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Worldwide plant diversity and the flora of temperate Europe
Over the centuries, generations of biologists have considered among their major tasks 
to catalogue, interpret, and explain the diversity of life on Earth. Knowing how many 
species inhabit Earth’s ecosystems is considered one of the megascience questions 
(Cracraft 2002), and this translates in systematic botany as the questions how many 
plant species do exist worldwide, and where these species are found. Plants, together 
with mammals and birds, are the three best known species groups, but even in these 
groups taxonomic knowledge is still very incomplete (Pimm et al. 2014; Pimm & Joppa 
2015). Recent estimates of the number of extant seed plant species are between 400,000 
and 450,000 (Govaerts 2001; Pimm et al. 2014; Pimm & Joppa 2015), many more 
than were assumed to exist conventionally. This 400,000+ number is an estimate indeed: 
currently, The Plant List (2013) enumerates 304,419 accepted names in the Angiosperms 
(32.0 %), 430,346 synonyms (45.2 %), and 216,132 unassessed (22.7 %) names, and 
the numbers for Conifers, Cycads and allies are 1,104 (23.7 %), 3,356 (72.2 %), and 
191 (4.1 %) respectively. Besides, it is estimated that a further 10 - 15 % of extant plant 
species is still unknown, awaiting discovery. 

Seen from the perspective of worldwide plant diversity, temperate Europe is poor 
in plant species. In Barthlott’s map (Barthlott et al. 2007), this region is classified as 
diversity zone 3-5, which corresponds with 200-1,500 plant species per 10,000 km2. 
For the Atlantic Mixed Forest eco-region, the broad coastal region reaching from north-
western Denmark to southern France, Kier et al. (2005) used a min-max species number 
of 1,700-2,200 and for the Western European Broadleaf Forest eco-region, bordering 
the former one in the east, they used a number of 2,500-3,300 species. A remarkable 
feature of the north- and north-west European flora seems to be the high proportion of 
apomicts (Gregor 2013). One of the groups in north-west Europe with a predominantly 
apomictic reproduction is Rubus L. subgenus Rubus (bramble). Rubus is one of the 
largest genera worldwide: on The Plant List (accessed February 2016) 1494 accepted 
species names are mentioned. However, a major part of these names apply to apomict 
lineages from subgenus Rubus, and there is much debate whether such apomict lineages 
deserve species status. In comparison with the other two large apomict genera in north-
west Europe, Hieracium and Taraxacum, Rubus is relatively well known and is therefore 
chosen as study object in this thesis. The taxonomy of the genus is cleared to a large 
extent (Weber 2002a; Kurtto et al. 2010), the distribution of many apomict lineages 
is mapped over larger areas (Kurtto et al. 2010), and phytosociological and ecological 
studies give a first indication how the taxonomical results can be used in more applied 
research (Weber 1998a; Haveman et al. 1999a; Haveman et al. 1999b; Weber 1999b; 
Bijlsma 2002; Royer & Ferrez 2012). Therefore, the genus seems to be an appropriate 
case to study fundamental and more applied aspects of apomicts.
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In the following a short introduction on apomixis is given, followed by an introduction 
on taxonomical, biogeographical and ecological questions regarding Rubus subgen. 
Rubus. After these introductory words, the objectives and research questions of this 
thesis are given, followed by the outline of the subsequent chapters.

Apomixis
Apomixis (derived from the Greek από= away from, and μιξη = mixing) is a mode of 
generative reproduction in which seeds are formed without fertilisation of the female 
gamete (Stebbins 1941; Asker & Jerlings 1992; Mogie et al. 2007). In older literature, 
also vegetative reproduction was included in the term, but this is usually excluded in 
more recent literature (see also Van Dijk 2007 for some arguments). Used in this sense, 
excluding vegetative reproduction, apomixis is synonym with agamospermy, asexual seed 
formation. The opposite of apomixis is amphimixis (from the Greek αμφί = both sides, 
and μιξη = mixing). Asker & Jerlings (1992) classified the different modes of apomixis, 
and they discerned two basically different forms of apomixis, i.e. gametophytic apomixis 
and adventitious embryony, or sporophytic apomixis. In the latter, the embryos arise 
from somatic cells of the nucellus or integument, whereas in gametophytic apomixis 
the embryo arises from unreduced embryo sacs. Sporophytic apomixis is found in the 
economically important genus Citrus, amongst others. Gametophytic apomixis can 
further be divided in two different forms: diplospory (embryos arise from unreduced 
megaspore mother cells), and apospory (embryos are formed from somatic cells of the 
ovule), and diplospory can be subdivided in meiotic diplospory, in which the normal 
reductional meiosis is replaced by a non-reductional first division restitution, and mitotic 
diplospory, in which the replacing non-reductional division is mitotic-like (Van Dijk 
2007). Examples of genera with diplospory are Taraxacum and Antennaria, whereas in 
Hieracium apospory is found. In several Rosaceae, the division between diplospory and 
apospory is vague: in Potentilla and Rubus, embryo sacs can be formed from almost all 
cells of the archesporium, even in the same species (Gustafsson 1946a; Weber 1995). 
In several genera (e.g. Poa, Taraxacum, Hieracium), embryo development doesn’t need 
pollination (autonomous apomixis), and starts before anthesis. In other genera with 
gametophytic apomixis (e.g. Rubus, Hypericum, Ranunculus, Hierochloe, Panicum), 
pollination is necessary for the development of the endosperm though (pseudogamous 
apomixis), and the embryo only develops after the initiation of the endosperm (Asker 
& Jerlings 1992). In both adventitious embryony and both forms of  gametophytic 
apomixis, the unreduced egg cell develops through parthenogenesis into an embryo, 
which is genetically identical to the mother plant.

Gametophytic apomixis is tightly associated with hybridisation and polyploidy 
(Gustafsson 1946b; Bierzychudek 1985; Asker & Jerlings 1992 and the substantial cited 
references therein; Van Dijk 2007). In fact most known apomictic groups are polyploid 
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complexes in which the diploids are sexuals and the apomicts are mostly allopolyploids, 
partly even polyploids with an odd chromosome number (tri-, penta-, and heptaploids) 
which normally would be infertile because of meiotic disturbance. Apomixis is therefore 
sometimes referred to as ‘an escape from sterility’, a term already used by Darlington 
(1939).

Van Dijk & Vijverberg (2005) mapped the occurrence of gametophytic apomixis onto 
the (now somewhat outdated) phylogeny of the angiosperms according to Soltis et al. 
(1999). They found that at the family level, almost 70 % of all genera with gametophytic 
apomixis are found in only three families: the Asteraceae (27 genera with apospory; 
15 with diplospory), the Poaceae (31 genera with apospory; 9 with diplospory) and 
the Rosaceae (12 genera with apospory; 5 with diplospory). According to the authors, 
apomixis is restricted to isolated species-complexes in other families. At the supra-
generic level, more specific the (sub-)tribal level, the authors found a clustering of types 
of gametophytic apomixis, which was attributed to pre-adaptation (more specific the 
absence of endosperm obstacles in the Asteraceae) and common origin. 

Well-known examples of apomict genera from temperate Eurasia and North-America 
are found in the Asteraceae (Hieracium, Taraxacum, Crepis, Antennaria), Rosaceae (Rubus, 
Sorbus, Alchemilla), Ranunculaceae (the Ranunculus auricomus aggregate) and Poaceae 
(the Poa pratensis aggregate). Apomixis is found in other families too, although this 
generally is less realised, for instance in the Hypericaceae (Hypericum perforatum), and 
Polypodiaceae (the Dryopteris affinis complex as well as Phegopteris connectilis) (Asker & 
Jerlings 1992; Gregor & Matzke-Hajek 2002; Haveman et al. 2002). 

Taxonomical debate: are apomict lineages species?
Maternal inheritance, as is the case in apomixis, leads to the stabilisation and 
dissemination of single genotypes (Hörandl et al. 2009a). These stabilised genotypes, 
are considered as species1 by many European authors (e.g. Dandy 1958; Kent 1992; 
Oberdorfer 1994; Wisskirchen & Haeupler 1998; Stace 2001; Jäger & Werner 2002; 
2006, 2014). Especially in the genera Alchemilla (Fröhner 1995), Rubus (Beijerinck 
1956; Van de Beek 1974; Matzke-Hajek 1993; Weber 1995), Hieracium and Pilosella  
(Von Naegeli & Peter 1885-1889; Arvet-Touvet 1888; Zahn 1921-1923; Van Soest 
1926, 1927, 1928, 1929; Zahn 1930-1935, 1936-1938; Sell & West 1976; Gottschlich 
& Raabe 1991; Gottschlich et al. 1998; Schou 2001; Juxip 2002; Tyler 2006; Tyler 

1 Sometimes referred to as ‘microspecies’, as is done hereafter in appropriate cases in order to avoid 
unnecessary elaborate digression; this should not be understood as a formal denial of the species status 
of apomict lineages or a formal acceptance of a taxonomical category apart from the species category. It 
is merely used as informal taxonomical subunit of a cryptic species group or a species aggregate.
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& Jönsson 2013), Taraxacum (Van Soest 1939, 1957; Hagendijk et al. 1975, 1982; 
De Kovel & De Jong 2000; Sell & Murrell 2006), and the Ranunculus auricomus 
aggregate (Marklund 1961, 1965; Ericsson 1992; Hörandl 1998) up to hundreds or 
even thousands of microspecies are distinguished. However, there is much controversy 
over the taxonomical status of these apomict lineages and the question whether they can 
be regarded as species. Wiens (2007) stated: “... how should asexual species be delimited? 
Should we even call them species?” Ghiselin (1987), and Löve (1962) argued that species 
do not exist in asexual groups by definition, which can be attributed to their adherence to 
the Biological Species Concept which requires interbreeding (Mayr 1942, 1957, 1996). 
Stebbins (1941: 535) even set aside apomict complexes as “...anomalous or ”freakish” 
from the systematic point of view”. 

Although the debate on the status of apomicts appears to be an academic one at first 
sight, it has impact on very practical questions of biodiversity research and nature 
conservation. The abundance of apomicts and the wide distribution of apomictic groups 
raise the need for practicable taxonomic concepts for biodiversity research and flora 
writing (Hörandl et al. 2009a). Since species are the central units of biodiversity and 
conservation (Stebbins 1987; Cracraft 2002), the opinion on the taxonomical status 
of apomict lineages significantly influences the estimation of species numbers, as well 
as conservation efforts (Claridge et al. 1997). Haveman et al. (2002) and Gregor & 
Matzke-Hajek (2002) argued that neglecting apomict species in floras and species 
check-lists leads to an underestimation of threatened species in Red Lists, thus diluting 
species conservation efforts. Similar arguments are brought forward in the discussion on 
the status of autopolyploids and other cryptic and sibling species (Bickford et al. 2007; 
Soltis et al. 2007).

To illustrate this, the numbers of microspecies in Rubus, Taraxacum and Hieracium are 
given in Figure 1.1 as fraction of the total flora of Great-Britain and Ireland (Preston et 
al. 2002; Sell & Murrell 2006, 2014), Germany (Wisskirchen & Haeupler 1998), and 
the Netherlands (Haveman et al. 2002; Van der Meijden 2005). Numbers for apomict 
lineages in Hieracium in Germany are not available, so this number is an estimated 500, 
which might be rather conservative. From this figure it shows that about 30 to 35 % of 
the total vascular plant flora in these countries consists of microspecies of the mentioned 
genera. 

Rubus L subgen. Rubus
Diversity, taxonomy and systematics
Rubus L 1753 has a worldwide distribution and is lacking only in Antarctica, the far 
North, and extreme arid areas. In the tropics and subtropics it is almost completely 
confined to the mountains. The highest diversity is found in south-east Asia, the Andes-
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region in South-America, the coastal region in eastern North-America, and Atlantic 
to sub-Atlantic regions of temperate Europe. The genus is very species rich, with an 
estimate of 300-400 sexual species worldwide (Weber 1995). Focke (1910-1914) 
distinguished 12 subgenera, of which four are native to Europe: subgenus Idaeobatus 
(Focke) Focke 1910, subgen. Rubus, subgen. Cyclatus (Rafinesque) Focke 1910, and 
subgen. Chamaerubus O. Kuntze 1867. In Europe, the subgenera Idaeobatus, Cyclatus, 
and Chamaerubus consist only of one or a few species, but subgen. Rubus comprises 
hundreds of taxa, forming a polyploid series with a base number of 7: 2n = 14, 21, 
28, 35, and 42. In Europe, only a few extant sexual diploids are known, i.e. Rubus 
ulmifolius Schott 1818, Rubus sanctus Schreb. 1766, Rubus canescens DC 1813, and 
Rubus incanescens (DC) Bertol. 1842. Apart from these diploids, only the tetraploid 
Rubus caesius L 1753 is propagating sexually. All other European taxa in the subgenus 
are considered allopolyploid facultative apomict derivates of only a few parental species. 
In a recent study, Sochor et al. (2015) could detect six parental gene-pools in their study 
of the evolution of Rubus subgen. Rubus. They concluded that the current diversity 
of the subgenus is a result of the hybridisation and subsequent polyploidisation of R. 
ulmifolius, R. canescens, R. caesius, Rubus idaeus L. 1753, and two unknown and extinct 
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Figure 1.1. The proportion of apomicts in the flora of Great-Britain and Ireland (BI), Germany (G), and 
the Netherlands (NL), illustrated by the numbers of apomict lineages in the three largest apomict 
genera. See text for the used references.
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sexual species, one of which belonged to series Glandulosi (Wimmer & Grabowski) 
Focke 1877, the other to series Rubus.

Sochor et al. (2015) sketched a highly complex reproduction system in subgen. Rubus.  
Most members are tetraploid pseudogamous apomict lineages, but other ploidy-
levels (triploids, pentaploids and hexaploids) are not uncommon (Gustafsson 1943; 
Krahulcová et al. 2013). The mode of reproduction is highly variable, ranging from 
obligate sexual reproduction to obligate apomixis, both at the species level as well as 
at the individual or even floral level (Pratt & Einset 1955; Šarhanová et al. 2012). 
Apomictic reproduction combines both diplospory and apospory, and this mode of 
reproduction can be influenced by environmental factors (Šarhanová et al. 2012). 
Especially in tetraploids, retained sexuality can be considerable (Antonius & Nybom 
1995; Nybom 1995), but triploid and pentaploid taxa are almost obligate apomicts 
(Šarhanová et al. 2012). Artificial hybrids are rather easily obtained, not only when a 
sexual partner is involved, but also between apomict lineages. According to Lidforss 
(1907: 35) hybrid formation is enhanced if the vitality of the ♀-plant was somehow 
weakened, e.g. when growing in shade. 

Modern attempts to classify the diversity of forms resulting from this complex 
propagation system can be traced back to Focke (1877), who included pollen fertility 
and distribution area characteristics in his classification scheme. It was enhanced by 
Van de Beek (1974) and notably Weber (1972, 1981b, 1986b, 1995). All modern 
authors agree that not every single occurring form is worth describing, but instead only 
stabilised biotypes should be described as species. To assure this, only lineages with a 
distribution area > 50 km are described as species, and biotypes with smaller distribution 
areas are ignored as taxonomically unimportant ‘local biotypes’ (Weber 1995, 1996; 
Holub 1997; see e.g. Bijlsma & Haveman 2007; Kurtto et al. 2010; Király et al. 2013b, 
a). This resulted in a vast but accessible number of accepted species at the European 
level and a cleansing of the batological literature, which historically was burdened with 
innumerable synonyms and names for primary hybrids and local forms (Holub 1997). 

Morphology and life history traits
Rubus subgen. Rubus consists of perennial, deciduous (subsect. Rubus) and wintergreen 
(subsect. Apendiculati) hemi-phanerophytes with a long-living subterranean root-system 
and bi-annual, semi-lignified, hollow and pith-filled shoots (Weber 1995). In the first 
year, these shoots are bearing leafs and are called primocanes or long-shoots. In the 
second year, after shedding the leafs, inflorescences are formed, and after fructification 
the above-ground shoot dies. The fruit is a compound berry. Vegetative propagation 
is possible by underground stolons (subsect. Rubus) or rooting tips of the primocanes 
(subsect. Apendiculati), which makes the first less susceptible to grazing and mowing 



Chapter 1

16

(Bijlsma 2004). In general, Rubus seeds are dormant after dispersal, thus forming a soil 
seed bank (Grime et al. 2007). Suzuki (1997) demonstrated that individual species in 
sect. Idaeobatus can vary considerably in germination characteristics, but seed bank data 
for individual microspecies in sect. Rubus are lacking.

Phytogeographical aspects
Rubus subgen. Rubus is found almost in all temperate and Mediterranean Europe. Its 
northern boundary is formed by the 60th parallel north, except along the Atlantic coast 
in Norway, where the distribution area stretches to about a latitude of 64 ° and it is 
absent from large parts north of the Black Sea and Caspian Sea. The highest diversity is 
found in Atlantic and sub-Atlantic Europe (Ireland, Britain, the northern parts of the 
Iberian Peninsula, France, the Benelux, Denmark, Germany, the Czech Republic, the 
southern parts of Poland, Slovakia, and, to a lesser extent, Switzerland an Austria: Kurtto 
et al. 2010: 42).

In contrast to the two other large apomict groups in central and north-west Europe, 
Taraxacum and Hieracium, the Rubus flora is well known, although there still remain 
rather large areas for which data is very scarce. In several publications, Weber (1999a, 
2002a) and Kurtto et al. (2010: 28-31) evaluated the state of taxonomy and mapping 
of Rubus species over Europe, and from these it can be concluded that especially in 
France the diversity of brambles is known insufficiently. Other regions without modern 
batological research, and subsequently insufficient knowledge of the genus, include 
Italy, the south-eastern part of central Europe, as well as south-east Europe (especially 
Bulgaria and Romania), but this is of lesser importance for this thesis, which focuses on 
the Netherlands and central and north-west Europe. 

Rubus subgen. Rubus is an example of what is known as ‘geographical parthenogenesis’ 
(Vandel 1928; Lynch 1984; Bierzychudek 1985; Haag & Ebert 2004; Verduijn et al. 
2004; Kearney 2005; Hörandl 2006; Thompson & Whitton 2006; Hörandl et al. 2009b; 
Mráz et al. 2009): apomicts 1) have larger distribution areas than their sexual relatives, 
2) tend to range to higher altitudes and latitudes than their sexual relatives, and 3) tend 
to occupy previously glaciated areas. As a note: it is important to realise that this concept 
relates to apomixis as phenomenon, and not on the individual apomict microspecies. 
The prevalence for areas influenced by Pleistocene ice sheets has most likely the same 
background as their hybrid origin, viz. the expansion of species in these areas which 
gave rise to large hybrid swarms and polyploid offspring (Stebbins’ secondary contact-
hypothesis (Stebbins 1986)), followed by the stabilisation of morphologically distinct 
biotypes by apomixis. Already Gustafsson (1943) and Richards (1973) hypothesised this 
origin in apomict Rubus and Taraxacum species respectively, and recent molecular studies 
of the evolutionary background of species in Rubus subgen. Rubus largely confirmed 
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this hypothesis (Sochor et al. 2015). As was reviewed by Hörandl (2006), geographical 
parthenogenesis has a more complex background though, and also includes advantages 
of polyploidy and/or hybrid origin, better colonisation abilities because of uniparental 
reproduction, introgression of apomixis into sexuals, niche differentiation of clones, and 
biotic interactions. 

Another phytogeographical aspect of Rubus subgen. Rubus (and other highly 
polymorph apomict groups) is the very restricted distribution range of many apomict 
lineages, resulting in different species assemblages even in neighbouring regions. This 
was elaborated by Newton (1980) and Newton & Randall (2004) in an intuitive 
regionalisation of the Rubus flora of the British Isles. They were able to distinguish 
several ‘florulas’ (= small floras), and regional species complexes and microflorulas 
within these florulas. Newton & Randall (2004) discuss the cause of the found patterns 
in terms of evolutionary ancestry and isolation/accessibility, although these factors are 
not studied in concreto. Matzke-Hajek (1997) argued that the regionally distributed 
Rubus microspecies are very young (< 6,000 yr), having unsaturated distribution ranges 
(i.e. ranges unconstrained by climatic factors) being in the phase of range expansion 
(neospecies sensu Levin 2000). A rather rare clear example of such an expanding 
apomict is Rubus wittigianus: it was considered a local species in the 1980’s and not 
included in Weber’s Rubi Westfalici (Weber 1986b), but in the 1990’s the number of 
occurrences increased, thus satisfying the condition to be described as regional species 
(Weber 2002b). Considering this, it is clear that the patterns which were found by 
Newton & Randall (2004) are strongly influenced by evolutionary processes, like the in 
situ origin and climatologically unconstrained range expansion of apomict neospecies. 

