and Radtke (2006)
propose regular sampling of locally lowest poiitofved by further filtering tests, e.g. if a point
caused steep slopes on the surface, it could Ihedextc Bienert (2006) obtained ground points in
rough terrain by height-percentiles based filterikgraly and Brolly (2007) introduced a
compound grid and TIN based coarse-to-fine itegathethod. The first step was to select the
lowest points in each cell of a coarse, regulat. gkiTIN model was generated from these points
and relative heights from the model were calculdéedeach point. The points with the lowest
relative height were selected within each cell afrid with double resolution then a new TIN
model and relative heights were recalculated. Hration went from 8 m to 0.5 m cell size. The
densification of the point cloud would have perettta better resolution DTM too, but our
purposes did not require a more detailed moddieekpense of much more processing time.
Unfortunately, in the raw data some points situdteldw the terrain surface were found to be
faulty, so some manual selections were also lefgrb creating the final DTM.

3.2 Stem detection

Measurements not assigned as terrain points cdagged avegetation pointsVegetation
points contain measurements from stems, brancléagé, and low vegetation. It is not
possible to ascertain which points are measured fhe same tree at this stage, so each point
has to be assigned to a tree from which it was @rpéy reflected. While neither the number
nor the coordinates of the trees are known, thassification procedure requires a pattern
recognition algorithm This is a crucial issue while the accuracy of final stem models
depends on the reliability of the point-stem assmn. There were numerous methods
developed in recent years aiming at stem detedtiom a laser scanning point cloud on
automatic or semi-automatic manner (e.g. Asch@piecker 2004, Bienert 2007, Wezyk at al.
2007, Kiraly — Brolly 2007). Most of the algorithroat thin, horizontal cross-sectional slices in
given heights above the ground from the cloud gktation points. The points in the same slice
were treated as if they were in the same plane-dimensional pattern recognition techniques
were used on the points of the slices, e.g. Hotayistormation (Thies — Spiecker 2004). The
effectiveness of automatic stem detecting methaised between 20-100% depending on
stand conditions and scanning parameters.

The tree detection method, which we are presemtirigis paper, is a 'coarse to fine’ one,
and has a well-separated pre-processing, clustenidglassifying stage. The pre-processing and
clustering stage are introduced in this sectiod, r@sulting in separate point clouds which are
treated as stem-candidates. The classifying stadiedes different shape fitting procedures that
are performed on the points of stem candidatesle/g8hape fitting is not only to verify the stem-
candidates, but also to represent the geomethedftems, these are presented in the next section.

In the pre-processing stage those points are edlechich heights above the DTM are
between 1 and 2 meters. Additionally the absolueghts of these selected points are
converted to heights above the ground.

The clustering step has two objectives: (1) Excdgdicattered, noisy points of bushes, and
small branches, (2) Assigning each of the remaipmigts to a stem-candidate. These two goals
are achieved through the same step, where heightinates do not have role. The main idea is
that the measurements on a stem surface are grabpgdire closer to each other, than those are
reflected from thin branches or bushes. With siedisterms the denser stem points falosters
in the horizontal plane. Every point fulfilling tsamesimilarity criterionis assigned to the same
cluster. There are many clustering algorithmshis study a modificated variant of tkeneans
method was implemented. In classikaiheans clustering number of data have to be divided to
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k number of clusters, where the similarity criterisrthe horizontal Euclidean distance from the
cluster’s centre, ankl is a known integer. Unknowns are the centre coatds of the clusters.
The detailed algorithm démeans clustering is found in e.g. Fogaras — Luk#@85). Since the
number of trees was not known beforehand, someficatehns of the classic&means method
were needed. The utilised clustering method wastesative process, where the number of
clusters, and also their centre coordinates had tlobally optimised considering two constrains:
the minimal point number and the maximal clusteius The former ensures that small objects
cannot become stem candidates, the latter guasathi@eneighbouring stems are not merged in
one cluster. These constraints make the optimisatiocess unambiguous, and are given as user-
defined parameters. The approximate radius of #peated largest stem can be used for
estimation of maximal cluster radius. The minimaihp number depends on the data capture and
can be given through an exploratory visual analysisur study the minimal point number was
100, the maximal cluster radius was 0.50 meter.

3.3 Stem modelling

After classifying stem measurements, the crosseseatf the bole can be modelled by
different geometric shapes, such as circles (Hgneinal. 2004, Bienert et al. 2006), free-
form curves (Pfeifer 2004), polygons (Wezyk et2007), or cylinders (Pfeifer et al 2004,
Hopkinson et al. 2004, Thies 2004). If the filtgyinas taken place in several heights, vertical
approximation of the overlapping shapes is posshiem this model the position coordinates
and diameter are available at any given height,aduthich the one at breast height has
particular importance. The reported accuracies BHDestimation in the above mentioned
studies are comparable to classical forest invgntoethods (e.g. caliper, measuring tape).
With the evaluation of overlapping shapes the bdltg of stem-classification can be
enhanced (Aschoff — Spiecker, 2004) and furthetigpaexplicit data, such as tilting angle,
stem profile and tapering of the stems become ablail(Bienert et al. 2007).

In our work the clusters were handled as stem daes. In the filtering procedure
geometric shapes were fitted onto the points ohedaster. In 2D the circle, in 3D the
cylinder was chosen as geometric form to describte@. In case of circle the shape fitting
was performed only at a thin horizontal sectiom gfiven height, while cylinders included all
points of the clusters. The circle requires 3, ¢diinder 5 parameters to be calculated. The
parameterisation of circle (Eq. 1) and cylinder.(Egwere the follows:

lc—pll-r=0 (1)

where ¢ is a vector (X%, Y¢) pointing to the center of circle,
p (Xp, Yp) is a point on the circle,
r is the radius.

l(@-g)x njj-r=0 (2)

Wherea is a point (%, Ya Zs) on the axis,
q is a point (%, Yq, Zg) on the cylinder,
n (Xn, Yn, Zy) is the direction of the axis.

The 7 unknownsg, n, r) can be reduced to 5 & is defined on the zero level plane
(Zs=0), andn has a length of unit (Thies et al, 2004).

The shape fitting took place with theast squares adjustmemtinimizing the discrepancies
in the sense of Euclidean distance between theumeasnts and the boundary of the fitted form.
This procedure suppressed the effects of scafpeiats on the shape parameters and resulted in a
more precise model. The final step was a classditawhere the fitted shapes were verified with
classification rules to decide if they were simédaough to be a stem. The classification variables
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were root mean square error (RMSE) of the shapegfitand the relationship to the vertical
neighbours in the case of multiple height secti@xsstence, difference of diameters). The right
sets of classification parameters depend on thesusemands. The stricter rules provide fewer
results with higher reliability and more precisedais.

The comparison of the three variants of the abaseibed algorithms is performed in
the following. The variants differ in how much tekevation data are involved in the filtering
and classification steps. In the first method tittering shape was a single circle (SC); the
filtering took place only at breast height (1.30 m)10 cm thickness. The classification rules
were minimal number of measurements: 15 and RMSE)<cm. In the second method the
filtering was implemented in three different heglt{i.00 m; 1.50 m; 2.00 m, with 10 cm
thickness) independently from each other. This oetthas called multiple circles (MC). The
classification rule was extended with a 5.0 cmghotd of radii’'s standard deviation in case
of minimal two overlaying circles. The third methosghich was called cylinder (CY), read
data from 0.95 to 2.05 meters above the ground fiteced them based on cylinder fitting.
The classification rules were minimally 100 meamerts, RMSE < 2.0 cm and maximum
45°-axis inclinationln the case of CY, the exact elevation coordinafethe measurements
were utilised in a 3D adjustmenithe working scheme of the variants can be se€igure 4.

1% 1% 1%

w

Figure 4. Principles of single circle (SC), mulyatircles (MC), and cylinder (CY) tree
recognition algorithms

3.4 Tree height estimation

There has not been any automatic method developethst would be capable to delineate
individual tree-crowns in a middle dense canopgilagecause the point number decreases in this
height so much that delineation of fine brancheleaves become impossible. Differemdirect
methodshave been developed to locate treetops therefftwpk{nson et al. 2004, Henning —
Radtke 2006) or assess tree height based on stermta(Thies — Spiecker 2004, Kiraly — Brolly
2008). The former are more reliable, the latterkneren in stands with multiple canopy layers.
Indirect tree top location means taking the higlpesnt in the surrounding of the tree ground
position then calculating their elevation differenéctually it does not take into account the tree
tilt angle and curvature, in spite of this Bier{@@06) achieved = 80 cm accuracy, Wezyk (2007)
+ 1.1 m absolute mean error against tacheomeyricedhasured tree heights.
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In our work, the surface of the upper crown (DSMjswnodelled similarly to the DTM,
but without iteration and the absolute highest minere selected within each 0.2 m cell.
Unfortunately, the point density in the crown laykd not make it possible to make higher
resolution digital surface model. It was very imjpot, however, to smooth the DSM for the
automatic tree-tip determination, so a minimum-etuve Spline interpolation was applied.
The regularised Spline interpolation creates ludase, which passes exactly through the
data points, and 2) a minimum curvature smoothaserfwith a smooth first-derivative
surface (Franke 1982). An inverse watershed madelvas applied to delineate individual
tree crowns (Gougeon 1995, Kiraly 1998). In theseks, very high resolution aerial images
with adequate lighting conditions created the basssuming that the pinnacles of the trees
are the brightest points in these images, andegrarated by shadow area from each other, the
task is to delineate them. Treating the image asmwaerse digital terrain model, where the
brightest pixels are the lowest points, the indraldtree crowns are the watersheds, which can
easily be separated by well-known algorithms (Jerssad Domingue 1988). These image-
based methods were adopted succesfully on airbasee scanning data, where the top of the
trees were determined on the Digital Surface Mogélyppa et al. (1999)).

Detected treetops

DSM with detected tree crowns and trunks /\/ Trunks (sample)
[ Delineated crowns

5 0 5 10 15 20 Meters

Figure 5. Delineated tree crowns and treetops anghaded DSM (illumination from zenith).
Arrows show the leaning directions of the modedienns

For tree mapping not only the delineation is nemgsbut the delineated crowns have to
be assigned to the detected stems to calculateidndi tree heights. Tree height is estimated
as the vertical distance of the stem’s ground osénd the highest point of the crown. The
first method implies that trees have minimal legnso the nearest local maximum to the root
of the tree in XY direction has to be found. Footdimensional stem models (SC and MC
methods) this simple method was used in this stirdgase of three-dimensional models, the
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leaning angles are calculated in the course ofesffigpg. It was supposed that considering
the leaning directions the tree positions andtwps could be linked with better reliability. As
second method that local maximum was accepted asrdlated tree top, which was
horizontally closest to the intersection pointlod ctylinder’s axis and the DSM.

4 RESULTS AND DISCUSSION

4.1 Tree mapping

The tree mapping covered stem detection and detation of central coordinates of the
fitted geometrical formsHigure 6. The automatic classification of species wasinciuded

in the presented algorithms, although would be iptessn the future, based on the colour
information. A reference height had to be definedwhich the planar coordinates were
concerned because of the leaning of the stems. \@heee consists of two or more stems
forking below breast height, each stem has to besored separately (Husch et al. 2003). The
reference plane of 1.30 meter above the ground séerne practical because the number of
trees and the number of derived DBHs are equdlisndaseTable 1shows the efficiency of
the presented three variants. Classification enaee either rejection or misclassification.
There were 213 trees, but only 173 (81%) were Msib breast height within 30-meter
distance from the instrument. In this way the petage of rejections involves the omissions
due to the data capture and the failures of stetmctien algorithms. All the three variants
detected the stems with similar reliability, theameoroportion of misclassified stems were
below 2.0%. On the other hand, the number of regettees depended significantly on the
chosen variant. The reason of the different perforwe between circle-based (SC, MC) and
cylinder-based stem detection presumably lies i@ degree of freedonof the fitted
primitives. All three algorithms worked iterativelgnd required as many approximate starting
values as the number of freedom of the primitivédsich were 3 and 5 in case of circles and
cylinders respectively. The starting values werpraximated from the clusters statistics.
About 10% of the cylinder fitting routines failetlthe first iteration that suggested imprecise
starting values. These adjustment routines turoebet successful actually when starting-
values were more precisely given manually aftemalisnspection.

Automatically created
tree-map of sample plot 05-11

4-12

52 - 60
Mon-detected stems
Q} Centre of sample plot

r 9009 ® e s .
e
=
“n
ma

Figure 6. Stem map resulting from automatic treeclgon.
Circles depict 10, 20 and 30 meters from the péoitie
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Table 1. Reliability of stem detecting algorithn(SC: single circle in breast height, MC:
multiple circles in 3 different heights, CY: cylexji

SC MC CY

Correct 154 154 134
Rejection 59 59 79
Misclassification 3 0 1
Proportions (%)

Correct 72.3 72.3 62.9
Rejection 27.7 27.7 37.1
Misclassification 14 0.0 0.5

4.2 DBH estimation

The comparative evaluation of different stem madglion DBH estimation can be seen in
table 2 The wide error intervals show that gross-err@ilsélute errors exceed 3 times
standard deviation of errors) were not removed ftbenstatistics, because they can occur in
the practical use as well. While these stronglgraibe all-over statistics, the distribution of
errors is presented in error-classes. The DBH asitoms are underestimated significantly
(p<0.10) in case of SC and MC models. On the cont@imonse et al. (2003), and Bienert et
al. (2007) observed overestimations. We assumedliberved underestimations are resulted
from the bark-roughness, because both the callipdrthe tape measured on the outer surface
of the bark, but the laser sampled the rifts, Tm.make sure of this hypothesis, the typical
smooth-barked beech and the typical rough barkech lavere tested (one-tailetests,
p<0.10) on SC and MC methods. The mean error amasbns was unbiased for beech
(n=30), but negatively biased for larch=88) in both methods. Although this supports our
assumption, but it have to be noted that larchdfign non-circular cross section, due to the
varying bark thickness around its perimeter. Thaymause errors when circles are fitted.
Moreover, the points were projected to the horiabptane, therefore a leaning stem even
with circular cross-section provides elliptical jation, which leads to overestimation. For
exact clarification beyond measuring the perimedéeteast the ellipticity has to be recorded,
and a more flexible modelling curves — e.g. splir@se required.

Table 2. Accuracy of DBH estimation. Percentages\stine presence within the error classes

SC MC CY

Range (cm) 33.3 22.4 59.8
Bias (cm) -0.8 -1.6 0.5
RMSE (cm) 4.2 3.4 7.0
Error classes (%)

+/- 1cm 23 27 26
+/- 3cm 60 72 69
+/- 5¢cm 84 86 84
+/-10 cm 97 o8 93

Note that the DBH estimation via cylinder-fittingavs twice lower global accuracy as
in the case of the other two methods, althotinghpercentage of error classes are almost the
same even up to 10 c@onsequently, there are more outliers with the Ghwod, as it was
confirmed by the wider error-interval. The cylindesumption is a stronger assumption than
the circle assumption, mainly on curved stems. rEsellts indicate a cylinder can model the
stems more accurately even in one-meter lengthebgssof circles, than. This reflects the
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problem of higher degrees of freedom also, whitggathms with more variables were more
capable to solve the adjustment with noisy, scadt@oints without decreasing the a-posterior
error of adjustment (RMSE of fitting) which had tinelicator role in goodness-of-fitting.

4.3 Tree height estimation
The results of the different height calculations ba seen ifable 3

Table 3. Accuracy of height estimations

SC/MC CYy
min (m) -9.90 -5.24
max (m) 0.75 2.28
mean (m) -2.37 -0.27
stdv (m) 2.23 1.8

The height estimation without the consideration ledning (SC/MC) significantly
underestimated the height, and there were sevevattbns bigger than 5 m below zero. The
other height estimation (CY) gave better accurdmy, it also gave some outliers as well.
When we look at the visualisation of the cylindegthod Figure 7), it apparently gives the
impression of over leaning of some trees. Congsidethat only a one-meter long cylinder
defined the leanings, it seems to be promisingstionate the mean direction of the treetop.

Figure 7. Extrapolation of cylindrical models upttee DSM

5 CONCLUSION AND OUTLOOK

The presented algorithms were tested on over twaldead sample trees per plot, which
exceeded the number of sample trees in previodsestut has to be noted that the conditions
were optimal for automatic evaluation. The leafsitite, the lack of shrubs, the high crown
bases, and the moderate terrain variability fatéil the high productivity of automatic stem
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detection, although in this stage of the algorithwisual verification of automatic stem
detection is necessary. Stem detecting algorithatsahcentral role in single tree parameter
estimation in considering the reliability of thebsequent model. We attempted to extend the
filtering domain with height-related data in autdimatem detecting algorithms, and make a
step from 2D through the more complex 3D filteringisclassifications were slightly
decreased with independent repetition of 2D filtgrin more height sections, and the
reliability of this method exceeded, surprisinglgyen the general 3D filtering. The
independence of shape recognitiensures that initial errors are not spread torotiegght
sections, and the sequence of shape parametersepan as input for further classification
criteria. The accuracy of the selected DBH estiomtilgorithms was in accordance with
traditional field methods in most cases. Specisdngjth of the cylinder-based modelling
solution is that it can be efficient at non-vertiseems as well, and capable to filter also tilted
branches in the crown. The presence of gross edlsorstes that high inner accuracy does not
guarantee sufficient shape fitting, especially ias& of higher degree of freedom.
Consequently a more robust technique is necessatiiei future for 3D shape fitting to
eliminate outliers. Shape fitting approximates theer surface of the stem but it may differ
physically from what classical instruments detectase of rough barked trees, which might
have caused systematic underestimation of DBH irstudy. This could be resolved with the
modification of the adjustment, e.g. with use ofigis, or by residual distribution analysis.
One can assume, that RMSE of fitting would haveotemtial to discriminate specie-groups
according to their bark-roughness. The RMSE oinfittdepends not only on bark-roughness
however, but on the circularity of stem cross-sectand on the random error of laser
measurements, which are in the same magnitudele@hneng of the axis was obtained in the
modelling procedure with the utilisation of heigitordinates, which enhanced the tree top
localisation on the DSM. The extrapolation from Iw2above the ground to the crown, can
lead into mismatching of treetops however. Utilmatof a more complex 3D body can
improve the results of height calculations, bubalan introduce more gross errors by raising
the degree of freedom. Another solution would kerétonstruction of the upper parts of the
stems, from which not only the leaning, but thevature could be estimated too.
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Abstract — The aim of this paper is to evaluate the situation regarding the main types of damage to
forests and their respective economic consequences, with reference to a case study in the Italian
Alps (Trentino province). Each kind of damage (wind and snow, defoliation, fire and tillage) has
been analysed in terms of its impact on four forest functions (production, protection, tourism-
recreation and carbon sequestration) and evaluated in monetary terms. Market value was used to
estimate the production and carbon sequestration functions, replacement cost method for
protection, and contingent valuation for tourism-recreation. Applying desk research on damage
caused by the main biotic and abiotic factors to this particular case study led us to estimate a
annual damage of about € 1,624,921 equal to 4.71 € per hectare. This can be considered a lower
bound estimate of possibly greater damage. Another interesting result that emerged from the
evaluation exercise is that the wealth of information produced through monitoring and scientific
research in the last twenty years does not readily lend itself to economic analysis.

forest damage / forest functions / interaction between damage and functions / economic valuation /
Alpine forests

Kivonat — Az erdékarok gazdasagi hatasa alpesi kornyezetben. A dolgozat célja, hogy
Osszefoglalja az erdét érd karos hatasok fobb tipusait és ezek gazdasagi hatasait egy hegyvidéki
esettanulmanyon keresztiil (Trentino tartoman y, Olaszorszag). A tanulmanyban minden fontosabb
kartipus (sz¢€l, ho, levélvesztés, tliz és mezdgazdasagi miivelés) elemzése és monetaris értékelése
megvaldsult az erdd kiilonbozo funkcidi tekintetében (gazdasagi, védelmi, rekreacids €s széndioxid
megkotés). A gazdasagi €és széndioxid megkdtési funkcid értékelése a piaci érték segitségével tortént,
a védelmi funkcié tekintetében a helyettesitési érték modszere keriilt alkalmazasra, a rekreacios
funkcio pénziigyi értékelése a feltételes értékelés modszerével valosult meg. A tényleges
esettanulmany tekintetében a biotikus és abiotikus tényezOok altal okozott kar évente legalabb
1,6 millio6 €, ami hektaronkénti 4,71 €-nak felel meg. A mintateriilet értékelésébdl levonhato
tapasztalat az, hogy az elmilt husz évben a tudomanyos kutatds és monitoring soran Osszegyljtott
adatok nem kifejezetten segitik el6 a pénziigyi értékelést.

erdokarok / erdé funkcidi / karok és az erdé funkcidi kozotti kolcsonhatasok / gazdasagi értékelés /
az Alpok erdei
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1 INTRODUCTION

Over the last couple of decades there has been a growing awareness of the necessity to
monitor and evaluate the economic and ecological impact of damage to forest ecosystems
(Efremov — Sheshukov 2000) in order to implement adequate prevention policies.

