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Abstract

Conservation of genetic diversity of forest tree species represents the foundation for sustainable
forest management and preservation of natural structure of forest stands in Croatia. Diversity of
geographical regions in Croatia has generated various ecological conditions and thus diverse for-
est communities which are directly affected by habitat degradation, various anthropogenic effects
like pollution of air and water, excessive use of certain more valuable species of forest trees and
by the increasing impact of global climatic changes. The need for conservation of genetic diversity
is related to the species pertaining to social broadleaves—the prevailing species in terms of eco-
nomic utilization as Pedunculate Oak (Quercus robur), Sessile Oak (Quercus petraea) and Common
Beech (Fagus sylvatica). Among the conifers Silver Fir (Abies alba) is the most endangered species,
with more than 70% of its population being seriously damaged. Other native coniferous species
must be preserved from a decrease in genetic diversity as well. Conservation of the noble broad-
leaves should encompass a larger number of species from various genera (Fraxinus, Alnus, Ulmus,
Prunus, Juglans, Castanea, Sorbus, Acer, Malus, Pyrus, Tilia). These are partially endangered be-
cause of their exposure to different pests and diseases, as well as by permanent exploitation due
to their technical value. Changes in hydrological conditions of rivers have led difficulties in rege-
neration of the riparian forests and decreased the genetic variability of European Black and White
Poplar in their habitats (Populus nigra, P. alba). In Croatia’s Adriatic coastal areas, there is a need
for conservation of genetic resources of Dalmatian Black Pine (P. nigra ssp. dalmatica) and Medi-
terranean Oaks (Quercus ilex, Quercus pubescens). Conservation of genetic diversity of various
forest tree species is conducted within the programmes that include in situ and ex situ methods
with ensuring quality forest reproductive materials. In Croatia, a total of 125 seed stands have
been selected, covering a total area of 3885.53 ha. The ex situ method is implemented by estab-
lishment of a total of 50 plots (clonal seed orchards, provenances and progeny trials, clonal arc-
hives), covering 114.85 ha.
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1. Introduction

The woodland area of the Republic of Croatia (2.67 million ha, covering 47% of the country’s continental region)
has a total of 260 indigenous woody species, 50% of which pertain to the forest ecosystem. Among these, 60
species constitute the economic resources of Croatian forests, while several hundred other species supplement
forest ecosystem, thus complementing its biodiversity. Forests are the most valuable natural resources in Croatia
and 80% is high stocked state forests (about 2 mill-ha), while the remaining 18% is private owned (about 400 000
ha) and are comprised of various groups of unstocked forest land (mostly degradated forests). It should be pointed
out that Croatia is one of the few countries to have managed to preserve its natural forests, 95% of forests are
naturally or semi-naturally regenerated by silvicultural management. Croatia now has one of the largest FSC
certified forest areas in Europe (Forest Stewardship Council, 2012) and forest land belongs to the state and it’s
managed by Croatian Forest Co. Significant changes are the consequence of the new legislative and institutional
framework defined by the adoption of the National Forestry Strategy and Policy (2003), enactment of the Forest
Law (2005, 2006, 2008) and the Act on Forest Reproductive Material (2009) and the Chamber of Forestry and
Wood technology Engineers established in 2005. Ministry of Agriculture is responsible of designing and im-
plementing the forestry policy and in the past years lots of regulations were done according to the EU directives
(Council Directive 1999/105/EC, 1999).

Conservation of genetic diversity in forest trees represents maintenance of the evolutionary adaptation potential
of a particular species, its forest community and the entire forest ecosystem. For the purpose of conservation of
forest genetic resources, the existing genetic variability and its adaptability to processes of natural evolution and
forest tree breeding must be preserved and the knowledge and ways of identification of individuals tolerant to
certain diseases and pests improved. That way, a decline in genetic resources of the endangered species would be
decreased. The research will be supplemented with data including species inventories, legislation, practical use,
coordination on national and paneuropean levels, together with promotion of public awareness on the importance
of conservation of the endangered species in forest ecosystems (Koskela et al., 2007).