Ecology and phytosociology
Although Rubus subgen. Rubus consists of a large group of expanding neospecies, not 
all patterns are necessarily to be explained by (evolutionary) history only. Generally, 
the subgenus is characteristic for intermediate site conditions: moist but not flooded, 
mesotrophic, not too acidic or purely calcareous sands and loams, preferably in half-
shadowed conditions. The highest diversity in apomict microspecies within the subgenus 
is found on loams and sandy loams in Atlantic and sub-Atlantic Europe (Matzke-Hajek 
1997). To the south and south-east, the distribution is more and more limited by 
summer drought, to the east and north by winter cold (Weber 1995). This explains the 
scarcity of wintergreen species of subsection Apendiculati Genevier 1869 and the relative 
abundance of leaf-shedding species of subsection Rubus and section Corylifolii Lindley 
1835 in the northern parts of the distribution of the subgenus. To the south, species 
with xeromorphic adaptations (felted leaves, stems with waxy cuticulas) belonging to 
the series Discolores (P.J. Müller) Focke 1914 and several series in the section Corylifolii, 
have their optimum. Whereas brambles are a typical element of scrubs and more open 
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landscapes in the Atlantic and sub-Atlantic parts of Europe they avoid openness in less 
humid areas, and tend to grow in the sheltered conditions in wooded areas, or in higher 
altitudes. 

Already Beijerinck (1953, 1956) noticed the differences in preference for wooded or 
open areas across Rubus species in the Netherlands. He distinguished three groups, 
viz. 1) species which preferably grow along roads or forest edges and in scrubs in the 
agricultural landscape, 2) species with a prevailing in wooded areas, and 3) species with a 
strong preference for old woodland remnants (ancient woodland species).  In a somewhat 
similar way, Weber (1986b, 1995) differentiates between thamnophilous (= preferentially 
growing in open areas) and nemophilous (= preferentially in microclimatically sheltered 
areas in woodlands) Rubus species. Bijlsma (2004) classified the subgenus into five 
groups, in an attempt to make an ecological interpretation of the series, ranging from 
leaf-shedding, non shadow-tolerant and grazing tolerant species to wintergreen, very 
shadow-tolerant and grazing intolerant species. 

The different ecological amplitudes and preferences of the Rubus microspecies are 
reflected in the species composition of the vegetation. Phytosociological research in 
Germany (Weber 1967, 1974; Wittig 1976, 1977; Wittig & Burrichter 1979; Reif 
1983, 1985; Weber 1990, 1998a; Rosskamp 1999; Weber 1999b; Huwer & Wittig 
2012), the Netherlands (Haveman 1997; Haveman et al. 1999a; Haveman et al. 1999b) 
and France (Royer & Ferrez 2012; Royer 2013; de Foucault & Royer 2014) proved 
that bramble microspecies can be used to distinguish between and characterise different 
shrub types, which are claimed to be ecologically distinctive. The combined occurrence 
of regionally distributed species could theoretically promote the description of numerous 
scrub types, differing in species composition, but growing in similar environments 
(Haveman 1997). In such cases though, it is not always clear whether the found patterns 
are the result of differences in site conditions or of historical factors (e.g. the recent 
origin of regionally distributed species, or random colonisation events). An example 
is the Rubetum sciocharitis Weber in Pott 1995, which is considered to be a vicariant 
association of the Rubetum silvatici Weber in Pott 1995 of more Atlantic regions of 
north-west Germany (Weber 1998a, 2003b). Rubus sciocharis tends to dominate the 
vegetation, even in regions where it was introduced unintentionally (De Ronde & 
Haveman 2016), thus forming scrubs indistinguishable from the Rubetum sciocharitis 
even in climatically different regions than Sleswig-Holstein, the locus classicus of the 
association. 

This leads to the question whether the found phytosociological patterns could be caused 
by a limited data set, collected through preferential sampling in a limited number of 
regions. Bramble scrubs belong to the least known and understood vegetation types in 
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Europe, and the bramble scrubs in large regions with substantial numbers of bramble 
species remain uninvestigated (Weber 1997, 2003b). Even in Germany, in many 
respects the front runner in batological research, large areas can be considered blank 
areas when it comes to batosociological knowledge (Weber 1997, 1998b, 1999b). Better 
knowledge from a wider area should eventually lead to a better understanding of the role 
of ecological versus historical processes in the realisation of the species composition of 
bramble scrubs.

Nature conservation and policy
Historically, Rubus subgen. Rubus has played hardly any role in nature conservation, 
despite the obvious presence in large parts of the north-west European landscape. 
Although they represent a substantial part of the phytodiversity, they are often considered 
a nuisance by foresters and nature managers, since they are often considered an indicator 
for deteriorating environmental conditions (see Bijlsma 2004), despite the variety of 
ecological requirements across species and the occurrence of regional endemics and 
ancient woodland indicators (Gregor & Matzke-Hajek 2002; Haveman et al. 2002; 
Bijlsma & Haveman 2007). Because Rubus, like other apomictic groups, are usually 
not included in general floras, their status is known to a small group of experts at best, 
and conservation agencies and managers remain unaware of their uniqueness. Gregor 
& Matzke-Hajek (2002) and Haveman et al. (2002) have pleaded for the inclusion 
of apomict microspecies in red lists and other nature policy instruments. In Britain, 
dedicated conservation plans are made for rare (often local) Rubus species (Randall & 
Rich 2000, 2001), as well as other apomict microspecies (e.g. Rich & Houston 2000; 
Rich 2002, 2003; Rich et al. 2008). Several German Bundesländer included apomicts 
in their red lists, like Bayern (Bayerisches Staatsministerium für Umwelt 2005) and 
Sachsen-Anhalt (Frank et al. 2004). A detailed example of a red list of Rubus species is 
given by Weber (1986a).

The phytosociological classification of bramble scrubs gives the possibility to address 
them in nature conservation plans, but the recognition of the bramble species still is a 
bottleneck for an adequate management. Surveys of bramble species on the level of nature 
conservation areas (like the survey of the brambles in the Mantingerbos, Bijlsma 2006) 
are rare, although they can be essential in the planning of conservation measurements. 
Furthermore, it remains unknown how the Rubus diversity in communities facilitates 
the occurrence of other species, like nectar feeding or in the stem hibernating insects.

Objective and outline of this thesis
In this thesis, a rather wide range of aspects of Rubus diversity is studied, serving a 
twofold objective: 1) an increase of the understanding of the taxonomical and ecological 
aspects of Rubus subgen. Rubus, and 2) to provide a basis for the inclusion of apomict 
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species in general and Rubus in particular in conservation management and policy. To 
reach this objective, different scales of bramble diversity in the Netherlands are studied 
by the following questions:

I.  What are the arguments to distinguish apomict lineages in Rubus as species, 
and how many species can be distinguished (especially in the Netherlands) 
based on this?

II.  What are the main factors in the realisation of large scale spatial patterns in 
Rubus subgen. Rubus, and are these patterns primarily ecological or historical 
confounded?

III.  Which factors determine the spatial distribution and species assemblage of 
bramble scrubs and what is the importance of ecology and history herein?

IV.  What is the nature conservation value of brambles and bramble scrubs, 
considering the gained insights in the taxonomy, phytogeography and 
phytosociology? 

The following of this thesis consists of six published papers and a synthesising general 
discussion. The first three papers are dealing with the species question (I). The first is 
a philosophical paper on the species concept in apomict groups, amongst which Rubus 
subgen. Rubus. The second paper gives an historical account of modern Rubus taxonomy 
and an evaluation of the so-called ‘pragmatic species concept’ in modern batology. The 
third paper is a first annotated check-list of Dutch bramble species, which was originally 
published in Dutch (Van de Beek et al. 2014) but translated and modified to be included 
in this thesis. 

The fourth paper is a study of large scale phytogeographical patterns, based on the 
distribution areas of all Rubus species in Ireland, Britain, the Netherlands, Denmark and 
Germany. The evaluation of floristic bramble regions in this paper contributes not only 
to question II, on large scale patterns, but gives also a basis for answering question III, 
on the historical versus ecological factors underlying the variation in scrub types. This 
will be elaborated in the general synthesis. 

Both paper five and six are dealing with phytosociological questions (III). In the fifth 
paper, β-diversity in Rubus scrubs along three landscape transects is studied, using 
classical phytosociological classification methods. In this paper, the variation in species 
composition in bramble scrubs is investigated, and the results are compared to published 
classification schemes. Arising from this paper, and based on additional data, in paper 
six a new scrub type is described from the Campine area in south Netherlands and west 
Flanders.
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In the general discussion, the results of all papers are resumed and combined to ans wer 
question I-III. Furthermore, in this section, ideas for the representation of apomicts - 
and Rubus especially - in nature conservation and policy will be presented (IV). The end 
of this general discussion is formed by an overall conclusion.
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Freakish patterns – species and species concepts in apomicts 

Reprinted with permission from: 
Haveman, R. 2013. Freakish patterns – species and species concepts in apomicts – Nord. J. 
Bot. 31: 257-269.
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Abstract
Apomict groups keep challenging taxonomists, in classifications as well as in the more 
fundamental question about the nature of apomict species. The latter question is not 
just an academic one, since the outcome influences practical questions of biodiversity 
and conservation. A historical overview over the species problem shows that a period of 
confusion and proliferation of species concepts between 1940 and 1990 was followed 
by an increasing consensus at the end of the 20th century that the species category is 
heterogeneous. Species come in kinds, which is understandable in the light of their 
different evolutional histories. Recently, Wilkins stated that we don’t need a generally 
applicable species concept, because species are not an a priori category into which all 
biological organisms must fit, but salient phenomena that are to be explained. Not only 
biparental, but also asexual organisms often form such species-as-phenomena, explained 
as some combination of adaptation to an ecological niche and reproductive compatibility. 
The above is illustrated by historical and current studies in three well-studied apomict 
groups, viz. Ranunculus cassubicus agg., Rubus subgen. Rubus, and Hieracium (subgen. 
Hieracium and Pilosella). Species in the Ranunculus cassubicus aggregate are the few 
existing sexuals, which are surrounded by a hybrid swarm of only partial apomictic 
forms, whereas in Rubus subgen. Rubus and Hieracium s.str. sexuals as well as numerous 
apomicts form well defined species. How species should be circumscribed in Pilosella is 
yet to be clarified. Largely, the differences between these groups can be contributed to 
the different modes of apomixis and the associated retained sexuality. From this review 
it is clear that the question is not so much “What is a species?”, but “What is a species in 
this particular group?” To answer this question a thorough knowledge and understanding 
of the biology of the genus in question is required.
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Introduction
The answer to the question “What is a species?” is considered one of the central issues of 
biology as well as one of its most vexing problems, as was stated literally by de Queiroz 
(1998). This so-called “species debate” resulted in an overwhelming amount of literature 
on the conceptualisation and delimitation of species. It was circumscribed by Hey (2001) 
as “the long-standing failure of biologists to agree on how we should identify species and how 
we should define the word “species””. This astounding proliferation of species concepts 
was not only caused by the awareness that species are the fundamental biological unit 
(Löve 1962; Ghiselin 1974; Mayr 1996; Ghiselin 1997; Mayden 1999, 2002; Sites Jr 
& Jonathon 2004; de Queiroz 2005b), but also by the rapid developments in modern 
evolutionary biology. In an attempt to review the most important species concepts, de 
Queiroz (1998) discusses 13 of such, and Mayden (1997) even lists 22 species concepts. 
A substantial number of these concepts was published in the 10 years preceding the 
publication of Mayden’s and de Queiroz’s papers, and after publishing these overviews 
several new ones have arisen (e.g. de Pinna 1999; Levin 2000; Hausdorf 2011). 

A special problem in the species debate is formed by polyploid apomictic complexes. 
Their classification is a challenge for evolutionary research and systematics alike. A po-
mixis, a mode of asexual reproduction via seeds which are formed without recombination 
(Asker & Jerlings 1992), leads to the stabilization and dissemination of single genotypes 
(Hörandl et al. 2009a). There is much controversy over the taxonomical status of these 
apomict lineages and the question whether they can be regarded as species. Or, as Wiens 
(2007) stated it: “... how should asexual species be delimited? Should we even call them 
species?”

How apomict lineages are treated taxonomically depends largely on the adopted species 
concept. Just before the boom of species concepts, Stebbins (1941, p. 535) set aside 
apomict complexes as “...anomalous or ”freakish” from the systematic point of view”. 
As was argued before by various authors (e.g. Mishler & Budd 1990; Asker & Jerlings 
1992; Hörandl 1998; Haveman et al. 2002), asexually propagating organisms cannot 
be classified as species under what is probably the best known, most widely used, 
and most influential species concept, Mayr’s Biological Species Concept (BSC, see for 
the abbreviations of species concepts also Table 2.1): species are groups of (actually or 
potentially) interbreeding natural populations which are reproductively isolated from 
other such groups (Mayr 1940, 1957, 1996; de Queiroz 2005b). Ghiselin (1987), an 
influential advocate of the BSC, and Löve (1962) even argued that species do not exist in 
asexual groups by definition. In other species concepts, asexual organisms are explicitly 
excluded, like in Patterson’s Recognition Species Concept: species are the most inclusive 
population of individual biparental organisms which share a common fertilization 
system (Paterson 1985). By contrast, the Agamospecies Species Concept (Turesson 1929) 
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Table 2.1. Species concepts as reviewed in Mayden 1997, with the standardised abbreviations 
therein, as well as their ability to recognise apomict lineages as species. + = apomicts recognised as 
species; - = apomicts not recognised as species; +/- recognition of apomicts dependent on the used 
characters.

Abbreviation Concept Apomict 
recognition

Reference

ASC Agamospecies + Turesson 1929
BSC Biological - Mayr 1942
ClSC Cladistic + Ridley 1989
CSC Cohesion + Templeton 1989
CpSC Composite - Kornet & McAllister 2005, 

Kornet & McAllister 1993
EcSC Ecological + Van Valen 1976
ESC Evolutionary + Simpson 1951, Wiley 1978
ESU Evolutionary Significant Unit - Waples 1996
GCC Genealogical Concordance + Avise & Ball 1990
GSC Genetic +/- Simpson 1943
GCD Genotypic Cluster Definition + Mallet 1995
HSC Hennigian - Hennig 1950
ISC Internodal + Kornet 1993
MSC Morphological + Du Rietz 1930, Shull 1923
NDSC Non-dimensional +/- Paterson 1993
PhSC Phenetic + Sneath 1976
PSC Phylogenetic + Eldredge & Cracraft 1980, 

McKitrick & Zink 1988, Rosen 
1978

PtSC Polythetic + --
RSC Recognition - Paterson 1985
RCC Reproductive Competition - Ghiselin 1974
SSC Successional Chrono- not 

applicable
George 1956

TSC Taxonomical + Blackwelder 1967

was invented solely for apomictic groups (see Mayden 1997). Recently, several authors 
argued that the exclusion of asexual groups, amongst which bacteria, bdelloid rotifers 
as well as (facultative) apomictic plants, is a serious drawback of some species concepts 
(Hausdorf 2011; Chambers 2012).  It seems preferable to search for a definition which 
covers both sexual and agamic groups. 

A consistent recognition of apomict lineages as species, as is practiced by some mainly 
highly specialised taxonomists (see for instance Erben 1993 for Limonium; Fröhner 
1995 for Alchemilla; Weber 1995 for Rubus; Sell & Murrell 2006 for Hieracium and 
Taraxacum) would increase species diversity of many regions significantly, perhaps 
beyond practicality (Stebbins 1941; Schuhwerk 2002). According to Haveman et al. 
(2002), the number of plant species in the Netherlands would increase from about 1450 
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to about 1900 if all known apomict lineages of Hieracium, Taraxacum, and Rubus were 
accepted as species. The flora of the British Isles would even double if apomict lineages 
were recognised as species consistently (Richards 2003). 

This abundance of apomicts and the wide distribution of apomictic groups raise the 
need for practicable taxonomic concepts for biodiversity research and flora writing, as 
was stated by Hörandl et al. (2009a). Since species are normally considered the central 
units of biodiversity and conservation (Stebbins 1987; Cracraft 2002; Wilson 2010), 
the opinion on apomict lineages as species significantly influences the estimation of 
species numbers, as well as conservation efforts (Claridge et al. 1997). Haveman et al. 
(2002) and Gregor & Matzke-Hajek (2002) argued that neglecting apomict species in 
floras and species check-lists leads to an underestimation of threatened species in Red 
Lists, thus diluting species conservation efforts. This is in concordance with the view of 
Soltis et al. (2007) and Bickford et al. (2007) on autopolyploids and other cryptic and 
sibling species. Therefore, although the species debate appears to be an academic one 
at first sight and only significant for a few initiated scientists, it has a crucial impact on 
very practical questions.

In this paper, I will review the philosophical and taxonomical literature concerning 
apomict species groups. The main question to be answered in this paper will be: what are 
species within agamic complexes? I will stroll along several pathways to get a bit closer 
to the answer of this question. In the first part of this paper, I will give a short overview 
over the history of literature on species concepts, concentrating on the period from the 
Modern Synthesis (Huxley 1942) until now, and I will identify some key moments in 
the development of species concepts. In the second part of this paper, I will discuss 
some arguments against the apomicts-as-species idea, as well as some alternatives for the 
classification as species. In the last section, I will review the existing taxonomical (in a 
broad sense) and plant systematics literature on apomicts in order to get a clearer picture 
how the conclusions from the first two sections of this paper have effect on the species 
concepts in apomict groups. Hereby I will concentrate on a few well-studied groups: 
Ranunculus auricomus agg., Rubus sect. Rubus, Hieracium and Pilosella, although the 
conclusions will be applicable in other groups too.

A short history of the species problem
As was elucidated by Richards (2010), the species problem as experienced today has both 
its philosophical and biological roots in the understanding of Aristotelian philosophy, 
and the interpretation of the species ideas of early naturalists like John Ray and Carolus 
Linnaeus. The traditional view, which was developed by Cain, Mayr and Hull in the 
mid-twentieth century, claims that until the “Origin of Species” by Charles Darwin 
both philosophy and biology considered species as invariable natural kinds with essential 
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features. This “Essentialism Story” was adopted by many authors, but questioned from 
the beginning by a minority (see Richards 2010 chapters 3 and 4 for an overview). 
Recently also Richards (2010) and Wilkins (2009b, 2010) gave good arguments for 
the contrary: when Aristotle and the early naturalists wrote of essences of species, they 
meant essential functions, not essential properties. Richards pointed out that Linnaeus 
saw species as eternally fixed only in his very first publication in 1735, but only a few 
years later he discovered hybridization as a modus for speciation. In a letter to Albrecht 
von Haller in 1744, he wrote (Larson 1968, referred to by Richards 2010): “I beg of you 
not to suppose it [the Peloria] anything else than the offspring of (Anthirrhinum) Linaria, 
which plant I know well. This new plant propagates itself by its own seed, and is therefore 
a new species, not existing from the beginning of the world; it is a new genus, never in 
being until now.”  Therefore the “Essentialism Story” has to be qualified as ‘bad history’, 
or, as Wilkins (2009b, p. 233) has put it: “the standard stories and assumptions from 
the architects of the modern synthesis are often simply incorrect”. What is clear from the 
historical overviews by Wilkins (2009b) and Richards (2010) is that the investigators 
in the pre-Darwinian period had ideas on what species are, namely “the generation of 
similar form” (Wilkins 2009b, p. 232), or, as John Ray (the father of natural history in 
Britain) has put in 1686, “progeny resembling their parents” (Ray 1686). This was named 
the Generative Notion (or Conception) of Species by Wilkins (2009b, p. 195; 2010, 
2011), and I will return to this later.

The common view that Charles Darwin regarded species arbitrary constructions of 
taxonomists, rather than real and objective entities in nature, has been derived primarily 
from a number of pages in the Origin, as was stated by Kottler (1978). A comprehensive 
description of the ideas of Darwin where it comes to the nature of species has recently 
been given by Wilkins (2009b, p. 129-164), Richards (2010, p. 78-112), and Mallet 
(2013). All these authors state that Darwin was fully aware of well-defined species. 
However, he was more interested in ‘borderline cases’ (Kottler 1978), because these 
provided evidence for continuous evolution between species (Mallet 2013). The most 
important thing Darwin added to the above idea of species as those groups of organisms 
that resemble their parents was the theory of how species came into existence: through 
natural selection. Richards paraphrases Darwin’s species concept as follows: “Species are 
those lineages that have passed through sufficient divergent change to become distinct and 
permanent” (Richards 2010, p. 208).

The most important thing for our sake – the understanding of the different species 
concepts – is that Darwin’s evolutionary theory affected thinking of species, and 
the discovery of the gene and the subsequent development of population genetics 
in combination with the rediscovery of Mendelian laws formed a powerful basis for 
evolutionary biology in the Modern Synthesis (Huxley 1942). It was Dobzhansky in his 
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classical 1935 paper who brought intersterility in species concept definition: “a species is 
a group of individuals fully fertile inter se, but barred from interbreeding with other similar 
groups by its physiological properties (producing either incompatibility of parents, or sterility of 
the hybrids, or both)” (Dobzhansky 1935). Better known is Mayr’s version of this species 
concept, taught in most biology classes and textbooks, which is called the Biological 
Species Concept by himself (Mayr 1942): “Species are groups of actually or potentially 
interbreeding natural populations, which are reproductively isolated from other such groups”. 
In the decennia following the articulation of the BSC, a confusing plethora of species 
concepts was published: Mayden (1997) counted 22 of them, Wilkins (2009b, 2011) 
26, or even 27. According to Wilkins, these species concepts can be clustered into seven 
“basic” species concepts: agamospecies, biospecies, ecospecies, evolutionary species, genetic 
species, morphospecies, and taxonomic species (Wilkins 2009b, 2011). Since these concepts 
have been reviewed extensively by others (Cracraft 1992; Mayden 1997; Wilkins 2009b; 
Richards 2010), I will not discuss them in detail again.

