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Abstract  
Natural interspecies hybrids of  black (Alnus glutinosa (L.) Gaertn) and grey (A. 
incana (L.) Moench) alder are not frequent in nature but they are registered, and 
according to modern systematic nomenclature are classified within nothospecies A. × 
pubescens Tausch.. Since the presence of spontaneous intermediate forms of the genus 
Alnus in Bosnia and Herzegovina is insufficiently explored, the first results of 
comparative morphological analysis (seven leaf’s characters) of black and grey alder 
and their hybrids are given in this study. About 10% of hybrid individuals were 
present in the studied sympatric populations, and they had more heterogeneous leaves 
than parental species. Good diagnostic characters showed intermediate values in 
comparison to the parental species, which are: number of pairs of lateral veins, angle 
from the top of the leaflet to the top of the upper 3rd nerve, and distance from the top 
of the leaflet to the top of the upper 3rd vein. According to analyzed characters, hybrids 
either hold intermediate positions between the parental species or are closer to the 
maternal species (A. incana). Three new findings of nothospecies A. × pubescens for 
Flora B&H are rivers’ localities Drinjača near Kladanj, Turbe near Travnik, and 
Stavnja near Vareš. Due to the low frequency of observed individuals of A. x 
pubescens, they are vulnerable and require special measures of protection and 
biodiversity conservation activities of autochthonous gene pool, it is necessary to 
determine the actual state in all previously published hybrid complexes’ findings and 
expand researches in B&H in the coming period. 
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INTRODUCTION - Uvod 
 
The genus Alnus Mill. contains 20-35 deciduous trees and shrubs, 

predominantly distributed in the northern Hemisphere, with the exception of one 
South American species (HALL AND BURGESS 1990, VANDEN HEUVEL 2011). Leaf 
morphology variation shows continuity both within and between species, making 
distinction between the species very difficult. The genus belongs to the family 
Betulaceae, and morphologically clearly differentiated from its closest relatives of the 
genus Betula L.. On the Balkan Peninsula alders are presented with three 
autochthonous [A. glutinosa (L.) Gaertn, A. incana (L.) Moench, A. viridis (Chaix) 
DC)] and one hybrid species (A. × pubescens Tausch.). In addition to these species, in 
Europe is naturally present and A. cordata Desf. in Corsica and South-East of Italy 
(BALL 1964). Species of the genus are clearly differentiated in three subgenera: Alnus, 
Alnobetula i Clethropsis, with seven major distribution centers in the world (FURLOW 
1979, BANAEV AND BAŽANT 2007, VANDEN HEUVEL 2011). 

In the Flora of Bosnia and Herzegovina are registered black (A. glutinosa), 
grey (A. incana) i green alder (A. viridis), and two hybrid species betwen black and 
grey alder marked as A. × tauschiana Callier and A. × ambigua G. Beck (BECK 1907). 
These two hybrid taxa are stored in the herbarium of the National Museum of Bosnia 
and Herzegovina in Sarajevo (SARA). However, a hybrid complex of black and grey 
alder, according to modern systematic nomenclature observations, now is classified 
within nothospecies A. × pubescens (FUKAREK 1959, BALL 1964, BANAEV AND BAŽANT 
2007, VANDEN HEUVEL 2011, THE PLANT LIST 2013). 

The presence of intermediate forms of the genus Alnus in Bosnia and 
Herzegovina is insufficiently explored and as such falls within the unresolved 
morphodendrological and dendrogeographical questions, as pointed FUKAREK (1962). 
Natural alder’s interspecies hybrids are not frequent, but they are registered and 
studied in Europe (Belarus, Czech Republic, Ireland, Latvia, Montenegro, Poland, 
Serbia and Sweden), the Russian Far East, North America, and Japan. To today, 
documented hybrids are A glutinosa × A. incana (HYLANDER 1957, VUKIĆEVIĆ AND 
JOVANOVIĆ 1983, PARNELL 1994, BANAEV AND BAŽANT 2007), A. serrulata × A. rugosa 
(STEELE 1961, FURLOW 1979), A. sinuate × A. crispa (BOUSGUET ET AL. 1989, 1990), 
and A. glutinosa × A. rubra (HALL AND BURGESS 1990). 