Conservation of genetic diversity of various forest tree species is conducted through programes employing in
situ and ex situ methods. Conservation of native species by the in situ method is based upon a status quo concept of
protection of natural conditions in local habitats with optimal allelic gene frequency having been attained, en-
suring survival and reproduction in a given environment. Furthermore, this means that the local populations and
certain species of forest trees show best resistance and adaptability to stressful environmental conditions, as well
as to pests and diseases. Studies conducted on conservation of genetic diversity include necessary knowledge of
the minimum viable population (MVP) which is necessary for the population’s relatively safe survival in terms of
genetic, demographic, environmental and other factors (Geburek & Turok, 2005). In terms of size and type of a
distribution range of a species (continuous and discontinuous distribution, genetic drift, etc.), it is necessary to
determine the number of subpopulations and individuals that will successfully represent, incorporate and preserve
the complete variability of a particular species (Eriksson et al., 2013). Conservation by the in situ method (Table 1)
is used for the populations protected as special objects of biological and environmental diversity, as well as for
natural forest stands that are excluded from regular management (e.g. seed stands).

Because of a large number and diverse characteristics of the endangered species (some of which are more
widely distributed, while others only rarely occur in the forest ecosystems, or play multiple roles in terms of both
ecology and economy), research on their conservation should be conducted in a separate manner. The prerogative
is to ensure minimal requirements in terms of gene conservation of a particular species that could be rendered
suitable or adapted for application (depending on the condition and situation of each particular species). This
comprises ecology of the species and aims directed towards conservation of its entire gene pool, together with the
principles and methods, definitions of the ecogeographical zones (seed zones), inventory of the species genetic
resources, determination of the number of populations, as well as individuals needed for conservation. Moreover,
silvicultural methods adjusted for protected natural stands are to be established, as well as the impact of human
influence on the endangered forest tree species populations.
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Table 1. Conservation of forest genetic resources by in situ method (seed stands in Croatia).

Species No. Total area (ha)
Conifers

Abies alba 14 296.55
Picea abies 11 170.59
Pinus brutia 2 13.29
Pinus nigra 5 35.70
Pinus nigra var. corsicana 1 11.30
Pinus sylvestris 4 48.32
Pseudotsuga menziesii 1 0.27

Social broadleaved species

Fagus sylvatica 13 475.80
Quercus ilex 1 15.47
Quercus petraea 9 430.34
Quercus pubescens 1 43.03

Quercus robur 33 1767.07
Quercus robur var. tardiflora 5 94.18

Noble hardwoods species

Acer pseudoplatanus 1 21.75
Alnus glutinosa 4 3451
Carpinus betulus 2 25.95
Castanea sativa 1 22.83
Fraxinus angustifolia 7 157.86
Fraxinus excelsior 1 21.75
Juglans nigra 3 51.62
Tilia tomentosa 1 38.25
Tilia platyphyllos 1 3.07

Ulmus minor 1 Group of trees

Populus nigra 1 8.06
Prunus avium 2 97.97

Subtotal 125 3885.53

The ex situ method of conservation represents preservation of the forest tree species outside of their natural
habitats (Table 2; Figure 1). This method is applied parallel with the in situ method, particularly for species that
cannot be conserved, either partially or as whole populations. For that purpose, the ex situ gene banks and ex-
perimental plots need to be established, which include provenance and progeny trials, clonal tests, clonal archives,

clonal seed orchards, seed, pollen and plant tissue genetic banks.

Conservation of forest genetic resources and sustainable utilization of genetic potentials existing within the
forest tree species are highly significant because they reflect the processes of natural regeneration, prospective

productivity and sustainability of forests.
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Table 2. Conservation of forest genetic resources by ex situ method.