The long standing debate on species concepts might give the idea that the 27 published 
species concepts are mutually exclusive, but I think that the discussion, although as 
heated as the decennia before, moved towards a unification of ideas in the years around 
the start of the new millennium. The first step in this process was the rediscovery of the 
difference between primary and secondary species concepts by Mayden (1997, 1999). 
Already Mayr (1957) distinguished between theoretical (primary or non-operational) 
and operational (secondary) properties of species concepts, but this difference was 
ignored in later decennia (notably by Mayr himself, see Cotterill 2003). Much of 
the controversy between biologists in the species debate finds its origin in the lack of 
understanding between these two levels of species concepts. Primary species concepts are 
those answering the question: “What are species?”, whereas secondary species concepts 
are giving answer to the question: “How do we recognise species?” The first question is 
an ontological one, searching for the nature of species. The second one, however, is an 
epistemological question, since it searches for the properties of species by which species 
can be known. The first are species concepts, the second are species criteria (Mayden 
1997; de Queiroz 1998, 1999; Cotterill 2003; Richards 2010). 

Of the 22 species concepts mentioned by Mayden (1997), there is only one candidate 
that could serve as primary concept as was concluded by several independent reviewers: 
Simpson’s Evolutionary Species Concept (ESC) amended by Wiley (Frost & Kluge 
1994; Mayden 1997; de Queiroz 1998, 1999; Mayden 1999; Cotterill 2003). According 
to Wiley (1978), “a species is a single lineage of ancestral-descendant populations which 
maintains its identity from other such lineages and which has its own evolutionary tendencies 
and historical fate”. De Queiroz (2005a) rephrased Simpson’s ESC to his General Lineage 
Concept (GLC) in which “a species is a separately evolving (segment of a) metapopulation 
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lineage”. A lineage is specified as a population extended through time or an ancestral-
descendant series of time-limited populations (de Queiroz 2005a). Although Hausdorf 
(2011) argued that the ESC as well as the GLC are circular in their reasoning since they 
introduce the notion of population in the concept, in Wiley’s definition it can easily 
be replaced by group of individuals without change of meaning, just as was done by 
Richards (2010, p. 158). 

The question remains how to detect separate lineages, and this is where the secondary 
species concepts or operational rules come in. Discussing this topic, Mayden (1997), and 
in his footsteps Cotterill (2003), fall back on the notion of consilience, or the unification 
of (disparately derived) knowledge. Much of what is called ‘species’ in contemporary 
floras can be considered hypotheses of the lineages existing in nature. According to 
Mayden and Cotterill, the secondary species concepts can indicate whether to accept 
these hypotheses: intrinsic reproductive isolation (BSC), shared specific mate recognition 
or fertilization systems (RSC), phenetic differences (PSC), ecological distinctiveness 
(EcSC), monophyly (PhSC), morphology (MSC) to name some examples (see de 
Queiroz 2005a for more examples). Every single of these characters can (but not 
necessarily does) add evidence that our hypotheses are real entities in nature (Sites Jr & 
Jonathon 2004; de Queiroz 2005a). 

In the last decades, many authors stated that the species category is heterogeneous: it 
consists of various types of lineages bound by different processes that display different 
structures (Mishler & Brandon 1987; Stebbins 1987; Hörandl 1998; Stace 1998; 
Cotterill 2003; Pigliucci 2003; Wilkins 2003; de Queiroz 2005a; Ereshefsky 2010, 2011; 
Hausdorf 2011; 2011; Chambers 2012). An interesting view on this was published 
by Chambers (2012), who claims that the process of speciation is a multidimensional 
phenomenon, since it has a time dimension. Although speciation can be instant (e.g. by 
polyploidisation, see Soltis & Soltis 1999; Soltis et al. 2007), in most cases a new species 
‘develops’ from an ancestral species, until it is ‘forever different’ and ‘reproductively 
isolated’. According to Chambers (2012) the different secondary species concepts point 
towards different developmental stages in the evolution of species. He proposed a two-
step decision matrix for species diagnosis to account for these different stages or levels. 
Quite a different view on species concepts was published by Wilkins (2009b, 2011), 
who seems to consider Simpsons ESC on the same level as all other species concepts. He 
claims, based on a thorough analysis of the history of biology and the conceptualisation 
of species through time, that “species has always been thought to mean the generation of 
similar form. That is, a living kind or sort [species, RH] is that which has a generative 
power to make more instances of itself” (Wilkins 2009b, p. 232). In a noteworthy, yet 
unpublished paper which can be found in the internet, Wilkins (2009a) rephrased it in 
“A species is any lineage of organisms that is distinct from other lineages because of differences 
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in some shared biological property”. This is called the Generative Conception of Species 
by Wilkins himself. A somewhat similar species conception was proposed by Hörandl 
(1998), who circumscribed species as “all organisms of an ancestral-descendent lineage 
which are products of the same evolutionary process, which have a constancy of progeny 
(upheld by a certain reproductive system) and consequently a similarity of phenotype and of 
ecogeographical unity.” An important notion, derived from the mentioned unpublished 
paper by Wilkins, which might influence future discussions, is that species are no 
explanations in some theory, but they are to be explained salient phenomena (explicanda 
more philosophically spoken): “If species were theoretical objects, we ought to find them as 
a consequence of theory, not as a “unit” that we feed into theoretical or operational processes. 
… Theory does not define species. … We do not define species, we see them” (Wilkins 2009a). 
In this paper he makes the important account: “Of course, not all lineages are species – 
gene, haplotype and population lineages, for example – so the point at which lineages coalesce 
into different kinds of species is not something that we can define abstractly. Instead, it is 
a phenomenon that we observe, and seek to explain with one of the 26 or so conceptions 
in each case” (see also Wilkins 2011). His final point is that we don’t need a singular 
definition of species, because species-as-phenomena are real things to be explained, not 
an a priori category or rank into which every biological organism must be fitted (Wilkins 
2009a in the last sentence). 

Probably the most striking and staggering conclusion from the historical analysis of 
species concepts is the insight that taxonomists kept describing species and kept making 
their classifications within their realms of specialisation, in spite of the prevailing species 
concept or concepts: batologists kept on describing new Rubus species, as hie raciologists 
did with new Hieracium species, and bacteriologists with new bacteria species, although 
most of them – probably all – were brought up with Mayr’s BSC in biology classes. In 
my opinion, this pleads in favour of Wilkins’ ideas on species: taxonomists describe the 
phenomena they encounter in nature, irrespective of theoretical objections. We cannot 
escape the conclusion that any of the proposed species concepts have failed to account 
for all types of diversity we are inclined to call “species”. This seems logical when one 
realises that there are many ways how these species come into being (Hörandl 1998; 
Wilkins 2003, 2007). 

Species recognition in apomict groups: possible objections
If the species category is an evolutionary heterogeneous amalgam of phenomena, is 
there any ground for the recognition of species within apomict groups? Before entering 
this question, I first have to discuss some of the objections that are made against such 
recognition: 1.) apomict species are impossible by definition, 2.) apomict species do not 
resemble amphimictic outbreeders, and 3.) apomict species show a lack of coherence.
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Apomict species are impossible by definition
The idea that apomict species (or asexual species more general) are impossible by 
definition is expressed most explicitly by the defenders of the BSC, for instance Mayr 
himself (Mayr 1987, 1992). One of most dedicated proponents of this species concept, 
Ghiselin, states in the appendix of his excellent Metaphysics and the Origin of Species: 
“An asexual biological species is a contradiction in terms” (Ghiselin 1997, p. 305). As it is 
clear in a glance, apomict species are not compatible with the BSC, because they lack 
interbreeding. 

The question remains how apomicts are dealt with (or better: how they could be dealt 
with) under the premise of the other species concepts. Table 1 gives an overview over 
the species concepts reviewed by Mayden (1997) and the conception of apomict species 
therein (see also Asker & Jerlings 1992; and Dickinson 1998a for a discussion). The 
Successional Species Concept (SSC) was developed for fossil species only, and is therefore 
not applicable to extant organisms at all. All other species concepts in Table 1 are 
applicable to apomicts, but several will reject apomicts as species. The species concepts 
under which apomict lineages are (or can be) regarded as species, are marked with a ‘+’, 
otherwise a ‘-’ is given. To be recognised as species, the BSC, CpSC, ESU, HSC, RCC and 
RSC demand biparental reproduction. Clearly, apomict lineages are rejected by default 
under these species concepts, but it might be less obvious that also the entire agamic 
complexes are to be rejected as species because biparental reproduction is lacking. Thus, 
common flora entries like Rubus fruticosus, Hieracium murorum, or Taraxacum officinale 
fail to be recognised as species when these concepts are applied strictly. Concerning 
the GSC, it depends largely on the author how apomictics are treated. In the original 
circumscription by Simpson (1943), no reference was made to the reproduction mode, 
but Dobzhansky (1950) added the notion of “most inclusive reproductive community 
of sexual and cross-fertilizing individuals”. The NDSC is more of an umbrella term for 
several species concepts, amongst which for instance the BSC (rejecting apomicts as 
species) as well as the MSC (accepting apomicts as species). All other listed species 
concepts, over 50 %, are able to accommodate apomict lineages as species. 

Mayden (1997) argues that a useful species concept should give account for all biodiversity 
(p. 382), and that the recognition of hybrids and apomicts are the prerequisite for any 
monistic (i.e. universally valid) species concept (p. 415-416). The denial of apomictic 
species seems problematic indeed, “given that sex is a relatively rare property in the 
universal tree of life, which would mean that most biological taxa do not come in species” 
(Wilkins 2011). This notion is understood by other authors too (Ereshefsky 2010; Van 
Regenmortel 2010). 
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Apomict species do not resemble amphimictic outbreeders
Sometimes it is stated in one or another way that agamosperm species should include 
multiple genotypes to be equivalent to sexually reproducing species, and that the 
lineages or microspecies recognised by many highly specialised taxonomists do not fulfil 
this requirement (Turesson 1929; Stebbins 1941; Dickinson 1998b, a). As was stressed 
by Stace (1998), this argument is not very convincing, since sexual outbreeders are 
not mutually equivalent by any means themselves. Furthermore, studies on population 
genetics have shown that apomictic complexes can harbour considerable genetic 
diversity within and among populations, as a result of the history of descent of apomictic 
complexes, the influence of backcrossing with sexual relatives, hybridization between 
apomictic lineages and facultative sexuality, and mutations (review in Hörandl & Paun 
2007). Also from a more philosophical viewpoint, this objection doesn’t keep up: the 
demand of one or more necessary properties (like the amount of genetic variation) is 
the kind of essentialism that is widely rejected when discussing the nature of species 
(Ghiselin 1997; e.g. de Queiroz 2005a; Richards 2010; Wilkins 2010).

Apomict species are not coherent
Sex is an important feature by which species maintain their coherence. The major 
processes that bind the members of a sexual species together and make them evolve as 
populations and not as mere individuals are recombination and intraspecific gene flow 
(Rieseberg & Burke 2001). Such strong internal cohesive processes are lacking in strictly 
asexual lineages and this invited Chambers (2012) to heave the sigh: “each individual 
must simply be considered as a species of some sort or we must stop thinking about them in 
this way at all” (a similar notion has allready been expressed by Fisher 1958, p. 135).
However, asexual organisms seem actually to be organised in units that resemble species 
of biparental organisms both in morphological and functional respect (Mishler & 
Brandon 1987; Goodfellow et al. 1997; Cohan 2002; Hillis 2007; Hausdorf 2011), 
whereas one would expect that asexual organisms would form a smear or continuum 
of variation (Wilkins 2006; Hillis 2007). Templeton (1989) has argued that not only 
internal cohesive processes can hold a group of organisms together as species, but that 
ecological pressure or selection can play a similar role. This idea was worked out in more 
detail by Wilkins (2006) in a paper on the concept and causes of microbial species. 
According to Wilkins, species (as phenomena, both uni- and biparental) are genetic 
clusters in genome space, to be explained as some combination of adaptation to an 
ecological niche and reproductive compatibility (cf. Van Valen 1976). 

Case studies on apomict groups
The question remains how to deal with apomict lineages. Although much effort has 
been made to find a universally applicable species definition in the last six decennia by 
both biologists and philosophers, rather recently there seems to grow some consensus 
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that the species category is heterogeneous, and that the search for one universal species 
concept might be idle. This is not very surprising, considering the diversity of the living 
world around us and the different modes of speciation (cf. Wilkins 2003; Wilkins 
2007). However, we don’t experience the organismal world as a complete chaos of 
variation: the fact that organisms are organised in lineages of similar organisms that we 
call species is evident to both specialists and laypersons (Hillis 2007). Wilkins (2009a) 
has put forward that species are no theoretical objects, but phenomenal objects: they 
push themselves upon the attentive observer, both in sexual and asexual groups, and 
they ask for an explanation. This idea has received little attention until now, although it 
seems a valuable notion.

How does this affect the way we treat apomict lineages in our taxonomies? Stace (1998) 
advocated a utilitarian pragmatic approach in apomict taxonomy. This was based on 
the assumption that the precise biological meaning has disappeared that once could be 
inferred from the term “species” (Stace 1998, p. 325), but I am not sure this is really 
the case. More than before we understand what species are, although the awareness that 
species come in different kinds has grown simultaneously. I am opposing to the view 
of Stace, who stated that species are reduced to a utilitarian role in taxonomy, as if they 
were not real (see also Rieseberg et al. 2006; Haveman & De Ronde 2013). Hörandl 
et al. (2009a, p. 1211) interpreted Stace’s pragmatic apomict taxonomy as a case-wise 
approach, resulting in a rejection of apomict species in the “cassubicus” group within the 
Ranunculus auricomus aggregate. As was already pointed out by Davis (1958), there is no 
overall solution for the species recognition and taxonomy of all apomict groups, because 
each apomictic genus presents problems a little different from the others (Gustafsson 
1947). The idea that an overall prescriptive solution to the taxonomic problems posed 
by apomictic groups is impossible (Richards et al. 1996; Chrtek & Marhold 1998) 
and that a case-wise approach is necessary, concurs with the notion of a heterogeneous 
species category, and that species are phenomena to be explained. It is even true for 
“ideal” outbreeding species. Every taxonomy must rely on gained expert knowledge on 
traits and features that are of importance in that particular group, and all traits in the 
above mentioned secondary species concepts and even more can be used as such. 

In the following sections, I will exemplify the case-wise approach for three large and 
more or less well studied apomict groups, viz. the Ranunculus auricomus aggregate, Rubus 
subgen. Rubus, and Hieracium (incl. Pilosella). However, before doing so I have to make 
some remarks about the classification of apomict lineages on other than the species level, 
which are valid for all discussed groups, viz. the classification 1.) as some taxon at the 
infraspecific level, or 2.) as nothospecies. Although the classification at the infraspecific 
level might be convenient for getting a quick overview, as was argued by Schuhwerk 
(2002), at least in most cases it doesn’t reflect the phylogenetic structure of most genera, 
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which seem to be highly reticulate (e.g. Ericsson 1992; Wittzell 1999; Hörandl et al. 
2009a). This taxonomical practice thus leads to the grouping of lineages with different 
evolutionary histories under one species (Tyler 2006), which becomes polyphyletic 
(Ericsson 1992) and artificial consequently. Since systematics is not only aiming at 
naming the diversity of life, but also at clarifying their relationships and building the 
tree of life (Cracraft 2002; Cracraft & Donoghue 2004), classifying apomict lineages at 
the infraspecific level is hindering broader systematics goals.

Most apomicts are considered to be of hybrid origin (Gustafsson 1943, 1947; Grant 
1971; Richards 1973; Stace 1989, p. 154; Matzke-Hajek 1997; Richards 2003; Paun et 
al. 2006b; Hörandl & Paun 2007; Fehrer et al. 2009; Mráz et al. 2011), and classification 
of the apomicts lineages as nothospecies would therefore be a considerable option. 
Since most (but not all, see e.g. Robertson et al. 2004) apomict lineages are thought 
to be ancient hybrids though, from which the parental species are unknown, and most 
probably extinct (e.g. Weber 1995; Mráz et al. 2011), a formal treatment as nothospecies 
is impossible (art. H.3.2, Vienna Code, McNeill et al. 2007). More fundamentally, a 
hybrid origin is not exceptional in the plant kingdom, and it is argued by several authors 
that hybridisation is an important driving force in the evolution of angiosperms. The 
topic was placed on the scientific agenda by Stebbins (1959) and extensively reviewed in 
Grant’s seminal Plant Speciation (Grant 1971), and Arnold’s Natural Hybridization and 
Evolution (Arnold 1997). More recently, Soltis & Soltis (2009) even argued that most 
angiosperms have a hybrid background. Considering this claim, the ancient hybrid 
origin of apomicts might be no exception at all, and seems no profound argument to 
treat them differently from other angiosperms.

Ranunculus auricomus agg.
The Ranunculus auricomus complex (Goldilocks) is distributed across Europe, western 
Siberia and Greenland, and can be found from the Arctic to the Mediterranean zone 
(Jalas & Suominen 1989). It forms a polyploid complex in which the (few) diploids 
show sexual propagation (Hörandl & Greilhuber 2002), whereas polyploids are usually 
aposporous apomicts (Hörandl et al. 2001; Hörandl & Greilhuber 2002; Hörandl et al. 
2009a). 

Linnaeus (1753) described two species, Ranunculus auricomus and R. cassubicus, which 
represent two morphological nuclei within the complex (Hörandl 1998). Marklund 
(1961, 1965) classified the complex in four morphologically distinct ‘main species’ (R. 
cassubicus, R. monophyllus, R. fallax, and R. auricomus), and distinguished the agamic 
lineages as subspecies under these main species. Hörandl & Gutermann (1998) treated 
the main species as informal ‘collective groups’, each of them including groups of 
morphologically similar apomictic lineages; the latter were distinguished as species. 
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Within the aggregate, approximately 800 apomictic lineages have been described as 
species by central and northern European taxonomists (Ericsson 1992; Hörandl 1998), 
mainly on the basis of morphology. 

In the treatment of the complex for Flora Nordica, Ericsson (1992) argued in favour of 
the treatment as species, and not as subspecies as was done by Marklund. His arguments 
are the polyphyletic ‘main species’ with ill-defined limits, while the apomictic lineages 
are sympatric, very constant, and lack intermediate forms. Hörandl (1998) discussed 
the alternatives to the agamospecies concept in the Ranunculus auricomus aggregate, 
and reached the same conclusion as Ericsson. For the whole complex, she questioned 
monophyly, and therefore, treating the whole complex as a single species was rejected. 
The same holds, mutatis mutando, for the collective groups. Because the parental 
species were unknown at that time, a classification as hybrids was impossible as well. 
Consequently, the R. auricomus complex could not be classified at all (except the few 
sexual species) if the species level was to be rejected. 

However, more recently, a detailed study of the “cassubicus” group on the basis of 
morphological, karyological, and molecular data (Hörandl et al. 2009a) revealed the 
instability of the apomictic species due to frequent sexuality of apomicts, increasing 
genetic diversity by continuous formation of new cytotypes, local hybridization 
and introgression. Similar morphotypes may have multiple origins, which seriously 
undermines the assumption that phenetically similar populations in an area also possess 
an historical evolutionary coherence. To reflect the evolutionary processes involved, the 
authors propose a separate classification of the sexual species, R. notabilis, and the closely 
related species pair R. cassubicifolius and R. carpaticola. Based on these well-defined 
species, the apomictic biotypes of the “cassubicus” group can best be classified as broad 
nothotaxa (R. carpaticola × R. cassubicifolius, and R. × hungaricus).

This example shows how the understanding of multiple features leads to a better 
understanding of the complex evolutionary relationships within the aggregate, and how 
taxonomy can benefit from such understanding. In the case of the Ranunculus auricomus 
agg., multiple data lead to the conclusion that an agamospecies concept (for at least 
the studied group) must be rejected, although formerly it was thought to be the only 
possible solution for the aggregate. 