Natural hybrids of black and grey alder possess many economically important 
characteristics: they have a greater resistance to drought compared to the parental 
species, heterosis, less demand for fertility, have a higher quality wood and more 
resistance to certain forms of rot. Because of this, interspecies hybridization within the 
genus may be an important strategy for improving the species, and hybrids can be 
interesting as resources for the selection (BANAEV AND BAŽANT 2007, VANDEN HEUVEL 
2011 and references therein). 

Sympatric populations of black and grey alder are of particular interest as 
potential areas of natural and spontaneous hybridization to form hybrid complexes that 
contribute to higher levels of biological and morphological diversity within this genus. 
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In order to more comprehensive consideration of inter- and intraspecies relationships 
between black and grey alder we approached morphological and taxonomic 
determinations. The results of these studies should provide the lack information about 
the presence and characteristics of their hybrid complex in the southeast of the ranges, 
which has not been done till today. 

 
MATERIAL AND METHODS - Materijal i metode istraivanja 

 
Collection of leaf material was carried out in six environmentally 

heterogeneous sympatric populations (Figure 1, Table 1). Per five leaves from fruiting 
branches (in total of 55 individuals) were morphometrically analyzed. According to 
modified method of BANAEV AND BAŽANT (2007), variability of seven morphological 
leaf’s characters were analyzed: length of a leaf blade, width of a leaf blade, distance 
from the base of a leaf blade to its widest part, length of a leafstalk, distance from the 
top of the leaflet to the top of the upper 3rd vein, angle from the top of the leaflet to the 
top of the upper 3rd nerve, and number of pairs of lateral veins (Figure 2). The 
separation of hybrid individuals, in relation to the parent species, was done by 
comparative morphological methods and consultation of various reference sources. 
 

 
Figure 1. Registered and investigated localities of A. x pubescens in B&H 
Slika 1. Registrovani i istraživani lokaliteti A. x pubescens u B&H 
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Table 1. Investigated populations of alders 
Tabela 1. Istraživane populacije joha 

Locality/ Lokalitet 

Number of 
analyzed 

individuals/ Broj 
analiziranih jedinki  

Geological substrate/ 
Geološka podloga 

Altitude (m)/ 
Nadmorska visina 

(m)  

Kladanj – Drinjača 10 Peridotite – serpentine/ 
Peridotit – serpentin 670 – 740 

Travnik – Turbe 5 Limestone/ Krečnjak 621 – 626 

Vareš – Stavnja 10 Silicate/ Silikati 575 – 629 

Fojnica – Fojnička rijeka 10 Silicate/ Silikati 560 – 620 

Kreševo - Kreševka 10 Silicate/ Silikati 535 – 546 

Trnovo – Željeznica 10 Limestone/ Krečnjak 790 – 819 
 

 
Figure 2. Measured morphometric leaf characters: a – length of a leaf blade, b – width of a leaf 
blade, c – distance from the base of a leaf blade to its widest part, d – length of a leafstalk, e – 
distance from the top of the leaflet to the top of the upper 3rd vein, f – angle from the top of the 
leaflet to the top of the upper 3rd nerve 
Slika 2. Mjereni morfometrijski karakteri lista: a – dužina lisne plojke, b – širina lisne plojke, c 
– udaljenost od baze do najšireg dijela lista, d – dužina peteljke, e – dužina od vrha lista do 
vrha trećeg nerva, f – ugao od vrha lista do trećeg gornjeg nerva 
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RESULTS AND DISCUSSION - Rezultati i diskusija 
 

Scarcity of data on alders' morphological variability and their geographical 
distribution in Bosnia and Herzegovina indicates a lack of exploration of this area. 
Exceptions are data of the leaf variability of black alder within six eastern Bosnian 
populations (ŠOLJAN 1987), which is insufficient for understanding of the genus Alnus 
status in this region. According to available literature sources, floristic-vegetation 
studies of this genus are not conducted from the half of the 20th century, to when be 
executed taxonomic determination of certain species and recorded several localities 
(BECK 1907; FUKAREK 1959, 1962). 