Species Labels Type No.  Total area (ha) No. of provenances/families/clones
Conifers
Abies alba A PR 3 3.00 29
Picea abies B PR 3 12.00 43
Pinus sylvestris C PF 2 2.00 22
Pinus sylvestris D CcsoP 2 3.00 30
Pinus nigra E PF? 1 1.00 18
Pinus nigra F Cso® 2 1.50 41
Larix europea G PF 5 7.00 25
Larix europea H CcsoP 2 2.50 28

Social broadlevaed species

Quercus robur | CSo° 4 47.00 150
Quercus robur J PF? 3 1.70 70
Quercus robur K PF? 3 3.85 46
Fagus sylvatica L PF? 2 2.00 36
Noble hardwoods species

Tilia cordata M cso” 1 0.72 13
Alnus glutinosa N CcsoP 2 1.70 61
Fraxinus angustifolia 0 Cso® 1 350 56

Fraxinus angustifolia P PF? 4 450 9
Prunus avium R cso® 1 3.00 26
Juglans regia S PF 4 8.88 16
Juglans regia T CA° 2 1.00 23
Ulmus minor u CA® 1 0.50 15

Poplars and willows

Populus nigra X CA° 86
Populus sp. X CA° 2 4.50 54
Salix sp. X CA® 81

Total 50 114.85

®provenances trial/families; ®clonal seed orchard; °clonal archive.

2. Conservation of Conifer Genetic Resources
2.1. Black Pine (Pinus nigra)

Black Pine (Pinus nigra) is endangered Mediterranean forest species for which it is necessary to undertake
measures to preserve their genetic diversity. Some initial research has been carried out which will help in the
planning of measures for its conservation. Special emphasis is placed on the endemic subspecies (P. nigra ssp.
dalmatica). In Croatia, three subspecies of Black Pine grow naturally: subsp. nigra, subsp. dalmatica, and subsp.
illyrica. Research on the genetic variability has been done and results showed that the investigated populations are
divided into two groups, both differing from the representatives of the typical subspecies. The first group con-
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Figure 1. Distribution of location of ex situ objects.

sisted of the insular populations of islands Bra¢, Hvar and Kor¢ula (subsp. dalmatica), while the second group
included the continental populations (subsp. illyrica). One population from PeljeSac was classified as a transitory
one between the subspecies dalmatica and illyrica (Liber et al., 2002; Liber et al., 2003). Stenoendemic subspe-
cies of the Dalmatian black pine has been reduced to several populations only, and there are some signs of con-
tinuous diminishing of its range and its need of making an action plan to preserve all natural populations of this
subspecies.

The previous results included assumptions on the negative processes that threaten the genetic diversity of the
Black Pine in Croatia. It is clear that a strong discontinuity of the distribution and a small effective size of natural
populations point to the real possibility that the formation of the genetic structure of the Black Pine is affected by
genetic drift and inbreeding, with all the negative consequences and with the additional biotic and abiotic factors
negatively affect the genetic diversity.

Plantations of the Black Pine established with the plant material of unknown origin or that originating from
geographically distant provenances and/or different subspecies also present a threat to the genetic diversity. This
phenomenon could result in considerable mixing of gene groups of domestic and foreign populations, i.e. the
“genetic pollution” of domestic natural populations. Pests also contribute to endangering the genetic diversity by
reducing the size of the populations and the vitality and fertility of the trees.

Considering the spread of the Black Pine in the Mediterranean region and the global climate change in terms of
warming and the reduction of precipitation, it is evident that forest fires present factors that devastate the genetic
diversity of the species. Bearing in mind the size of the subsp. dalmatica Black Pine population in Croatia, there is
a real possibility that a single major fire can cause the complete extinction of individual natural populations, while
the continuous impact of smaller fires could cause considerable reductions of genetic diversity.