Considerable headway has been made in monitoring, both in setting up international
cooperation programmes and monitoring networks, and in determining the status, changes and
trends in forest condition indicators on an annual basis. The International Co-operative
Programme on the Assessment and Monitoring of Air Pollution Effects on Forests (ICP
Forests, UN/ECE), which was set up in 1985, represents a milestone in this endeavour. The
first Ministerial Conference for the Protection of Forests in Europe (MCFPE 1990) stated the
necessity to hone the Pan European Monitoring System. A specific criterion on forest
ecosystem health and vitality (Criterion 2) was endorsed by the Lisbon MCFPE in 1998. This
was followed by the European Union Directive on National Emission Ceilings for Certain
Atmospheric Pollutants in 2001, and the Forest Focus Regulation in 2003.

Despite these measures, the recent report on the condition of forests in Europe (BHF 2006)
asserts that 23.3% of trees in Europe are classified as damaged or dead.

The economic consequences of these health conditions are not easy to investigate. Studies
tend to focus on the economic impact of a single specific biotic or abiotic agent (see, for
instance Lyytikdinen-Saarenmaa — Tomppo 2002 for defoliation by sawfly or Peryron —
Bokouma 2001 for windfalls), partly because different evaluation methods are applied for
different types of damage, which are often strongly based on hypothesis and may also rely on
rough estimates (Peyron — Bakouma 2001).

In spite of these difficulties, this study is an attempt to estimate the economic
consequences of the main types of damage found in Alpine forests, with the aim of giving the
public decision maker an objective criterion for fine tuning prevention policies. Four selected
types of damage (defoliation, fires, wind/snow damage and tillage') have been analysed in
terms of their impact on four forest functions (production, protection, tourism-recreation and
carbon sequestration) and evaluated in monetary terms. The reference is a case study in the
Italian Alps, the small Autonomous province of Trentino (6.207 km?), where forest covers
more than half of the total area.

2 MATERIALS AND METHODS

2.1 Site characteristics/features
2.1 Study site

An evaluation of biotic and abiotic damage to forests was undertaken for the Autonomous
Province of Trento (North East Italy). This is a mountainous province, with limited flat
areas at the bottom of the valleys, wide-spread terracing and steep mountain slopes.
Approximately 60% of the surface area is situated over 1000 m above sea level with more
than 50% of the population concentrated in urban areas below 400 m. 56% of the area
(345,180 hectares) is covered by forest, prevalently spruce (59.6%), secondarily European
larch (17.5%) and silver fir (10.8%). More than 70% of forests are managed according to
ten-year plans.

1 . .
We chose these four types of damage because they are widely recognised as the most common ones.
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2.2 Valuation of forest functions

In order to evaluate the impact of each type of damage on the forests of the province, we
started by estimating the annual monetary value of the main forest functions: production,
protection, tourism-recreation and carbon sequestration. Biodiversity was not considered
because, even in physical terms, “at present it is impossible to evaluate everything” (Efremov
— Sheshukov 2000, p. 59).

Methods used to estimate the various functions were market value for production and
carbon sequestration, contingent valuation for tourism-recreation, replacement cost for
protection.

In more detail, timber products were estimated by distinguishing two components for
each species (Merlo — Ruol 1994): the “real monetary value” of annual increment actually
harvested (utilisation), and the “potential monetary value” of the remaining annual increment
that could have been used but which was in fact left as an investment in timber capital.
According to Merlo and Ruol (1994) the latter was estimated at 50% of the average timber
price.

The replacement cost method, employed to estimate the protection function, considers the
possibility of replacing ecological services with man-made systems (Faber et al. 2002). The
evaluation is based on the cost of setting up human-engineered systems to substitute the
protective function of the forest. In detail, we estimated the costs of the building, amortization
and upkeep of naturalistic engineering works. The kind of engineering works we considered -
terracing with simple palisade and grass, avalanche barrier racks with chequer-board
arrangement, fascines with cuttings — was tailored to the three main level of hazard identified
(high/low risk of landslides, high risk of avalanches). We also factored in to this estimate the
cost of maintaining the river beds of the main waterways with the construction of check dams
and sills. We have used this method because it takes into account both the reconstitution of
protective forests and the investment costs to maintain it. The method that considers only the
investment costs would have produced a lower value and wouldn’t have capture the entire
protection value.

A rough estimation of the tourism-recreation value of Trentino forests was undertaken
through integrating data of tourism-recreation flows in Trentino forests (for details see Scrinzi
et al. 1997) and results of a contingent valuation (Alberini — Kahn 2006; Mitchell — Carson
1989) study carried out on a representative forest of Trentino, the forest of Lavaze (Val di
Fassa). A random sample of 724 visitors (response rate 93%) was surveyed. Interviews were
carried out during the summer of 2002. Respondents were asked about their willingness to
pay an entrance ticket to cover the costs of the naturalistic management (willingness to pay
pro-capita was 2.58 €). The scenario explained that the lack of public funds would lead to a
modification in the current type of forest management, from selective cutting to clear cutting.
This would imply the modification of the recreational experience of tourists (for more details
see Notaro et al. 2006).

The carbon sequestration value was first estimated for the forest of Lavaze by quantifying
carbon flows in monetary terms (Notaro et al. 2008) and then extended, with due correction,
to the entire province. The quantity of carbon contained in trunks, branches, twigs, crowns,
dead wood and stumps (Fattorini et al. 2005) was first defined in physical terms, by applying
specific estimation methods for plant mass and volume. Fattorini et al. (2005) estimated the
above-ground phytomass of a population of trees in a monitoring area using a probabilistic
sampling scheme (randomised branch sampling) (Gregoire et al. 1995). The forecast model,
seeking to estimate plant mass and volume for each stand and the corresponding total value
per surface unit, starts with data from the diameter measurements for all trees and
corresponding height measurements for a sample of trees. Results show that, on average, the
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plant biomass of the spruce and swiss pine populations contain a carbon stock of 217.4 t/ha
(Fattorini et al., 2005; Notaro et al., 2008).

The results were re-elaborated on the basis of different conversion factors between tonnes
of dry substance and cubic metres of timber, for all the forest stands in the province, ascribing
them to the prevailing species. The price per tonne of CO, eq. absorbed was as calculated by
Lecocq et al. (2004) for the Joint Implementation and Clean Development Mechanism
projects in the first five months of 2004 to modulate this price to data collected for the other
functions. We did not use prices of carbon markets because we wanted to refer to projects
related to the forestry sector. This was determined at 5.52 $/tCO; eq. (equal to 6.79 €tCO,
eq., and 24.89 €/tC).

Total and per hectare values for individual functions are presented in Table 1. Afterwards
the economic impact of each type of damage is estimated and detracted.

Table 1. Use values of Trentino forests

Forest function Total ecpgomic use value Use value per ha
(million €/year) (€)
Timber production 25,97 75.22%
Hydro-geological protection 25,49 73.84%
Tourism-recreation (summer season) 13,97 40.47
Carbon sequestration 31,71 91.86

* 46.02 € real value and 29.20 € potential value

2.3 Valuation of forest damage

Forest health and vitality is affected by several external disturbance factors that can be
divided into two main macro-categories: abiotic and biotic factors. This second category also
included human factors. These abiotic and biotic factors may have positive, neutral or
negative impacts on forest ecosystems, the negative impact being considered as damage. In
the literature different definitions of forest damage exist. Reimoser et al. (1999, p.48)
considers it as “a problem caused by an unwanted condition”, while for the WPR (1994)
forest damage is the “reduction of tree population in forests caused by acidic precipitation,
forest fires, air pollution, deforestation, pests and diseases of trees, wildlife, etc.”. In this
paper the authors used this second definition, considering the tillage as a reduction of tree
population.

In some cases the damage can be attributed with precision to one specific agent
(i.e. wind), in other cases signs of damage (i.e. defoliation) may be ascribed to diverse factors,
each with a synergistic effect on forest condition. Types of damage will also tend to impact
differently on each forest function.

For the above reasons we shall make only partial use of the previous classification,
focusing largely on the following four observable categories of damage and on their
consequences for every single forest function.

e Defoliation caused by biotic agents such as phytophagous insects or root rot, or by

abiotic agents such as late frost or drought, deposition of air pollutants or acidification;

e Damage caused by fires, mainly due to intentional or accidental human action and to a

smaller extent to natural phenomena;

% Considering only the public investment costs, the average value (years 2004-2005-2006) of the protective
function of forests in Trentino was 118,027 € (0.34 €/ha).
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e Wind and snow damage: the uprooting of whole trees or breaking off of branches due
to early or late snow, or tornados. This category includes both natural hazards and the
results of poor forest management;

e Tillage: deforestation due to change in land use for building and agricultural purposes,
or to create ski runs and other infrastructure.

After having estimated the value of every single forest function, the economic impact of
each type of damage was estimated and deducted.

Data were collected throughout the provincial territory regarding surface area and cubic
metres of timber affected by the main biotic, abiotic and anthropogenic factors. From the
forestry literature we extrapolated the parameters for reducing the value of each function.

a) Defoliation

Defoliation intensity is one of the main parameters used in evaluating forest health since
leaves immediately indicate a plant’s physiological condition. Causes of defoliation are root
fungi, nutritional imbalance, defoliating insects (Kurkela 2002) and other abiotic factors.
Starting from the hypothesis that, regardless of cause, any degree of defoliation results in a
reduction in photosynthesis, we can deduce that this damage will affect three main forest
functions. As well as reduced wood growth and carbon dioxide exchange with the
atmosphere,’ there is also the fact that a large number of yellowing plants (depigmentation)
and plants without leaves (defoliation) negatively effects the tourist-recreational function
(Lovett 2002). On the other hand, Meier et al. (2005) found that defoliating insect attacks
have a negligible effect on hydro-geological protection as long as they do not compromise
many specimens.

According to the literature, defoliation effects wood growth, causing a decrease in the
productivity of a forest stand proportional to the percentage of defoliation. The Pan-European
Monitoring System distinguishes five degrees of defoliation based on percentage leaf or
needle loss in individual subjects in the stand (BHF 2006). An average range of timber loss
for different degrees of defoliation (Table 2) was estimated according to results obtained by
Straw et al. (2002) and Petras (2002). Moreover, data from permanent plots (Level I of the
Pan-European Monitoring System) provides us with the percentage of trees defoliated in
Trentino. After converting this into hectares of damaged surface, we can end up with an
estimate of the economic loss in timber value for each defoliation class.

Table 2. Defoliation classes and reduction in timber increment

Defoliation class Degree of defoliation Needle(:&e)af loss Loss 1(r(1) /:/)olume
0 None <10 0-10
1 Slight 11-25 11-20
2 Moderate 26-60 21-30
3 Severe 61-99 31-40
4 Dead 100 100

Source: our elaboration on UN ECE (2004), Straw et al. (2002) and Petras (2002).

? The relationship between defoliation caused by phytophagous insects and carbon dioxide is more complicated.
For example, while an intense attack by insects leads to a lower level of carbon dioxide absorption, a high
concentration of CO, reduces leaf damage caused by defoliating insects (Knepp et al. 2005).

Acta Slv. Lign. Hung. 5, 2009



136 Notaro, S. — Paletto, A. — Raffadlli, R.

In a similar way to that described for the production function, leaf loss reduces carbon
dioxide exchange with the atmosphere due to the diminished photosynthesis (Knepp et al.
2005). Therefore, the procedure adopted is similar to that used to calculate average loss in
timber capital, using fixed carbon flow in lieu of increment. The percentages of reduction in
carbon sequestration (5% for defoliation class 0; 15% for class 1; 25% for class 2; 35% for
class 3) were deduced from the relationship between cubic metre of timber and the percentage
of stored carbon per cubic metre (Matthews 1993; Tucker et al. 2004).

Even if it is likely that tourists perceive the increase in defoliation as a disutility, as far as
we know no study exists that investigates the functional form of this relationship. Since Gatto
et al. (2005) applied a 20% reduction in the presence of a specific defoliation agent, we decide
to increase this percentage (30%) in order to take into account the joint effect of more severe
defoliation agents and differences in species affected.

b) Fire

Fire impacts most heavily on forest functions because it indiscriminately affects everything in
its path and the drastic rise in temperature causes irreversible damage to vegetation, ranging
from injury to the destruction of timber (Pettenella 1997). The passage of fire may even
destroy the forest floor and fertile topsoil, triggering erosion, jeopardising the stability of
mountain slopes (APPA 2004) and leading to a decrease in carbon sequestration.

The effect of fire on tree vegetation varies according to botanical species (passive
pyrophyte or active pyrophyte species) and the nature of the fire. Type of fire are: forest floor
fire when the organic ground layers burn slowly, low or grazing fire when it burns the layers
of grass and shrubs below the tree canopy, high or crown fire when the fire reaches the tree
crowns and spreads from crown to crown (Mazzoleni — Aronne 1993). In every case timber
extracted is damaged with, at best, depreciation in value or, at worst, total loss of the wood
(Pettenella 1997). In our case study, since most are crown fires, we hypothesised a total
timber loss, zero tourism-recreation and zero hydro-geological protection value for the area
crossed by fire. The effect of fire on carbon function is a short term slowdown in carbon
sequestration due to the vegetation’s alteration and/or destruction estimated by Fattorini et al.
(2005) at 13.6 tCO»/ha.

¢) Wind and snow damage

Freak weather events can cause forest trees to fall. Heavy early or late snow or very high
winds are climatic events that facilitate tree fall and therefore upset the hydro-geological
balance (Andreatta 2005). Such phenomena lead to a loss of hydro-geological protection,
tourism and recreation, and cause timber depreciation (Nieuwenhuis — Fitzpatrick 2002).
However, a positive effect on biodiversity has been noted since “windthrow stimulates
arthropod biodiversity in forests” (Wermelinger et al. 2003, p. 79).

Wind and snow damage lead to a total loss of potential value because forced utilisation
converts timber capital into real value. Consequently, in order to avoid double counting, the
loss of potential value was ignored and a reduction in real value of 30% (Nieuwenhuis —
Fitzpatrick 2002) was applied to the entire area damaged. This percentage is justified by the
fact that, on average in the case studied, timber was extracted quickly and Ips typographus
attacks were limited. For tourism-recreation we follow Schneider et al. (2006) and assume a
40% decrease in the economic value. Protection and carbon sequestration, and consequently
their value, are to be considered temporarily non-existent over the area affected by wind and
snow damage. Consequently we detracted the whole value of these functions for damaged
hectares.
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d) Tillage

Although tillage is largely limited by legislation in the major European countries, it should
not be overlooked as the transformation from “forest” to “other land use” completely wipes
out all forest functions.

Tillage leads to total loss of the protective, tourism-recreational and carbon sequestration
functions over the area in question. The quality and the economic value of timber is not
affected, so the real value of the production function remains the same.

Table 3 summarises all these considerations about the intensity of damage produced by
biotic and abiotic factors on the economic value of a forest.

Table 3. Effects of damage by biotic and abiotic factors on the economic value of annual
flows of forest products and services

Damage/Function Defoliation Fires Wind/snow damage Tillage

Production Negative Negative Negative Total loss
Protection Negligible Negative Total loss Total loss
Tourism-recreation Negative Total loss Negative Total loss
Carbon sequestration Negative Negative Total loss Total loss

The calculation methods applied in this case study, to translate a biological complexity
into economic terms, use large scale simplifications and assumptions based on Table 3.
For example assuming total loss for carbon sequestration function is clearly a simplification
of a dynamic process. At the time of tillage only the carbon sequestration flow is lost®.
Carbon remains stored in wood products but will return to the atmosphere according to the
durability of the products: in a short period of time for fire wood, in a longer one for
furniture (Gower 2003). Moreover the effects of forest fire on timber depend on intensity and
types of fires. In some circumstances forest fires destroy the wood completely, in other
circumstances the damages are only superficial and limited. Defoliation has a negligible effect
on hydrogeological protection of forest - in cases of slight and moderate degree of defoliation
- while severe defoliation can compromise the effect of canopy cover as a physical screen
which intercepts precipitation and holds onto a certain fraction of it preventing single drops
from reaching the bare soil (Piussi 1994).

3 RESULTS AND DISCUSSION

a) Defoliation

The main causes of defoliation in Trentino’s forest ecosystems can be traced to attacks by the
pine processionary caterpillar (Thaumetopoea pityocampa) (about 4,200 ha in 2000-2001), by
larch bud moths (Zeiraphera griseana) (defoliation of over 3,800 ha in 1999-2000) and by
spruce rust (Chrysomyxa rhododendri and abietis) (no more than 30% defoliation). During the
period 1990-2001 a total of 3,442 m? of timber was felled for health reasons, equal to 286.83 m?
of timber per year (Salvadori et al., 2002). Overall, the last 13 years monitoring of the 18
permanent plots (Level I) located in Trentino Alto-Adige showed average levels (class 2, 3 and 4)
of defoliation on 6.7% of all trees (Salvadori et al. 2003). If the plots correctly represented the
total forested areas, this would equal a damaged area of 23,127 ha.