Rubus subgen. Rubus
Rubus subgen. Rubus (Blackberry) is a polyploid complex which has its main centres of 
diversity across Europe, North America and the mountainous areas of South America. 
Furthermore it is native in Africa, western Asia, the northern part of India, in Japan 
and New Zealand (Weber 1995, p. 318). It is a polyploid complex in which only six 
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extant sexual species are known in Europe: the (sub-)Mediterranean R. ulmifolius and 
R. canescens, the West-Mediterranean R. incanescens, R. caesius (with a wide distribution 
across Europe) and the Canarian R. bollei, and the Caucasian R. moschus (Weber 1995, 
p. 302). All other European species of the subgenus are (allo-)polyploids and (mostly 
facultative) apomicts; obligate apomixis was detected in the triploid members of the 
series Discolores (Šarhanová et al. 2012). In the recent chorological overview over the 
genus in the Atlas Flora Europaeae (Kurtto et al. 2010), about 700 apomicts are included. 
Historically there have been various attempts to classify the numerous apomicts (Weber 
1996, 1999a; Kurtto et al. 2010, p. 28): 1.) the description of each different bramble 
as a separate species (e.g. Müller 1859; Boulay 1864-1869; Genevier 1869), 2.) as 
infraspecific taxa (e.g. Syme 1864), 3.) as hybrid formulae (Kuntze 1867; Schipper 1925), 
4.) arranging an naming of each unknown plant as infraspecific taxon in an artificial 
system (Sudre 1908-1913), and 5.) as species with different values with respect to their 
fertility and distribution (Focke 1877; Gustafsson 1943). From the 1970’s onward, 
Rubus systematics started with a whole new approach, which was called the ‘Weberian 
Reform’ by Holub (1997). This reform consists of four major pillars: 1.) mapping 
projects over larger areas, 2.) evaluation of type material, 3.) visits to loci classici, and 4.) 
the evaluation of the status of species by means of their distribution areas (Haveman & 
De Ronde 2013). Species are distinguished almost only on the basis of morphology, so 
a morphologically based agamospecies concept is used. To prevent the overflow of the 
systematic system, the convention among European Rubus taxonomists is to describe 
only species with a distribution area over 50 km (the fourth pillar under the ‘Weberian 
Reform’). The basis for a phenetic agamospecies concept in Rubus is defendable, since 
DNA fingerprinting showed that the agamic lineages which are regarded as species 
proved to consist mainly of one clone with very limited genetic variation (Kraft & 
Nybom 1995; Kraft et al. 1996; Nybom 1998; Kollmann et al. 2000), contrary to many 
other agamic genera (reviewed in Hörandl & Paun 2007). Thorough knowledge of the 
phenotypic variation of the apomictic lineages will therefore lead to the distinguishing of 
these lineages properly (e.g. Ryde 2011), even in the case of biotypes with a very limited 
distribution. Therefore, Ryde (2011), and in his footsteps Haveman & De Ronde (2013) 
declined the categorical rejection of Rubus species with a distribution area < 50 km, as 
was done before by Loos (2008). However, this phenetic approach will fail in those cases 
where a raised percentage of sexuality is apparent, especially in the series Hystrix and 
Glandulosi (Haveman & De Ronde 2013). In the mountainous areas of Europe, these 
series form swarms of only partly stabilised apomicts from which stabilised biotypes 
with large enough distribution areas are actually recognised as species, like R. guentheri 
and R. nigricatus (Kurtto et al. 2010). However, it is unclear which percentage of these 
groups (classified as ‘Rubus hirtus agg.’, see Weber 1995) consist of stabilised apomicts 
with only a local distribution, and what is the percentage of sexual forms and primary 
hybrids. Recently Šarhanová et al. (2012) showed preferential sexual propagation in the 
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western Carpathians, and preferential apomictic propagation in the southern Bohemian 
Massive in the series Glandulosi using flow cytometric seed screen (FCSS). An approach 
similar to the work of Hörandl et al. (2009a) in cassubicus group of the Ranunculus 
auricomus aggregate could give insight in the structure of these hybridogenic swarms, 
which seems prerequisite for an adequate taxonomic treatment. Such a genetical analysis 
of the R. hirtus aggregate was advocated before by Holub (1997) and Haveman & De 
Ronde (2013).

Hieracium s.l.
Within Hieracium s.l. (Hawkweed), originally four subgenera were recognised: the 
American subgenus Chionoracium (formerly Stenotheca, see Garland 1990), the 
Eurasian subgenera Hieracium and Pilosella, and the African-European subgenus Tolpis 
(Zahn 1921-1923; Fehrer et al. 2005). These subgenera, nowadays often considered as 
genera, differ in their mode of reproduction: Tolpis and Chionoracium species are all 
outcrossing sexual diploids (as far as known), Hieracium s.str. species are thought to 
be either polyploid obligate (diplosporous) apomicts or diploid sexuals, and subgenus 
Pilosella is characterised by a mixture of sexual and facultatively aposporous apomicts 
(Koltunow et al. 1995; Krahulcová et al. 2000; Chrtek et al. 2009; Crawford et al. 
2010). Contemporary taxonomies exclude Tolpis from Hieracium, which is supported 
by molecular phylogenetic analysis (Park et al. 2001). During the last decades, generic 
recognition of Pilosella has gained increased support. When excluding “Hieracium” 
intybaceum, Hieracium as well as Pilosella form monophyletic groups (Chrtek et al. 
2009), morphologically differing in achene features mainly (Bräutigam & Greuter 
2007). I will concentrate on the (apomictic) Eurasian (sub)genera here. 

Over 10,000 names have been published in Hieracium and Pilosella (Beaman 1990), 
making Hieracium s.l. one of the largest genera worldwide. Hieracium taxonomy is much 
hindered by different regional traditions, which has led to two major, fundamentally 
differing taxonomical schools (cf. Schuhwerk 2002). The ‘Nordic’ school, in which the 
apomict lineages are described as species, which are grouped in ‘circle species’, ‘series’, 
‘sections’ and other informal groupings, followed the work of Fries (1862), Almquist 
(1881), and others in the Nordic countries, Jordan (in Boreau 1857), Boreau (1857), 
and Arvet-Touvet (1888, 1913) in continental western Europe, and Backhouse (1856) 
in Britain. The ‘Central-European school’ of hieraciology is based on the work of Von 
Nägeli & Peter (1885), who grouped the supposed apomict lineages in Pilosella as 
subspecies and varieties under major aggregate species. This was extended to Hieracium 
s.str. by Zahn (1921-1923, 1931, 1936-1938), who used a hierarchical system of principal 
species (‘Hauptarten’) and intermediate species (‘Zwischenarten’, displaying characters 
intermediate between two or more principal species), grex, subgrex, subspecies, varieties, 
subvarieties, formae, and subformae to give account of all variation. His system is highly 
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artificial though, like the treatment of Sudre for Rubus (Sudre 1908-1913): the grouping 
of the apomict lineages under principal and intermediate species doesn’t necessarily 
reflect natural relationships, and, as shown before, the grouping of apomict lineages as 
subspecies under one (collective) species makes the latter one polyphyletic most likely. 
Besides, like Sudre in his Rubus monograph, Zahn often aggregated (sometimes only 
superficially) similar forms from over Europe together in one taxon, irrespective the 
large gaps in distribution areas (see for examples Chrtek & Mráz 2007).

A part of the problems with the classification of Hawkweeds has had its origin in the 
historical lack of awareness of the fundamental differences in reproduction systems 
between the subgenera Hieracium s.str. and Pilosella. Recent attempts to classify both 
(sub)genera try to give account of this difference (Sell & West 1976; Schou 2001; see 
also Tyler 2001; 2005; Sell & Murrell 2006). 

Hieracium s.str
Most of the analysed taxa of Hieracium s.str. are tri- or tetraploid apomicts, while sexual 
diploids are rare and mostly confined to southern latitudes (Schuhwerk 2002; Chrtek 
et al. 2007a; Tyler & Jönsson 2009). There are several arguments to accept a narrow 
(micro)-species concept in Hieracium. To a large extent, apomixis in Hieracium is 
obligate; although the variation in Hieracium s.str., like in all apomict taxa, is thought to 
be partly due to hybridisation events, recent hybridisation is very rare (Mráz et al. 2005; 
Mráz et al. 2011). Ancient hybridisation events must have occurred rather frequently 
(Fehrer et al. 2009). Other causes of the immense variation within the genus might be 
‘pseudo-sexual’ recombination among the different copies of the same chromosomes 
within the seed-forming individual, structural mutations, or series of point-mutations 
affecting single genes influencing morphological characters. The relative importance of 
these various processes is still largely unknown though (Tyler 2006). Most apomictic 
lineages are morphologically rather well defined, due to the very low genotypic variation: 
as was shown in several studies, most consist of only one or very few genotypes (Shi et 
al. 1996; Mráz et al. 2001; Štorchová et al. 2002; Chrtek et al. 2007b; Ronikier & 
Szeląg 2008). Morphologically distinguished (micro)-species from the Nordic countries 
appeared to be homogeneous with respect to ploidy level too (Tyler & Jönsson 2009). 
Like in the Ranunculus auricomus aggregate and Rubus sect. Glandulosi, genetic as well as 
morphological variation is higher especially in regions and groups where sexual diploids 
occur (Mráz et al. 2001). Considerable genotypic variation can be found in species with a 
wider distribution, especially when they harbour diploid as well as polyploid populations, 
as was shown for the arctic-alpine H. alpina s.str. (Shi et al. 1996; Štorchová et al. 2002). 
However, widespread Hieracium species may consist of only one clone too (Shi et al. 
1996; Ronikier & Szeląg 2008). Similarly, Sell and Murrell (2006, p. 221) report only 
little variation in some apomicts, whereas others appear to be distinct species when only 
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the extremes are taken into account. Probably such species are of polytopic origin (Shi 
et al. 1996; Mráz et al. 2001; Mráz et al. 2009). How to deal with this variation will 
be dependent on the situation. In some cases, morphological variation can provoke the 
recognition of a new species, for instance when morphological variation coincides with 
genetic variation and chorological evidence (cf. Mráz et al. 2001; Ronikier & Szeląg 
2008). In cases where the variation is clinal, like in H. alpina s.str., the recognition of 
subspecies is suggested (Shi et al. 1996), but to do so, phylogenetic relationships must 
be clear and allow for this.

Considering all evidence, the lack of recent hybridisation and the low genetic variation, 
resulting in distinct lineages with only little morphological variation are arguments 
to accept a narrow (micro)-species concept in Hieracium s.str. To define these narrow 
species, Tyler (2006, 2011) applied a statistically based morphometric approach with 
convincing results.

Pilosella
The taxonomic situation in Pilosella is far more complex, due to a combination of 
sexuality, facultative apomixis, polyploidy, and frequent hybridizations (Ostenfeld 1912; 
Krahulcová et al. 2000; Fehrer et al. 2007). Many field populations are heterogeneous in 
respect to ploidy level and/or reproductive system (Krahulcová et al. 2000; Krahulcová 
et al. 2009a; Šingliarová et al. 2011), and hybrids are formed often, although uneven in 
different mixed populations (Krahulec et al. 2008). The combination of hybridization, 
apomixis and clonal growth leads to the maintenance of various hybrids, having originated 
from backcrossing and hybridization between more than two species (Krahulcová et 
al. 2000), and making the classification very cumbersome. Gene-flow is considerable 
among all morphotypes, including the principal species (Tyler 2005; Krahulcová et al. 
2009a). As a consequence, classification in Pilosella cannot follow the criteria applied in 
Hieracium s.str., where hybridisation and gene-flow are very rare. 

Bräutigam & Greuter (2007) sketched a brief history of the classification in Pilosella, 
starting with the revision by Fries (1862), who recognised 42 species. Von Nägeli & 
Peter (1885) and Zahn (1921-1923) multiplied this number, by recognizing 164 and 
182 species respectively. To give account of the many micro-species that were described 
already, Zahn included a mind-boggling number of subspecies (624 in Hieracium 
pilosella L. alone!).

Several suggestions are given to deal with this complicated situation. In the Flora 
Europaea, Sell & West (1976) recognised species as normal sexual species in other genera, 
and these agreed with the narrowly circumscribed main species of Zahn (1921-1923). 
The Zahnian intermediate species are considered as hybrids. A very similar approach 
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was published by Sell & Murrell (2006, p. 209), who additionally distinguished the 
infraspecific groups of Zahn (“grex”) as subspecies. However, this system ignores well-
defined taxa as meaningless hybrids (Schuhwerk 2002), and the discrimination between 
good and hybrid species is hypothetical at its best. Tyler (2001, 2005) argued against this 
approach that most of the morphotypes encountered in nature are classified as hybrids. 
He proposed a new classification scheme in which very broadly circumscribed species 
are recognised, and only the recent hybrids are treated as hybrids (Schou 2001; Tyler 
2001). The species recognised by him include many morphotypes treated as hybrids or 
intermediate taxa by Central European authors. Although allozyme variation in Nordic 
members of Pilosella did not reflect the proposed classification adequately (Tyler 2005), 
it underlined the gene flow between virtually all morphotypes to such an extent that 
he wrote: “... it may even be argued that the whole genus Pilosella should be regarded as 
a single biological species”. The main used argument to reject Tyler’s solution is the loss 
of information, caused by the lumping of easily recognised types (Schuhwerk 2002; 
Bräutigam & Greuter 2007). 

Whereas the putative hybrids in the treatment in the Flora Europaea (Sell & West 1976) 
are omitted, they are included in the Euro+Med Checklist with binomials as if they were 
good species (Bräutigam & Greuter 2007). The hybridogenous taxa or taxon swarms are 
thus not treated as nothospecies, but they are termed “collective species”, which are of 
very unequal nature and value: they may comprise newly formed, primary hybrids only, 
or correspond to stable hybridogenous species, or they often include both (Bräutigam 
& Greuter 2007, p. 125). In a recent paper on population structure of mixed Pilosella 
populations, Krahulcová et al. (2009a) argued that both hybrid categories should be 
distinguished, because “Evidently, the recent hybrids are repeatedly formed, even at the 
same locality. Because of a low production of identical progeny by (facultative) apomixis, they 
usually do not spread outside the place of their origin. The stabilized hybridogenous taxa, 
however, behave like species at least at the landscape level.” Conceptually, the approaches 
by Krahulcová et al. (2009a) and Tyler (2001, 2005) are congruent to a high extent. 
Although the treatment by Krahulcová et al. (2009a) was hardly tested for its usability 
(see however Krahulcová et al. 2009b), of all proposed systems it seems to reflect the 
structure of the genus best. Future taxonomical treatments of Pilosella have to prove its 
tenability. 

Concluding remarks
Considering their different evolutionary histories, it cannot come as surprise that species 
come in kinds. Even asexuals are no homogenous group in this respect, but come in all 
sorts (Bengtsson 2009). If one thing is clear from the species debate, it is that there are 
numerous ways to define species, that they all have their own merit, but that no single 
one seems to capture the real essence of all groups of organisms we tend to name species 
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(Ereshefsky 2011). It was only in approximately the last two decades that more and 
more philosophers and biologists alike came to the conclusion that the species category 
is heterogeneous, after several decades of intense, not yet closed debate. From the 
examples in this paper it might be clear that it is not so much the question what species 
are in general, but what species are in a particular group. Species in the cassubicus group 
in Ranunculus auricomus are a few sexuals, which gave rise to an only partly apomictic 
hybrid swarm. Species in Rubus subgenus Rubus are numerous facultative apomictic 
lineages differing in morphology, distribution area, and ecology, besides a very few sexual 
‘biological species’. Species in Hieracium s.str. are mostly ancient hybrids, stabilised by 
almost obligate apomixis; only in some regions sexual species are found. At what species 
may be discerned in Pilosella, is not yet very clear: there are sexuals, ‘ancient’ hybrids 
stabilised by apomixis, as well as large quantities of recent hybrids, and to what extent 
these groups form species has still to be discovered for some part. Such an approach is 
not some kind of new pragmatism, let alone only a way to order the chaos in a utilitarian 
way, but it has to do with a thorough biological understanding of the patterns in nature 
that reveal themselves after hard scientific labour. 
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CHAPTER 3

The role of the Weberian Reform in European Rubus  
research and the taxonomy of locally distributed  

species – which species should we describe?
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Abstract
After Sudre published his treatment of European Rubi in the early 20th Century, Rubus 
taxonomy in Europe suffered from a scholastic phase and a longer period of stagnation. 
The so-called ‘Weberian Reform’ shaped the necessary revival of European batology. It 
rests on four major pillars: 1.) mapping projects over larger areas, 2.) evaluation of type 
material, 3.) visits to loci classici, and 4.) the evaluation of the status of species by means 
of their distribution areas. It is widely accepted in European batology that only species 
with a distribution area over 50 km should be described. Although this pragmatic 
species concept has been useful in making a continent-wide overview of brambles, we 
argue that it is lacking any scientific basis, and that it thus should be rejected. There 
are at least four distinctive problems when speaking of locally distributed brambles: 1.) 
primary hybrids, 2.) locally distributed stabilised apomicts, 3.) intraspecific variation 
in species with a larger distribution range, and 4.) unstabilised swarms of hybridogenic 
biotypes and the derivates thereof (mainly in the montane regions). When facing the 
problems in Rubus systematics, we argue that all independently evolving lineages should 
be described as species, including apomictic lineages with very small distribution ranges, 
both from the mountain-dwelling glandular series, as well as such lineages from the 
lowlands. Neither primary hybrids (which are not stabilised by apomixis), nor biotypes 
without an independent and coherent distribution area are independently evolving 
lineages, and should thus not be described as species. We advocate a restrained attitude 
when describing new species with limited distribution areas.

Nomenclature
Weber (1995) for Rubus
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Introduction
In a recent paper in this journal, Ryde (2011) challenged the pragmatic species concept 
which is in use in European Rubus taxonomy over the last decades. This species 
concept goes back to ideas by Weber (1977b, 1986b, 1999a), who stated that alongside 
morphological characteristics, distribution area characteristics also play an important 
role in the delimitation and recognition of apomict bramble species. The practice 
of recognising only species with a sufficient large enough distribution range is often 
seen as a intrinsic part of the ‘Weberian Reform’ (Holub 1997) of European batology 
(the science of brambles, from Greek βάτος = bramble), and until recent there was 
remarkably little debate about the scientific value of the species concept in the Weberian 
school. What is called the PrSC (pragmatic species concept) in this paper was never 
introduced or meant as a formal species concept, and we will use the abbreviation only 
for the sake of convenience. 

The taxonomy of polyploidy agamic complexes, like Rubus subgen. Rubus, Hieracium, 
Taraxacum, and the Ranunculus auricomus complex, is not self-evident and rather 
problematic at least. The plentitude of morphologically only slightly differing units, 
the omnipresent existence of biotypes with only very limited distribution areas, and 
not least the historically-founded and bewildering synonymy in many groups make it 
almost impossible to classify the diversity in scientifically sound units. Considering this, 
together with the different apomict modi of agamic complexes (Asker & Jerlings 1992; 
Richards et al. 1996), it may come as no surprise that not one single taxonomical scheme 
or species concept is at hand for the classification of all apomict groups (Hörandl 1998). 
Recent genetic studies have shown that apomict lineages can harbour a considerable 
amount of genetic diversity and that at least some lineages (here: historically defined 
progenitor-descendant groups) are not ‘closed boxes’ indifferent to gene flow as thought 
before (see several contributions in Hörandl et al. 2007). Highly-variable DNA markers 
have revealed even unique genotypes for each individual as in sexual plants (Paun et 
al. 2006a). The main focus of such studies is almost without exception developmental 
and evolutionary, but the taxonomical implications of these studies are hardly ever 
substantiated. This leaves us with different taxonomical treatments in different apomictic 
groups, not reflecting the biological realm, but merely an historically and geographically 
constrained tradition (Richards et al. 1996). Stace (1998) advocated pragmatic species 
concepts in all apomictic groups, but he did so under the assumption that species are 
no real entities, and that they only have an utilitarian role in taxonomy. However, 
species are not just merely constructs of our minds, but real entities, playing their role in 
evolution, and taxonomy should reflect this biological reality (Kluge 1990; Mayr 1996; 
Ghiselin 1997; Cracraft 2002; Mayden 2002; Cotterill 2003; Rieseberg et al. 2006; de 
Queiroz 2007). Species are historical individuals (Ghiselin 1997), forming separately 
evolving lineages (or lineage segments), as pointed out by de Queiroz (2005c). In 



Chapter 3

48

taxonomy, species descriptions act as hypotheses of these natural entities, and research 
has to reveal the tenability of these hypotheses (Hey et al. 2003; de Queiroz 2005a). As 
was pointed out by de Queiroz (2007), evidence on the existence of a species can be 
gained in several ways, depending on the organisms one is dealing with. Morphology, 
exclusive interbreeding, ecological characteristics, genetic differences, distribution area 
characteristics, and more: all can help to get a clue which species really exist.

In this essay we will evaluate the value of the pragmatic species concept in use in modern 
Rubus taxonomy. We will do so by reviewing some historical attempts to classify apomict 
brambles and by showing the role of the ‘Weberian Reform’ in the clarification of Rubus 
systematics and the role of the pragmatic species concept herein. After an overview of 
some recent modifications and critiques of the PrSC, we will evaluate the influence of 
it, as well as its prospects. We will identify and differentiate the main problems in Rubus 
taxonomy related to the PrSC and we will offer some solutions to these problems as an 
outlook.

Historical taxonomical treatments, the Weberian Reform, and the PrSC 
The historical attempts to classify brambles have been discussed in some detail elsewhere 
(Van de Beek 1974; Weber 1999a; Kurtto et al. 2010). They can be grouped into two 
large classes: natural classifications, reflecting the structure of the genus, and largely 
artificial classifications. Unfortunately, especially the latter had major impact on Rubus 
taxonomy far into the 20th century. The first artificial method to mention here is the 
usage of hybrid formulae: a few bramble species were declared progenitors of all other 
ones, and the latter ones were arranged as hybrids of the former. This method was 
founded by Kuntze (1867), who found a supporter in the Netherlands in Schipper, who 
described many of such supposed Rubus hybrids (e.g. Schipper 1925). Amongst Dutch 
botanists it is still regularly heard that Rubus taxonomy is a Gordian Knot because of the 
innumerable hybrids, and this can probably be traced back to the papers by Schipper in 
the 20’s and 30’s of last century. 