Two Black Pine clonal seed orchards with progeny trials was established in 1992 and 2006 and further research

(=)
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should include the selection of the half-sib families, in order to establish an improved clonal seed orchard. The
strategy for the preservation of genetic diversity of the Dalmatian Black Pine endemic populations in Croatia
should be developed by applying in situ and ex situ methods. In practice, this means that at the very beginning
sampling of a sufficient number of trees should be made in the existing natural population. From these trees, seed
should be collected and a progeny raised for establishing ex situ conservation populations (tests of populations and
families obtained by free pollination). The second step should be to sample a sufficient number of trees in the
natural populations for vegetative reproduction and for the establishment of ex situ conservation clonal seed
orchard.

The establishment and careful maintenance of the clonal seed orchards (with the maintenance of the previously
established progeny tests) would create all the prerequisites for the long-term preservation of the genetic resources
of the Dalmatian Black Pine populations. While implementing the practical conservation measures, it is necessary
to establish permanent research monitoring aimed at studying the existing genetic structures as thoroughly as
possible, and monitoring the further genetic processes both in the natural and conservational populations. Such
monitoring would enable the already taken measures to be evaluated, and would serve as the basis for making
decisions on additional efforts for the conservation of the genetic resources.

2.2. Silver Fir (Abies alba)

Dieback of Silver Fir in Croatia, especially in Dinaric part, is associated with complex changeable effects of
abiotic and biotic factors. The dieback was recorded at all expositions, terrain slopes and altitudes, as well as in all
forest associations. At the border of its natural range, relief, climate and structural factors have dominant effects
on tree dieback, while in the central part of Gorski Kotar climatic factors have dominant effect (Potocic et al., 2005;
Tikvi¢ et al., 2008; Ugarkovi¢ et al., 2011).

Initial research on variability and growing success of various provenances of Silver Fir in Croatia started during
the 1990’s and results showed significant statistical differences among the provenances (Ivankovic¢ et al., 2007).
Provenance trial was established with eighteen Croatian and two neighbouring Slovenian provenances and one of
traits that were measured was number of lateral buds on terminal sprout and late frost damage to newly formed
shoots on seedlings. Results showed that number of lateral buds differs significantly between the years of ob-
servation and significant difference was determined among provenances and interaction year x provenance.
Damage from the late frost was not equal in all provenances but provenance showed grouping in three distinct
groups. There was no significant correlation between frost damage to young sprouts and altitude of origin of
provenance (Ivankovic et al., 2006; Ivankovi¢ et al., 2007; Ivankovi¢ et al., 2008). For all the studied traits, signifi-
cant statistical differences for age x provenance interaction were obtained, while the late frost damage proved to
affect the number of lateral buds. Certain provenances showed general adaptation, i.e. phenotypical stability,
while certain provenances were phenotypicaly unstable, indicating specific adaptation to a particular habitat.

Research based on genetic and molecular analysis of the nad 5 - 4 gene has confirmed the existence of haplo-
type 1 in Croatian provenances, normally characteristic for Central and Western Europe, as well as of haplotype 2,
characteristic for the Southeast Europe (Ivankovi¢, 2007).

3. Conservation of Social Broadleaves Genetic Resources
3.1. Pedunculate Oak (Quercus robur)

Pedunculate Oak has the greatest and most continuous distribution range compared to other forest tree species
found in wet and floodplain forests. This is an anemophilic species, thus showing a significant ability of gene
migration to great distances in both time and space. Gene migrations to greater distances by means of seed dis-
persal are rather improbable, but it is supposed that human activity has significantly enhanced such dispersion.
Pedunculate Oak grows in diverse habitat conditions (in terms of phytocoenoses, soil, water regime, climatic
characteristcs), which could have a diverse impact on genetic structure of natural populations, by means of natural
selection. Genetic diversity within and among Pedunculate Oak natural populations in Croatia has not been deeply
studied, but, based on initial studies and taking into consideration biological and ecological traits and management,
a high rate of intrapopulation variability with a small intrapopulation differention can be assumed.