* As we were interested in calculating annual values we refer only to flows.
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Assuming that the quantity of timber harvested will remain constant along lines laid
down in the ten-year management plan, independently of defoliation, the reduction in value
almost only concerns the potential value. Considering the loss in timber for classes 2, 3 and 4
(Table 2), we used a total weighted mean of 35% for the three classes. At a potential value of
29.2 €/ha the total loss is equal to € 236,358.

Similarly, for carbon sequestration we employed an average reduction of 25% in the
value of the function for all hectares suffering damage. In this way the total loss is € 531,112
(Table 4).

Table 4. Economic evaluation of defoliation damage

Hectares class  Reduction in  Economic value Incidence of

Forest function 2-3-4 value per ha of damage  damage on value of
defoliation damaged (%) (€/year) single functions (%)

Production Real 0 0 i

Potential 35 236,358 2.34
Protection 0 0 -
Tourism-recreation 30 280,785 2.01
Carbon sequestration 25 531,112 1.67
Total 23,127 1,048,255

In order to calculate effects of defoliation on tourism-recreation, the value was reduced
by 30% (Gatto, 2005), resulting in a monetary loss of 280,785 € per year. Finally,
consequences on hydro-geological protection were not measured because they can be
considered negligible. The various causes of defoliation have lead to an estimated annual loss
in value of around € 1,048,255.

b) Fire

For the decade 1991-2001 there was a progressive reduction in the number of fires, except for
variations associated with climate trends and with a peak during the early nineties, levelling
off at 359.34 ha of forestland crossed by forest fires yearly, or 0.1% of the forests in the
province (APPA 2004).

The economic loss associated to the productive function, € 16,537 in real value and
€ 10,493 in potential value (Table 5), derives from the product of the value per hectare of
timber by the number of hectares burnt. The same procedure was used for tourism-recreation
and protection. For estimating the economic effect of fire on carbon dioxide exchange we
applied the previously mentioned values. The passage of fire produces an annual loss of
carbon sequestration of € 33,183.

Table 5. Economic evaluation of fire damage

Hectares Reduction in Economic value  Incidence of
Forest function effected by fire  value per ha of damage  damage on value of
(ha) damaged (%) (€/year) single functions (%)
. Real 100 16,537 0.10
Production e ntial 100 10,493 0.10
Protection 100 26,534 0.10
Tourism-recreation 100 14,542 0.10
Carbon sequestration — 33,183 0.11
Total 359.34 101,289
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¢) Wind and snow damage

Trees felled by strong winds, and to a lesser extent by snow, are the main source of forced
utilisation and timber loss in the province of Trento, where 36,842 m’/year of forced
utilization has been registered for the period 1991-2001 (Salvadori et al. 2002). Given the
growing stock for forests in the province (202 m’/ha), we can estimate that the average area
affected per year is equal to 182 ha. The value of the damage was calculated by detracting the
full value of all the functions except production and tourism recreation. A 30% reduction was
applied to the real value of production and, as previously mentioned, no reduction was
considered for the potential value. A 40% reduction was assumed for the tourism-recreational
function following Schneider et al. (2006).

The most part of the economic loss due to wind and snow is in the production function
(€ 426,409) (Table 6).

Table 6. Economic evaluation of damage from wind and snow

Mcof  Reductionin  Economic Incidence of
. Hectares of .
Forest function accident  value per ha value of  damage on value
fallen trees . . .
timber damaged damage  of single functions
(ha) (%) (€/year) (%)
Production Real 30 426,409 2.68
Potential 0 0 -
Protection 100 13,467 0.05
Tourism-recreation 40 2,952 0.02
Carbon sequestration 100 16,753 0.05
Total 182.38 36,842 459,581
d) Tillage

An average of about 67 hectares of forest in the province of Trento was tilled per year
over the decade 1991-2001 (APPA 2004). These figures enable us to calculate an annual loss
of € 15,796 linked to tillage related factors (Table 7).

Table 7. Economic value of damage fromtillage

Reduction in Economic value Incidence of

Forest function Hectares tilled  value per ha of damage damage on value of
(ha) damaged (%) (€/year) single functions (%)
Production Real , 0 0 0.00
Potential 100 1,959 0.02
Protection 100 4,956 0.02
Tourism-recreation 100 2,716 0.02
Carbon sequestration 100 6,165 0.02
Total 67.12 15,796

Adding up the four different types of economic damage we end up with an estimated
annual damage of about € 1,624,921 equal to 4.71 €/ha. Considering the lack of data on
wildlife damage, this result can be considered a lower bound estimate. If biodiversity had
been considered, the final result may have been different because its value is likely to increase
noticeably with respect to other flows of environmental benefits (Leslie 2005), but we cannot
predict the magnitude of this change.
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If we look in detail at the breakdown of this damage, we find that defoliation counts for
65% of lost forest value, and wind and snow damage for 28%. Damage from fire and tillage
cause only 6% of the loss.

The order of importance is different if we consider only production (Table 8). Here the
main cause of economic damage is wind and snow, whereas defoliation counts for about half
of it. This is what is normally reported by forest experts who tend to think mainly in terms of
production when judging the seriousness of damage.

Table 8. Economic value of damage on timber and non-timber functions (€/year)

. Economic  Defoliation Damage Fire Damage
Forest function from wind )
value damage damage from tillage
and snow

Production 25.967.144 236,358 426,409 27.030 1,959
Protection 25,489,005 - 13,467 26,534 4,956
Tourism-recreation 13,969,435 280,785 2,952 14,542 2,716
Carbon sequestration 31,706,530 531,112 16,753 33,183 6,165
Total 1,048,255 459,581 101,289 15,796

It is interesting to note how the relationship between damage to timber and non-timber
functions differs according to damage type. While wind and snow damage weighs more
heavily on timber production, the other three kinds of damage preponderantly affect non-
timber services.

Pondering on the overall effects of forest disturbance means fully recognising the multi-
functional role of forests and realizing the increasing societal demand for non-timber services.
On the other hand, it also implies that forest managers must take into account that their
decisions may affect the production of timber and non-timber services in a very different way.
Without going further into this issue, we shall mention just two aspects. The currently
dominating monocultural and even-aged forest structure seems to be more vulnerable to
windthrow and other damaging agents (Lekes — Dandul 2000) and failure to tend forests
provokes stress in plants, identifiable by a rise in defoliation level (Nicolotti et al. 2005).

4 CONCLUSIONS

It is clearly perceived at a European level that “disturbances have a considerable impact on
forestry” and that this impact is likely to increase for at least two reasons: first of all a rise in
both total forest area and total stand volume, implies that a “larger resource may be
damaged”, secondly changes in climate seem to increase the intensity and frequency of storms
and contribute to a deterioration in forest health (Schelhaas et al. 2003; UN Economic and
Social Council 2003). Moreover, not all European forests are as well managed as in the case
study area presented here.

Nevertheless, trying to quantify the economic impact of different forest disturbances proves
to be a real challenge. The wealth of information produced in Europe through twenty years of
monitoring and scientific research does not readily lend itself to economic analysis. The format
in which damages are published in monitoring reports varies greatly (share of standing stock
damaged, volume that has actually been removed from the forest, area crossed by fire).
Furthermore, the huge amount of information on the occurrence of disturbance, collected at the
national level and available for consultation in the Database on Forest Disturbance in Europe, is
not immediately usable for economic analysis (Schelhaas et al. 2003).
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An evaluation exercise such as that carried out in this study has to resort to numerous
hypotheses, due to the lack of data usable for economic purposes. For small areas, such as the
one analysed here, this also happens because the few empirical studies generally deal with a
single biotic or abiotic factor, or because we are not certain that the areas studied or the plots
monitored are truly representative of a wider area. In addition, when estimating the reduction
in price due to fires, wind and snow damage and health factors, we had to approximate data
supplied by the limited number of studies available, in order to adapt them to our specific case.

However, as our discussion shows, an overall economic estimate of damage to timber and
non-timber functions allows us to build a more precise picture of the effects of the different
disturbance factors in play, drawing attention also to the reduction in externality production.
This knowledge may also facilitates the fine tuning of adequate prevention policies.
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Introduction to Paperson
Wild Boar Biology and M anagement

In line with the increasing population densitiesaolid boar in Europe and other countries of
the world, also research has been increasing steadithis field. Researchers have to
understand the causes of the overpopulation o$pleeies and to find solutions for problems
deriving from high densities such as damaging crapd forest regeneration, spreading of
diseases or conflicts with humans.

In the series of similar symposia, the 7th Intdomatl Symposium on Wild Boar
(Sus scrofa) and on Sub-ordeiQuiformes was organised by the Institute of Wildlife
Management and Vertebrate Zoology, Faculty of RoresJniversity of West Hungary in
Sopron, in cooperation with the Regional Knowle@gntre of Forest and Wood Utilization
of the University of West Hungary. The 135 partaigs from many countries of Europe,
from Australia, India, Japan and Taiwan have speotdays with workshop presentations
and a one-day field trip. Papers were presentdideirield of population dynamics, ethology,
reproduction, modeling, space and habitat use,ifgeddiseases, anatomy, physiology,
huntinq and management. The texts of the presentativere published in a proceedings
volume.

In cooperation with the editorial board, some arghwad been invited to submit their
manuscripts to Acta Silvatica & Lignaria Hungariddne papers were selected and reviewed
by the scientific committee of the symposium, basedcientific excellence and actuality of
the problem investigated. It is the expectationtleé organisers that these papers will
contribute to the better knowledge of the biologg amanagement of wild boar.

Andras Nahlik
guest editor

" Nahlik A. — Tari T. (eds) (2009): Proceedings af ' International Symposium on Wild BoaBus Scrofa)
and on Sub-ordefuiformes. Sopron, Hungary, August 28-30 2008. InstituteWifdlife Management and
Vertebrate Zoology, Faculty of Forestry, Universidlf West Hungary and Regional Knowledge Centre of
Forest and Wood Utilization of the University of $¢élungary, Sopron
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Seroprevalence of Antibodies to Main Porcine Infectious
Pathogens in Wild Boar in Some Regions of Russia

Sergey KIKUSHKIN® —Elena B\BORENKO®— Taufik BAYBIKOV @ —
Valery MIKHALISHIN ® — Igor DomskIy?

@ Federal Centre for Animal Health (FGI “ARRIAH"), &imir, Russia
® Prof. B.M. Zhitkov Russian Research Institute ofi@aVianagement and Fur Farming, Kirov, Russia

Abstract —Results of testing 107 serum samples from wild boars (Sus scrofe758) for the
presence of antibodies to six economically significant porcine infectious disease agents (porcine
reproductive and respiratory syndrome (PRRS) virus, porcine parvovirus (PPV), swine influenza virus
(SIV) of HIN1 and H3N2 subtypes, Aujeszky's disease virus (ADV), porcine transmissible
gastroenteritis virus (TGEV) arndycoplasma hyopneumonijaare presented in the paper. Wild boar
were sampled in seven regions of Russia for diagnostic purposes. The obtained results showed the
presence of antibodies to ADV in 32.5% of samples (83/27), to PPV — in 62% of samples (92/57), to
Mycoplasma hyopneumoniaein 52% of samples (98/51). All samples were seronegative to PRRS
virus (107/0), TGEV (91/0) and SIV of HIN1 (89/0) and H3N2 (58/0) subtypes. The researches
demonstrated the extensive circulation of porcine parvovirus, Aujeszky’'s disease virus and
Mycoplasma hyopneumoniaenong Wild boar in some regions of Russia.

Wild boar (Susscrofal., 1758) / PRRS / Aujeszky’s disease / monitoring / Russia

Kivonat — A leggyakoribb sertéspatogén korokozok antitestjeinek szerolégiai gyakorisdga
vaddisznokban Oroszorszag néhany régidjdbarAntitestek kimutatasara 107 vaddisznokbdl nyert
vérsavo-mintat vizsgaltunk, kilonds tekintettel hat gazdasagilag geleetrtéspatogén koérokozéra
(sertés reprodukcids zavarokkal és tigervi tiinetekkel jaré szindromajat okozé virus (PRRS),
sertés parvovirus (PPV), sertésinfulenza virus (SIV) a HIN1 és a H3N2 altipusa, Aujeszky-féle
betegség virusa (ADV), féiz6 virusos bélgyulladas (TGEV) éslycoplasma hyopneumoniae
Elemzés céljabol hét orosz teruletétidk ki vaddiszndkat. A kapott eredmények alapjan a kdvétkez
antitestek jelenlétét mutattuk ki: az ADV a mintak 32,5%-aban (83/27), a PPV a mintak 62%-aban
(92/57), aMycoplasma hyopneumoniae mintak 52%-aban (98/51) fordult & Az 6sszes minta
szeronegativ volt PRRS virusra (107/0), TGEV-re (91/0), és a SIV altipusaira, a HLN1 (89/0) és a

sz

Aujeszky-féle betegség édviycoplasma hyopneumoniaeéleskorielterjedését a vaddisznokban.

vaddiszn6(Susscrofa L., 1758) / PRRS / Aujeszky-féle betegség / monitoring / Oroszorszag
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1 INTRODUCTION

The problem of wild animal diseases is topicaleference to epizootic, epidemic, social and
economical situations. Farm and wild animals areerofinvolved in the circulation of
pathogenic agents in nature, thereby maintainirey ékistence of natural foci of some
diseases. A significant role in these processpkiged by wild boars. Moreover, the presence
of such infectious diseases as classical swiner fé@&F), African swine fever (ASF),
Aujeszky’s disease among domestic and wild pigs dasignificant negative effect on
international trade. PRRS virus (PRRSV), SIMycoplasma hyopneumoniagorcine
circovirus type 2 (PCV2), PPV and some other agargsthe most economically significant
porcine pathogens.

PRRSV and PPV are the cause of mass reproductheedéirs in sows in the form of
abortions, barrenness, birth of mummified fetusksad and weak piglets. PCV2, PRRSV,
SIV andMycoplasma hyopneumoniagee the main causative agents of respiratory deserd
in growing and fattening pigs. TGEV causes massbiddy and mortality of piglets with a
diarrhea syndrome from the first days of life.

Many researches in different countries were devtidtle study of circulation of porcine
infectious disease agents among wild boars. Butéent years the situation on many topical
porcine infectious diseases among Wild boar in Rugsnained uncertain.

Our researches were aimed at testing sera from Médgat Sus scrofd.., 1758) (shot for
diagnostic purposes in some regions of Russia)tlier presence of antibodies to six
economically significant porcine infectious diseagents: PRRSV, PPV, TGEV, SIV, ADV
andMycoplasma hyopneumoniae.

2 MATERIALS AND METHODS

One hundred and seven serum samples from wild beatlected during autumn-winter
hunting seasons of 2002-2007 in 7 regions of RusBelgorodskaya, Vladimirskaya,
Moskovskaya, Tverskaya, Smolenskaya, Kirovskayaa€bland Khabarovsky Krai, were
tested(Figure 1)

Wild boar sera were tested for the presence obadiies to PRRSV, ADV, SIV of HIN1
and H3N2 subtypes aridycoplasma hyopneumoniassing IDEXX ELISA commercial kits
(IDEXX Laboratories, Westbrook, ME, USA), to poreiparvovirus - using hemagglutination
inhibition test and to TGEV — using microneutrafiaa test.

3 RESULTS

Table 1gives brief characteristics of regions where sesamples from Wild boar were
collected. As seen frofhable ] the wild boar population density varies in difiet subjects
of the Russian Federation. The wild boar-to-dorgsity ratio in the Khabarovsky Krai was
1:6.45, in the Smolenskaya Oblast — 1:14.83, in Therskaya Oblast — 1:16.87, in the
Vladimirskaya Oblast — 1:23.88, in the Moskovsk&@hlast — 1:31.22, in the Kirovskaya
Oblast — 1:94.52 and in the Belgorodskaya Obldsi67.74.
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where
from wild boars:

1. Vladimirskaya Oblast

2. Moskovskaya Oblast

3. Tverskaya Oblast

4. Smolenskaya Oblast

5. Belgorodskaya Oblast

6. Kirovskaya Oblast

7. Khabarovskiy Krai

Figure 1. The regions of Russia where samples i boar were collected
(Regions of habitats adapted from Lomanov 2004)

Table 1. Characteristics of regions where bloodusersamples from Wild boar were
collected for the given study
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Federal District CentralCentral Central Central Central Privol- Far

zhsky Eastern

Total area, ths. kfn 29.0 47.0 84.1 49.8 27.1 120.8 788.6
Forest area, ths. ha 1520.9 1914 4500 2100 246.30 7362030

Area of cropland, ths. ha930.9 1851  2434.6 1750 2713.4 3322 695.5

Population of domestic
pigs, ths. heads (2006)

Population of wild boars
ths. heads (2003)

100.3 1614 107.1 93.7 5484 1985 56.7

4.20 5.17 6.35 6.32 5.09 2.10 8.79
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As a result(Table 2),antibodies to ADV, PPV antlycoplasma hyopneumoniaeere
detected in 32.5% (83/27), 62% (92/57) and 52%5B)8of tested samples, correspondingly.
All serum samples were tested negative for PRRW7/Q), TGEV (91/0) and SIV of

H1N1 and H3N2 subtypes (89/0 and 58/0, correspghgin

Table 2. Seropositive status of Wild boar with extgo main porcine infectious pathogens in
some regions of Russia

Samples tested / positive
© © © § >
> = o = T o <
. . T g > _{CTS - x > n
pathogen |« =5 35 Y5 &z 823 235 8

=0 %O ¢O0 ©0 g0 8o <

& o = = o < s
Total samples 26 17 21 23 13 1 6 107
PRRSV 26/0 17/0 21/0 23/0 13/0 1/0 6/0 107/0 (0%)
PPV 25/20 11/5 19/13 22/8 13/10 1/1 1/0  92/57 %P2
TGEV 25/0 11/0 19/0 22/0 13/0  1/0 nt 91/0 (0%)
SIV H1N1 25/0 11/0 19/0 23/0 10/0  1/0 nt, 89/0 (0%)
SIV H3N2 15/0  nit. 19/0  23/0 nit 1/0 nt, 58/0 (0%)
ADV 25/9 10/4 19/6 18/1 9/7 1/0 1/C 83/27 (32.5%)
hMyC"p'asma. 25/11 17/9  19/11 20/13 10/7  1/0 6/ 98/51  (52%)

yopneumoniae

n.t. — not tested

4 DISCUSSION

The results of our study correlate to the datainbthby other authors. According to the
literature, antibodies to Aujeszky’s disease viugse often detected in Wild boar in different
countries. Albina et al. (2000) reported that asdilbes to ADV were detected in 423 (3.5%)
out of 12,025 serum samples from Wild boar collécteFrance during the period from 1991
to 1998. In Germany the results of the broad exatiin of wild boar sera in 1991-1992 in
the federal lands Sachsen-Anhalt and Brandenburgest that 13 (2%) out of 640 serum
samples were tested positive for ADV (Oslage €1294).