A second artificial system which had a major impact on 20th century batology was 
the treatment of the genus by Sudre (1908-1913).  He arranged all known species as 
subspecies, ‘microgenes’, varieties or formae of species well known to him, mainly from 
France. His monograph gives the false impression that all European brambles have finally 
been treated. As was described by Van de Beek (1988), Sudre’s monograph made the 
recognition of brambles ultimately cumbersome: every new bush had to be identified 
separately by keying it out, and bushes clearly belonging to the same species were often 
identified as separate species because of minor differences. The wide adaptation of 
Sudre’s ‘batological bible’ brought batology in a blind alley and caused a longer period 
of stagnation. Rubus taxonomy was in need of a complete reform. 
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What Holub (1997) called the ‘Weberian Reform’ of European batology has its start 
with the publication of the famous overview of the Rubus species of north-western 
Europe (Weber 1972), and the dissertation of the Dutch batologist Van de Beek (1974). 
It rests on four major pillars:

•	 extensive mapping projects over larger areas,
•	 evaluation of type material and herbarium collections of early batologists,
•	 collecting material from the loci classici, and
•	 evaluation of the status of species by means of their distribution areas.

The first pillar, the mapping projects, gave a clear insight in the variability of forms over 
larger areas, necessary for the much-needed cleaning of nomenclature with countless 
synonyms, which hindered taxonomy a great deal. By comparing regional Rubus floras it 
was possible to weed out most of these synonyms and it revealed the similarity of species 
compositions of floras over larger areas. The second and third pillars, comparing original 
herbarium material, in combination with visits to regions from which the species were 
described, made it possible to couple names and forms. This was done consistently for 
the first time by Van de Beek in his dissertation (1974), and later it was also adopted 
by Weber. We consider this as the heart of the Weberian Reform, since it is indeed the 
end of the scholastic assignment of taxa from a certain region to already described taxa 
from a more or less remote region, as was introduced by Sudre (1908-1913). The rigid 
application of the type method is a first attempt to describe natural species, instead of 
artificial ones. 

The last pillar, the evaluation of the status of species by their distribution areas, is in fact 
Weber’s PrSC, which developed over time from some preliminary notes in the 1972 
overview (Weber 1972, p. 9). It is based on the classification of distribution areas of 
apomict Rubus species by Focke (1877) and Gustafsson (1943), which was followed by 
Van de Beek (1974). Weber (1977b) discerns 4 distribution categories, which varied a 
little in upper and lower distribution limits over time. In the recent volume of the Atlas 
Florae Europaeae on Rubus, the categories are defined as follows:

(A) Widely distributed biotypes: diameter of the distribution area 500 km to more 
than 1000 km.

(B)  Regionally distributed biotypes: diameter of the distribution area 50-250 km.
(C) Locally distributed biotypes: diameter of the distribution area less than 20 km 

(but not belonging to category D).
(D) Individual biotypes: a single bush or a small to large shrubbery formed by 

vegetative expansion.

The author claims “It is generally adopted that only regionally and widely distributed 
apomicts (categories A and B), not local or individual ones, should be treated as species” 
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(Kurtto et al. 2010), and in an earlier work: “Von taxonomischem Interesse sind nur die 
Sippen der Kategorien A und B. Dagegen muβ eine Beschreibung und Benennung aller 
Individuen und Lokalbildungen als irrelevant betrachtet werden…“ (Weber 1986b). This 
is the PrSC, adopted by current European batology on a wide scale.

The Weberian Reform, as sketched above has reshaped European batology and has 
contributed more than anything else to a better understanding of the Rubus flora of the 
continent. Taxonomy and nomenclature are cleared to a large extent, although there are 
regions in Europe where batological research is still in its infancy (Kurtto et al. 2010, 
p. 30-31). The PrSC played an important role in this process, albeit not the only, and 
in our opinion not even the most important one. But before we pass judgement on the 
PrSC we have to examine the critiques on the PrSC as given by other authors first. 

Recent modifications and critiques
There are two types of critiques on the PrSC, from which the first only results in 
modifications of the concepts without rejecting it. The second type of critique is more 
fundamental and leads to a rejection of the PrSC. Examples of modifications are 
the papers by Holub (1997), and Bijlsma & Haveman (2007). On the basis of field 
work in the Czech Republic, Holub suggests a modification of the lower limit of the 
distribution areas of regionally distributed species to 20 km. In practice this will result in 
an increase of the number of species to be described, but it retains the distribution area 
as a classification criterion. Bijlsma and Haveman propose a further subdivision of the 
distribution classes as given by Weber, to take account of differences in range structure 
for the benefit of phytogeographical analyses. Again this is not a fundamental change 
or rejection of the PrSC, as they hold the four classes as given by Weber as a first entry. 

More pronounced are the objections given by Loos (2008) and Hörandl (1998), leading 
to a rejection of the PrSC as a valid species concept for the classification of Rubus and 
other agamic complexes. Loos’s main objection and the vanguard of his elucidation is 
the lack of scientific grounds for the use of distribution area as a part of species concepts, 
be it amphi- or apomictic. It leads to an underestimation of real species numbers because 
of the structural rejection of species which differ from other species only in the extent of 
their distribution area. Apart from the principal objection of the unscientific character 
of the PrSC, this seems indeed to be the major practical drawback of the PrSC, in a time 
where biodiversity is under high pressure and the major effort of taxonomists ought 
to be focussed on the description of the whole ‘encyclopaedia of life’ (Cotterill 1999). 
Hörandl’s main objection against the PrSC is its weak theoretical background: it doesn’t 
reflect the process of speciation. Besides, she concluded that it is not generally applicable 
even in apomictic groups (Hörandl 1998).
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Also the previously mentioned recent paper by Ryde (2011) practically and inevitably 
leads to an abandonment of the PrSC. The author shows the marginal added value 
of the PrSC in local to regional studies, at least in particular regions of Sweden. In a 
combined classic morphological-cytological study of Rubus sect. Corylifolii in Halland, 
the author was able to distinguish between primary Rubus hybrids and stabilised taxa 
which all occupied rather clear distribution ranges. This lead to the recognition of only 
6 extra locally distributed taxa in addition to the taxa already described regionally and 
from wider distributions. It remains unclear what the number of such locally distributed 
Rubus taxa is in other regions; Weber (in Kurtto et al. 2010, p. 29) estimates the number 
for Europe at ‘tens of thousands’, but this remains uncertain, and in the light of the 
study of Ryde probably an overestimation. This might be the effect of an insufficient 
analysis of the problems which Rubus taxonomy is facing; see below. 

Edees has put the PrSC in perspective in the first paragraph of the preface of Brambles of 
the British Isles (Edees & Newton 1988): “There are valid reasons for describing new local 
species, e.g. writers of regional and county Floras may justifiably hope to present a full account 
of the brambles of their area. The batologist’s first duty, however, is to prepare accounts of those 
species known to be widespread or showing marked geographical distributions.” This is how 
the PrSC has worked in a positive way: it made it possible to sort agamic Rubus species 
to provide a continent-wide overview over the most important widespread species. This 
goal has been reached however, and in this light there seems no reasonable and sound 
scientific ground for the maintenance of the PrSC. On the contrary, it hampers real 
insight in the actual diversity within the genus.

Classifying locally distributed brambles: what are the real problems?
In various publications, Weber is quite clear why in his opinion batology needs the 
pragmatic species concept (Weber 1972, 1986b, 1995, 1999a, 2002a; Kurtto et al. 
2010). In the Atlas Flora Europaeae (Kurtto et al. 2010, p. 29) it is stated: “... single 
biotypes of Rubus, which are usually hybrids of unknown origin or derivatives thereof, are no 
longer the subject of taxonomic treatment and naming. Otherwise, millions of descriptions 
and names for this many different biotypes would be necessary, resulting taxonomy and 
nomenclature ad absurdum”, and in a treatment of the north European species of the 
section (Weber 1981b): “Würde man auch alle Lokalsippen zu “Arten” erheben, müβten 
Tausende davon beschrieben werden. Die Rubus-Systematik wäre damit ad absurdum 
geführt, weil niemand mehr einen Überblick darüber gewinnen könnte.“ From these quotes 
it is clear that the PrSC is aiming at a reduction of the number of species descriptions 
and names in use. In fact, it is not a real species concept, in an ontological sense, but 
merely an epistemological rule about which brambles to treat taxonomically.



Chapter 3

52

An obvious weakness of the classification of distribution ranges by Weber is the absence 
of an analysis of taxonomical problems in Rubus systematics, as if all biotypes with 
(very) limited distribution areas represent similar entities (and thus similar problems for 
taxonomy). However, there are at least four distinctive problems (already partly addressed 
by Loos (2008)) when speaking of locally distributed brambles which systematics has 
to account for. 

1. Primary hybrids. Primary hybrids are mainly found in landscapes where sexual Rubus 
species (like R. caesius, R. ulmifolius, and R. canescens) are common. Ryde (2011) described 
such primary hybrids with R. caesius and R. idaeus from Sweden. In the Netherlands 
certain habitats, e.g. dried-out Alnus-woodlands, can be inhibited by numerous R. 
caesius hybrids in manifold forms. Often these hybrids are at least partly sterile, and 
their distribution areas are only developed by vegetative propagation. Most often it is 
not clear which second parent contributed to the hybrid. Sometimes these primary 
Rubus hybrids are formally described, like in the case of R. ×pseudoidaeus (Weber 1995), 
but most often they are left aside. Hybridisation between apomictic lineages of  Rubus 
subgen. Rubus is possible as a result of re-sexualisation followed by pollination, as was 
proved in DNA research (Nybom 1995; Werlemark & Nybom 2003). Lidforss (1905, 
1907) showed that primary hybrids between apomictic species seem to be largely sexual. 
However, surprisingly, such hybrids are very rarely encountered in nature.

2. Locally distributed stabilised biotypes. These biotypes don’t differ fundamentally from 
the regionally and widely distributed biotypes usually described as species, apart from 
the extent of their distribution area (probably due to their recent origin, see Matzke-
Hajek 1997). They can originate from hybridisation followed by fixation by apomixis, 
or as mutations from established species. A priori exclusion from taxonomical treatment 
of these taxa leads to an underestimation of species numbers (Loos 2008) and is pseudo-
scientific. 

3. Variation in species with a larger distribution range. As opposed to Rubus species 
with a small distribution area, which most often are morphologically rather uniform, 
widely distributed species often show a fair amount of morphological variation. The 
background of this variation can be diverse. The two variants of R. vestitus with white 
resp. pink flowers are genetically fixed, and the difference is reflected also in their habitat 
preferences (Weber 1999b). Though the cause of the variation is often not clear, yet the 
pattern of variation gives rise to the thought that it is only controlled by one gene which 
is easily ‘switched’, like with the infraspecific variation in R. nessensis. Most of the forms 
of this species don’t have a coherent distribution area and seem to originate every time 
from the nominate form of the species separately. 
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4. Unstabilised swarms of putative hybridogenic biotypes and the derivatives thereof. The 
(sub-)montane to subalpine regions in central Europe and probably south-west Asia 
(Kurtto et al. 2010, p. 249) are inhibited by a swarm of brambles of both the series 
Glandulosi and Hystrix . This group, which consists of innumerable unstabilised singular 
or local biotypes is often referred to as Rubus hirtus sensu lato (Weber 1995), or Rubus 
hirtus group (Kurtto et al. 2010). It is a seemingly disentangible agglomerate of very 
similar biotypes, only slightly differing from place to place. Maurer (1994) described 
several generation of the offspring of the putative hybrid Rubus bifrons × R. hirtus agg. 
The subsequent generations showed new combinations of characters in every generation 
from which the parental species could not even be estimated if they were not known, and 
which apparently were not fixed by apomixis. Also in the other groups in the Glandulosi, 
morphological variation seems to be more than in other series, hindering definition as 
well as delimitation of species. This makes it quite hard to understand what is meant 
by for instance R. serpens or R. teretiusculus, two Glandulosi species that were described 
from the Dutch-German-Belgian border region. The causes of the extreme variation in 
these groups is not yet clear, although it is thought that actual hybridisation plays an 
important role (Weber 1995; Loos 2008).

Which Rubus species to describe?
The categorical omission of locally distributed Rubus species as practiced in contemporary 
European Rubus taxonomy is basically a matter of convenience, as shown above. It has 
no scientific basis and has to be rejected, as was done by Loos (2008) before. Therefore, 
the status of biotypes with small distributions has to be reconsidered, as we will do in 
this paragraph. Which of the biotypes we mentioned above when sketching the four 
main problems should be described, and which should be left aside? 

As is clear from the above, the biggest problem in Rubus taxonomy are swarms of only 
partially-stabilised brambles in the central and west European mountains, mainly 
belonging to the series Glandulosi and Hystrix. Within these swarms, stabilised apomict 
biotypes with large enough distribution areas are actually recognised as species, like R. 
guentheri en R. nigricatus (Kurtto et al. 2010). However, it is unclear even approximately 
which percentage of these groups consist of stabilised apomicts with only a local 
distribution, and what is the percentage of sexual forms and primary hybrids. What is 
the rate of backcrossing and how much of the hybridogenic derivates stabilise through 
apomixis? Although it might seem a Sisyphean labour, Rubus taxonomy has to unravel 
the internal structure of these groups as well as the causes of the variation within these 
swarms to identify the separately evolving lineages, which should be described as species. 
This includes the locally distributed apomicts, as well as the sexual cores of these swarms. 
Clearly a phenetic approach alone won’t solve these problems, and DNA analyses are 
needed to unravel the systematics of this group, for instance by DNA fingerprinting 
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(Nybom & Schaal 1990; Nybom & Kraft 1995; Nybom 1996). Also Holub (1997) 
advocated a further study of these groups, contrary to common belief that they could 
better left aside. 

The second problem is formed by the variation which is found in widely distributed 
species. Dealing with this variation, at least a part of it appears to arise accidentally 
and independently from place to place. This is to be concluded from the distribution 
patterns of these “variants”: whereas stabilised apomicts build up coherent distribution 
areas independent from the areas of their putative relatives, the meant “variants” are 
just found scattered in the distribution range of the principal species. They have no 
independent, nor a coherent distribution area. An example is Rubus scissoides which was 
considered to be a subspecies of R. nessensis (as subsp. scissoides) by Weber (1986b) before 
it was raised to species level; apparently Weber considers this taxon to be a cohesive and 
stabilised apomict. During our years of field work we never encountered R. scissoides 
in a coherent distribution area, and also Van der Beek (2011) questioned the status 
of this taxon. Only if such forms evolve independently from their putative parent do 
they deserve recognition as a separate species. Otherwise, formal description should be 
renounced.

The simplest of the problems mentioned are the primary hybrids: as in other genera, they 
just have to be treated as such. They are not considered on the species level, although 
they can be named with a binomial (like R. ×pseudoidaeus). Ryde (2011) showed that 
these hybrids can well be distinguished from locally distributed stabilised biotypes on 
the basis of both morphological characteristics and chromosome counts. Only if the 
new form is stabilised by apomixis do they deserve to be described formally, but in 
such cases one wouldn’t speak of hybrids anymore, but of locally-distributed apomictic 
biotypes. As argued above, there seem to be no scientific grounds to exclude these from 
our taxonomy, as was practised by Van de Beek (1974) in his dissertation already, and 
more recently by Loos (1998) and Ryde (2011). The existence of unstabilised swarms, 
intraspecific variation, as well as hybrids must prevent every batologist from describing 
new species too lightly though. A natural classification should reflect the structure 
of the genus, and the task for systematic biologists working on Rubus is to describe 
natural entities we call species, and not merely every possible variation under the species 
heading. Thus a profound understanding of the processes causing variation in Rubus 
subgen. Rubus is necessary for a significant systematic treatment of this complex group. 
In practice, there remains the question of how to distinguish stabilised biotypes from the 
multitude of singular forms which are the result of hybridisation and backcrossing, like 
those described by Maurer (1994). In this respect, bramble taxonomists ought to follow 
the recommendation by Holub: “... the description of a new species of brambles should 
follow after a somewhat longer study.” Such a restrained attitude should prevent batology 
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from falling back into a situation in which every possible bramble form is given a name, 
a situation to which the Weberian Reform with the pragmatic species approach brought 
the necessary overview, with great benefit.

Conclusions
From the above, we conclude that there are no sound scientific grounds for demanding 
a minimum distribution area when describing species, be it in amphimictic or apomictic 
genera. The pragmatic species concept used in contemporary Rubus taxonomy has been 
very useful for a first sorting of apomictic brambles in Europe, but now it hampers a 
full view of the species richness within the genus. When facing the problems in Rubus 
systematics, we think that all independently evolving lineages should be described as 
species. This includes apomictic lineages with very small distribution ranges from the 
mountain dwelling glandular series, as well as such lineages from the lowlands. Neither 
primary hybrids (which are not stabilised by apomixis), nor biotypes without an 
independent and coherent distribution area (which seem to originate rather erratically 
from wider distributed species) are independently evolving lineages, and should thus not 
be described as species. Of course, in supra-national or other larger overviews, species 
with limited distribution areas have not necessarily been taken into account but in 
smaller overviews and local floras, there must also be the possibility of describing the 
local species, so as to get a full account of local biodiversity.
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Abstract
The taxonomy and distribution of brambles (Rubus L. subgenus Rubus) in north-
western Europe are well-known due to herbarium studies and extensive field work from 
the 1970s onwards. Most brambles are stabilized apomictic species that form fruits 
without fertilization. Therefore, offspring is genetically identical with the mother plant. 
In the Netherlands, the study of brambles didn’t start until 1900, with a relatively active 
period after World War II. This resulted in the publication of the Rubi Neerlandici 
by W. Beijerinck in 1956, an overview based on the artificial species concept of H. 
Sudre (Rubi Europae; 1908-1913). Modern research, based on the study of type 
material supplemented with field work began in the 1970s and lead to the recognition 
of several newly described regional species as well as new names for misapplied species. 
Most bramble experts in Europe agree on a species concept that includes a geographic 
constraint: taxa with a range less than 50 km in diameter are not described as species. We 
adhere to this concept too. The Dutch checklist of subgenus Rubus comprises 191 species 
in 4 sections: Rubus (‘Rubus fruticosus agg.’; 147 species), Corylifolii (‘Rubus corylifolius 
agg.’; 34 species), Caesii (2 species) and Subidaei (8 species). The latter section includes 
stabilized species with Rubus idaeus as an ancestor. Nomenclatural aspects of the Dutch 
taxa and the description of some new Corylifolii-taxa are dealt with in accompanying 
papers. All taxa on the checklist are provided with Dutch names, including sections, 
subsections and series. Since range size is taxonomically important, this feature has 
been classified and assigned to each species as W1 (very widespread; range diameter > 
1500 km), W2 (widespread; 500-1500 km), R2 (supraregional; 250-500 km) or R1 
(regional; 50-250 km). The Dutch checklist contains 97 regional species (51 %); only 
32 species (17 %) are very widespread. All digitally available distribution data for species 
of Rubus subgenus Rubus (excluding Rubus caesius) are included in a database, currently 
with about 43,000 records including 37,000 with an accuracy of at least one kilometre. 
National rarity of species (Rubus caesius excluded) has been coded according to Dutch 
red list criteria based on the number of occupied 5x5 km-squares. Almost 80 species are 
nationally very rare, 60 rare, 25 rather rare and about 20 rather common or common. 
Very common species are absent within the section Rubus, which is not only caused 
by the high contribution of regional species but also by the absence or low frequency 
of brambles on clay and peat soils in the western and northern part of the country. 
Hotspots of species richness with more than 40 species per 5x5 km square occur in old 
woodland landscapes in physiogeographic gradients with sandy and loamy soils. The 
national species richness from a European point of view, the high numbers of regional 
species and the occurrence of hotspots of bramble diversity emphasize the central 
position of the Netherlands within the (sub-)Atlantic range of brambles in Europe.
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Introduction
In north-west Europe, the taxonomy of brambles is clarified to a great extent (Weber 
1995), their distribution is well known (Kurtto et al. 2010), for many species ecological 
indicator values are available (Weber 1991), and brambles are explicitly taken into account 
in vegetation classifications (Weber 1997, 1998a; Haveman et al. 1999a; Haveman et 
al. 1999b; Weber 1999b; Haveman et al. 2012). However, the attitude of most field 
botanists, phytosociologists, and ecologists hasn’t been changed much since Van de Beek 
(1976) typified it as a love-hate relationship. This attitude might be contributed to their 
thorniness and alleged indicator value for nitrification and disturbance. Another factor 
is the lack of an up-to-date checklist of the Dutch species. This paper satisfies this need: 
it gives a list of all bramble species known from the Netherlands belonging to both the 
Rubus fruticosus and the R. corylifolius aggregate. 