Selection of plus trees of Pedunculate Oak and establishment of clonal seed orchards have been carried out in
accordance with the prior scientific knowledge. The assumption is that the seed orchards make an appropriate base
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for the ex situ conservation of genetic variability of the species, as well as production base of quality seed intended
for regeneration of oak stands. It is assumed that the offspring of the selected plus trees holds superiority over the
offspring of average trees from natural stands. The statement is yet to be confirmed by research of the existing
progeny trials. Interclonal variations in flushing phenology were observed (early and late forms). Most likely, the
early forms possess greater resistance to late frosts; a information that could prove important for further research
and practice.

Research conducted on genetic variability of quantitative traits of pedunculate oak originated from limited
distribution area (Krstini¢ et al., 1996; Franji¢ et al., 2000; Bogdan et al., 2004), showed a high rate of intrapopu-
lation variability and a lack of interpopulation differentiation for the traits of growth. Certain grouping of the
studied population was recorded for the number and size of the stomata. Research on the possilibility for breeding
showed a significant share of additive genetic variance, high rate of heritability, as well as a considerable genetic
gain for height at an early age (Vidakovic et al., 2000).

Three open pollinated progeny trials of Pedunculate Oak plus trees have been established, representing three
seed regions. Based on that assumption it could be speculated that high additive variability for heights results from
significant individual variabilities for flushing traits in selected plus trees and ecotypical differentiation of their
original populations results with significant individual genetic variability in two out of three seed regions (Kajba
etal., 2011). High values of additive coefficients of variation suggest wide genetic variability of selected plus trees
and good adaptability of their progeny to changing environmental conditions. In all trials the estimated expected
genetic gains by backward selection among first generation plus trees after open-pollinated progeny testing
showed the highest values.

In accordance with the delineation of Regions of Provenances of forests in Croatia into ecogeographic seed
regions and zones three clonal seed orchards of Pedunculate Oak (Quercus robur), have been established. Phe-
notypical selection and heterovegetative propagation of plus trees, as well as the establishment of clonal seed
orchards were launched with the goal of controlling more regular yield periodicity and obtaining forest seed of
good genetic quality of forest reproductive material in the categories Qualified and Tested. The orchards are
regularly subjected to pomotechnical treatments, protection and other measures of maintance (Kajba et al., 2007).
Establishment and evaluation of progeny trials are provided for all of three clonal seed orchards. Genetic diversity
within and between clonal seed orchards was analysed with two type of molecular microsatellite markers; nuclear
and chloroplast (Kati¢i¢ Bogdan, 2012). Results have shown that nuclear microsatellites do not differentiate
genetically between clonal seed orchards i.e. between seed regions they represent. There was also no genetic
differentiation found with nuclear microsatellites between phenological forms or haplotypic lineages.

3.2. European Beech (Fagus sylvatica)

European Beech (Fagus sylvatica L.) is one of the most important and widely distributed tree species in Croatia. It
covers 47% of the total forest area and makes 45 % of the entire growing stock. European Beech is one of the main
European forest tree species in terms of its ecological and economical value. It has survived highly intensive
climatic and geological changes during Quaternary, because some populations were known to have occurred in the
areas not affected by glaciation. These populations represent the origins of the species as it is known today.

European Beech is considered as the most vital tree species in Croatia and there is not any significant damages
in the beech stands caused by pests or diseases (Ivankovic et al., 2010). Defoliation status of the beech in Croatia
showed that severe damage varied between 4.2% and 11.9%, which was lower than in the rest of the Europe
(Potoci¢ & Seletkovi¢, 2000). No continuity was found in the deterioration of the condition of the beech in any of
the damage classes. It fluctuated, depending on the strength of diverse unfavourable ecological and biological
factors. Comparing common provenances in the Croatian and Slovenian trial it was observed that some prove-
nances showed phenotypic stability under different site conditions, while some provenances showed specific
adaptability. Studies unfertaken on growth traits and flushing phenology in European provenance trial in Croatia
indicate ecotypic pattern of genetic diversity (Jazbec et al., 2007).