During 1996 one hundred and twenty serum sampla® Wild boar were tested in
13 districts of Oklahoma (USA) but antibodies to YARnd TGEV were not detected. In the
same study 17% and 11% of samples were testedveofit PPV and SIV, correspondingly
(Saliki et al. 1998).

Antibodies to PPV were detected in Wild boar in 10#icente et al. 2002) and 56.6% of
samples (Ruiz-Fons et al. 2006) in Spain and in 49%amples (Vengus et al. 2006) in
Slovenia. According to Vengust et al. (2006) ardibs to TGEV were not detected in Wild
boar in Slovenia, though 21% of tested samples weséive forMycoplasma hyopneumoniae

These data correlate to the results of our study.
There was only one report on detection of antitetheTGEV in Wild boar in the Czech

Republic in one sample out of 134 tested samptethd course of the same research antibodies
to ADV, bovine viral diarrhea virus and PCV2 weretetted in 30% (101 out of 338),
1% (2 out of 352) and 43% (57 out of 134) of witshts, correspondingly (Sedlak et al. 2008).
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We detected antibodies to PPV, ADV adgcoplasma hyopneumoniae Wild boar in
the majority of examined regions. Unfortunatelyyosingle samples were tested in the
Khabarovsky Krai and Kirovskaya Oblast and this esak impossible to assess objectively
the level of pathogen spread among Wild boar isdlregions.

PRRSV is widespread in domestic swine in the w¢dtdo — Dee 2006 In Wild boar
antibodies to PRRSV were found only in 0.3-3.6%ades in the USA, France and Germany
(Saliki et al. 1998; Albina et al. 2000; Oslageakt1994). In the United States, there was no
evidence of infection in feral swine serum sampulelected between 1976 and 1993, and
only two positive animals were found in 1994 (Zimrman 2002). Lutz and Wurm (1996)
found no positives to PRRSV among 768 wild boar@amcollected in 1992-1993 and in
1995-1996 in Germany. Only one serum sample fromilé boar was found positive for
PRRSV antibodies in Poland (Szczotka et al. 200&%ts of blood sera from Wild boar in
Spain, Croatia and Slovenia were negative (Vicestteal. 2002; Ruiz-Fons et al. 2006;
Zupancic et al. 2002; Vengust et al. 2006). Thesisipenucleus acid of PRRSV was detected
using PCR in lung samples from Wild boar in ItalydaGermany (Bonilauri et al. 2006;
Reiner et al. 2007).

In spite of wide spread of PRRSV among domestis pigRussia, including regions of
sample collection for the given examination (Kukkiatet al. 2008), all tested sera from Wild
boar were negative. Thus, Wild boar do not to @ay role in epidemiology of PRRS in
Russia.

5 CONCLUSION

Unfortunately, we are not aware of direct or indireontacts between domestic pigs and Wild
boar in examined regions. The transmission of tides pathogens between them is possible
in both directions, i.e. from domestic pigs to Whidar and vice versa.

Thus, the conducted studies show a wide circulatioporcine parvovirus, Aujeszky’s
disease virus anillycoplasma hyopneumoniae Wild boar in some regions of Russia. Wild
boar can probably be reservoirs of these pathogens.
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Abstract — This is the first attempt to estimate wild bd@us scrofal.) population density and
distribution in Greece. The study took place in 2004, in all 38 Greek counties of the mainland, as well
as in the larger forested Greek islands: Crete, Rodos, Samos, Lesvos, Limnos, Thasos, Corfu,
Kefalonia and Zakinthos. It was observed that the species was present in every county in continental
Greece, with the exception of the two counties Attica and Evia. Attica, which includes the capital city
of Athens, is densely inhabited not allowing much space for wildlife. Evian is an island connected to
the mainland with a bridge. Wild boar can be found in an area around 19,496Hioh is about 14%

of the country. The mean distribution altitude reaches 686 + 266 m. The average population number
was estimated at 19,033 (0.98 + 0, 21 ind)kindividuals with maximum population level 23,030
animals, and a minimum of 16,536. The highest mean density was observed in the prefecture of Sterea
Hellas (1.26 ind/krf) and the lowest in the prefecture of Thrace (0.89 in@/Kfine maximum density

was found in Sterea Hellas (3.14 indfyrand the minimum density ifthrace (0.13 ind/kA). The

above results are expected to provide valuable information for the management of wild boar in Greece.

questionnaires / demography / mean density / habitathanagement

Kivonat — A vaddiszn6 Gus scrofa L.) populacidinak jelenlegi eloszlasa és statusza Gorogorszagban.

Ez az el§ kisérlet a vaddiszn6-populacickréségének és elterjedésének becslésére Gordgorszagban.
A felmérés 2004-ben a gorog szarazfold mind a 38 megyéjére, valamint aségdtetob gordg
szigetekre — Kréta, Rédosz, Szamosz, Lészvosz, Limnosz, Thaszosz, Korfu, Kefalinia és Zakinthosz —
terjedt ki. A faj jelen volt a kontinentalis Gérogorszag dsszes megyéjében, kivéve Attikat és Eviat.
Attika, ami magaban foglalja Athént, aviirost, nagyonigiin lakott, igy nem biztosit &helyet a
vadnak, Evia-szigete pedig egy hiddal kapcsolodik a kontinenshez. A vaddiszné tidegésen

19 495 kri-en fordul eb, amely az orszagnak kb. 14%-a, elterjedésének atlagos tengerszint feletti
magassaga 686+266m. Az atlagos becsiilt populaciénagysag 9 033 (0,98 + 0,21 éypepiéd) a
becslés maximuma 23 030 egyed, minimuma 16 536 egyed. A legnagyobb aildigéy Szterea
Hellasz megyében (1,26 egyedMniolt, a legalacsonyabb pedig Trakia megyében (0,89 egy&d/km

A maximalis $iriséget Sterea Hellasz megyéjében (3,14 egyéil/laiminimumot Trakia megyében
(0,13 egyed/kd) mutattuk ki. A fenti eredmények értékes informéciét nydjtanak a vaddiszno-
gazdéalkodashoz Gorogorszagban.

kérdéiv / demografia / atlagos ériiség / éhely / gazdalkodas
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1 INTRODUCTION

Wild boar has the largest distribution of any wildgulate worldwide. Since the 1990s wild
boar have gone through a population explosion, vincreased their range and their density
where they were already common (Saez-Royuela efi@IlL986, Marsan et al. 1995, Ueda —
Kanzaki 2005, Tsachalidis- Hadjisterkotis 2008)s®&# on hunting bag estimates, wild boar
populations in Greece (contrary to many other pafrtee world) are stable (Thomaides et al.
2001), but actual data of the wild boar populatiorGreece are still missing (Tsachalidis —
Hadjisterkotis 2008). Wild boar in Greece is natared a popular big game species, with a
wide distribution all over continental Greece. B88, it was successfully reintroduced in the
region of Peloponnesus, from where it was drivenextinction in 1830 (Tsachalidis —
Konstantopulos 2004 T'sachalidis 2008).

The wild boar hunting is allowed from 15/09/... to/@0 ... about four months and only
for 3 times per week (Wednesday, Saturday and SOn@asachalidis 2008a).

Studies on wild boar in Greece includes ecology madagement (Sfougaris et al. 1999)
hunting management (Karampatzakis 2006, Tsachalkfi@8) hunter behavior, hunter
characteristics and socioeconomic trends (Tsadkalithdjisterkotis 2008, Tsachalidis et al.
2008a), wild boar diet (Tsachalidis et al. 2004pd&peorgiou et al. 2006, Paralikidis et al.
2006) and wild boar population status (TsachakdigKonstantopulos 2004, Tsachalidis —
Konstantopulos 2005, Tsachalidis et al. 2008b). However, géhare no studies on
distribution, habitat selection and population dgmnsecessary for the proper management
and conservation of this species. Herein, we refoorthe first time the distribution, habitat
selection and population density of wild boar ire€ge.

2 MATERIALS AND METHODS

The study took place in the year 2004. Data wethegad from all 38 counties of the Greek
mainland, as well as from the larger forested Grisknds: Crete, Rodos, Samos, Lesvos,
Limnos, Thasos, Corfu, Kefalonia and Zakinthos.aDaere gathered through a questionnaire
distributed to 169 Federal Rangers (Tsachalidial.e2005) at the local hunting clubs of the
Hellenic Hunting Association, after the wild boaeeding season. Each ranger recorded his
observations only from his jurisdiction. In thetteanpt to locate localities of wild boar they
requested information from foresters, farmers, éstand people working in the forest and
in fields. During the survey, they searched fonsigf wild boar by searching the gullies on
foot and also by travelling the roads using a feteel drive car and on foot, searching for
signs of digging, scats, footprints, rubbing oresreand mud wallows, assisted by foresters
and hunters (Markov et al. 2004, Monaco et al. 2084 the questionnaires were returned
completed.

3 RESULTS, DISCUSSION

With the exception of Attica, Evian and islandslowoar was present on all Greek mainland
counties. Attica is a densely inhabited area, wincfudes the largest Greek city of Athens
(5,000,000 inhabitants). Also, the species it isfoand in Evian, due to the lack of suitable
habitat (a lot dPinus halepensjsand it also connected with the rest of Greecé wibridge
(Map 1, yellow area)

The species can be found in 263 localities, inrea around 19,495 Kmwhich is 18,9%
of the extent of the study area or the 14% of thentry (Table 1). The mean distribution
altitude reaches 686 + 266 m. Based on the measitdemd deviation (0.98 + 0, 21 ind/km
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the average population number all over Greece wamated at 19,033 individuals with
maximum population level 23,030 animals, and a mum of 16,536. The highest mean

density was observed in the prefecture of Sterd$1€1.26 ind/km) and the lowest in the

prefecture of Thrace (0.89 ind/km The maximum density is observed in Sterea Hellas

(3.14 ind/knf) and the minimum density is observedrimrace (0.13 ind/kR) (Table J.

ALBANIA

LI L Meters
0 50.000100.000 200.000

Legend

- Sus scrofa

Map 1.Distribution of wild boar in Greece

Table 1. Population distribution and mean densityhe species Sus scrdfa(wild boar) per
geographic district, in the Greece, during 2004

Prefecturg Area wild bo_ar (indi\asgzsi:ts);krﬁ)

(ge_o gr'aphlc prefecture habitat population .

district) (km?) kD) (%) (N) Mean Max Min
1 Thrace 8,524 1,025 12.0 915 0.89 1.1 0.13
2 Macedonia 35,728 7,192 20.1 6,548 0.91 2.04 0.37
3 Thessaly 13,880 2,960 21.3 3,395 1.15 2.43 0.38
4 Epirus 9,210 2,860 31.1 1,935 0.68 1.01 0.31
5 Sterea Hellas 16,840 3,333 19.8 4,210 1.26 3.14 0.47
6 Peoponnesus 19,230 2,072 10.8 2,030 0.98 2.57 0.31
Total 103,412 19,442 18.9 19,033 0.98+0.21 2.05 0.33

The most important wild boar habitat is oak for€36,4%), followed by chestnut forests

(9,6%) and various coniferous forests (6,2%al{le 2) The species avoids coniferous or

broad leaved homogenous forests.
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Table 2. Types of habitat occupied by wild boahwlibminant species

Categories of habitats Area of habitat
with dominant species (Kin (%)
Oak 255 1.3
Oak — Broadleaves 1,847 9.6
Oak — Beech 3,530 18.4
Oak — Fir 2,974 15.5
Oak — Holly(Quercus coccifera) 4,188 21.8
Oak — Pine 717 3.7
Oak — Chestnut 333 1.7
Broadleaves — Oak 825 4.3
Beech 375 2.0
Beech — Chestnut 480 2.5
Chestnut — Broadleaves 1,365 7.1
Pine 195 1.0
Pine — Fir 498 2.6
Pine — Broadleaves 500 2.6
Holly — Broadleaves 580 3.0
Evergreen broadleaves — Holly 681 3.5
Wetlands 99 0.5
Total 19,442 100.0

The above results are expected to provide valualibemation for the management of
this important game species.
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Tagging Piglets at the Farrowing Nest in the Wild:
Some Preliminary Guidelines
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Abstract —Neonate ungulate often show high rates of mortality due to predation, starvation, or
exposure to bad weather, leading to losses frequently exceeding 50%. Wild boar piglets are known to
suffer from thermoregulation insufficiency, which probably explain the nest construction behaviour in
sows. We thus tried to develop a method for tagging piglets inside their farrowing (or birth) nest to
assess piglet survival from few days after their birth onwards. Sows fitted-out with VHF collars were
radio-tracked to determine parturition time, and to get a rough idea of the possible birth nest location.
Then, with a handled antenna we approached on foot the birth nest, and piglets were caught, tagged
and fitted-out with a backpack transmitter and released inside the nest. Temporal movements of
mother and litter association were monitored, as long as possible. Results on sow behaviour and tactic
against human approach, piglets body mass, piglet reaction, and survival in their early lifetime were
described.

Sus scrofa / post-natal survival / farrowing nest / wild boar piglet / transponder / telemetry

Kivonat — Szabad teriileten & vadmalacok jeldlése vacokban: néhany é&tetes iranyelv Az

Ujszllott patasok halalozasi rataja gyakran nagyon magas, elérheti az 50%-ot, éaorbals a
ragadozasnak, a taplalékhianynak és @pardsi viszonyoknak tudhaté be. A vadmalacok kezdeti
elégtelen Bszabdlyozadsa magyarazza a vaddiszn6 kocak vacoképélkedését. Olyan moédszert
prébaltunk kifejleszteni, amellyel a malacoz6 vacokban megjeldlt vadmalacok tulélését becsiljik a
sziletésk utani néhany napban jyott adatokbdl. A VHF nyakorvvel ellatott kocakat malacozasi
idészakban bemeértik, és hozzélegesen meghataroztuk a vacok lehetséges helyét. Ezto&iivet

kézi antenna segitségével megkdzelitettilk a vackot, ahol a malacokat befogtuk, majd megjeldltik és
hati jeladoval lattuk el. A koca dtbeli mozgasat és az utdédokat a léhketgtovabb monitoroztuk.
Vizsgélataink eredményeként ismereteket szereztink a kocék viselkédsséw emberi zavarasra

,,,,,,

életiik korai szakaszaban.

Sus scrofa / szlletés utani tulélés / malacozé vacok / vaddiszné malac / jeladé / telemetria
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1 INTRODUCTION

Wild boar managers generally cannot rely on rediagstimates of demographic parameters to
simulate the efficiency of management scenarios thacefore, they cannot provide useful
management rules. To avoid such a problem, modellittempts have been made by
combining information obtained through both a ldegn research program and expert
opinions for some unknown parameters (Servanty RO®7opulation model of wild boar
was then elaborated and was based on a pre-bremding model. One of the guess estimate
that might lead to fluctuations in population reonent and then, influence the population
dynamics (Coulson et al. 1997) was the post-natalial (i.e., from birth to weaning).
Among ungulate species, juvenile survival appeaiset of prime importance (Gaillard et al.
2000) and it can be split into the post-natal dregost-weaning survival (i.e., from weaning
to one year of age; Gaillard et al. 1998). In mapecies juvenile survival could be
considered as a critical step of life and neonatgulates often suffer from high mortality due
to predation, starvation, or exposure to bad weatbading to losses that frequently exceed
50% (Galillard et al. 2000). Wild boar piglets amown to suffer from thermal deficiency
(Mauget 1980), which can explain the nest constiactbehaviour observed in sows
(Gundlach 1968, Diong 1973, Baettig 1980, Dardailt®84, Meynhardt 1991, Nakatani
1989, Brandt et al. 1997, Fernandez-Llario 2004)haugh little is known about newborn
survival in wild boar, juvenile mortality could ks high as 62% (Nakatani, 1989) or even
90% (Fernandez-Llario et al. 1999). Moreover sombh@s reported that in some cases, the
whole litter may die (Kurz — Marchinton 1972). Tardcknowledge, no study has tried to
assess directly post-natal survival of wild boanatural conditions. Our aim was to carry out
a study on the feasibility of tagging piglets iresitheir birth nest, an initial step to assess the
piglet survival from few days after their birth oamls. We aimed to test whether it was
realistic to catch and tag piglets inside the faing nest and to monitor them until their
weaning. By doing so, we looked at getting reliatiéda on the early survival of piglets as
well as information on factors that could inducglgi death. In addition, we aimed to assess
the sow’s responses to human perturbation througbsaible aggressive behaviour against
human approach for instance, but also the piglspareses to human approach of the
farrowing nest. Finally, the capture events wes® @n opportunity to get data on body mass
and sex of the littermates, for which availableomnfation is scarce to our knowledge,
especially in wild conditions.

2 METHODS

The study took place in the north eastern part in€e (48°02'N; 4°55’E), in the
Chateauvillain-Arc-en-Barrois forest. This foresta homogeneous broadleaved deciduous
woodland on a calcareous plateau. It covers 11l@0@omposed of hornbear@drpinus
betulug coppice with oakQuercus petraead1%) and beechH-agus sylvatica30%) stands.

In winter, during the hunting season, the main paefake farrowing period was assessed both
on adult and yearling sows (Mauget 1982, Fernamdimze — Carranza 2000) by genital tract
analyses (Henry 1968, Mauget 1980,1982, Servandy. @007). The estimation of the main
farrowing peak was used to decide when to perfannmgensive radio-telemetry survey on
pregnant sows fitted-out with VHF collaSsigure 1) The radio-tracking monitoring began in
2004, after some preliminary field tests of randesarch of wild boar farrowing nests were
performed in 2003gNCFs unpublished data). The radio-tracking method wae ased in
birds (Powell et al. 2005) and with the EurasianxlyLynx lynx,Boutros et al. 2007). We
used both a car-mounted antenna and a handledhanfi@ndoing telemetry (Kenward 1987).
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Tracking from the car enabled us to determine th&'ss restricted activity period, which
indicates the parturition time (Kurz — Marchintd872, Mauget 1980, Janeau — Spitz 1984).
As soon as two consecutive locations occurredeaséime place, we performed a night survey
of the sow’s activity. Then, after parturition waspected to have occurred, we used radio-
tracking on foot to approach the nest during thepssed period of stability of the piglets
inside the nest (from 3-4 days Mauget et al. 1884-2 weeks, see Kurz - Marchinton, 1972,
Janeau —Spitz, 1984, Eguchi et al. 2000). Whenhtahe piglets were fitted-out with both a
transponderrpx - B 1IS011784, Réseaumatique) to identify them for the oésheir life and

an adaptable backpack based on the elastic colaegs (Brandt et al. 2008igure 2 - a,b,¢
including a VHF transmitterr(v3, 10 gram, Biotrack). All piglets were releasesdidie their
birth nest after tagging. Temporal variations o tmother - litter association were then
monitored through VHF controls as long as possible.