 This paper presents the first results of morphometric analysis of black 
and grey alder and their hybrids. The obtained data about A. x pubescens are of 
particular importance, since the Bosnian populations are located in their outermost SW 
areal in the Balkans, where they have never been studied. Mutual cross between black 
and grey alder, except phenological barriers, presumably are conditioned with some 
other mechanisms of isolation, since they grow together in a large area in different 
climatic conditions. It is assumed hybridization is difficult, which was confirmed by 
specific tests of artificial hybridization (BANAEV 2009). However, PARFENOV (1980) 
points out the fact that polymorphic species during adaptation have the ability to 
change its own structure and patterns of biological processes, especially in atypical 
years when is observed increase in the frequency of hybrids at the ends of the areal 
and local insular populations. 

In Bosnia and Herzegovina, black alder is member of azonal vegetation of 
wetlands around rivers, streams, ponds and lakes, and its forests, as a smaller 
fragments, are included in the plant alliance Alnion glutinosae Malc. 1929 (LAKUŠIĆ 
1980, OBERDORFER 1994, VUKELIĆ 2012, TOMIĆ AND RAKONJAC 2013). Also, 
developmental stages of the vegetation in the higher mountain zones (above 1000 m) 
are observed, mostly in the range of beech forests. On the other hand, grey alder often 
inhabits around rivers and streams in azonal vegetation of mountain and submontain 
belts, where comes to the higher altitudes than black alder, especially in the inland 
area of Bosnia and Herzegovina. Its communities are bound to narrow and intermittent 
areas along mountain streams (Alnion incanae Pawl. in Pawl. et al. 1928; VUKELIĆ 
2012). However, grey alder on the lower limits of its vertical distribution and in the 
mountain zones is mixed with black alder and form sub-alliance Alnenion glutinosae – 
incanae Oberd. 1953 (RADULOVIĆ AND STEFANOVIĆ 1971, LAKUŠIĆ 1980, OBERDORFER 
1994, VUKELIĆ 2012, TOMIĆ AND RAKONJAC 2013). 

Determination and isolation of hybrid forms (A. × pubescens), in relation to 
the parent species, has been carried out by comparative morphological analysis of 
seven leaf’s quantitative characters of fruiting twigs (Figures 2 and 3). The presence of 
a small number of hybrids in the analyzed populations confirms the results of similar 
studies. Thus, BANAEV AND BAŽANT (2007) reported that hybrids are rare in North and 
Central Europe and western Siberia, noting some increasing in frequency of 
hybridization in northern boundaries of the species areal. 
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Figure 3. Leaves of a – A. glutinosa, b – A. x pubescens, and c – A. incana 
Slika 3. Izgled listova a – A. glutinosa, b – A. x pubescens i c – A. incana 

  
The results of morphometric measurements of the discriminant characters are 

presented in Table 2. Data analysis showed that hybrids have more heterogeneous leaves 
than parental species (Figure 3). Good diagnostic characters showed intermediate values 
in comparison to the parental species, which are: number of pairs of lateral veins, angle 
from the top of the leaflet to the top of the upper 3rd nerve, and distance from the top of 
the leaflet to the top of the upper 3rd vein. The remaining studied leaf characters with its 
values were closer to grey alder. Obtained results confirm the findings of BANAEV AND 
BAŽANT (2007 and references therein) that hybrids either hold an intermediate positions 
between the parental species or are closer to the maternal species (A. incana), in 
combination with other morphological parameters (surface’s hairiness, glandule number 
on the leaf surface, bark’s relief etc.). 