The Netherlands is lying in the centre of bramble diversity in (sub-)Atlantic Europe 
(Kurtto et al. 2010), which is expressed in the strong regional species differentiation 
unique for the genus. We believe that the existing distribution patterns find their origin 
in the differences in historical geography, in combination with the ecological demands 
and tolerances of the bramble species. The contribution of brambles to the regional 
identity of landscapes is significant. We hope this checklist will serve as an onset to the 
wondering over, and more research into this contribution.

Species concept 
Rubus is one of the largest genera of the Dutch flora, and it is considered one of the 
more difficult groups by most botanists. Only a minor part of the species, like Rubus 
idaeus and R. caesius, reproduce sexually. Most Dutch and European brambles form 
part of a polyploid apagamous complex (Weber 1995; Kurtto et al. 2010) which 
probably was formed only after the last glacial period (Matzke-Hajek 1997). The many 
stabilised apomicts in Rubus subgen. Rubus reproduce by facultative diplospory (Asker 
& Jerlings 1992), a form of apomixis in which seed is formed from without fertilisation 
and recombination. The offspring of such apomictic plants are genetically identical to 
the mother plant. New combinations of characters can arise after the pollination of a 
sexual species with the pollen of an apomict, or occasionally when two (facultative!) 
apomicts cross. Hybrids partly reproduce sexually (Lidforss 1905, 1907; Werlemark 
& Nybom 2003), but new forms can stabilise through apomixis, as was confirmed 
for the apomictic Swedish R. vestervicensis (Kraft et al. 1995), which originated from a 
crossing between the morphologically radically different R. grabowskii and R. bellardii. 
The apomict lineages are usually described as species (but see below for restrictions). 
DNA fingerprinting has shown that apomict Rubus lineages usually consist of only one 
genotype, even in the case of such widespread species as R. nessensis (Kraft & Nybom 
1995; Kraft et al. 1996). This suggests that one singular recombination event forms the 
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starting point for every new apomictic species. Deviant banding patterns are probably 
the effect of somatic mutations, but the studied plants could not be distinguished on 
morphological grounds (Kraft et al. 1996). 

From the above, it is understandable that bramble taxonomy has gone a long and winding 
road (see History). In modern (European) batology a pragmatic species concept is used, 
in which distribution area plays an important role (see Haveman & De Ronde 2013 for 
a review; see also the paragraphs on History and Method). Apart from sexual bramble 
species, like Rubus caesius and R. ulmifolius, also stabilised apomictic lineages are treated 
as species, in case their distribution area has a diameter of at least 50 km. Although 
species with a smaller distribution area can be very prominent in the landscape, they are 
usually not treated as object for a formal description. An example is formed by a biotype 
which is very common in the area of the Ratumse Beek north of Winterswijk (Rubus 
ceratus nom. prov.), which was depicted by Beijerinck (1956) as Plaat 43. Although 
more recently it was criticised by several authors (Hörandl 1998; Loos 2008; Haveman 
& De Ronde 2013), in this checklist we use this pragmatic species concept, and we 
include only two local species.

History of bramble taxonomy in NW-Europe and the Netherlands 
In his Species Plantarum, Linnaeus (1753) described only one species belonging to Rubus 
subgen. Rubus, viz. R. fruticosus L. In the subsequent decennia several more species were 
described sporadically, but a systematic treatment was only published about 70 years later 
by Weihe & Nees von Esenbeck (1822-1827). These authors are the first who stressed 
not only the diagnostic value of the panicles, but also of the first-years primocanes and 
leafs. Although their work was published under the pretentious name Rubi Germanici, 
most of the work was done around the domicile of Weihe, Menninghüffen in the 
Central-Weser area, and several of their species were restricted to only one location. 

A broader treatment was given in the collection of exsiccata by P. Wirtgen from the 
Rhineland around Koblenz (Wirtgen 1854-61), and the description of brambles from 
several regions by P.J. Müller from Weissenburg, in the Alsace. Müller described the 
brambles from his own region (Müller 1858, 1859), as well as from Gérardmer (Müller 
1861) and Forêt de Retz near Viller-Cotterets (Müller 1859), from where he received 
herbarium material collected by L.V. Lefèvre. He described dozens of species, many of 
which have a very limited distribution only. Müller was the first who applied sections 
within the subgenus. His work was persued by N. Boulay, who distributed collections 
of exsiccata from France, Belgium and Denmark, under supervision of Müller (Boulay 
1864-1869). Later he worked independently, in cooperation with others (Boulay 1873-
1894; Boulay & Bouly de Lesdain 1895-1897). 
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A refined arrangement in series was published by Focke (1877), who reduced the number 
of species described by Müller, using morphological and distribution area characteristics, 
and he rejected many local species of Weihe and Müller, thus creating a manageable 
overview. The basic ideas of his work still play an important role in contemporary Rubus 
taxonomy. In his later works, Focke (1877, 1902-1903) presented not only a detailed 
classification, but he also tried to implement a theory on the origin of species in his 
taxonomical treatment. He supposed that Rubus could play a key role in the theory 
on speciation, and tried to implement a dynamic species concept by using ranks like 
‘prospecies’ - taxa on their way to species. With that, the overview lost the initial clarity, 
and as a result Focke’s later works have had less influence.

Continental batology in the twentieth century was influenced heavily by the work of 
H. Sudre from Albi in Southern France, who comprised all known data on Rubus from 
Europe in one publication (Sudre 1908-1913). However, the result of his work is merely 
only a database. Sudre ranked all taxa under 109 principal species, which are subdivided 
in subspecies, microgenera, varieties, and formae, thus creating a completely artificial 
system. Closely related species often appear in very remote places in the system and 
taxa growing in complete different regions in Europe were described as varieties of one 
microspecies. As was described by Van de Beek (1988), Sudre’s monograph made the 
identification of bramble species ultimately cumbersome: every new bush had to be 
identified separately, and bushes clearly belonging to one and the same species were 
often identified as different species because of minor morphological anomalies. The 
wide adaptation of Sudre’s ‘batological bible’ brought batology in a blind alley and 
caused a longer period of stagnation (Haveman & De Ronde 2013). 

On the British Isles, Rubus taxonomy followed a more independent route. The first 
British botanist working on Rubus was J. Lindley. He was more reserved in publishing 
local species than continental batologists (Lindley 1829), and this approach was followed 
by the nineteenth century authority on Rubus taxonomy in England, C.C. Babington 
(1846, 1869). Babington’s work was continued by W. Rogers, who corresponded with 
Sudre and exchanged material with the French batologist, but never adopted his artificial 
system. His Rubus monography (Rogers 1900) is exemplary, in a time where on the 
continent splitting was fashionable. Consequently, British batology didn’t suffer from 
the stagnation caused by Sudre’s pseudo-taxonomy. From the 1930-s onward, W.C.R. 
Watson studied original material, and he worked according to the type method and 
applied valid nomenclatural rules throughout his work. His monography was published 
posthumously (Watson 1958).

On the continent, a new phase started with the publication on the brambles of Sleswig-
Holstein by H.E. Weber (1972). In this and numerous later publications, Weber critically 
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examined original material and included phytogeographical aspects. In 1974, A. van de 
Beek published his dissertation on the brambles of the Gueldrian flora district in the 
Netherlands (Van de Beek 1974). He is the first who consequently designated types 
and strictly applied nomenclatural rules. In his dissertation, Van de Beek reintroduced 
the geographical division of species which was developed by Focke. Van de Beek still 
described locally distributed species, because scientifically there are no reasons to reject 
such species. For practical reasons, later authors used the above described pragmatic 
species concept (see the Species concept paragraph). From that moment on, critical 
Rubus taxonomy relies on a geographical evaluation of species, a strict application of 
the type method and nomenclatural rules, for instance in the monographs by Weber 
(1981b, 1986b, 1995) and in manifold papers by him and other authors (e.g. E.S. Edees, 
A. Newton, A. van de Beek, A. Pedersen, and G. Matzke-Hayek). 

In the Netherlands, Rubus research had a late start. Only around 1900, L. Vuyck and 
A. de Wever worked on Rubus, using the natural classification of Focke. This system 
was applied in the first editions of the Heukels’ Floras (Heukels 1900, 1909, 1922). A 
completely different approach was published by W.W. Schipper (1925). In the footsteps 
of several German authors, like O. Kuntze (1867), Schipper considered most taxa as 
(multiple) hybrids of only a few primary species. Luckily, this speculative route was 
abandoned after a short time. Only after WWII Rubus got renewed attention, in the 
persons of J.H. Kern and Th. J. Reichgelt from Nijmegen. They collected many specimens 
in a well-cared herbarium and tried to identify brambles in the tradition of De Wever 
and British batologists. However, they experienced many problems, as many taxa from 
the Netherlands didn’t fit the descriptions of species from other regions. Therefore, W. 
Beijerinck, assisted by A.J. ter Pelckwijk, started a research project to critically treat the 
Dutch brambles. This work resulted in a monography of Dutch brambles (Beijerinck 
1956), which actually was a step backwards as Beijerinck based his work on the Sudre’s 
artificial system. In his treatment of the genus for the fifteenth edition of the Heukels’ 
Flora, Reichgelt (1962) again adopted the natural method of De Wever, but still many 
taxa were not satisfactory identifiable with the existing literature. To gain clarity, J.H. 
Kern, F.M. Muller, and A. van de Beek, under direction of S.E. de Jongh, studied the 
genus extensively, using the monography of Sudre as sole source. The results of this 
research project is published in three typed books without taxonomical value (De Jongh 
1971; Van de Beek et al. 1972b, a). 

Around 1970, F.P. Jonker (Utrecht) stimulated Van de Beek to start a doctoral study 
of Rubus in the Netherlands. This resulted in the earlier mentioned dissertation by Van 
de Beek (1974). It can be seen as a modest begin of modern batological research in 
the Netherlands, although still many nomenclatural problems in older literature were 
not understood, and many names were misapplied. Only through the commitment by 
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Weber in the succeeding years, international Rubus taxonomy reached its current level 
(Haveman & De Ronde 2013), with the publication of the Rubus volume of the Atlas 
Flora Europaea (Kurtto et al. 2010) as (temporary) summit.

Method
Taxonomy
The realisation of the current standard list of Dutch brambles was preceded by a long period 
of inventories and field and herbarium studies. From the 1970s, systematic research has 
been carried out to get acquainted with the bramble species in the Netherlands and to 
identify them with already described species when possible. Unidentifiable species were 
described if they met criteria of the above mentioned pragmatic species concept. What 
was left were well-defined taxa which did not meet this criterion, as well as plants which 
differed from described species but which seem to be rather weak defined, especially in 
the section Corylifolii and in the glandular series like the Glandulosi. Further study and 
reflection is necessary to decide how these groups should be treated taxonomically (see 
also Haveman & De Ronde 2013). 

Most bramble species occurring in the Netherlands are considered to be indigenous, 
although some naturalised introduced species are included in the check list. From these, 
Rubus armeniacus can be considered as invasive, especially in the western part of the 
country which is devoid of indigenous bramble species. Apart from R. armeniacus, 
only some cultivated American species, as well as the lacinate form of R. nemoralis 
are included. It remains the question how long these introduced species will persist 
whenever their cultivation will come to an end.

The realisation of this list is based primarily on fieldwork done by all authors of the 
list, consisting of mapping projects and phytosociological inventories. During this field 
work thousands of herbarium collections are made, which are stored in the private 
herbaria of the authors mainly; only the herbaria of Bijlsma and Van de Beek are stored 
in public herbaria (WAG, and L respectively). Rubus collections in all Dutch herbaria 
were examined, containing the herbaria of amongst others A. de Wever (MAAS, esp. 
South-Limburg), J.L. van Soest (L, esp. Den Haag and Arnhem), J.H. Kern and Th.J. 
Reichgelt (L., Nijmegen and surroundings), W. Beijerinck and A.J. ter Pelckwijk (WAG, 
Drenthe and South-Limburg), F.M. Müller (L, country wide), and S.E. de Jongh (L.).

To understand the relation of the Dutch bramble flora with the Rubus flora of the 
adjacent countries, we corresponded with colleagues abroad, mutual herbarium material 
was examined, and collective excursions were arranged. Close contact was established 
with the German batologists H.E. Weber and G. Matzke-Hajek, and with the late A. 
Oredsson (Sweden), A. Newton (United Kingdom), D. Mercier (France), H. Vannerom, 
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and the late E. Jacques and brother J. de Ruyver (all Belgium), as well as with the staff 
(esp. R. de Clercq) of the bramble garden at Schorisse (Belgium).

The first author visited many foreign herbaria in the search for type material, and 
many comparisons were made with herbarium material, especially with the very large 
collection in Paris (P). During these visits thousands of photos of herbarium material 
were made, amongst which original collections. Field work on many classical collection 
sites has contributed significantly to the knowledge of species and their variation. This 
fieldwork was not restricted to the directly adjacent regions, but also South-France 
(Tarn, Pyrenees, and Grenoble) and Italy (Bologna) were visited. 

In this checklist, nomenclatural issues are resolved according to the International Code 
of Botanical Nomenclature (Vienna Code, see McNeill et al. 2007), except for a few 
well established names of widely distributed species for which older synonyms are 
available. Yet the validity of these synonyms has to be proven and probably it is better 
to propose conservation of the currently accepted names. Nomenclature of Rubus is full 
of pitfalls, and the first purpose of the Code is stability after all. Many older, mainly 
19th Century publications do not fulfil the demands of the Code, or, even worse, are 
borderline cases. The advises of J.F. Veldkamp were essential in taking the right decisions 
in many nomenclatural problems. An explanation of the decisions in taxonomical and 
nomenclatural issues is published separately by Van de Beek (2014b).

Vernacular names
In the original version of this checklist (Van de Beek et al. 2014), all taxa, including 
the (sub)sections and series, are given Dutch vernacular names. Within Rubus subgen. 
Rubus, 4 sections are distinguished: Rubus, Corylifolii, Caesii  and Subidaei  (Van de 
Beek 2014a). Section Corylifolii comprises the putative hybrids between R. caesius and 
biotypes from the section Rubus, which might or might not be stabilised by apomixis. 
The Subidaei comprise apomict lineages in which R. idaeus is supposed to be one of the 
ancestors. The series are given vernacular names on the basis of conspicuous features, and 
vernacular species names (omitted from this English version of the check list, Appendix 
1) are variations on these sectional names. 

Descriptions, figures and synonyms
For all listed species, references to reliable descriptions and figures are given in the 
original publication of this checklist (Van de Beek et al. 2014). For the Dutch situation, 
Rubi Westfalici (Weber 1986b) and the bramble volume of Hegi’s Illustrierte Flora von 
Mitteleuropa (Weber 1995) are important comprehensive reference works in which 
determination keys are published. Good illustrations are to be found in Rubi Neerlandici 
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(Beijerinck 1956). Several regional Dutch species are missing in these works though, 
and in the original version of this paper figures of these species are included. 

We have been reticent to include synonyms in the original publication of the checklist 
(Van de Beek et al. 2014). Only names in the various editions of the Flora van Nederland 
and those used in recent literature are included (Table 4.1). An elaborate overview of 
accepted species names and synonyms is given by Kurtto et al. (2010).

Table 4.1. Most important synonyms of Dutch bramble species

Synonym Valid name
R. aurora A.Beek, Bijlsma & Muller R. holerythros
R. badius Focke R. glandithyrsos
R. candicans Weihe R. montanus
R. carpinifolius Weihe R. adspersus
R. ciliatus Lindeb. ex F.Aresch. R. camptostachys
R. contractipes H.E.Weber R. calvus
R. corymbosus P.J.Müll. R. foliosus
R. glandulosus Bellardi R. bellardii
R. inermis Pourret R. ulmifolius
R. laciniatus Willd. R. nemoralis f. laciniatus
R. laetus A.Beek R. frederici
R. mucronifer Sud. R. mucronulatus
R. nessensis Hall subsp. scissoides H.E.Weber R. scissus
R. obscurus Kalt. R. cinerascens
R. ochroacanthus H.E. Weber & Sennikov R. scissus
R. pedemontanus Pinkwart R. bellardii
R. pseudoidaeus Weihe ex Lej. & Courtois R. ×idaeoides
R. pubescens Weihe R. chloocladus
R. pyramidalis Kalt. R. umbrosus
R. thyrsanthus Focke R. grabowskii
R. tuberculatus Bab. R. horrefactus
R. vigorosus Wirtg. R. affinis
R. viridis Kalt. R. iuvenis

Distribution data
For the analysis of the Dutch distribution of Rubus species, an Access database is made 
with all available digitized data. Included are a.) data on 5×5 square km basis collected 
by Van de Beek in which also data collected by Bijlsma, Meijer, Troelstra, and Haveman 
is included (ca. 6,000 records), b.) data on square km to square hm basis (and from 
2002 on square m basis) collected by Bijlsma and Troelstra (ca. 25,000 records), and 
c.) vegetation relevé data from the Dutch ministry of Defence, completed with data 
collected by Haveman and De Ronde (ca. 6,000 records). Several important sources are 
not included completely yet, like the collection in the Dutch National Herbarium (L) 



Chapter 4

66

and the private herbaria of Meijer and Haveman. This shared database is managed by 
R.J. Bijlsma.

Rarity of all Dutch species of Rubus subgen. Rubus (excl. R. caesius) is determined on 
the basis of the number of 5×5 km grid cells of the Dutch national grid, which is 
commonly used in flora and fauna inventories. To correct for observation intensity 
we followed the procedure in Aptroot et al. (2012). The Dutch grid comprises 1,674 
(partly) terrestrial grid cells. In the clay areas, only R. caesius and the naturalised Rubus 
armeniacus are found, so these areas are excluded from the potential distribution area of 
native brambles. This resulted in a total potential distribution area of 1,247 grid cells. 
We calculated a correction factor from the distribution area of the 4 most frequent 
species in our database, viz. R. gratus, R. plicatus, R. nessensis, and R. affinis. In 858 of 
the 1,247 grid cells of the potential distribution area of brambles at least one of these 
species is recorded, which gives a correction factor of 1,247/858=1.45. We assumed an 
even underrepresentation of all species in the database. For every species, 1.45*(known 
number of grid cells in the database) is compared with the threshold for national 
distribution frequency classes (table 4.2). In the original Dutch version of this checklist 
(Van de Beek et al. 2014), for every species also the rarity in the various flora districts 
(Weeda 1989) was published.

Table 4.2. Dutch national frequency classes with absolute number and procentual thresholds of 5×5 
km grid cells used in flora and fauna inventories. 

Frequency class Number % (upper threshold)

zzz: very rare 1-16 1

zz: rare 17-83 5

z: moderately rare 84-209 12.5

a: moderately common 210-553 33

aa: common 554-1,259 75

aaa: very common 1,260-1,674 100

Distribution area diameter is considered a rough measure of the age of bramble species 
(Matzke-Hajek 1997). Besides, Matzke-Hajek (1993) concluded that species with a 
regional distribution area seem to have a wider ecological amplitude than species with a 
wider distribution area. Therefore we included a code for the order of magnitude of the 
distribution areas of all species (Table 4.3), based on the thresholds given in Kurtto et 
al. (2010). Hereby, the commonly accepted category “widely distributed” is subdivided 
in “widely distributed” (distribution area 500-1,500 km) and “very widely distributed” 
(distribution area > 1,500 km), and a new category is inserted for the species with a 
distribution area of 250-500 km (“supraregional”). These codes are derived from the 
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maps in Kurtto et al. (2010) on the basis of the major distribution centres of the species 
concerned, disregarding the distribution outliers.

Results and conclusions
The taxonomical checklist with distribution frequency classes for the Netherlands is 
given in Appendix 1 at the end of this chapter. Listed are 191 species: 147 species of 
section Rubus, 34 species of section Corylifolii, 2 species of section Caesii, and 8 species 
of section Subidaei. 

In the comprehensive overview by Kurtto et al. (2010), about 700 bramble species are 
listed and mapped. Compared to the Netherlands, only in Germany (400 species), Great 
Britain (more than 300 species), France and probably in Belgium more species are found 
(Kurtto et al. 2010). This is an illustration of the unmistakable (sub-)Atlantic-temperate 
distribution of Rubus subgen. Rubus, and the position of the Netherlands in the centre 
of diversity of this agamic complex. Also the ratio of regional species compared to 
widely distributed species is an indication thereof: almost 100 species have a regional 
distribution area (50-500 km in diameter) against only about 30 very widely distributed 
species (fig. 4.1). Strictly spoken, some species are endemics for the Netherlands, but 
we expect that these species will turn out to be present in Germany too, like R. erinulus 
and R. vadalis. 

The number of relatively rare species is remarkable. Only 22 species are common; very 
common bramble species are lacking (fig. 4.1), due to the scarcity of brambles in peat 
and clay regions. A small number of nationally rare species are common in specific 
flora districts: Rubus discors in the Drenthian district, R. calothemnus in the Campine 
district and R. iuvenis, R. pugiungulosus, and R. rosaceus in the South-Limburg district 
(see Weeda 1989 for the floradistricts). The variation in distribution areas is exemplified 
in figures 4.2 and 4.3 for a selection of species. 