Number of sows

fitted-out with VHF collar Expected Birth Peak
t:)hge g,?nr'.tt(.);?]d 2?.:)'39 20 * preliminary field tests
[PETRIITMRSIA) [k i 2004 _ * of the feasibility of
the experimentation
10 10
5 W
ol nolUlUN0a
I
» 10
z 2005 Used protocols for
o the nest research
9 ER
g H H I:l I:l VHF survey every
I
g oo O LI 2 0r 3 days
% ———
5 15
? 10 2006 ] VHF survey
8 = every day
10 5 5 {
0 0 D T ,|:| D VHF survey
10 "EEY every day but without
tagging attempt
2007
5
20 cm snow depth
7 I:l H I:l |:| on the ground
o+——> o L il
L g 9 88 g 98898738
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Figure 1. Between years distribution of expectedofa@ing period of adults sows of the
study area. Solid line (black or grey) as well astteld line under each histogram
represent the duration of the VHF survey. Detaiistle localization rhythm are given in
the white box. The total number of sows fittedwaitth VHF collar which are monitored
each year, are indicated in the grey box, on thié $&de. During the year 2005,
we decided to suspend the tagging attempt duriegr@mth due to bad climatic conditions
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Figure 2.a) Harnesssystem designed to fit out piglets with a backphlcite that on the white
elastic belts of the harness, sewing points aréleis The harness can thus adjust to the
piglet during its body growth until the next recaqg event. b) Piglet fitted out with a
backpack. The pocket of the backpack was clipped dne transmitter was put inside.
The antenna was directed toward the back of thiepig) Transponders and the applicator
used to inject into the subcutaneous tissue. Tlee mdicates the size of transponders (cm)

3 RESULTS

In agreement with previous studies (Mauget 1982naitre et al. 1984, Vassant et al. 1994,
Maillard - Fournier 2004) the birth peak varied amoyears(Figure 1) Although it was
possible to catch and tag piglets inside the ight, we were successful only in 17% of our
attemptg(Figure 3) Contrary to what we were expecting, determinimg éxact day of birth
and locating the farrowing nest in the forest plas far from an easy task. However, we were
never in danger because of a sow reaction. Inde@ahy case sows did not even try to defend
their litter against us by a direct attack during approach. However, in some occasions the
sow moved from the farrowing nest before we reachedexact position. In half of the cases,
the sow abandoned her litter. Quite rapidly afteeirt abandonment (between 24 and
48 hours), the piglets died inside the birth nashear this place. Once, we only recover
transmitters and remains of legs from three piglets litter of four, while the last one was
found half-buried in the nest surrounding. In dley cases, the sow picked up back the whole
litter and moved piglets away before building a nessgt. In 77% of cases (10 out of 13), all
the littermates ran away when we were approaclnagest. Generally after a short run, they
tried to hide themselves in the vegetation and wetanoving anymore except when we tried
to pick them up. The location with the vehicle-mtathantenna did not enable us to identify
whether the sow reached the exact nest positiowhather she was just wandering in its
surrounding. We were thus not able to quantify isedg how long it took to the sow to come
back to the birth nest after she had run away. Wewen all cases, when the sow came back
to pick up the piglets, it did that within 24h aftée capture event. The backpacks were kept

Acta Silv. Lign. Hung. 5, 2009



Tagging piglets at the farrowing nest 163

by the piglets for an average of only two and lolys. Overall, six litters were caught and
25 piglets were tagged. The overall sex ratio wageqbalanced with 14 males and
11 females. Newborns weighed an average of 109@@3+g (ranging from 650 g to 1390 Q)
with both the lightest and heaviest piglets beirajarlable J.

Sow leaving the trapping area

Birth outside the intensive
telemetry survey

Capture event

Female died during parturition

Birth in 2005 during the break
due to snow presence

Sow not showing a stabilisation
period

Figure 3. Results of the tagging attempts regardimg36 sows
monitored during the whole study period

Table 1. Description of information recorded both the sows and on piglets littermate
during the course of the study period. The greysceldicate the females that
abandoned their litter after the tagging event

Number Estimated Sex ratio of the

Year Sow's Sow's of tagged age of the littermate Weightin g
name Age : :
piglets piglet male female male female
1050;
700;
2004 Elor Adult at 5 Between 36 5 0 980:
capture to 60 hours ' /
650;
1030
: Born in Between 6
2005  Vrille 2003 2 and 8 days 1 1 1280 1480
940;
Adult at 5 Between 48 1340;
2006 Samare capture to 72 hours 1 4 1380 1270;
1170
Born in Between 48 1390; 1020;
Ambre 5, 4 to 72 hours 2 2 1300 1020
Denise Adult at 4 Between 48 5 5 1200; 1140;
capture to 60 hours 1110 1040
2007 1000;
Truffe  Adultat 5 Betweend8 4 2 990 990:910
capture to 60 hours 1010

The transponder tagging system appeared to be efliteent. We were able to read it on
all the tagged individuals accessible to our chemirol so far, both through recapture events
or during the hunting season. The longest monigosim far lasted 541 days.
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4  DISCUSSION, CONCLUSION

This experiment of piglets tagging was not as ss&foéas we might have expected. Although
we showed that newborn wild boar can be safely ltaagd tagged in wild condition, several
constraints need to be overcome. First, to idemii&/ spatial stabilisation corresponding to the
nest building implied a very intensive VHF monitayi of the sows fitted-out with collar is
required. In one third of our cases, the daily eyref the sow resting places did not allow us to
identify precisely the farrowing nest. Our ressitgoport that farrowing nest building is a short
event, performed within a few hours before patitumitas reported by some previous works
(Gonyou - Stookey 1987, Meynhardt 1991, Gustafes@h 1999). The observed resting period
at nest after births have occurred might be shinter previously reported 3-4 days or even less
in the present studys 1-2 weeks, Kurz - Marchinton 1972; Janeau - Spg@4, Eguchi et al.
2000, but see Mauget et al., 1984). Moreover Egie¢ able to go out of the nest within a few
hours after birth (Meynhardt 1991, Eguchi et al99)9 Sows have also been reported to be
highly sensitive to any perturbation after the pation (Eguchi et al. 2000). The odour or the
physical presence of a potential predator in thret serrounding might thus induce the sow to
move its piglets in order to protect them from atézh. Indeed sows that picked up their litter
after tagging event generally moved out their pgyi 300- 400 meters away from their initial
position. Overall, our first results highlight ththe time-window for tagging of newborns is less
than a week. The use of improved technologies, asdBPS/GSM collars (Baubet et al. 2004)
might help to identify more accurately the locatioh the birth nest. Moreover, such
equipment might also help to follow more precisahd under a high rate of location, the
post-parturition behaviour of sows, in the wild. wiver, the short time window raised
another problem. Although, the aim was to tag pégbes young as possible to get a reliable
estimate of the neo-natal mortality, the taggirtgrapt cannot be run too early after births has
occurred. Indeed, the nursing behaviour of the smwld be highly disturbed by the
experimentation during the first day of piglet'seliwhich is a crucial period for them
(Gonyou - Stookey 1987, Eguchi et al. 1999).

The difficulty we had to locate precisely the faviog nest might also be due to the post-
partum behaviour of the sows. Indeed, their agtiviythm changed after the parturition and sows
were becoming more active during daytime to foragarby the farrowing nest (Mauget et al.
1984, Eguchi et al. 1999). In some cases, chariges ¥HF signal (Kenward 1987) informed us
that the sow was already active when we were appiag her. In some other cases, they moved
away from the nest before we reached its exactigosin these cases we were thus not able to
find the nest due to escape movements. Althougtl solws seem to be sensitive to human
perturbations, they never tried to defend the f@img nest or their litter by attacking contrary to
what has been previously reported (Meynhardt 18B@pserved in captive animals (Eguchi et al.
2000). The mothers abandoned their litters in 5@%h@ cases although we cannot identify the
exact cause with certainty due to our small sam@e. Such high rate of failure pases an
unexpected problem that might be difficult to owene to study the early piglet survival.

However, we can conclude that the post-natal saha¥ piglets is highly variable from
year to year due to the human perturbation (an@agsiy hunting activities when birth
period occurs in late winter) as well as to the theaconditions.
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Is Non-invasive Genetic Population Estimation
via Faeces Sampling Feasible for Abundant Mammals
with Low Defecation Rates?
A Pilot Study on Free Ranging Wild Boar (Sus scrofa)
in South-West Germany
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Abstract —Wild boar is a widespread and abundant species for which until now reliable and accurate
population estimates are still lacking. In this study, a method based on non-invasive genetic sampling applied
in a mark-recapture framework is tested. Faeces collected along line transects serve as DNA source. Aim of
the study was to evaluate efficiency and practicability of the sampling design and to assess if a sample size
sufficient for reliable population estimation can be achieved. In a 12-day sampling trial which was conducted
in winter 2006 and covered approx. 25 km?, 4 persons collected 141 fresh wild boar faeces originating from
74 different individuals. This sample size was below those recommended for non-invasive mark-recapture
studies. Population estimates calculated using program CAPTURE strongly differed between models. Even
though the non-invasive approach worked in principle for wild boar, further research will have to focus on
increasing sample size while keeping cost and effort acceptable for a large scale application of the method.

mark-recapture / genotyping / transect / sample size/ population density

Kivonat — Alkalmas-e a hullatékgyijtéses mintavétel a gyakori entisbk non-invaziv genetikai
populéacié becslésére, alacsony (ritési rata esetén? Esettanulmany szabad terlleteé él
vaddisznokon (Sus scrofg Délnyugat-NémetorszagbanA vaddisznd egy széles kérben elterjedt és
gyakori faj, amelynek megbizhaté és pontos genetikai populacio becslése ez idaig nem tértént meg. Ebben a
vizsgalatban a modszer a non-invaziv genetikai mintavételen alapult, amelyet az alkalmazott jelolés-
visszafogads moddszer keretében valdsitottunk meg. A vonaltranszekt méijtigth lgyllatékok nyujtottak a

DNS forrast. Kutatasunk célja volt, hogy megbecsiiljik a mintavételi médszer kivitelezésének hatékonysagat
és hasznalhatosagat, és megallapitsuk azt a mintaméretet, amelyedapegtizhatd populaciébecsléshez,

és megvaldsithatd. A 2006 telén korulbelll 25 km2-en végzett 12 napos fjtetagiatt, 4 § 141 friss
vaddiszné-hullatékot d@ytott, 74 kilonbdz egyedbl. Ez a mintaszam nem érte el a non-invaziv jelolés-
visszafogds moddszerhez ajanlott elemszamot. A CAPTURE programmal végzett populaciébecslés
hatarozottan eltért a modellek kozétt. Annak ellenére, hogy a non-invaziv megkozelités alajijaiioitt e
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vaddiszn6é esetében, a tovabbi kutatdsokban az zemacvelésére kell fokuszalnunk gy, hogy a
koltségeket ne noveljuk, és a raforditott munkagaifihato legyen a modszer alkalmazasanal.

befogéas / genotipizalas / transzekt / mintanagysagbpulécio diriiség

1 INTRODUCTION

Population estimation is an important task forremagement of wild boar, in particular with
respect to the epidemiological role wild boar piaythe transmission of the classical swine
fever (Artois et al. 2002) or in order to evaluaféiciency of hunting measures. In research
for methods that enable to obtain reliable data ared less biased than most traditional
approaches (e.g. hunting bag analysis or traditiovaak-recapture), strategies based on non-
invasive genetic sampling yield promising resutisdeveral species (Piggott — Taylor 2003).
The tissue sources most commonly used for populastimation in mammals are hair and
faeces. Population estimation via hair samplingbeen applied for several different species,
e.g. grizzlyUrsus arctosand black beart). americanugMowat et al. 2005) and badgers
Meles melegScheppers et al. 2007). Faeces have served assbike e.g. in estimation of
coyoteCanis latrans(Kohn et al. 1999), African elephabbxodonta africangEggert et al.
2003) and lesser horseshoe &tinolophus hipposiderugPuechmaille — Petit 2007)
populations. After individual identification of saes via genotyping, a modified capture-
mark-recapture approach can be applied for pojpmastimation (Woods et al. 1999).

For wild boar, the suitability of both hair and das as DNA sources has been tested (Fickel
— Hohmann 2006). For wild boar like for other spediair is more favourable compared to faeces
in terms of DNA quality and quantity (Franz et2004, Fickel — Hohmann 2006, Regnaut et al.
2006). However, a pilot study conducted in thedfielvealed that hair sampling at baited stations
is not practicable for reliable population estimati{Ebert et al. submitted): behaviour of wild
boar at the stations differed strongly dependenindividual age and group status, resulting in
heterogeneous individual sampling probabilities.aAsalternative, we collected wild boar faeces
along transects in a forested area in southwe&ermany. Our aim was to develop a reliable,
representative and cost-effective sampling straf@ggon-invasive population estimation. In this
respect, obtaining a sufficient sample size is raportant factor. For non-invasive genetic
population estimation, several authors recommetidating 2 to 3 times as many samples as
animals are assumed to be present in the samppedagion (Miller et al. 2005, Solberg et al.
2006). This recommendation is based partly ondoethat a certain proportion of the samples
will have to be discarded from genetical analysige do low DNA quality or quantity
(Puechmaille — Petit 2007). In general, when intemntb apply mark-recapture methods, the best
way to obtain estimates with low bias and goodipi@t is to ensure high capture probabilities
and a high rate of recaptures (White et al. 1985 necessitates an intensive sampling. On the
other hand, a method has to be kept feasible. Tiigimed at evaluating the practicability and
efficiency of a faeces sampling design based @nttemsects. Compared to other ungulates, wild
boar have a low defecation rate (Briedermann 198fhbe et al. 1997). Consequently, obtaining
a sufficiently large sample is a crucial point st context. Furthermore, wild boar are a
widespread and abundant species, the faeces oh whik distribute over wide areas. This
exacerbates the difficulty of obtaining a suffici@ample size. Furthermore, it may limit the
scope of non-invasive methods in terms of costedfatt for wild boar compared to rare and/ or
endangered species.

We conducted our sampling trial in winter in order keep loss of samples due to
degradation and insects as low as possible. Fuontiver sampling during low ambient
temperatures has been shown to increase genotypaegss e.g. in wolves Canis lupus (Luccini
et al. 2002), wolverines Gulo gulo (Hedmark et28l04), mouflon (Ovis musimon) and alpine
ibex Capra ibex (Maudet et al. 2004). Furthermbgerepeating the same transect routes as
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accurate as possible for every sampling occasienintended to maximize the possibility of
collecting fresh faeces (i.e. less than 48 houdj, ovhich has been shown to increase
genotyping success (see e.g. Arrendal et al. 200iphy et al. 2007, Santini et al. 2007).

2 METHODS

2.1 Study area

Faeces sampling was carried out in a site of 25Gsituated in the Palatinate Forest in
southwestern Germany (49°12'N, 7°45’ E). Elevati@amges mostly from 250 to 450 m a.s.l. with
a minimum of 210 m and a maximum of 609 m. Hillsl aalleys are orientated mainly from
northeast to southwest. The predominant nativet pfammunity is beech forest (Luzulo-
Fagetum). The area is covered with forest to apmabely 90% (44%Fagus sylvatica26%
Pinussp., 10%Picea abies12%Quercus petraeandQuercus roburReis 2006). Several small
settlements with surrounding open areas lie ap#rghery of the study area. Annual average
temperature is 8-9°C (Weil3 1993), annual precipitaapproximates 600 — 1000 mm.

Three ungulate species occur in the PalatinatesEaexd deer@ervus elaphys roe deer
(Capreolus capreolysand wild boar $us scrofp The annual harvest of wild boar in the
state-hunting areas between 1999 and 2006 avePagésdividuals per kih(Range: 1.14 to
5.23 individuals per kfhand year; Reis 2006). The hunting bag in the styelgr was
comparably low: 1.6 wild boar per Rm

2.2 Faeces sampling and genotyping

Sampling was carried out between Novembét &7d December 122006. Wild boar faeces
were collected along 16 transects of approx. 7 kem8ength eacl@Figure 1) Transects were
installed parallel to each other in direction frararth to south (overall length: 104 km).
Trails, small roads or streams were crossed, iessary, but it was avoided to conduct
transects along trails or roads, in order to preymiential bias of sampling results. The
parallel N-S transect design was chosen with theetaicover the study area as representative
as possible by including all occurring habitat ty@ad altitudinal levels. Four persons each
walked two transects per day. Thus, all 16 trasseetre searched within 48 hours. The total
of 16 sampling days was divided into 2 blocks afe&§s with a break of 4 days in between.
Thus, each transect was searched 8 times in tdtahva period of approx. 3 weeks. In order
to ensure that the same transect routes were sehinhevery repetition, transects were
marked using spray paint on trees. The transedhwittich could be effectively searched for
wild boar faeces by a walking person was approxetge® m.

Whole faeces were stored frozen (-19°C) in sedkstip bags until analysis. Genotyping
of samples was carried out in the laboratoriehefliniversity of Koblenz-Landau, Germany,
based on 4 microsatellite loci and one Y-linked s@xker (Kolodziej et al. 2008). In order to
obtain reliable consensus genotypes, all homozylpmiisvere repeated 10 times, whereas for
heterozygous loci, 3 successful repeats were daoué

Based on the genotyping results, population sizze walculated using program CAPTURE
(White et al1978). For later comparison, we chose 5 differevdets from the program:

» the null model (MO) which assumes equal samplir@bability for all individuals in

the population, no behavioural response to samglitgno variation over time

* Mt assuming a variation in sampling probability otiene

* Mh Jackknife (Mh J) and Mh Chao (Mh C) assumingivitial heterogeneity of

sampling probabilities

« Mth Chao (Mth C) assuming sampling probability taryw over time and due to

individual heterogeneity
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The two Chao models have been developed espeéiallyse with small sample sizes
(Chao 1989).

1 km
]

Figure 1. Transect design in the study area (25) lané buffer with the width of a mean
monthly wild boar home range radius marking theaffle sampling area (52 km2)

Additionally, we incorporated the model selectiamgess of program CAPTURE which
suggests an ‘appropriate’ model following the rssof program-inherent goodness-of-fit tests.

Because in our study area the population can nasksemed to be closed, population
densities have been calculated with a buffer of010® around the study area, which
corresponds to the radius of an average monthly 882§-home range of wild boar
radiotracked in the study area (Ebert et al. 200/us, the area used for density calculation
corresponds to 5200 ha.