 
Table 2. Morphometric measurements of the discriminant characters 
Tabela 2. Morfometrijska mjerenja diskriminativnih karaktera 

Karakteri/characters 
A. glutinosa 

R/ X ±sd 
A. × pubescens 

R/ X ±sd 
A. incana 
R/ X ±sd 

Number of individuals/ Broj jedinki 24 25 6 
Length of a leaf blade/ Dužina plojke 4.8 – 7.4 4.5 – 7.3 4.7 – 7.6 

6.2 ± 0.615 6.1 ± 0.842 6.2 ± 0.652 
Width of a leaf blade/ Širina plojke 3.9 – 6.3 1.0 – 5.9 3.0 – 5.57 

5.1 ± 0.506 4.5 ± 0.868 4.1 ± 5.547 
Distance from the base of a leaf blade to its widest 
part/ Udaljenost od baze do najšireg dijela plojke 

2.2 – 4.7 2.4 – 4.0 2.0 – 4.2 
3.6 ± 0.542 3.1 ± 0.483 3.0 ± 0.472 

Length of a leafstalk/ Dužina peteljke 0.8 – 4.0 0.9 – 2.8 1.0–2.3 
2.3 ± 0.524 1.6 ± 0.557 1.5 ± 0.296 

Distance from the top of the leaflet to the top of the 
upper 3rd vein/ Dužina od vrha plojke do vrha 
gornjeg 3 nerva 

0.9 – 4.3 0.8 – 2.5 0.2 – 1.7 
2.6 ± 0.674 1.3 ± 0.457 0.8 ± 0.293 

Angle from the top of the leaflet to the top of the 
upper 3rd nerve/ Ugao od vrha plojke do 3 nerva 

1.3 – 37.2 6.9 – 62.9 18.8 – 67.2 
15.5 ± 8.355 28.1 ± 14.511 45.9 ± 9.871 

Number of pairs of lateral veins/ Broj nerava 6 – 8 (–9) 6 – 10 (–11) 9 – 13 
7.3 ± 0.761 8.9 ± 1.172 11.1 ± 1.045 

Note: R – range (cm); X  – average (cm); sd – standard deviation  
Napomena: R – raspon (cm); X – srednja vrijednost (cm); sd – standardna devijacija 
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Data about registered and new localities of hybrid complex of black and 
grey alder (A. x pubescens) in Bosnia and Herzegovina - Podaci o poznatim i 
novim nalazištima hibridnog kompleksa crne i sive johe (A. x pubescens) u 
Bosni i Hercegovini 

 
The very first findings of hybrid species of black and grey alder in B&H gave 

BECK (1907), which amends FUKAREK (1962) with two new localities (Figure 1). 
However, the exact position of the Crna rijeka locality near Sarajevo (FUKAREK 1962) 
is unclear, since there are two localities near Sarajevo with a given toponym: Crna 
Rijeka near Trnovo and Crna Rijeka near Kreševo. As documented findings of hybrid 
complex can be considered an additional two localities recorded in the herbarium of 
the National Museum in Sarajevo (SARA; Figure 1). 

In this study is not confirmed the presence of hybrid individuals in three 
sympatric alder’s populations along the rivers Fojnica, Željeznica near Trnovo (where 
Crna Rijeka flows into the river Željeznica) and Kreševka near Kreševo, which is not 
uncommon case. Three new findings of nothospecies A. × pubescens for Flora B&H 
are rivers’ localities Drinjača near Kladanj, Turbe near Travnik, and Stavnja near 
Vareš (Figure 1, Table 1). Localities with A. x pubescens in B&H represent areas of 
particular interest for the biodiversity protection, source of reproductive materials due 
to their significant economic values, and live polygons for observations of the 
evolutionary processes of speciation. 

 
CONCLUSIONS - Zaključci 

 
Due to the low frequency of observed individuals of A. x pubescens, they are 

vulnerable and require special measures of protection and biodiversity conservation 
activities of autochthonous gene pool. Since the individuals of A. x pubescens can be 
very interesting both from a number of economically important characteristics in 
relation to the parental species, and scientific and practical significance for forestry, it 
is necessary to determine the actual state in all previously published hybrid 
complexes’ findings and expand researches in B&H in the coming period. 
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SAŽETAK 
 