Research on the growth of various provenances of European beech in Croatia started at the beginning of the
1990s and the continued by the 2005 taking part in internationally conducted projects (e.g. COST Action E52
Project, 2010). The first results regarding growth success in a field trial showed considerable genetic different-
tiation among the provenances, as well as within provenance variability (for traits such as survival rate, plant
height, and flushing). Survival rates and average plant heights of European Beech provenances were higher from
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the areas of Croatia, Slovenia and Ukraine, than from the other countries. Differences in flushing among the
provenances are clearly visible, with local provenances showing earlier flushing than the foreign ones. The first
results obtained by monitoring of the survival rate, height increment, and phenotypical traits have shown that such
studies should be continued as to evaluate growth success and genetic variability of native and foreign prove-
nances, as well as to determine total genetic variability of European Beech, together with the provenance x site
interaction. It is most likely that population differentiation in South-East Europe has ecotypic pattern that is
shaped by macroclimatic adaptation (Matyas et al., 2009; Ivankovi¢ et al., 2011). It can be recommended than
European Beech seed zone delineation and use of its forest reproductive material should be done accordingly to
ecological besides the geographic criteria.

4. Conservation of Noble Hardwood Genetic Resources
4.1. Narrowleaf Ash (Fraxinus angustifolia)

In Croatia, Narrowleaf Ash is distributed in the Pannonian lowland area, along the banks of the rivers Drava,
Danube, and Sava, as well as their tributaries. In the Submediterranean area, it stretches from Istria and Hrvatsko
primorje, and, along the Dalmatian rivers, to Slano near Dubrovnik (Fukarek, 1954, 1987). Studies of genetic
variability of the species have recently started. Narrowleaf Ash is an anemophilic species, with a capacity for seed
distribution to great distances. Considering its distribution range, it can be assumed that the greatest share portion
of its genetic variability (on an individual level, i.e. within the population) is localized through Sava river region,
while the overall population differention is probably rather small (strong impact of gene migrations, reducing
differentiation among the populations). On the other hand, the assumption is that the populations and trees per-
taining to the Mediterranean region are very much affected by genetic drift (small isolated populations, groups or
individual trees), and therefore endangered in terms of conservation of the species genetic diversity. According to
Fukarek (1954) Narrowleaf Ash from the Mediterranean region of Croatia is taxonomically a subspecies (subsp.
angustifolia), thus differing from the continental populations (subsp. oxycarpa).

In order to test the above assumptions, four provenance and open progeny trials were established. It comprises
90 open pollinated families from 11 natural populations, representing a greater part of the Narrowleaf Ash dis-
tribution range in Croatia. Thus designed trials enable research on genetic variability of the adaptive traits, quan-
titative traits with economic value (quality of stemwood, straightness, forking, etc.), as well of the neutral traits
(biochemical and DNA markers). The ongoing research in trials with populations originating from the Sava river
valley confirms the previously mentioned hypotheses about significant within population genetic variability, with
lack of interpopulational differentiation (Bogdan et al., 2005). Further work on the given groups of traits in trials
will answer the question on the character and degree of genetic variability of Narrowleaf Ash in greater part of its
natural distribution area in Croatia. The obtained results will serve as a foundation for the scientifically based
planning of genetic resources conservation and forest tree breeding.

In Croatia Fraxinus angustifolia is widely distributed in the Pannonian lowland area. In this area we have es-
tablished two clonal seed orchards. Through the period of three years the phenological differences have been
observed in monitoring of six flushing phases on which was based strategy to determine interclonal and intra-
clonal discrepancies and variations. In this period seed orchards where continuously monitored and checked for
the presence of Chalara fraxinea, but it was not confirmed, and on the ramets there were no simptoms that would
indicate its presence (Miloti¢ et al., 2013). With the results gathered from this monitoring we where able to de-
termine and classify clones into early and late flushing groups, which has a high practical value not only for seed
orchard protection and maintaining the high vitality of the clones, but also for the distribution and application of
seed from the seed orchard.