3 RESULTS

3.1 Faeces sample collection

In 12 sampling days, 141 wild boar faeces weresct#ld Figure 2. To obtain these samples,
a total of 622 km of transects were covered. Thepsiag was carried out by four persons;
total time expended was 335 man-hours. This cooregpto 0.23 samples per km of transect
and 0.42 samples per man-hour, respectively. Thebeu of wild boar sampled per day
varied considerably in both sampling blocks (dag tlay 6 and day 7 to day 12 respectively).
In both cases, it showed a decline from the fiest th the last day of each blodkidure 1).
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Of the 141 samples, 89 (63%) were genotyped suttlgssepresenting 74 individual
animals. The frequencies with which wild boar weenpled 1, 2, 3, 4 and 5 times were
66, 4, 3, 0, 1, respectively. This corresponds4adsampling events altogether. Of the 74
individuals, 48 were female and 26 were male (aéiw male : female 1 : 1.84).

14

12 4 I
10

No. of animals

7 8 9 10 11 12

2| i n
0 T T |:| T
1 2 3 4 5 6

Sampling day

Figure 2. Number of wild boar sampled per day.
The number of animals sampled first time is givegrey, recaptures are given in black.

3.2 Population estimation

Model selection routine in program CAPTURE suggésietime specific variation in the
sampling probabilities (Chiz = 39.335, df = 11, p0001) as well as the possibility of
individual heterogeneity (Chi2 = 22.430, df = 115 9.021). CAPTURE suggested model Mt
as the appropriate estimator. The different models estimated sampling probabilities of
about 0.02 (2%) per sampling day. The point estsiand confidence intervals as well as the
population density vary between the different med@lable ). In order to evaluate the
degree of coverage, we calculated the ratio sasipé# estimated population size to enable
comparison with the recommended sample sizes (seeduction). Averaging over the
different models’ results, we obtained in mean Gdsples per wild boar assumed to be in
the sampled populatidiTable 1).

Table 1. Population estimates and population desssiderived from wild boar faeces samples
using different models in program CAPTURE (see fextdescriptions of the
models). Population densities (wild boar per km®ravcalculated based on an
effective sampling area of 52 km2. The mean samgiobabilities are estimates
generated in program CAPTURE.

Estimation model MO Mt Mh J Mh C Mth C
Population size N 225 221 308 619 523
(95% CI) (153 — 364) (151 — 355) (248 —391) (270 —1587) (270 — 1106)
Population density 4.3 4.3 5.9 11.9 10.0
(95% CI) (29-7.0) (29-6.8) (48-75) (52-305 (5.2-21.3)
Mean sampling

probability 0.032 0.034 0.024 0.011 0.014

Ratio collected

faeces/ estimated N 0.63 0.64 0.46 0.23 0.27
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4 DISCUSSION

4.1 Sample size considerations

Considering the recommendations and theoreticalinegents of traditional mark-recapture
methods, the sample size achieved in our faeceplisgntrial seems small (see e.g. Otis et al.
1978, White et al. 1982). This also holds true watspect to sample size recommendations based
on the experiences of other non-invasive genetpulption studies (Puechmaille — Petit 2007,
Solberg et al. 2006): In order to achieve the diwpbiecting 2 to 3 times as many samples as the
assumed number of wild boar in our study area n éiveve take the lowest of our estimates
(Model Mt) as a measure - the desired sample si@an case would have been 442 to 663 faeces
samples. Consequently, the sampling probabiliséisnated in program CAPTURE for our data
are low. While Otis et al. (1978) state that ‘captyrobabilities have to be at least 0.1 for each
capture occasion to obtain reliable results, insbudy the estimated probabilities ranged model-
dependent from 0.011 to 0.034. Thus, even thoughfabces sampling procedure worked in
principle for wild boar, the number of collecteéd¢as will have to be increased considerably in
the future. Consequently, the number of sampldsatet! is only 0.23 to 0.64 times the estimated
number of wild boar, dependent on which model isseh. One reason for the low sample size
may be the rather low defecation rate of wild bm@mpared to other ungulates. While the mean
number of defecations per 24 hours in wild boarayes 4.5 (Briedermann 1990), the rate in red
deer Cervus elaphysis 19 and in roe dee€épreolus capreolysl4, respectively (Tottewitz et
al. 1998). A survey of red deer faeces carriediowiur study area in spring 2009 yielded a
sampling success of 1.6 samples per km of trarfjs&cRahlfs, pers. comm.) — this is almost
seven times the density of wild boar faeces, etengh wild boar are assumed to be more
abundant in this area than red deer. However, $asmmpling also has been carried out for some
carnivores with defecation rates comparable toetlubswvild boar, e.g. brown beddssus arctos
and Iberian lynxynx pardinugBellemain et al. 2005, Palomares et al. 2002).ilBapecies like
e.g. lynx or under colder or drier climatic comulis, faeces can be suitable for analysis for longer
time compared to wild boar in our study area. Ttweddion that even older faeces have to be
successfully analyzable can be crucial for thetjwaality of the method especially when applied
to rare and elusive species (Palomares et al. 2B02)wild boar faeces, DNA quality seems to
decrease considerably from 48 h after defecatioify, some variations depending on weather
conditions (S. Eckert, unpublished data). Similattggns have been shown for several other
species (Fernando et al. 2000, Piggot 2004). Trecjent searching of transects is important for
obtaining samples as fresh as possible. For thgre we searched all transects every second day
in our study, thus ensuring that the age of thentgjof samples is less than 48 hours.

The most obvious method to increase sample size ligise sampling effort. However,
this can affect the feasibility of a method depende the facilities available. A promising
approach for more effective faeces collection, Wwhias already been applied successfully
e.g. to grizzly bearsJrsus arcto}, is the search with trained dogs (Wasser e0@4 2L ong et al.
2007). Dogs have been shown to reach significdmjger faeces detection rates compared to
humans (Smith et al. 2005). However in wild boapehding on area and population, the
prevalence of Aujeszky’s disease — which is lefbaldogs like for most carnivores (Bastian
et al. 1999, Miiller et al. 1998) can be more os song. This holds the risk of infection for
detection dogs, since Aujeszky-Virus has also pmot@ be present in wild boar faeces
(C. Adlhoch, pers. communication). Thus, this sangpimethod does not seem to be feasible
for wild boar. The necessary increase in sampke stiould therefore be realised by increasing
sampling intensity (longer period, more observersre/ longer transects) or by a change of
sampling strategy (e.g. by combination with huntlrg or some other kind of additional
sampling).
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4.2 Population estimation

The population estimates and confidence intervats/ed from the capture histories of the 74
wild boar show considerable variation dependenthenapplied models. Models MO and Mt
show very similar results. Resulting from the diffieces between the trial days in the number
of wild boar sampled, CAPTURE model selection st model Mt as appropriate. But
considering the biology and behaviour of wild baad also the results of the majority of non-
invasive studies, we would expect a certain hetmey in the sampling probabilities
(Knapp et al. 2002). The Jackknife Mh model, whiglkknown to perform well with large
samples (Burnham — Overton 1978, Chao 1987), yieldd@igher estimate compared to the
models not incorporating heterogeneity. The two cChadels (Mh Chao and Mth Chao),
which both incorporate heterogeneity and which saigl to be especially suited for small
samples like ours, show very high estimates andhnferger confidence intervals compared
to the others. The densities obtained from our datfa those two models lie in the range of
the highest wild boar densities reported by Helmegteal. (2007). Compared to Mh Jackknife,
Mh Chao gives a population estimate twice as high.

The question which one of the estimates is cldset$te real population size is difficult to
answer. It has been shown previously, that the med&ction procedure in program
CAPTURE has low power in many cases, especialliowtsample sizes (Menkens et al.
1988, McKelvey — Pearson 2001). Furthermore, path® model selection tests failed with
our data because the expected values were too.sftgalh consequence, we would not
consider the suggested appropriate model Mt amtst suitable. Menkens et al. (1988) state
that for very small data sets the Lincoln-Peterestimator may provide more reasonable
results as the more complex CAPTURE models. Wheplyeqyg the Lincoln-Petersen
estimator (in its bias-corrected form; Chapman }36lour data set by setting day 1 to 6 as
the ‘capture’ and day 7 to 12 as the ‘recaptur&,obtain a population estimate of 265 wild
boar. This estimate lies in between those of theletso MO, Mt and Mh Jackknife.
Considering the different results while taking irgocount our very small sample and the
statements of Menkens et al. (1988), the real @tiom size may be best reflected by the less
complex models. These seem quite reasonable fostady area and the study year: When
comparing with densities estimated during previstusdies in other parts of Europe (as
reviewed in Hebeisen et al. 2007), the densitiekahitats similar to our study area were
comparable or even lower. Considerably higher tieasivere mostly reported from habitats
with more favourable conditions e.g. due to agtigal crops as food sources. Besides the fact
that our study area is a rather poor habitat withgucultural areas, the hunting bag in the study
year was very small compared to the years befaren(éhough hunting effort did not change
between the years), indicating that the populatic2006 was low even for this area. However,
until now the possibility of a biased estimatioreda edge effects or due to genotyping errors can
not be ruled out and requires further investigati@ed<olodziej et al. 2008).

The sex ratio of the genotypes derived from thedaesamples could either represent the
real ratio in the population or be an artefact ttwmehe small sample size. Considering the
sampling design, we do not believe the detectiatability to vary strongly between the two
sexes. In the year of our study, 83 wild boar hbgen harvested in the study area. The
hunting bag of the drive hunts in winter 2006/2886wed a similarly female-biased sex ratio
(male : female 1 : 1.53 in the hunting bag compaed : 1.84 in the faeces samples
[Landesforsten Rhineland-Palatinate, pers. comim.jhe study year compared to our faeces
samples. In general, a hunting bag may not represerunbiased sample of a population.
However, in drive hunts harvesting of wild boamisch less selective compared to single hunt,
and thus we assume the drive hunt sex ratio teeheento the real ratio in the population. Thus,
the drive hunt sex ratio supports the idea thatd#tection of more females than males in our
faeces sampling might reflect reality and not berassequence of the small sample size.
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4.3 Cost effectiveness

The costs for personnel and transport during #ld fvork (4 persons working on 12 sampling
days plus processing of the field data) amounte)G00 Euros (approx. 11,300 US$). Analysis
of faeces samples in the lab (1 person working Bthwand costs for extraction kits, PCRs
and sequencing) cost approx. 70 Euros per sampl&J8%). Thus, the costs for the analyses
of 141 samples amounted to approx. 9,690 Euro§103US$). Total costs of the sampling
trial and genotyping thus were approx. 17,690 E28s000 US$), of which 45% represent
field work and 55% are laboratory costs.

Comparing this to other studies, our costs andrieffiut also our yield (in form of
samples) is low: The costs for a one-year studprown bears\rsus arcto} carried out by
Solberg et al. (2006) amounted to 66,700 to 77H@0®@s (95,130 to 110,800 US$). However,
in this study a total of almost 700 samples werkected and analysed in two years. In a
second bear study, Wasser et al. (2004) used ®mnd 4 trained dogs to collect bear
faeces. They collected 880 grizzly and black be#nsis arctos, U. americanudaeces
samples in two sampling trials over two years. e first sampling trial, a minimum of
250 km of transects were searched, the minimunsé@rength for the second trial was 600
km. Wasser et al. (2004) report costs of about 388 per sample (of these, 44% attributed
to personnel, 9% to field transport, 42% to DNAlgses and 5% to hormone analyses). Total
costs for their first trial (400 samples) therefamounted to approx. 200,000 US$ and for
their second trial (480 samples) to approx. 2201086.

Compared to our study, both bear studies workedaomuch larger spatial scale
(7328 km2 and 5200 km?). Needless to mention thatabundance of wild boar is much
higher and their movement behaviour is considerabhaller scaled compared to brown
bears and black bears. The estimated densitiegafstrange from 0.021 bears per km?
(Solberg et al. 2006) to 0.037 bears per km? (Wassal. 2004). Thus, even our lowest
estimated densities (4.3 wild boar per km2) are twaers of magnitude higher compared
to the estimated bear densities. In terms of effggtand population coverage, the two
bear studies yield considerably higher values: &gbet al. (2006) collected 2.26 and
1.22 times as many samples in their two study yearhe estimated number of bears, and
Wasser et al. (2004) even obtained 17.14 timesasyrsamples as they estimated bears
in their population under study. In contrast testhwe will have to increase the wild boar
sample size at least threefold in order to reachrttio recommended by Miller et al.
(2005) and Solberg et al. (2006).

We found no other studies which give an accourheif cost and effort, so that material
for comparison is scarce. But in relation to the sstudies cited above, it becomes apparent
that non-invasive population estimation is carwed in a much larger dimension in terms of
cost and effort. However, it may be questionabliné same dimension of cost and effort is
acceptable for a widespread and abundant (andmi@ngered) species like the wild boar,
especially when application on a larger scale srdd.

4.4 Conclusions

The basic method of non-invasive population estiomatiia faeces sampling seems to
work for wild boar. However, several problems rem#& be solved before it will be

possible to obtain unbiased and accurate estimatashe approach presented here. First
of all, the population estimates presented in gaper depend on reliable lab analyses.
With faecal samples from wild boar, accurate gepioty turned out to be particularly

challenging. At the time of printing, reliabilityf ehe lab results had yet to be confirmed.
Thus, presented estimates must be regarded ampraty. Furthermore, the sample size
will have to be increased considerably. Also, addal studies are needed in order to
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assess if there are sources of bias which until r@ewain undetected. For example, the
female-biased sex ratio we found in our faeces $argpnotypes should be verified in
order to evaluate if there exists a sex-relateérogieneity in sampling probability.

For wild boar management and to control the spoédte classical swine fever, reliable
population estimates are highly desirable. Howeifethe method presented here is to be
applied on a larger scale, a serious concern wdeskerves further research will be to obtain a
sufficient sample size while keeping the cost difmtteacceptable.
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Sus scrofa: Population Structure, Reproduction and
Condition in Tropical North-Eastern Australia

Peter M. Htise-PavLov?® —Sigrid R. HeisePavLov®-John E. HLsoN
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Abstract — Three feral pig populations inhabiting contrasting environments along the north eastern
coast of Australia have been investigated with respect to population structure, individual condition and
reproduction. The population on Prince of Wales Island contains a large proportion of juvenile and
sub-adult pigs but lacks pigs in the higher age classes. Individuals also breed at an earlier age than
animals of the mainland populations. Pig populations on Cape York Peninsula show a larger
proportion of older animals and feral pigs living in rainforest habitats show a low proportion of
animals in very young and very old age classes. Pigs from the lowland rainforest population are in
better condition than those of the other populations for most of the year, reflecting the availability of
food all year round in this environment. Differences in the population structure of the three
populations are discussed with respect to fecundity and several mortality factors such as predation and
diseases/parasites.

pigs / age structure / breeding / condition index

Kivonat — A vaddiszn6-populacié szerkezete, szaporoddsa és kondicioja a tropusi északkelet
Ausztralidban. Harom, Ausztrdlia északkeleti partvidékén vador® é&addiszné populaciot
vizsgaltunk a populacié struktaraja, az egyedek kondicioja és reprodukcidja szempontjabol. A Wales
herceg-szigeti populaciéban legnagyobb ardnyban a fiatalok és a szubadult vaddisznék vannak jelen,
az idssebb korosztalyokbdl hianyoznak a vaddisznok. Az egyedek itt kordbban szaporodnak, mint a
kontinens allatai. A Cape York-félsziget populaciéja, amely derdsi ébhelyen él, az iésebb
egyedek nagyobb aranyat mutatja, kis aranyat mutatja azonban a nagyon fiatal és a nagyon 6reg
korosztalyoknak. Az alfoldi éerdsk vaddisznd populaciéi az év nagy részében jobb kondici6ban
vannak, mint a tobbi populacio, jol mutatva a taplalék egész évi hozzétpét kozvetlen
kdrnyezetikben. A tanulmany megvitatjia a harom populacié szerkezetének kilénbségét a sziletési
aranyszam, valamint a kulonkibzhalalozasi tényék, a ragadozas és a bhetegségek/parazitak
figyelembe vételével.

vaddiszno / korszerkezet / szaporodas / kondici6 index
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1 INTRODUCTION

Amongst the ungulates, the wild bo&u§ scrofais one of the most adaptable species.
(Dexter 1990, Choquenot 1998). They have the highetential reproductive rate of any
ungulate, potentially breeding all year round witvo litters per female (Barrett 1978). In
combination with a low impact of predators, thisymasult in high population densities when
conditions are optimal (Taylor et al. 1998). Popiola growth rates of 0.78 have been
reported and are amongst the highest for an uregsfscies (Mauget et al. 1984, Giles 1980).
Detailed studies on population dynamics of fergbpghave been conducted in various areas of
Australia, such as in the semi-arid rangelandse&511980, Choquenot 1994), subalpine areas
(Saunders 1988, 1993), tropical woodlands and fiods (Corbett 1995) and tropical
rainforest (Pavlov — Edwards 1995, Mitchell 2001).

These studies suggest that food availability isrtiwst obvious factor determining the
growth of pig populations in seasonally dry hakitat Australia. Additionally, predation by
dingoes and the impact of diseases and parasitesieen identified as factors affecting pig
populations in the wet-dry tropics of Australia (Gett 1995, Heise-Pavlov — Heise-Pavlov
2004). However, comparative studies on feral pigypations in north eastern Australia are
few in number, but essential for better manageroktitis pest species.

This study focuses on the analysis of populationctire, the condition of animals, the
average litter size and the age of first reproductif females in feral pig populations living in
three different habitats in NE Australia which difiin respect to seasonality, food availability
and predation. Comparing pigs on an island witlorgjr seasonal variation in food, a
seasonally dry woodland habitat and a lowland cagdt habitat with low seasonal variability
and an abundance of food, we would expect pigs fittenrainforest habitat to be in better
condition and have larger litters than those framdther contrasting habitats examined.

2 MATERIALS AND METHODS

2.1 Study areas

The three studied populations are located in acdasorth Queensland above 16 degrees
12 minutes of Latitude Soutflfrigure 1) The areas differ regarding the duration and sitgn

of dry and wet seasons which can be expressed dBasonality index (SI), developed by
Walsh - Lawler (1981). Sl is the sum of absoluteia#ons of mean monthly rainfall from the
overall monthly mean, divided by the long term meanual rainfall.

The first population of feral pigs was studied om& of Wales Island (in text POW) at
142°12’E and 10°40'S. It is a 50km? Island, 30 Rkiketres north of the mainland of Australia.
The island has a tropical monsoon climate withrBehths of rain followed by 8-9 months of
dry weather. The average annual rainfall is 1,808. mMhe vegetation is dominated by
savanna eucalypt woodlanBucalyptus tetradonjaon well drained soils, patches of Blady
grass [mperta cylindrical var. major, patches of Paperbarki€laleuca viridiflorg on poorly
drained soils and occasional outcrops of mixed fanest on rocky slopes.