Rod Alnus Mill. (johe) sadrži 20-35 listopadnih vrsta drveća i grmlja od kojih su, 
prema Flori, u Bosni i Hercegovini prisutne tri autohtone [A. glutinosa (L.) Gaertn – 
crna joha, A. incana (L.) Moench – siva joha, A. viridis (Chaix) DC) – zelena joha] te 
dvije hibridne svojte crne i sive johe, označene kao A. × tauschiana Callier i A. × 
ambigua G. Beck. Međutim, hibridni kompleks crne i sive johe se prema savremenim 
nomenklaturno-sistematskim poimanjima svrstava unutar nothovrste A. × pubescens 
Tausch.. Prirodni interspecijski hibridi kod joha, iako su registrovani, nisu česti. Oni 
posjeduju mnoge ekonomski važne karakteristike: imaju veću otpornost na sušu u 
odnosu na roditeljske vrste, heterozis, uspijevaju i na siromašnijim zemljištima, imaju 
veći kvalitet drveta i bolju otpornost na neke oblike truleži. Zbog navedenog, 
interspecijaka hibridizacija unutar roda može biti važna strategija za poboljšanje vrsta, 
a hibridi mogu biti interesantni i kao resursi za selekciju. 

Lisni material je sakupljen u šest ekološki heterogenih simpatrijskih 
populacija, gdje je morfometrijski obrađeno po pet listova sa plodnih grančica, sa 
ukupno 55 jedinki. Prema modificiranoj metodi BANAEVA I BAŽANTA (2007), izvršena je 
analiza varijabilnosti sedam morfoloških svojstava lista: dužina lisne plojke, širina 
lisne plojke, udaljenost od baze do najšireg dijela lista, dužina peteljke, dužina od vrha 
lista do vrha trećeg nerva, ugao od vrha lista do vrha trećeg gornjeg nerva i broj 
nerava. 

U istraživanim populacijama je prisutno oko 10% hibridnih individua. Analiza 
podataka je pokazala da hibridi imaju heterogenije listove u odnosu na roditeljske 
vrste, a kao dobri dijagnostički karakteri, koji su iskazali intermedijerne vrijednosti u 
odnosu na roditeljske vrste, su: broj nerava, ugao od vrha plojke do vrha 3. gornjeg 
nerva i dužina od vrha plojke do vrha 3. gornjeg nerva. Preostali istraživani karakteri 
lista svojim vrijednostima su bili bliži sivoj johi. Dobiveni rezultati potvrđuju rezultate 
drugih studija da hibridi ili zauzimaju središnji položaj između roditeljskih vrsta ili su 
bliži majčinskoj vrsti (A. incana), a u kombinaciji sa drugim morfološkim 
parametrima (dlakavost naličja, broj žljezdica na naličju, reljef kore i dr.) su još 
pouzdaniji u identifikaciji. 
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Prve podatke o nalazištima hibridnih svojti crne i sive johe u BiH je daleke 
1907. godine dao Beck, što je 1962. godine dopunio Fukarek sa dva nova nalazišta. U 
ovoj studiji nije potvrđeno prisustvo hibridnih jedinki u tri simpatrijske populacije 
joha uz rijeke Fojnica, Željeznica kod Trnova (u koju se ulijeva Crna rijeka) i 
Kreševka kod Kreševa, što nije rijedak slučaj. Tri nova nalazišta nothovrste A. × 
pubescens za Floru BiH su lokaliteti rijeka Drinjača kod Kladnja, Turbe kod Travnika 
i Stavnja kod Vareša. Bosanskohercegovačke individue A. x pubescens su nedovoljno 
istražene i od posebnog su značaja, jer se nalaze na krajnjem JZ arealu Balkana, gdje 
do danas nisu bile istraživane. Lokaliteti sa A. x pubescens predstavljaju prostore od 
posebnog interesa za zaštitu biodiverziteta, izvor reproduktivnog materijala za njihovu 
produkciju zbog značajnih ekonomskih vrijednosti te žive poligone za praćenje 
odvijanja evolucionih procesa specijacije, pa je u narednom periodu neophodno 
utvrditi stvarno stanje na svim prethodno publikovanim nalazištima hibridnog 
kompleksa i proširiti istraživanja na području BiH. 
 
 
 
 