4.2. Wild Cherry (Prunus avium) and Field Elm (Ulmus minor)

Conservation of genetic diversity of forest trees, especially those highly endangered species, represented only by
individual trees or groups of trees (as is the case with Field EIm and Wild Cherry), is the prerogative when we talk
about maintaining of at least a part of their evolution formed adaptation potential, and ensuring of their genetic
regeneration. In order to encompass the still existing genetic variability of these highly endangered species, their
conservation is to be conducted by using the ex situ methods—by establishing of clonal archives and clonal seed
orchards. Wild Cherry genotypes from the clonal seed orchard was taken for the investigation of genetic vari-
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ability of selected plus trees from the area of north-western Croatia. The clones were analyzed by 15 selected
microsatellite markers (SSR), chosen by the ECPGR. A wealth of allelic variations was found in SSR loci, while a
high degree of polymorphism confirmed the existence not only of extensive morphological but also a very sig-
nificant genetic diversity (Tanceva Crmari¢ et al., 2011). The analysis of molecular variance revealed a signifi-
cantly higher percentage (95.88%) of the total microsatellite diversity caused by the differences among the in-
vidividuals within the regions, compared to that caused by the differences between the studied regions (4.12%)
and indicates the existence of specific regional structurality of genetic diversity.

Among others, priority list for conservation of the genetic resources especially specifies Field EIm (Ulmus
minor), an economically and ecologically valuable tree species, now nearly extinguished from both our and
European lowland forest ecosystems, having been affected by Ophiostoma ulmi and Ophiostoma novo-ulmi dis-
eases. Once established, the Field EIm clonal archive has ensured preservation of the remaining old elm trees from
the whole of Croatia, aiming for the selection of clones tolerant to these diseases. Clonal archive of the selected
adult trees of Field EIm consists of 50 clones and 252 ramets. This species grows in very different ecological
conditions and it is assumed that populations, especially the ones from climatically contrasting and geographi-
cally remote stands, differ from each other. Changes in water relations and tree dieback in lowland forest eco-
systems had drastic negative impact on biodiversity and as a consequence the Field Elm is threatened by nega-
tive human impacts and by Dutch EIm Disease. There were significant differences in morphometric variability
among trees within populations and among populations (Zebec et al., 2010).

5. Conservation of Poplar and Willow Genetic Resources

In Croatia, European Black Poplar (Populus nigra) grows in riparian forests along the rivers Mura, Sava, Drava
and the Danube. It occupies small share portion within the total forest area, but is significant for its general use.
Constant human intervention into natural habitats of European Black Poplar has reduced its distribution area size
to separate, partially isolated areas, although, in European terms, these are well preserved riparian forests. Popu-
lation regeneration of this species represents a highly important task of silvicultural treatment, most notably in the
areas where these riparian habitats and ecosystems are endangered. Restored or preserved populations of poplar
represent a vital contribution in conservation of a complex ecosystem of the riparian forest. The basic aim of
genetic resources conservation is to preserve genetic potential for adaptation of the species and its populations
through a prolonged period of time, enabling the course of their evolution, but having in mind habitat changes.

Thus, the idea is to intensify selection, reproduction and testing of native Black Poplar clones, so as to obtain
quality forest reproductive material intended for is regeneration of the riparian forest stands. Moreover, selection
of plus trees from younger populations of European Black Poplar is needed, thus making possible the selection of
the new genotypes, well adapted to specific local habitats (Kajba et al., 2005).

Regeneration strategy is to be guided by the principle of substitution of the plantations of P. x canadensis hy-
brid poplar with European Black Poplar, but, in accordance with the plan of silvicultural management. This plan
should carefully pinpoint habitats characterized with water regime that is suitable for growing of poplar trees,
regeneration methodology, and activity dynamics. A period of at least 50 years should be set for fulfilling of this
goal-a complete substitution of stands (Kajba et al., 2004).