Table 4.3. Distribution area categories

Code Description Distribution area
diameter (km)

W1 indigenous: very widely >1500

W2 indigenous: widely 500-1500

R1 indigenous: supraregionally 250-500

R2 indigenous: regionally 50-250

L indigenous: locally <50

V escaped
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Hotspots of species diversity – grid cells with more than 40 species – are found in old 
woodland landscapes with transitions of glacial material, cover sands, or terrace material 
to loam, old river clays, or löss: Oude IJssel region (Hoog Keppel/Hummelo (cell 
40.17), 51 species), Liemers region (‘s Heerenberg (cell 40.47), 48 species), Nijmegen 
area (Groesbeek/Mook/Plasmolen (cell 46.23), 48 species), and Beek/Ubbergen/Berg 
en Dal (cell 40.53), 44 species), Winterswijk area (cell 41.26, 43 species), Veluwezoom 
region (Rheden/Velp (cell 40.17), 43 species), South Limburg (Epen/Vijlen (cell 62.43), 
42 species), and the Twente region (Oldenzaal/De Lutte (cell 29.41), 42 species). These 
patterns, as well as the ecological amplitudes of brambles will be analysed elsewhere. 
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Figure 4.1. Number of bramble species (Rubus subgen. Rubus) in the Netherlands in different 
distribution area categories (left) and classes of rarity (right). W1 = very widely distributed; W2 = 
widely distributed; R1 = supraregionally distributed; R2 = regionally distributed (see also Table 4.3); 
zzz = very rare; zz = rare; z = moderately rare; a = moderately common; aa = common; aaa = very 
common (see also Table 4.2).
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Figure 4.2. Distribution maps of a selection of very widely distributed Rubus species (distribution 
area category W1) in the Netherlands: Rubus bellardii (a), Rubus gratus (b), Rubus integribasis (c), 
Rubus raduloides (d), Rubus ulmifolius (e), and Rubus vestitus (f).
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Figure 4.3. Distribution maps of a selection of regionally distributed Rubus species (distribution area 
category R2) in the Netherlands: Rubus bovinus (a), Rubus erinulus (b), Rubus gloriosus (c), Rubus 
rosaceus (d), Rubus trichanthus (e), and Rubus vadalis (f).



Checklist of Dutch brambles

71

Appendix 1
Annotated checklist of Dutch brambles (Rubus L. subgen. Rubus) with frequency 
data and distribution area characteristics. Within each series, the species are ordered 
alphabetically. Frequencies are given in numbers of 5×5 km square grid cells of the 
Dutch national grid (‘Amersfoort coordinates’). Rarity according to Table 4.2.

Taxon  Frequency Rarity Distribution area

Genus Rubus L

Subgen. Rubus

Sect. Rubus

Subsect. Rubus

Ser. Alleghenienses (L.H. Bailey) H.E.Weber

Rubus allegheniensis Porter 2  zzz V
Rubus alumnus L.H.Bailey 3 zzz V

Ser. Canadenses (L.H. Bailey) H.E.Weber

Rubus canadensis L. 5 zzz V
Ser. Suberecti (Lindl.) Focke

Rubus ammobius Buchenau & Focke 344 a R1
Rubus nessensis Hall 488 aa W1
Rubus scissus W.C.R.Watson 383 aa W1

Ser. Rubus

Rubus arrheniiformis W.C.R.Watson 45 zz W2
Rubus bertramii G.Braun 75 z W1
Rubus immodicus A.Schumach. ex H.E.Weber 1 zzz R1
Rubus libertianus Weihe ex Lej. & Courtois 5 zzz R2
Rubus planus A.Beek 36 zz R2
Rubus plicatus Weihe & Nees 692 aa W1
Rubus sulcatus Vest 27 zz W1

Ser. Semisuberecti Focke

Rubus affinis Weihe & Nees 490 aa W2
Rubus discors A.Beek 102 z R1
Rubus divaricatus P.J.Müll. 129 z W1
Rubus frederici A.Beek 106 z R1
Rubus holerythros Focke 20 zz W2
Rubus integribasis P.J.Müll. ex Boulay 353 a W1
Rubus opacus Focke ex Bertram 31 zz W2
Rubus senticosus Köhler ex Weihe 106 z W2

Subsect. Apendiculati Genev.

Ser. Gypsocaulon (P.J.Müll. ex Sudre) W.C.R.Watson ex A.Beek

Rubus ulmifolius Schott 106 z W1
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Taxon  Frequency Rarity Distribution area

Ser. Candicantes Focke

Rubus armeniacus Focke 717 aa V
Rubus canduliger Bijlsma & Haveman 41 zz R2
Rubus chloocladus W.C.R.Watson 63 z W2
Rubus geniculatus Kalt. 314 a W2
Rubus goniophorus H.E.Weber 5 zzz R1
Rubus grabowskii Weihe 1 zzz W1
Rubus lasiocladus (Focke) Foerster 5 zzz L
Rubus montanus Lib. ex Lej. 8 zzz W1
Rubus nelliae A.Beek 4 zzz R2
Rubus phyllostachys P.J.Müll. 33 zz W1
Rubus poliothyrsus A.Beek 28 zz R1
Rubus procerus P.J.Müll. ex Boulay 42 zz W1
Rubus spina-curva Boulay & Gillot 19 zz W2
Rubus winteri P.J.Müll. ex Focke 64 z W2

Ser. Hayneani Tratt.

Rubus adspersus Weihe ex H.E.Weber 200 a W2 
Rubus amisiensis H.E.Weber 43 zz R1
Rubus cardiophyllus Lefèvre & P.J.Müll. 14 zz W1
Rubus confusidens H.E.Weber 51 zz R2
Rubus desarmatus A.Beek 6 zzz R1
Rubus edeesii H.E.Weber & A.L.Bull 7 zzz W2 
Rubus eglandulosus Lefèvre & P.J.Müll. 9 zzz R1
Rubus elegantispinosus (A.Schumach.) H.E.Weber 49 zz W2
Rubus gelertii Frid. 10 zzz R1
Rubus incarnatus P.J.Müll. 21 zz W2
Rubus insularis Aresch. 2 zzz W2
Rubus langei Jensen ex Frid. & Gelert 16 zz W2
Rubus latiarcuatus W.C.R.Watson 3 zzz R1
Rubus lindebergii P.J.Müll. 5 zzz W2
Rubus lindleianus Lees 257 a W2
Rubus longior A.Beek 50 zz R2
Rubus muenteri T.Marsson 2 zzz W2
Rubus nemoralis P.J.Müll. 299 a W1
Rubus nemoralis f. laciniatus (Willd.) A.Beek 113 z V
Rubus neumannianus H.E.Weber & Vannerom 13 zz W2
Rubus platyacanthus P.J.Müll. & Lefèvre 31 zz W2
Rubus scidularum A.Beek 7 zzz R2
Rubus scoliacanthus A.Beek 2 zzz L



Checklist of Dutch brambles

73

Taxon  Frequency Rarity Distribution area

Rubus stereacanthos P.J.Müll. ex Boulay 50 zz W2
Rubus vadalis A.Beek 22 zz R2
Rubus vulgaris Weihe & Nees 1 zzz W2

Ser. Egregii (Frid. & Gelert) Heukels

Rubus ceratifolius A.Beek 13 zz R2
Rubus contritidens A.Beek & K.Meijer 21 zz R2
Rubus egregius Focke 51 zz W2
Rubus erinulus A.Beek 83 z R2
Rubus laevicaulis A.Beek 173 a R1
Rubus polyanthemus Lindeb. 22 zz W1
Rubus tubanticus A.Beek 12 zz R2

Ser. Sylvatici (P.J. Müll.) Focke

Rubus braeuckeriformis H.E.Weber 2 zzz R1
Rubus calothyrsus A.Beek 49 zz R2
Rubus chlorothyrsos Focke 3 zzz R1
Rubus macer H.E.Weber 1 zzz R2
Rubus silvaticus Weihe 225 a W2

Ser. Piletosi (Genev.) Sudre

Rubus adulans A.Beek 41 zz R2
Rubus beijerinckii K.Meijer 19 zz R2
Rubus gratus Focke 805 aa W1
Rubus lasiandrus H.E.Weber 70 z R1
Rubus leptothyrsos G.Braun 2 zzz W1
Rubus leucandrus Focke 56 zz W2
Rubus macrophyllus Weihe & Nees 337 a W1
Rubus schlechtendalii Weihe ex Link 61 z W2
Rubus trichanthus A.Beek 28 zz R2

Ser. Sprengeliani Focke

Rubus arrhenii (Lange) Lange 29 zz W2
Rubus axillaris Lej. 1 zzz W2
Rubus sprengelii Weihe 288 a W1

Ser. Vestiti (Chaboiss.) Focke

Rubus baronicus A.Beek 19 zz R1
Rubus buhnensis (G.Braun ex Focke) G.Braun 1 zzz R2
Rubus cinerascens Weihe ex Lej. & Courtois 6 zzz R1
Rubus conspicuus P.J.Müll. 6 zzz W2
Rubus crassidens H.E.Weber 1 zzz R2
Rubus eifeliensis Wirtg. 2 zzz R2
Rubus genevieri Boreau 1 zzz W1
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Taxon  Frequency Rarity Distribution area

Rubus gloriosus A.Beek 15 zz R2
Rubus guestphalicus (Focke) Utsch 4 zzz R2
Rubus umbrosus (Weihe & Nees) Arrh. 391 aa W1
Rubus rubrumcadaver A.Beek 70 z R1
Rubus splendidus P.J.Müll. & Lefèvre 3 zzz R1
Rubus taxandriae Vannerom ex A.Beek 40 zz R1
Rubus thalassarctos A.Beek 9 zzz R2
Rubus vestitus Weihe 116 z W1

Ser. Nemorenses (Sudre ex Bouvet) Sudre

Rubus condensatus P.J.Müll. 1 zzz W2
Rubus hypomalacus Focke 78 z W2
Rubus sciocharis (Sudre) Prain 15 zz W2

Ser. Grandifolii Focke

Rubus dejonghii A.Beek 95 z R1
Rubus glandithyrsos G.Braun 150 a W2
Rubus neerlandicus A.Beek 8 zzz R2

Ser. Mucronati (Focke) H.E. Weber

Rubus bovinus A.Beek & H.E.Weber 42 zz R2
Rubus mucronulatus Boreau 9 zzz W2
Rubus prei (Sudre) Prain 1 zzz R2

Ser. Anisacanti H.E. Weber

Rubus conothyrsoides H.E.Weber 5 zzz R2
Rubus hastiferus H.E.Weber 3 zzz R2
Rubus siekensis Banning ex G.Braun 3 zzz R1
Rubus teretiusculus Kalt. 1 zzz R2

Ser. Micantes Sudre

Rubus raduloides (W.M.Rogers) Sudre 23 zz W1
Ser. Radula (T.B. Salter) Focke

Rubus radula Weihe 17 zz W1
Rubus rudis Weihe 64 z W1

Ser. Pallidi W.C.R. Waton

Rubus adornatus P.J.Müll. ex Wirtg. 9 zzz R1
Rubus calyculatus Kalt. 11 zzz R1
Rubus campaniensis Winkel ex A.Beek 71 z W2
Rubus caninitergi H.E.Weber 4 zzz R1
Rubus euryanthemus W.C.R.Watson 1 zzz W2
Rubus flexuosus P.J.Müll. & Lefèvre 173 a W1
Rubus foliosus Weihe 161 a W2
Rubus fuscus Weihe 3 zzz W2
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Taxon  Frequency Rarity Distribution area

Rubus glareosus W.M.Rogers 1 zzz W2
Rubus insectifolius Lefèvre & P.J.Müll. 8 zzz W2
Rubus loehrii Wirtg. 41 zz W2
Rubus pallidus Weihe 10 zzz W1
Rubus proiectus A.Beek 10 zzz W2
Rubus rufescens Lefèvre & P.J.Müll. 17 zz W2

Ser. Feroces W.C.R. Watson

Rubus distractus P.J.Müll. ex Wirtg. 1 zzz W2
Rubus diversus W.C.R.Watson 2 zzz W2
Rubus iceniensis A.Newton & H.E.Weber 1 zzz R2
Rubus mucronipetalus P.J.Müll. 1 zzz R1
Rubus muridens A.Beek 7 zzz R1
Rubus schleicheri Weihe 18 zz W2

Ser. Hystrix Focke

Rubus asperidens (Sudre & Bouvet) Prain 2 zzz W2
Rubus dasyphyllus (W.M.Rogers) Marshall 4 zzz W2
Rubus henrici-weberi A.Beek 4 zzz R1
Rubus rosaceus Weihe 19 zz R2

Ser. Glandulosi (Wimm. & Grab.) Focke

Rubus bellardii Weihe 58 z W1
Rubus ignoratus H.E.Weber 4 zzz R1
Rubus iuvenis A.Beek 33 zz R1
Rubus negatus A.Beek 13 zz W2
Rubus oreades P.J.Müll. & Wirtg. 9 zzz R1
Rubus picearum (A.Beek) A.Beek 5 zzz R1
Rubus praticolor A.Beek 12 zz R1

Sect. Corylifolii Lindl.

Ser. Suberectigeni H.E. Weber

Rubus calotemnus A.Beek 92 z R1
Rubus cordiformis H.E.Weber & Martensen 6 zzz R1
Rubus incisior H.E.Weber 21 zz R1
Rubus perdemissus H.E.Weber 2 zzz R1

Ser. Corylifolii (Lindl.) Focke

Rubus horridus C.F.Schultz 2 zzz W2
Rubus lobatidens H.E.Weber & Stohr 12 zz W2
Rubus mus A.Beek 25 zz R2

Ser. Clivicola A. Beek

Rubus deweveri A.Beek 11 zzz R2
Rubus rotundatiformis Sudre 1 zzz R1
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Taxon  Frequency Rarity Distribution area

Rubus surrectus K.Meijer 17 zz R2
Rubus vespicum P.J.Müll. ex Wirtg. 7 zzz R1

Ser. Viatici H.E. Weber 

Rubus calviformis H.E.Weber 1 zzz R2
Rubus calvus H.E.Weber 111 z W2
Rubus camptostachys G.Braun 362 a W2
Rubus favillatus A.Beek 5 zzz R2
Rubus magnisepalus K.Meijer 10 zzz R2
Rubus nemorosus Hayne & Willd. 22 zz W1
Rubus paludosus A.Beek 34 zz R2
Rubus placidus H.E.Weber 62 z W2
Rubus ubericus Matzk. 2 zzz R2
Rubus vanwinkelii A.Beek & Vannerom 5 zzz R1

Ser. Subcanescentes H.E. Weber

Rubus foersteri Matzk. 7 zzz R2
Ser. Ferociores A. Beek

Rubus drenthicus A.Beek & K.Meijer 90 z R2
Rubus ferocior H.E.Weber 238 a W2

Ser. Vestitiusculi H.E. Weber

Rubus neanias A.Beek 9 zzz R2
Ser. Subradulae W.C.R. Watson

Rubus griesiae H.E.Weber 116 z R1
Rubus horrefactus P.J.Müll. & Lefèvre 2 zzz W1
Rubus pugiunculosus Matzk. 20 zz R2
Rubus speculans K.Meijer 16 zz R2
Rubus spiculus K.Meijer 18 zz R2
Rubus vandermeijdenii A.Beek 4 zzz R1

Ser. Hystricopses H.E. Weber

Rubus grandiflorus Kalt. 11 zzz R2
Rubus histriculus H.E.Weber 5 zzz R1
Rubus luticola A.Beek 75 z W2

Sect. Subidaei (Focke) A. Beek

Rubus aphidifer A.Beek & K.Meijer 12 zz R2
Rubus coccinatus K.Meijer 13 zz R2
Rubus inhorrens (Focke) Holzfuss 4 zzz R2
Rubus passionis A.Beek & K.Meijer 34 zz R2
Rubus phoenicacanthus A.Beek 129 z R1
Rubus pruinosus Arrh. 26 zz W1
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Taxon  Frequency Rarity Distribution area

Rubus rhytidophyllus H.E.Weber 2 zzz R2
Rubus schipperi A.Beek 11 zzz R2

Sect. Caesii Lej. & Courtois

Rubus caesius L.   W1
Rubus dumetorum Weihe 53 zz R1
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Abstract
The goal of this paper is to classify and describe distribution patterns in apomictic Rubus 
subgenus Rubus in north-west Europe (Ireland, the United Kingdom, the Netherlands, 
Denmark and Germany) and to characterize the major regions by statistically derived 
character species. We used TWINSPAN analysis to distinguish hierarchically ordered 
phytogeographical regions using grid-based distribution patterns of bramble species, 
Dufrêne–Legendre indicator species analysis to define character species for the regions, 
and descriptive statistical analysis of broad-scale abiotic factors derived from the 
LANMAP landscape classification for each region. Grid cells were classified into 114 
initial groups and 12 regions (florulas), forming three major bramble territories. Up to 
15 indicator species could be assigned to each florula. The florulas in the British Isles are 
geographically isolated, unlike those on the continent. The florulas differ in minimum 
temperature in January, mean precipitation in August, and elevation. Although a clear 
view of the relationship between the bramble flora in the British Isles and the continental 
flora is obscured by the lack of data from Belgium and France, the major biogeographical 
patterns coincide with the genetic structure of the genus as published by Sochor et al. 
(2015). Other factors forming the basis for the observed patterns are isolation (especially 
in the British Isles), and arguably also landscape history and landscape patterns. We 
concluded that phytogeographical patterns in Rubus subg. Rubus are strongly influenced 
by historical factors and can be traced back to the hybridization of sexual Rubus ulmifolius, 
Rubus canescens and Rubus ser. Glandulosi especially. Geographical and ecological factors 
also play a role in the realization of large-scale patterns, but these factors seem to be 
closely tied to the history and genetic structure of the genus through inherited ecology 
from the ancestral species.

Electronic appendix
Additional Supporting Information may be found in the online version of this article:
Appendix S1. Map of the initial Twinspan groups of Rubus occurrences.
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Introduction
For a long time, recurrent patterns in the distributions of plants have attracted the 
attention of naturalists. Two ways to study these patterns are the identification of floristic 
elements, groups of species with a similar distribution, and the description of floristic 
regions, areas characterized by a broadly similar flora (McLaughlin 1994; Finnie et al. 
2007). These floristic phytogeographical approaches, essentially two sides of the same 
coin, provide spatially explicit frameworks for many fields of research – e.g. historical 
and ecological biogeography, systematics and evolutionary biology – but also for more 
applied questions, such as planning and conservation (Kreft & Jetz 2010).

Floristic phytogeographical studies generally exclude apomictic groups in the genera 
Rubus, Taraxacum and Hieracium, often without explicit arguments (Andersson 1988; 
Preston & Hill 1997; Dahl 1998). Reasons for their exclusion may include incomplete 
taxonomic knowledge, the absence of reliable distribution data, or simply the opinion 
that ‘microspecies’ are not real species and that their large numbers would influence 
the analysis in an unacceptable way. Other authors emphasize scientific opportunities 
for the study of biogeographical patterns in apomictic genera (Tyler 2000; Bijlsma & 
Haveman 2007). Interestingly, the distributions of many apomictic species probably 
reflect different processes from those that operate in the ranges of amphimictic species. 
Many European vascular plant species remigrated from remote areas in the south or east 
during the Holocene, and their current ranges have no simple relationship with the areas 
where the species survived during the last glaciation (Dahl 1998). On the contrary, most 
apomictic species have to be regarded as neospecies in the sense of Levin (2000) and 
are supposed to have their origin in their current distribution areas and to be still in the 
phase of range expansion.

In this paper, we focus on Rubus L. subgenus Rubus (bramble) in north-western Europe. 
This is one of the largest apomictic complexes in Europe, with only a few sexual 
diploids and probably over 1000 apomictic polyploids. Weber (1995) estimated there 
to be 300–400 sexual Rubus species worldwide, fewer than 10 of which are found in 
western Eurasia. The main centres of diversity in the genus are south-east Asia, the 
Andes in South America, the coastal regions of North America, and the Atlantic and 
sub-Atlantic region of temperate Europe (Weber 1995). The European blackberry flora 
is made up of a polyploid series (x = 7), with ploidy levels from 2x up to 6x and perhaps 
7x  (Grant 1971). Diploids are found to be 100% amphimictic, whereas triploids are 
obligate apomicts; tetraploid Rubus plants have varying degrees of sexuality. Rubus ser. 
Glandulosi, comprising mainly glandular, mountain-dwelling polyploids of woodlands, 
is especially characterized by a high degree of retained sexuality (Šarhanová et al. 2012).
Gustafsson (1943) hypothesized that apomixis in Rubus subg. Rubus originated as a 
result of hybridization events between (now extinct) ancestral species and subsequent 
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polyploidisation after the last glaciation, a hypothesis that was largely confirmed by a 
recent broad-scale molecular study of European brambles  (Sochor et al. 2015). In that 
study, it was shown that the European apomictic brambles probably originated from 
only six ancestral species, largely after the retreat of the Pleistocene ice sheets. It was 
argued, however, that the first large polyploidisation events that generated the recent 
apomictic lineages (e.g. in Rubus ser. Rubus) must have occurred during a glaciation 
cycle earlier than the Last Glacial Maximum. The findings are consistent with Stebbins’ 
secondary-contact hypothesis, (Stebbins 1986) which explains the high proportion 
of polyploids from hybridization events in formerly glaciated areas after the rapid 
expansion of distribution ranges of remigrating species. Speciation and range expansion 
of most Rubus species are thought to have taken place in man-made landscapes, and still 
continue (Matzke-Hajek 1997).