The second population of feral pigs was sample€Cape York Peninsula (in text CY)
(a rough triangle shape, with the tip 142°33’'E 2Q°S, the south western corner 141°25’E,
16°12’'S and the south eastern corner 145°24’E 1263) approximately 126,000kmz in area.
CY Peninsula has a tropical monsoon climate sinidaPOW Island with the amount and
timing of the rain being variable. Rainfall varibstween 700mm and 1,800 mm per year.
There are many permanent streams and lagoons. ategoourses flowing east are less than
120 kilometres long, while the streams flowing westross eroded floodplains, are up to
300km long. The vegetation is varied with the maglespread communities being Open
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Savanna Woodland (dominated Bycalyptus tetradontand E. sp. aff. polycarpawith a
range of grasses in the understory), Gallery Fofsisips of forest occurring along all
significant drainage lines with dominalRicus spp., Parinari nonda, Nauclea orientaliad

the introduced mangdangifera indicg and Grassland (dominant grass species are:
Dichanthium sp Panicum maximuim
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Figure 1. Study sites

The third feral pig population studied was sampiethe wet tropical lowland rainforest

(in text LR) at 145°25’'E 16°5’S. It has an aread0D km2. Coastal ranges with peaks up to
1,300 metres, at right angles to the prevailingtls@mast wind, produces orographic winter
rainfall as well as monsoonal summer rains, totgllan average of 3.5 metres of rain per
year. The vegetation is primarily complex vine &ird1A) and mesophyll vine forest
(2A, 2B) (Tracey 1982) with up to 150 vascular spe@er hectare. Permanent streams are
common and usually short (less than 10 kilometoeg). High humidity persists all year
round in this environment.
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2.2 Sampling methods

Pigs were mainly shot after hunting on foot witlgd@CY), or from a vehicle (POW). In the
LR many pigs were caught in welded mesh traps pawating a spring-loaded gate with the
trigger mechanism consisting of a horizontal bdre Bar would be lifted when the animal fed
on the supplied food and the door would snap $tigs were killed by a head-shot according
to the guidelines “Model Code of Practice for theeliare of Animals” (SCA Technical
Report Series, No. 34 1996). 351 pigs were sanfpdeal 1982 to 1985 from Prince of Wales
Island, 470 pigs were sampled from 1981 to 198fffeape York Peninsular and 337 pigs
were sampled between 1992 and 2000 from the lowdainforest site.

2.3 Population structure

The age of caught pigs was assessed by a modifissiftcation of tooth eruption (Matschke
1968) up to an age of 26 months. For ages betw&an®72 months ages were assessed on tooth
wear and loss (modified by Barrett 1978). Them isogressive tooth eruption until 36 months of
age and a generalised wear pattern (related tsigbreess of the food) of the molars until
72 months. This is a simplified ageing method, inuthe absence of knowledge of wear
patterns on wild animals (from specific areas), fadher precision can be attained. The
following age classes have been used: 1 (0-5.5mprR (6-12.5 months), 3 (13-24.5 months),

4 (25-36.5 months), 5 (37-48.5 months), 6 (49-6Mménths), 7 (61-72.5 months) and

8 (> 73 months). The number of animals per agesaless compared by x2test between the
populations.

2.4 Individual condition

In order to assess the condition of animals, thahteof its mesogastric fat (StoFat) was
related to the weight of the carcase (Gutted WeigldW) by using the following formula
describing a condition index [CondInd = (StoFat/GX¥V)000]. Mesogastric fat is associated
with the ‘net’ of blood vessels on the outer ciréerance of the stomach. This structure can
be easily dissected away from the stomach and wdigfButted weights were used to
standardise carcase measurements of the sows witlaming pregnant sows and their
attendant embryos confounding the measurement. rdieroto minimise the effects of
seasonality, the Condind was compared between dpelgtions based on available data
collected at the same time of the year. Therefopathly average CondIind were compared
between CY and LR using the Mann Whitney U-testtf@@ months January to June and
September and December while the Kruskal Walliswes applied to compare the monthly
average Condind for the months July, August, Octabel November between all three
populations (Fowler — Cohen 1990). This was necgssasampling on POW occurred only
in the months July/August and October/November.

2.5 Reproduction

Females were classified as pregnant/lactating dowpto the presence of foeti in the uterus
and the presence of active teats respectively. $tagsified as early pregnant, had foeti less
than 20mm long. The average litter size was caledldased on the number of active teats
(expressing milk).

The mean gutted weight and mean age of reproddeimgles were compared between
the three populations by the Kruskal Wallis teghvaubsequent significant tests for multiple
comparisons (see Siegel — Castellan 1988). Theofitfee youngest reproducing female was
determined for each population.
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3 RESULTS

The three investigated populations live in habivatsch differ in the duration and intensity of
dry and wet seasons. While the habitats of pomriation CY and POW show a similar
seasonality index of 1.137 and 1.127, indicatirtggh seasonality, the population in the LR
lives in a less seasonal climate but is still cbtmased by distinct wet and dry seasons, with a
seasonality index of 0.676.

3.1 Population structure

The distribution of sampled pigs into the above tioered age classes showed a younger
population on POWTable 1 and Figure 2ith significantly more individuals at age class
1 and 2 than the CY and LR populations. An oldepypation was recorded on CY with
significantly more individuals belonging to agesd&/ and 8 than in the other sampling sites.
The pig population on LR were the most evenly disted per age class.

Table 1. Comparisons of age classes between samiglgebpulations of Cape York Peninsular,
Prince of Wales Island and Lowland Rainforest -ulssof.X> Tests

age class CY- LR, CY; - POW; LR, — POW;
1 n=8 =44 n=8 =175 n=44 =175
X2=2492 p<0.000] X2=152.39 p<0.000 X2836 p<0.000
2 n =28 =79 n=28 r =58 =79 n, =58
X2=2430 p<0.000] X2=10.46 p<0.001 X2213. p<0.073
3 m =29 n =45 n=29 n =49 n= 45 n =49
X2 =3.45 p<0.063| X?2=5.12 p<0.024 X?2=0.17 p<0.68
4 mn = 155 n =50 n =155 n=31 n= 50 =31
X2=53.78 p<0.000] X2=82.66 p<0.000 X24%. p<0.035
5 n =82 n =46 n=82 r=10 n= 46 n=10
X2=10.12 p<0.001| X2=56.34 p<0.000 X2=128 p<0.000
6 mn =105 n=35 n =105 n=15 =235 n=15
X2=35.00 p<0.000] X2=67.50 p<0.000 X26@B. p<0.005
7 n =57 =35 n=57 =9 =35 =9
X2=5.26 p<0.022| X2=34.90 p<0.000 X?>=3k. p<0.000

3.2 Individual condition

In July, animals on POW show significantly highesndind than those on CY (p < 0.01) and
from the LR (p < 0.01). For the months January,ilf@rd June, animals from the LR show a
significant higher Condind than those from @¥gure 3) (p < 0.01 for January and April,

p < 0.05 for June). In September, the Condindgsiicant higher in animals of CY than in

the LR (p < 0.001). In November, animals of the ¢l®dw significantly higher Condind than

those from CY and POW (both p < 0.05).
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Figure 2. Population structures of three feral pigpulations in tropical northern Australia
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Condition Index of three feral pig populations
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Figure 3. Condition Index of feral pigs from thrééferent populations
in tropical northernAustralia

3.3 Reproduction

The average gutted weight of reproducing females significantly lower in the POW
population compared to CY and LR populations (mé&w POW: 16.03 kg *1.18,
CY 37.96 kg +1.13, LR 37.83 kg + 2.29; Kruskal Wealest: X2 = 53.11, p < 0.00QFigure 4)
Females in the POW and LR populations reproduea aarlier age compared to females on
CY (mean age of reproducing females: POW: 21.91thsof 2.52, CY 47.76 months = 1.76,
LR 24.56 months = 2.98; Kruskal Wallis test: X2 £.87, p < 0.000). For the population in
the LR, an average litter size of 5.11 + 0.46,@f of 6.60 £ 0.59 and POW of 4.25 £ 0.272
have been calculated. On POW, the youngest repiragidemale was found at an age of
7 months while the youngest reproducing female ¥nw@s at an age of 12 months. In the
LR, the youngest reproducing female was found atgenof 6 months.

Average Age in month and average gutted weight in kg of
reproducing females at three locations in north eastern
Australia
60 -

)
E 50 T
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é 40 T N
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@
: T :
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Figure 4. Average age and gutted weight of repratyéemales of
three feral pig populations in tropical northermugtralia
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4 DISCUSSION

The three populations of feral pigs occupy habithtd differ climatically and floristically.
This high variability indicates that pigs are higlaldaptable and are able to use a wide range
of food sources (Giles 1980). Populations on Priicé/ales Island (POW) and Cape York
Peninsula (CY) live in areas with markedly seasoramhfall that is reflected by the
seasonality index of 1.127 and 1.137 respectivlgléh — Lawler 1981). Both areas have a
humid tropical climate with a distinct wet seascgtween December and March (that is
connected with the monsoonal trough over northasstralia creating large flood plains) and
a long dry season extending over the other 8 mocaiusing a food shortage for pigs. In
contrast, lowland Rainforest (LR) is characteribgda seasonality index of 0.676 indicating a
low seasonality (seasonality indices with values ldhan 0.4 indicate an equal distribution of
rainfall, Walsh — Lawler 1981). As on POW and CNe tlimate shows a distinct wet season
between December and March, but only a short daga@e (October) leading to a more
sufficient food supply all year round. This wasleeted in LR pigs having better condition
than those caught on CY or on POW, for most ofyiar. This indicates that more food is
available in the LR habitat than in the other twess CY pigs showed a significantly higher
condition index in September compared to the LRpdann September, pigs were caught on
CY in the northern part, mainly in riverine habstahat still provide protein rich food in the
form of fruit and litter dwelling insects at thisne of the year.

The generally higher condition index of animalsthe LR habitat enables them to use
their high potential reproductive rate in this eonment. Although having a higher condition
index in the LR population, females of this popiiatdo not show a significantly higher litter
size compared to the population on CY. However glesion POW have the lowest litter size
with 4.25, compared to the populations on eitherd@Y.R. This suggests that the availability
of food along the gallery forests in CY allows #wws to fulfil their reproductive potential in
the dry season when food is otherwise limited imso@n woodlands. The high litter size on
CY does not reflect the population structure ansalgmd is likely to be a consequence of
dingo predation (Pavlov 1991). In contrast, thehhgroportion of piglets in the POW
population can be attributed to a lower mortalifypmlets due to the absence of dingoes on
the island. The presence of the dingo on CY mageauhigh juvenile mortality in this feral
pig population. Piglet survival appeared to beueficed by the activity of dingoes in south-
eastern Australia (Newsome et al. 1983). PaviowI]l%bserved dingo predation on CY
peninsula. Dingoes are also present in the raisfolait in low numbers due to the presence
of bandicoots in the area carrying the paralysik {loxides holocyclus which is fatal to
dogs limiting their effect on the survival of pitdein this environment. Therefore, factors
other than predation must act in the rainforestithbeading to a lower survival of piglets
than on POW and also results in a relatively loapprrtion of pigs belonging to younger age
classes in the LR population. Mitchell (2001) c#ted a juvenile mortality of 51% in his
study of feral pigs in the wet tropics where henidwa high proportion of juvenile and sub-
adult pigs. Higher mortality rates of piglets irethR may be attributable to the presence of
external and internal parasites and diseases ({faigl®v - Heise-Pavlov 2003). Although the
average litter size was calculated as 5.1 forghisronment (Mitchell 2001) gives an average
litter size of 6.4), lactating sows are rarely s@ath more than 4 piglets in LR. Rates of
intrauterine mortality are currently being inveatiegd for this population, but are likely to be
high due to the impact of high infection rates eptbspirosis amongst these pigs.
Leptospirosis infections in pigs are known to caalsertions, stillbirths and neonatal disease
in piglets (Leman et al. 1981). A survey of Lepiliosgis infection in each population
indicated a 2% infection rate on POW, 7% infectiate on CY (Pavlov 1991) and an
infection rate between 52% and 58% in the LR pamrawith 10 different serotypes
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represented and up to 4 serovars (strains) pefHege-Pavlov - Heise-Pavlov 2004). The
higher prevalence of diseases and parasites inLEhgopulation may also affect adult

mortality. Fewer pigs over 50 months of age havenbeaught in the LR than on CY and
POW. The adult mortality on CY seems to be lowantbn POW. Both sites show a similar
climate with a prolonged dry season and a shortseason. However, the variety of habitats
and places of permanent water supply on CY mayceduortality of older pigs. The older

population on CY leads to an older mean age ofdingefemales in this population (47

months), compared to the other two investigatedifaions (21-24 months of age).

The high proportion of pigs up to 12 months of agéhe POW population can also be
due to the onset of breeding at an earlier age. <unly shows that females on POW
contribute to breeding at a younger age than tbhbdske CY population. Females in the LR
and POW populations start breeding at an age of & months. The reduced age of sexual
maturity and reproduction of animals on islandsfien attributed to an accelerated growth
potential (Sondaar 1977) and will be investigatethbre detail for the POW population.

The study shows that feral pig populations in nemhAustralia have adapted to various
food sources in contrasting environments and tpetentially high reproductive output is
affected by predation and diseases/parasites iregult different age structures of the
populations. The management of susceptible femalpopulations along the “top end” of
Australia is essential and requires more detaifedias on the dynamics of these populations.
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Human-Wild Pig Conflict in Selected States in India and
Mitigation Strategies

N.P.S. GIAUHAN® — Kuldeep S. BRWAL® — Devender KIMAR?

aWiIdIife Institute of India, Dehradun, India

Abstract —We investigated the human—wild pig conflict in 5 different states in India. In these states,
the wild pig populations are fragmented and relatively isolated all over. Agricultural crop depredation and
attacks on humans being by wild pigs is a major problem. During 1990-2008, a totalr8a8 killing

and injury cases were caused by wild pigs in these states. There was marked monthly variation in
human casualties. Highest number of casualties occurred in November (n = 61). Wild pigs caused
maximum human casualties in forests (73.8%) than crop fields (21.7%) and villages (4.5%). Highest
number of 92 human casualties occurred in the age group of 41-50 years. Highest number of 97 human
casualties occurred between 0801-1200 h (n = 97). Damage to agricultural crops by wild pigs was of
varying extent (5-36%). As a result, people have developed antagonistic attitude towards the wild pigs
which adversely affect the conservation efforts. Recommendations have been made for reducing the
human—wild pig conflict in these states.

Wild pig / conflict / human casualties / crop damage / mitigation

Kivonat — Ember—vaddiszn6 konfliktus India néhany allamaban és mérséklésének lehstgei.

India 6t killénb6# allamaban vizsgaltuk az ember-vaddiszné konfliktust. Ezekben az allamokban a
vaddiszno6-populaciok fragmentéltak és szinte teljesen elszigeteltek. A legnagyobb problémat a
mezgazdasagi terményekben okozott kar és az emberek elleni tAmadasok okozzék. 1990 és 2008
kozott ezekben az allamokban 309 esetben okoztak ember halalat és sérulését. Az emberi dldozatok
szama havonta valtozott, a legtdbb eset november hénapban fotdgit ®61). A vaddisznok a

legtdbb balesetet az étdrileteken okoztak (73,8%), ezt kovették a téitdek (21,7%), majd a

falvak (4,5%). Leggyakrabban (92 eset) az aldozatok 41 és 50 év kozottiek voltak, és a tamadéasok
don® tbbbsége (97 eset) reggel 8 és déli 12 Ora kozott tortént. Agamdasagi terményekben
okozott kar 5 és 36% kozott valtozott. Az emberek ellenséges magatartast vettek fel a vaddisznéval
szemben, ami hatrdnyosan hat a természetvédelmi torekvésekre. Javaslatokat tettiink az ember-
vaddiszno konfliktusok csokkentésére ezekben az allamokban.

vaddiszno / konfliktus / emberi dldozatok / vadkar / mérséklés
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1 INTRODUCTION

The wild pig Sus scrofpis one of the most widely distributed large marnsndt has
always been associated itself with man, and subdbssutilises the human altered
landscape (Fadeev 1975, Erkinaro et al. 1982). @ainesilient and fast breeding animal,
it is capable of expanding and establishing itsypafon in new areas (Erkinaro et al.
1982, Ahmed 1991).

Agricultural crop depredation by wild pigs is a maproblem in many parts of India.
Wild pigs raid crops and utilises the agro-ecogyster food resource and shelter. The
wild pigs notoriety as a crop pest is universals@Ell 1982). Presently the wild pig
populations are fragmented and relatively isolatdd over. Some of these isolated
populations became locally overabundant and depgod agricultural crops especially in
and around protected areas (PAs) or managed fo{lds$ts) - village interface areas for a
major part of their food requirement.

There is paucity of information on ecology and dmnfaspects of wild pigs from
Indian sub-continent; the available information dé general nature and fragmentary
(Anonymous 1890, Mason 1893, Brander 1923, Ali 19®Morris 1929, Rao 1957,
Schaller 1967, Santaipillai — Chambers 1982, Pra®80, Tiwari 1985, Shafi — Khokhar
1986, Ramachandran et. 4987, Ramdas 1987, Ahmed — Samant 1989, Ahmed,)1991
In the western ghats of Maharashtra state, mamaladpigs interaction has been briefly
studied by Ahmad (1991).

The problem of crop damage by wild pigs has beetelyireported from Rajasthan
and Madhya Pradesh (Rajpurohit — Chauhan 1993,)199&ording to Maekin (1970),
Andrzejwski — Jezierski (1978) and Genov (1981f ttamage to crops increases when
there is less natural food available in forest artdicial feeding of wild pigs could reduce
crop damage. Besides agricultural crops, it cads@sage to ground vegetation, orchards,
forest plantations and possibly acts as carriesarhe infectious diseases. As a result,
there has been increasing trend in the huiwédd pigs conflict in and around protected
areas, managed forests and human settlements tlooughe country. Consequently,
people have developed antagonistic attitude towHreswild pigs and which is adversely
affecting the conservation efforts. For mitigatiohcrop damage problem, fencing was
suggested as an effective technique (Hone — Ackl€&38). Use of techniques to trap wild
pigs has the potential to develop as effective iapple management tool. This paper
presents the findings of our study on the humnald pig conflict in the selected states in
northern and central India and suggests mitigatioategies.