Ideally, only units intended for conservation should be more or less isolated from poplar plantations. Other
areas are to be prepared in a way so as to resemble habitat conditions of the Euro-American poplar. When con-
servation and protected parts are concerned, there is no need to completely avoid or exterminate poplar culture,
especially if the population is big enough. For the restored population, a so called buffer zone can be used around
the plantation (with the trees from a local population, and the same share portion of trees from both sexes).
Monitoring of the rate of introgression in the protected compartments should be implemented. This strategy
should evaluate the rate of introgression in today’s adult trees and make comparison with possible introgression in
the next generation, after it has reached physiological maturity of flowers. The population has to be big enough in
order to avoid genetic drift (accidental loss of gene varieties caused by stochastic processes) and its impact upon
genetic diversity and a share of inbreeding. Furthermore, a small population will show a higher degree of fixation
of certain alleles in the successive generation (Leféevre et al., 2001). In two clonal archives of European Black
Poplar and one Salicetum total number of 101 clones of poplars are present. This clonal archives will be gradually
expanded with the new clones of European Black Poplar, through selection of the old trees, or by inclusion of the
clones currently in reproduction in the nurseries.

(=)



D. Kajba, I. Andri¢

Natural populations of willows are discontinuously and longitudinally spread along the Danube and Drava river.
Through these populations, along with some smaller isolated areas around the Mura and the Sava rivers, con-
servation of genetic diversity of willows in the area of Croatia has been ensured. Clonal archives and clonal tests
contain more than 250 clones of different willow species and hybrids, most of which belong to the species Salix
alba. Clones of the Salix alba species and hybrids Salix x viridis and S. x rubens were selected in local populations
in the area of the Danube, Sava and Drava rivers. Together with the indigenous clones, a certain number of exotic
willow clones is available, all making genetically diverse planting stock. The existence of genetic divergence in
cultivated clones of White Willow and its hybrids has enabled secondary selection of genotypes, showing specific
adaptation to optimal habitats, as well of those with specific adaptation to atypical habitats for willow, e.g. oak
habitats in the lowland flooded forests along the Sava river (Kajba et al., 2006). Such genotypes are of particular
importance for degraded and wasteland areas of the lowland forests, for the purpose of an easier restoration of the
more valuable forest species, primarily those of Narrowleaf Ash (Fraxinus angustifolia), Pedunculate Oak
(Quercus robur) and Field EIm (Ulmus minor).

6. Conclusions

Genetic conservation of forest trees represents maintenance of the evolutionary created adaptation potential of a
species, and therefore, its forest community, and the entire ecosystem. For the purpose of the conservation of the
forest tree species, protection is needed of the existing genetic variability, its adaptability to processes of evolution
and breeding. Our knowledge should be improved and identification of individuals tolerant to certain pests and
diseases, making sure that decrease in the size of genetic resources of the endangered species has been avoided.

Research should be supplemented by data encompassing forest inventory, legislation, pratical utilization, co-
ordination on both national and pan-European levels, as well as promotion of public awareness on the importance
of the conservation of the endangered species pertaining to the forest ecosystems. Conservation of genetic diver-
sity of various forest tree species is conducted through programmes making use of the in situ and ex situ methods.

In Croatia, a total of 125 seed stands have been selected, covering a total of 3885.53 ha. Clonal seed orchards
are also a nucleus of conservation of forest genetic resource using the ex situ statistical method, since the rela-
tionship between the size of population and the percentage of preserved heterozygosity is thus reduced to minimal
loss of total additive genetic variability. Climate changes and new habitat conditions will pose additional chal-
lenges to forest reproductive material and forest management; in turn, this will influence their economic and social
benefits, as well as biological diversity of forest ecosystems. By the ex situ method, a total of 50 different types of
field plots were established (provenance and progeny trials, clonal seed orchards, clonal archives) covering the
area of 114.85 ha.
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