2 STUDY AREA

The study was conducted in and around differentgeted areas in the state of Madhya
Pradesh, Uttar Pradesh, Himachal Pradesh, Uttanakhand Rajastharf{Figure 1)
Tropical, subtropical, and temperate forest vegmathigh altitude mixed forests and
sub-alpine & as well as alpine pastures. Forests iaterspersed with villages &
agricultural areas in the low-lying areas. Villagésmmlets and cultivation are revenue
lands under private ownershipeople are dependent on the forest resources. Bgono
based on forest, agriculture and livestock.
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Figure 1. Map of India showing the study arease fstates and location of protected
areas and managed forests

3 METHODS

Information on nature and extent of humaild pig damage problems was collected from the
villages located in and around protected areas RAd managed forests (MFs) of Madhya
Pradesh, Uttar Pradesh, Himachal Pradesh, Uttandklaad Rajasthan states. Wild pigs-human
conflict has been evaluated based on the informatdlected from the office record of forest
department, questionnaire survey of the villagasiaterview of the victims or their families
and analysis of human casualty cases. Field managae also contacted to know about the
gravity of the problem in their areas of jurisdicti

Following this, villages and affected areas weneeyed to collect the information on the
area profile, human casualties, and circumstanicaacks, agricultural cropping pattern, and
nature and extent of crop damage by wild pigs,ectibn of non-timber forest produce and
fuel wood by the villagers and traditional contnoéthods etc. in well-designed questionnaire
formats. After the questionnaire surveys, the giéla were categorized as affected and non-
affected. Then few agricultural crop fields weredamly selected and the crop damage
assessment was done using ocular estimation melfiifodnation on compensation paid for
the losses and year-wise payments was also callecte
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3 RESULTS AND DISCUSSION

3.1 Human casualties

During 1990-2008, a total 3d@uman killing and injury cases were caused by ilgs in

5 states, namely, Madhya Pradesh, Uttar PradestgadHal Pradesh, Uttarakhand, and Rajasthan.
Maximum cases occurred in Himachal Pradesh (n s B204%), followed by Madhya
Pradesh (n =77, 24.9%), Uttarakhand (n = 61, 19.Rajasthan (n = 48, 15.5%) and Uttar
Pradesh (n =23, 7.4%igure 2) Wild pigs accounted for 12 (3.9%) human deaths as
compared to 297 (96.1%) injury cases. Thus theryngases were significantly high than
death casext = 24.42, df = 4, p << .001).

Wild pig habitats interspersed with villages andpcrfields resulted in frequent
encounters with humans. During this period, mosth& human casualties by wild pigs
occurred in the periphery of the PAs/MFs and feauned inside. Most of these attacks were
accidental and occurred when these victims venturedthe forests for collection of non-
timber forest produce in forests, fuelwood, fodaeedicinal plants, or to graze their livestock
and while working in their crop fields or providirggop protection or moving in vicinity of
villages.

1209 B Human killed

96 @ Human injured

100

No. of casualties

Madhya Uttar Pradesh ~ Himachal Uttarakhand  Rajasthan
Pradesh Pradesh

Figure 2. Humans killed and injured by wild piggifferent states during 1990 to 2008

Among males, there were 7 human Kkillings and 2Qdryncases, whereas among
females, there were 5 human killings and 93 ingages. All these human casualties showed
an increasing trend from 1990 to 2008. Males wertmd to move extensively inside forest
for collection of non timber forest produce andytweere engaged more in agricultural fields
for farming activity. So they were exposed more andcumbed to wild pig attacks more than
the females.

3.2 Monthly variation in casualties

We observed marked monthly variation in human déesaduring 1990-2008Figure 3).

Human casualties occurred in all the months but siwed variation in different years. Out
of 309 cases, highest number of casualties occumrétbvember (n = 61, 19.8%), followed
by December (n =44, 14.2%), January and August 3h, 10% each), October (n =29,
9.4%), September (n =23, 7.4%), March (n =21%4,8July (n =19, 6.2%) and so on.
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Human casualties were comparatively less duringl Apr= 13, 4.2%), May (n =9, 2.9%)
and June (n =11, 3.6%). Monthly variation in huntasualties is directly correlated with

activities of villagers in forests, crop fields avitlages.

25.00

19.8

20.00 1

15.00

10.00

% Casualties

5.00

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 3. Monthly variation in occurrence of humzasualties in different states
during 1990 to 2008

3.3 Place of casualties

Wild pigs were responsible for maximum human camslin forests (73.8%), followed by
crop fields (21.7%) and a few incidences occurredillages (4.5%)Figure 4) Highest
human casualties occurred in the forests of Himaehedesh (n = 73), followed by Madhya
Pradesh (n=61), Uttarakhand (n=44), Rajasthar 37) and Uttar Pradesh (n = 13).
Whereas in crop fields, the attacks on human bewege highest in Himachal Pradesh
(n = 22), followed by Madhya Pradesh (n = 61), kdtkhand (n = 14), Madhya Pradesh and
Rajasthan (n = 12 each) and Uttar Pradesh (n = 7).

O Forest
3 Cropfeild
| Village

No. of casualtie

Madhya Uttar Pradesh Himachal Uttarakhand Rajasthan
Pradesh Pradesh

Figure 4. Place of human casualties by wild pigdifferent states during 1990 to 2008
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Most of these cases occurred when people were edgagnon-timber forest produce
collection and livestock grazing; farming activetiee. crop sowing, crop protection, walking
through crop fields, harvesting and defecationvégti

3.4 Age of victims

Out of total 309 human casualties by wild pigs, ggaup of 289 cases was recorded in five
different states during 1990-200&igure 5) Among these cases, highest number of
92 human casualties occurred in the age group eé604years. There were 62, 48 and
44 casualties in the age group of 31-40 years,®{ears and 51-60 years respectively. Wild
pig attacks on the age group of 61 years and alddv20 years and 1-10 years were found to
be only few i.e. 23, 17 and 3 casualties respdgtive

100 ~
90 ~
80 -
70

60 1

50 1

40 1

30 -

20 1

" s W l
0,4_

0-1

10-20 21-30 31-40 41-50 51-60
Age group (Years)

No. of casualtie

Figure 5. Age group of victims of wild pigs in aardund PAs and MFs during 1990-
2008.(n = 289)

3.5 Time of attacks

The time of attacks by wild pigs was recorded 6t 2asegTable 1) Highest number of 97
human casualties by wild pigs occurred between h (n =97), followed by 1601-
2000 h (n=82), 0401-0800 h (n=34), 1201-160(hk 26) and so on. Only very few
casualties occurred during 2001-2400 h (n = 9)@0@1-0004 h (n = 3).

Table 1. Time of human casualties by wild pigsnd around PAs and MFs during 1990-2008

(n=251)
Time (hrs) No. of cases
0401-0800 34
0801-1200 97
1201-1600 26
1601-2000 82
2001-2400 9
0001-0004 3
Total 251
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3.6 Crop damage

Crop depredation by wild pigs is enormous. Agrictdt crops: sugarcangSaccharum
officinarum), maize Zea mayy groundnut(Arachis hypogaea barley Hordeum vulgarg
wheat {riticum vulgarg, rice Oryza sativy, gram (Cicer aretinun), bajra Pennisetum
typhoide$, jowar Sorghum vulgare moong (Phaseolus mungp sweet potato l[fomoea
batatag, phaphar Phygopyron esculantimmadua Elusine corocang cholai Amaranthus
vulgaris) and katuSashurea costyisvere found to be damaged to varying extent (5-86P6
different Uttar Pradesh, Himachal Pradesh, Rajastimal Madhaya Prade@figure 6)

% Damage

a|qelabap
nex/1loyd

elleg/remor

‘ O Uttar Pradesh B Himachal Pradesh@ Rajasthan @ Madhya pradesh‘

Figure 6. Agricultural crop damage by wild pigsSrdifferent states during 1990-2008
(Crop names explained in text)

In Uttar Pradesh, damage to madua crop by wild pigs highest (38%), followed by
damage to cholai and katu (30%), maize (29%), sager (25%) and jowar, bajra and pulses
(23%). Wheat and barley crops were least affectegi@gps. In Himachal Pradesh, wild pigs
caused maximum damage to maize crop (14%), folldvyedtheat/barley (6%) and rice (5%).
In Rajasthan state, damage to maize crop was higB2%o), followed by damage to guar
(25%), oil seeds (17%), wheat/barley (15%), pu{d886) and jowar/bajra (12%). In Madhya
Pradesh, wild pigs caused maximum damage to rige (26%), followed by wheat/barley
(20%), maize (18%), jowar/bajra (13%), groundnut)Sand oilseeds (6%). Zero level of
damage in the chart indicates that the crops wetrgnown in those areas.

Other oilseed and legume crops damaged are mugBraksica compestis til
(Sesamum indicuayn moth {igna aconitifoliuy, guar Cyamopsis psoralioidgs matira
(Citrullus vulgarig, tinda Citrullus vulgarig, jeera Cuminus cyminujn isabgol Plantago
ispaghulg, methi {Trigonella corniculatd, raira Brassica juncep chili (Capsicum annuin
and pea Risum sativum Mature crops were highly susceptible to damaigmlay, these
problems have aggravated beyond tolerable limit$ laave resulted into direct conflicts
between people and wild pigs.
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4 RECOMMENDATIONS

People should remain alert and vigilant while mgvin forests and crop fields especially at
the time when wild pigs are active.

Use of local protective methods, co-operative gungrebf matured crops is necessary.
Wire fences with white, flying, flashing ribbons plastic strips that produce scaring sounds
and other frightening devices should be used in @madind crop fields. Use of pig-proof
barriers for crop protection and elimination or pigpion control strategies in affected areas
also needs to be experimented. Villagers shoulddaguoltivating crops which are highly
susceptible to damage near forests and shouldhiapging cropping patterns by growing
other cash crops.

Under the given socioeconomic and political framgy@ne way to mitigate human—
wild pig conflicts is to minimize the ill effectsf socio-ecological conditions. Education and
awareness programs on the ecology and behaviowilabfpigs and on mitigation strategies
should be initiated for villagers in affected ardasthe fragmented and degraded forest areas,
habitat protection should to be carried out to @nsthe existing wild pig population.
Discouraging payment of compensation for humanaitiss in protected areas, and research
on ecology and management of wild pigs is necessary
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Forests at the limit: evolutionary — genetic consequences of
environmental changes at the receding (xeric) edge of
distribution.
Report from a researcher workshop

CsabaVlATYAs & — BrunoFADpy® — Giovanni G VENDRAMIN®

& University of West Hungary, Sopron, Hungary
® INRA Avignon, France
° CNR Florence, Italy

In view of expected climatic changes, the adaptive potential of forest ecosystems and the
future risks of diversity loss and extinction have received much attention. The behaviour of a
species and of a population under changing conditions depends on their adaptive potential
(genetic diversity, persistence, plasticity).

In ecology, judging of adaptability is based on the concept that presence of species
(distributional patterns) depend — among other factors — on the physiological tolerance limits
to climatic effects. This concept has to be extended, however, by the assertion that
physiological tolerance is unquestionably determined by genetics. Limits of tolerance are
therefore genetically set and will determine the presence or absence of species. Thus, adaptive
response to environmental stress is to a large extent a genetic issue, especially at the limits of
distribution where shifts are expected

Publications on climate change-triggered vegetation shifts in the temperate belt are
abundant. Studies and analyses deal however mostly with the shift of the thermal (“upper” or
“front”) limits of distribution. Migration at the front or forward colonisation is the most
visible and illustrative response to climate change. On the other hand, retreat at the rear and
xeric limits is insufficiently studied in spite of its ecological importance. Xeric species
margins may be defined as low altitude and low latitude limits of species distribution along a
moisture balance gradient. In the northern hemisphere, xeric distribution limits of forests and
forest tree species extend across the woodland ecotones of the Mediterranean, Southeast
Europe, South Siberia and North America. The forest cover in these densely populated
regions bear high ecological and social values, it is therefore an imperative to evaluate
available knowledge with the objective to mitigate effects triggered by rapidly changing
conditions. At the xeric limit, selection pressure may narrow genetic variation and the
increase in frequency of extreme events may result in growth decline and mortality.

What makes the problem of climatic selection at the xeric margin so special? Processes
are there fuzzy, more difficult to follow than at the front limits, and changes cannot be coped
by spontaneous processes alone. Human effects are omnipresent and ecological-
socioeconomic consequences serious. Therefore additional efforts are necessary to properly
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understand the heritable background of ecosysteporeses, to involve research communities
active in related fields, and to make results usté@dable for stakeholders.

With the support of the European Network of Excetke ,EVOLTREE”, a researcher
workshop was organised in Sopron (Hungary) by P@sfaba Matyas (University of West
Hungary) to provide a forum for discussions andgupport the surfacing of new concepts.
The aim of the meeting was to present the statth@fknowledge and to identify future
research needs with the objective of finding waysntitigate climate selection pressure
effects at the receding edge of distributions afe$b tree species. The intention of the
organizer was to broaden both the geographic asulptinal scope of the theme to reveal the
global character of the problem and to raise avwes®iffor the issue of the xeric (lower) limits
of forests. The location in Sopron was selectecabse it is situated at the receding (xeric)
edge of closed temperate European forests and @i stand-forming species, where
predicted effects of climate change are most tbreag.

The consultation took place May 11-15, 2009. Mdrant 40 invited scientists from
Europe and North America took part in the sess@mmd discussions which covered three
thematic areas:

1. Ecological, demographic and evolutionary perspestiof marginal and receding

populations,

2. Genetic implications of extreme selection evenesnagnics of adaptation, genetic

background of tolerance and plasticity,

3. Experiences from field trials, tasks for human imstion and research gaps at the

receding edge of ranges.

Two excursions presented symptoms of dieback ast gemages caused by climatic
extremes, experiences with human-aided migratiggedies introductions) and currently
applied silvicultural countermeasures in threeestarest companies. During the closing
discussion, conclusions and recommendations weneufated, the edited version of which is
presented here.

MAIN CONCLUSIONS AND RECOMMENDATIONS OF THE RESEARC HER
WORKSHOP DISCUSSIONS

Some definitions about range limits

Range limits of species follow the shift of envinoental conditions. Receding limits appear
at the rear of species ranges moving in one daectRear edge margins contain populations
that have remained roughly in place for a very Itinge (usually in favourable topographic
situations), at least since the Last Glacial Maximwand their evolutionary trajectory has
been largely independent of population dynamicooskrthe main range. Trailing edge
populations are left behind the contiguous rangfé sh

Xeric species marginsiay be defined as low altitude and low latitudeits of species
distribution areas along a moisture balance gradiAtthough determined primarily by
climatic factors, xeric receding edges may alsarifleenced by interspecific interactions,
edaphic conditions, anthropogenic effects etc.

Xeric receding species margins are affected by cliae change

Receding edges, especially xeric limits are seldddressed in the literature. This may come
from the fact that they are not perceived as enel@igbecause marginal populations often
belong to widespread species. Also, no major shiftsnoticeable there (although there are
documented reports of increased dieback due toatdinthange and including insect
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outbreaks triggered by increased drought). Xen@eamargins often occur in areas where
species do not currently raise economic or consiervaconcerns. Although all climate
models predict an increase in frequency, duratiot @tensity of drought, there is great
uncertainty not only in species distribution mod@#ects of socio-economical and political
decisions, lack of ecological variables, spatiadohation) but also in predicted climate
scenarios themselves. This may have a dispropaitiompact on our ability to predict the fate
of marginal populations. Current bioclimatic enymomodels, set at species level are not
accurate for determining the fate of xeric as \aeslbf other edge populations.

SOME QUESTIONS THAT NEED URGENT ANSWERS

1 Where are xeric range margins?

Current xeric range limits of species (externalitinare often not well defined and difficult
to assess for at least four reasons: (1) speciegeranargins are ecologically very
heterogeneous and fuzzy, especially where orograpltpmplex (Mediterranean, Balkans)
and soil is very heterogeneous; (2) low elevatiolow latitude land has mostly been
converted to agriculture, often leading to locdiimotion of marginal occurrences; (3) forest
management is often artificially influencing suraivand regeneration, thus obscuring natural
processes; (4) lack of coordinated research. Withiois information, processes affecting
local population persistence at range margins moli be properly understood. Delineating
xeric range margins will also help improve climaterelope models.

2 Can changes at the receding edge be predictediadlly?

On ecosystem level, climatic change triggers dimmaof competitiveness and brings
manifold risks. The response of populations to atimextreme events at the xeric limit will
be decided on the one hand by species-specifiomegpset by the genetic system, and on the
other hand by difficult-to-forecast interactiondaralamities, caused by known and/or newly
emerging pests and diseases. There is a needrfgrtésm monitoring using for example
remote sensing, permanent field plots, multi-spedsommunity level) age class spatial
structures and reproductive success measuremesndragcology, etc, to assess past and
future changes at range limits.

3 Are xeric edge populations valuable for conservain and future adaptation?

Populations at range margins are often perceivasbasaluable for conservation assuming
that they may contain less genetic diversity. Havemany ancient lineages may persist in
edge populations. Because of selection and drib(ay other factors), these may also contain
divergent genetic resources and unigue adaptatitmder climate change, sites of xeric edge
populations will undergo strong ecological chandesrifying selection may be strong, in
spite of potentially significant gene flow.

Extreme events may cause population extirpation amgent lineages may disappear,
along with their original genetic make-up. On thiher hand, populations have strong
ecological resilience, reasons of which clearly chée be better understood, such as
evolutionary history, genetic system of speciesgeanetics and phenotypic plasticity, or
community dynamics. Basic information on genetieugnal and adaptive) and phenotypic
diversity of populations is still needed at xeange margins.
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4  What are the adaptation processes involved at xierrange margins?

Xeric margins are areas where populations faceifsignt genetic adaptation challenges
under any type of environmental change, but pdeibu under climate change. Several
cutting edge tools and approaches are relevantdtiveas adaptation at the xeric edge.
Molecular genetic methods allow for the identifioatof selection signatures, clinal variation
of adaptive traits and association between maxkar genotypes and related adaptive traits
(e.g. genes related to stress tolerance, to phenologyhydraulic conductance, etc).
Association mapping is particularly promising foeds. Also, epigenetic processes, their
duration and the species they are expressed inlcstheubetter understood, as they could
contribute to explain phenotypic plasticity, andnceounteract maladaptive gene flow.
Hybridization is another process that need to beentteeply investigatede(g. in species
complexes such &uercus Pinus Abies etc) and may be exploited for genetic rescuea As
tool, provenance tests (and reciprocal transplats)very valuable although new tests are
needed that include marginal populations as welinasginal test sites (and possibly also
species mixtures). More generally, a better undedihg of the relative importance of gene
flow, drift, selection and genetic buffering (plagly, epigenetics) processes, locally at range
margins as well as range-wide, is definitely needed

5 A combined genetic and ecological (demographicpproach is needed

General models and investigations, including demoigic (mating system, seed production,
dispersal, recruitment dynamics) and genetic pgE®spossibly set at the community level
(e. g.including at least insects) and including populatievel information, are needed to
describe, understand and then simulate receding edgulation dynamics under climate
change. Functionally meaningful phenotypic tralsttare easy to monitor, need to be
measured over large sample sizes and over long time

IMPLICATIONS FOR FOREST MANAGEMENT AND CONSERVATION

Research findings have to gain access to long-teamagement and conservation strategies.
This includes principles of selection and mainte®af conservation areas, rules for
reproductive material use (seed zone delineatieed/plant transfer) and adjustment of
silvicultural methods (regeneration techniques,ul&ipn of stand structure) of managing
ecosystems at the receding edge of distributioom@@red to spontaneous natural processes,
shifts triggered by current and future climatic pes are too fast. Therefore human support
for persistence and resilience of ecosystems séerhe inevitable, including human-aided
migration (introduction, transfer) of species whiogars additional risks.

These alternative approaches, with all the uncdréa they may contain, need to be
tested very soon.
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