In this paper, we consider the biotypes stabilized by apomixis and with distribution 
ranges > 50  km as species, in concordance with authors such as Weber (1995) and 
Kurtto et al. (2010) Each of these apomictic species probably consists of only one or 
a few clones with limited genetic variation (Kraft & Nybom 1995; Nybom 1998) and 
are morphologically well defined, as well as possessing distinct phytogeographical and 
ecological features (Haveman 2013). Although there are reasons to consider even the 
stabilized apomictic biotypes with smaller distribution ranges as species (Haveman & 
De Ronde 2013), they are omitted from this study because insufficient (distribution) 
data are available. Ecologically, the distribution ranges of the species within Rubus subg. 
Rubus in Europe are thought to be constrained by winter cold and summer drought 
(Weber 1995, p. 296), which explains their scarcity or even absence in large parts of the 
Nordic countries, at lower elevations in eastern Europe, and in southern Europe (Kurtto 
et al. 2010). In the Atlantic and sub-Atlantic zone, the highest diversity is found in the 
lowlands and lower hills, on loam and loamy sands (Matzke-Hajek 1997).

In the Atlas Flora Europaeae, Kurtto et al. (2010) mapped about 750 Rubus species, 
but distribution data are very scarce over large areas, such as France and south-eastern 
Europe (Kurtto et al. 2010, p. 31). Range size and structure differ considerably among 
bramble species; Kurtto et al. (2010) grouped the species into five categories, based only 
on range diameter: very widely distributed (W1, range diameter >1500 km), widely 
distributed (W2, 500–1500 km), supraregional (R1, 250–500 km), regional (R2, 50–
500 km) and local (L, < 50 km). This last category of locally distributed species is usually 
not treated taxonomically (Kurtto et al. 2010, p. 29), and is not included in the Atlas 
Flora Europaea. Bijlsma & Haveman (2007) also discerned five categories, but they also 
took the internal structure of the distribution ranges into account.



Capricious, or tied to history’s apron strings? 

83

Even between adjacent regions, the Rubus flora may differ significantly. The Rubus floras 
of two adjacent regions in Germany (Westphalia and Eifel / Niederrheinische Bucht) 
have only 64 species in common out of a total of 147 species, whereas 53 species are 
unique for Westphalia and 30 for the Eifel / Niederrheinische Bucht (Weber 1986; 
Matzke-Hajek 1993). In an attempt to summarize the distribution patterns of Rubus 
in Great Britain and Ireland, Newton (1980) and Newton & Randall (2004) proposed 
six main Rubus regions (‘florulas’, small floras), which were divided into many regional 
complexes. Newton (1980) noticed that the species diversity in Rubus subg. Rubus 
decreased northwards, probably as a result of lower winter temperatures. Furthermore, 
some seemingly omnipresent species were unexpectedly absent from certain areas (e.g. 
Rubus dasyphyllus), probably caused by the vigorous development of regional and local 
taxa in these areas (Newton 1980). Gustafsson (1943, p. 157) lamented over similar 
observations: ‘There rests something capricious, sometimes even enigmatic, over the 
dispersal of the blackberries’.

No attempts have been made so far to analyse the distribution patterns of Rubus 
species in north-west Europe. The central objective of our study is to classify and 
describe the spatial patterns of Rubus species, based on grid data from the Republic of 
Ireland, the UK, the Netherlands, Denmark and Germany. These countries lie in the 
centre of species diversity of the subgenus (Matzke-Hajek 1997; Kurtto et al. 2010), 
and sufficient distribution data are available from these countries. We characterize the 
resulting phytogeographical regions by means of indicator species analysis. Furthermore, 
we examine the internal structure of the regions distinguished. We summarize broad-
scale ecological factors (climate, soil and elevation) for each region, derived from the 
European landscape classification in LANMAP (Mücher et al. 2010), and propose some 
preliminary explanations for the observed spatial patterns.

Materials and methods
Survey area
The area of this study comprises the national territories of Ireland, Great Britain, the 
Netherlands, Denmark and Germany, for which national grid-based distribution data 
for Rubus were available. Unfortunately, Belgium and France, both countries with high 
Rubus species diversity, could not be included because of a lack of data (Kurtto et al. 
2010). The study area thus extends from the westernmost part of Ireland to the border 
between Germany and Poland, and from the Germany’s southern border to the Shetland 
Islands. Elevation ranges from 2800 m in the German Eastern Alps to 10 m below sea 
level in the Netherlands (Mücher et al. 2010). The climate is north Atlantic (humid with 
rather low temperatures in summer and winter, but not extremely cold) in the northern 
part of the survey area, and central Atlantic in the southern parts of Ireland, Great 
Britain, the Netherlands and adjacent Germany (moderate climate where the average 
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winter temperature does not go far below 0 °C and the average summer temperatures are 
relatively low). The eastern and southern part of Germany is characterized by a relatively 
continental climate (warm summers and rather cold winters) (based on LANMAP; 
Mücher et al. 2010).

Distribution data
The operational geographical units (OGUs) in this study are grid cells with at least one 
Rubus occurrence. Rubus distribution data from Britain and Germany were obtained 
from the Botanical Society of the British Isles and the Bundesamt für Naturschutz, 
respectively (date December 2007). The basis for the distribution maps in the British 
database are the 10 km × 10 km grid of the Ordnance Survey and the similar Irish grid, 
which are based on the OSGB36 map datum. The basis for the distribution maps of 
German species was the degrees-based grid on the TK25 (the so-called ‘Messtischblatt’). 
Its projection causes a slightly variable OGU area, varying from approximately 121 km2 
in the north to 136 km2 in the south. Danish Rubus data were digitized from the atlas 
published by Martensen et al. (1983). The grid used in this publication is an extension 
of the German grid with cells of approximately 11 km × 11 km. For the Dutch data, 
we used the national database described by van de Van de Beek et al. (2014). The 
Dutch grid has 5 km × 5 km cells based on the WSG84 map datum used for floristic 
inventories, which have been rescaled to 10 km × 10 km for this study. All grid cells in 
the border area of the Netherlands and Germany are included in the analysis, even if 
they are overlapping.

Species not belonging to Rubus subg. Rubus (e.g. R. chamaemorus, R.  saxatilis and R. 
idaeus; nomenclature throughout this paper follows Kurtto et al. 2010) were excluded 
from the dataset. Distribution-area categories for the Rubus species were derived from 
the distribution maps in Atlas Flora Europaeae (Kurtto et al. 2010) and classified into 
four classes according to Table 5.1. OGUs with three or fewer species were omitted from 
the analysis, because testing of the method (see below) gave ambiguous results for such 
species-poor OGUs. The final dataset consisted of 618 species, 2839 classified OGUs 
and 22,451 species occurrences.

Floristic regionalization
Classification of the OGUs was carried out with a modified version of twinspan. The 
original version of the program (Hill 1979) is strictly dichotomous: in each subsequent 
step, it divides every existing groups into two new groups, resulting in 1, 2, 4, 8, 16, etc. 
groups, unless the threshold for the minimum group size or for the number of groups is 
reached. In the modified version of twinspan (Roleček et al. 2009), implemented in the 
classification program juice 7.0.45 (Tichý 2002), only the most heterogeneous group is 
split in two new groups at each step, resulting in 1, 2, 3, 4, etc. groups, until a user-set 
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Table 5.1. Rubus distribution categories used in this study (based on the categories given in Kurtto 
et al., 2010, p. 29)

Code Category Diameter of distribution area (km)
W1 Very widely distributed > 1,500
W2 Widely distributed 500–1,500
R1 Supraregional 250–500
R2 Regional 50–250

threshold of group heterogeneity or a user-defined number of groups or minimum group 
size is reached. These stopping rules tend to avoid imposed divisions of homogeneous 
groups at the higher levels. For our initial analysis, the minimum group size was set to 
15. twinspan was forced to stop when the total inertia (the sum of all eigenvalues and 
a measure of heterogeneity) in the group reached a maximum of 4.0. This resulted in a 
total number of 114 ‘initial groups’, which are more or less equivalent to the regional 
complexes defined by Newton & Randall (2004). To arrive at geographically coherent 
Rubus florulas, we analysed the twinspan dendrogram, after which we set the final 
minimum group size to 350 and the maximum number of groups/florulas to 13.

Indicator species and distribution characteristics
juice was used to compute indicator species for each division step in the final analysis, 
following the method of Dufrêne & Legendre (1997), with a threshold of 20%. On 
the basis of the twinspan table, we computed the total number of species in each 
distribution-area category for each region.

Environmental characteristics
Descriptive statistics for the environmental factors were derived from LANMAP (Mücher 
et al. 2010). Using the centroids of each grid cell in the analysis, corresponding data for 
soil features, elevation and climate were extracted from the LANMAP dataset, using 
ArcGIS 10.1 (ESRI 2011). We used the R package (R Development Core Team 2011) 
for the construction of graphs of broad-scale ecological factors: minimum temperature of 
the coldest month (T_MIN_JAN in LANMAP), maximum temperature of the warmest 
month (T_MAX_AUG), mean precipitation of the warmest month (P_MEAN_AUG), 
and mean elevation (ALT_MEAN), as well as geological parent material (Parent_Mat).

Results
The twinspan analysis resulted in 12 florulas (Fig. 5.1a, Table 5.2). On the basis of the 
first and third divisions, three major bramble territories were distinguished (Fig. 5.2): 
the British Isles territory (BI, red in Fig. 5.2), the south-east continent territory (SEC, 
blue) and the north-west continent territory (NWC, green). It should be noted that the 
BI territory extends into the extreme south-western part of the Netherlands. The SEC 
territory comprises upland regions in the southern part of Germany (the Alpine foreland 
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Figure 5.1. Map of the 12 distinguished florulas on the basis of the twinspan analysis of the OGUs 
with four or more Rubus species in Ireland, Great Britain, the Netherlands, Denmark and Germany 
(a) and of the initial twinspan groups in SN and MA (all 114 groups in Fig. S1 in Appendix S1) on the 
basis of OGUs with four or more species (b).
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as well as most regions belonging to the central uplands and South German Scarplands 
on both sides of the Rhine valley), the eastern parts of the North German lowlands, as 
well as large parts of Denmark. The NWC territory is compact, comprising the western 
sand areas of the North German lowlands and the Netherlands, as well as the uplands 
of the Rhenish Massif. Each of these bramble territories is divided into four florulas. 
From the differences in geographical homogeneity of the florulas (Fig. 5.1b), it is clear 
that the initial groups in the SN (South Netherlands) florula form relatively well-defined 
‘nuclei’, whereas in the MA (Mittelgebirge and Alpenvorland), such nuclei appear next 
to scattered initial groups. Apart from the South England (SE), Denmark (DK) and MA 
florulas, all florulas are internally rather homogeneous, with groups in coherent nuclei 
(see Electronic Appendix S1).

There is a striking difference in the numbers of indicator species in the florulas (Fig. 
5.3). Several florulas are characterized by only one or a few indicator species, like the 
South England florula (SE), the northern Mittelgebirge florula (NM), MA, and the 
North Netherlands florula (NN). Other florulas are very rich in indicator species, such 
as the Celtic Sea florula (CS), and the South Netherlands florula (SN), both with 10 or 
more indicator species. Another remarkable outcome of the indicator species analysis 
was the difference in structure of the indicator species groups between BI on one side, 
and SEC and NWC on the other side, going from higher to lower hierarchical levels. In 
the BI territory, every step in the twinspan division, except the ‘England’ intermediate 
region (see Fig. 5.3), consisted only of indicator species that did not appear at lower 
levels (shown in bold in Fig. 5.3), whereas in the SEC and NWC territory step several 
indicator species that reach higher indicator values at subordinate levels occurred in 
each intermediate division. In other words, the florulas and the intermediate steps in the 
SEC and NWC territories both shared indicator species on a higher level, whereas the 

Table 5.2. Levels of distinguished biogeographical regions based on the twinspan analysis of grid 
data of the occurrences of Rubus subg. Rubus in north-west Europe.

Territory Florula Initial groups
British Isles (BI) Celtic Sea (CS) 1–5

Scotland (AB) 6–9
South England (SE) 10–37
North England (NE) 38–52

South-east continent (SEC) Denmark (DK) 53–60
Mittelgebirge and Alpenvorland (MA) 61–73
Northern Mittelgebirge (NM) 74–87
Eastern Mittelgebirge (EM) 88–95

North-west continent (NWC) Westfälische Bucht (WB) 96–98
North Netherlands (NN) 99–105
South Netherlands (SN) 106–109
Deutsches Tiefland (DT) 110–114
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BI 
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CS   AB     SE          NE          DK            MA              NM           EM        WB     NN    SN        DT 

Figure 5.2. Twinspan dendrogram of the classification of grid data of occurrences of Rubus subg. 
Rubus in north-western Europe with the codes of the distinguished territories and florulas.

florulas and the intermediate steps in the BI territory were more independent in terms 
of indicator species.

We found a considerable difference in total species numbers and proportion of species 
distribution area classes between the florulas (Fig. 5.4). The Scotland florula (AB) and 
DK both consist of fewer than 100 species, whereas the SE florula, the NM florula and 
the Westfälische Bucht florula (WB) are very rich in species, each with over 180 species. 
AB, DK and the Eastern Mittelgebirge florula (EM) have low numbers of regionally 
distributed species, with summarized percentages for the R1 and R2 categories below 
30%. The remaining florulas (WB, NN, SN, and the Deutsches Tiefland florula, DT) 
had a relatively high number of regionally distributed species (R1 + R2 > 40%).

Mean precipitation in August and minimum temperature in January were the two 
climatic characters that showed the largest differences between the florulas (Fig. 5.5). As 
expected, the florulas in BI had a minimum temperature above 0 °C in January, whereas 

Figure 5.3. (next page) Stepwise Dufrêne–Legendre indicator species for the groups at each branch 
in the twinspan analysis (Dufrêne & Legendre, 1997) with significant (P ≤ 0.01) indicator values ≥ 
20% in parenthesis, until they have reached their maximum indicator value. Species are given in 
bold where their indicator value reaches a maximum value; species with an asterisk are regionally 
distributed species (R1 and R2; Table 1). The sequence of branching is given with numbers. 
Underlined groups are treated in the text.
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5 
NE 
warrenii (30) 
intensior (27) 
hylocharis (24) 
newbouldii (23)* 
robiae (22)* 
wirralensis (21) 

Continent 
plicatus (68), nessensis (63) 
pedemontanus (39), pyramidalis (33) 
camptostachys (32), radula (31) 
rudis (30), gratus (28) 
montanus (27), sulcatus (27) 
silvaticus (24), grabowskii (24) 
sprengelii (23), ferocior (23) 
orthostachys (20) 

AB 
latifolius (59) 
mucronulatus (44) 
septentrionalis (35) 
leptothyrsos (32) 
errabundus (30) 

1 

British Isles 
ulmifolius (67), dasyphyllus (48) 
polyanthemus (45), tuberculatus (34) 
lindleianus (30), vestitus (30) 
nemoralis (28), cardiophyllus (22) 
rufescens (21) 

England/Scotland 
eborascens (20) 

CS 
rubritincus (65) 
prolongatus (56) 
leyanus (46) 
altiarcuatus (40) 
dentatifolius (36) 
adscitus (35) 
rilstonei (32)* 
riddelsdellii (31) 
cornubiensis (30)* 
dumnoniensis (29) 
longithyrsiger (26) 
botryeros (26) 
stanneus (21)** 
albionis (21) 
peninsulae (20)* 

South & East Continent 
grabowskii (34), orthostachys (28) 
radula (27), bifrons (25) 
fasciculatus (24), gracilis (21)* 

North & West Continent 
ferocior (53), silvaticus (52) 
pyramidalis (52), vigorosus (45) 
sprengelii (42), placidus (31) 
macrophyllus (30), ammobius (26)* 
geniculatus (26), calvus (25) 
foliosus (24), adspersus (23) 
divaricatus (23), lamprocaulos (22) 
langei (22), glandithyrsos (22) 
arrhenii (22), senticosus (21) 

3 

4 
England 

SE 
echinatus (22) 

6 

DK 
insularis (54)* 
wahlbergii (46) 
gothicus (37) 
radula (35) 
fasciculatus (27) 
horridus (25) 

Germany 
orthostachys (36) 
bifrons (32) 
gracilis (26)* 
mollis (24) 
franconicus (22) 7 

MA 
bifrons (69) 
bavaricus (36) 
epipsilos (22)* 
canescens (21) 

C-Germany 
orthostachys (43) 
fabrimontanus (31), gracilis (28)* 
koehleri (27),  franconicus (27) 

8 
NM 
hadracanthos (22) 

EM 
franconicus (56) 
koehleri (49) 
fabrimontanus (47) 
gracilis (37)* 
schleicherii (30) 
mollis (25) 
dollnensis (24) 
orthostachyoides (21) 

9 

DT 
lamprocaulos (42) 
placidus (38) 
calvus (37) 
arrhenii (35) 
chlorothyrsos (32) 
langei (25) 

Netherlands & Wf. Bucht 
geniculatus (40), ammobius (32)* 
foliosus (25), adspersus (25) 
integribasis (23), winteri (23) 
laevicaulis (22)* 

10 
WB 
foliosus (37) 
elegantispinosus (35) 
winteri (34) 
senticosus (29) 
goniophorus (28)* 
oreades (27) 

Netherlands 
 ammobius (38)*, laevicaulis (32)* 
integribasis (25), contractipes (24)* 
grisiae (21)* 

11 
NN 
discors (21)* 

SN 
integribasis (58) frederici (34)* 
grisiae (31)*, adspersus (26) 
luticola (25), scissus (24) 
calothemnus (23)* rubercadaver (21)* 
dejonghii (20)* campaniensis (20) 

2 
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Figure 5.4. Species numbers of Rubus subg. Rubus per distribution-area category (Table 5.1) for each 
florula (based on distribution data in Kurtto et al., 2010). See Table 5.2 for the used abbreviations 
for the florulas.

in the SEC florulas the median of the temperature in January was below 0 °C; the NWC 
florulas were intermediate for this variable. Precipitation in the driest month showed the 
greatest variation between the two ‘Atlantic’ florulas in the BI territory at one extreme 
(with the median above 85 mm; CS and AB) and the southern florula in BI at the 
other (with the median just above 60 mm; the SE florulas). All other florulas showed 
intermediate values for the precipitation in August, with a large spread in the values in 
the large MA in the SEC territory. Mean elevation was highest in the florulas belonging 
to the SEC territory: well over 250 m a.s.l. in the northern and eastern Mittelgebirge 
florulas (NM and EM, respectively), and over 400 m a.s.l. in MA, although there was 
considerable variation in elevation in these florulas. Typical lowland florulas (well below 
100 m a.s.l.) were DK, NN, SN and DT (Fig. 5.5).

Parent material varied greatly within the florulas (Fig. 5.6), but in several florulas one type 
of parent material was dominant: crystalline rocks and migmatites in CS, glaciofluvial 
deposits in NE and DK, and sands in NN, ZN and DT.

Discussion
Quality and availability of data
The aim of this study was to classify and describe distribution patterns in Rubus subg. 
Rubus in north-western Europe on the basis of grid-based occurrences of bramble species. 
Using twinspan, we distinguished three bramble territories, divided into 12 florulas, all 
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Figure 5.5. Box-and-whisker plots of the minimum temperature in January, mean temperature in 
August, mean precipitation in August, and mean elevation for the OGUs per florula (based on data 
from Mücher et al., 2010). See Table 5.2 for the used abbreviations for the florulas.

positively characterized by indicator species. Although the available data were collected 
over many years by different specialists, we believe that the results in this study largely 
reflect real patterns. Our florulas are consistent with the intuitive regionalisations by 
Newton (1980) and Newton & Randall (2004) of the bramble flora of the British Isles, 
and with our own experiences in the Netherlands. Another cause for concern could be 
the incompleteness of the data: several newly described species are missing from the 
dataset, such as Rubus wittigianus (Weber 2002), R. uncimontanus (Van de Beek & 
Troelstra 2013), and R. paludosus and R. favillatus (Van de Beek et al. 2014). Most of 
these species have small distribution areas and are limited to only one florula, such that 
their absence from the database is likely to make little difference to the final results.

The empty (white) regions, especially in the BI territory, are not determined by a lack of 
data, but reflect the unsuitability of larger regions for brambles (Newton & Randall 2004; 
Kurtto et al. 2010). An exception and a more serious problem is the underrepresentation 
of data from Ireland, as already stated by Newton & Randall (2004), and the results 
for this island have to be interpreted with reservations. The lack of data from Belgium 
and France can also be considered a serious drawback of our analysis, since it obstructs 
the view of the connection between the flora in the south-westernmost part of the 
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Netherlands and the flora of the BI territory. This can only be resolved by a systematic 
inventory of bramble species in both countries.

The historical basis of the florulas
In a recent, rather provocative paper, Heads (2015) argued that species’ present 
environment and biology (including their means of dispersal) largely fail to explain 
their current distribution, and that the histories of clades often give better explanations 
of the patterns found. Heads illustrates this with many examples based on old taxa, but 
it can be argued that it is even more likely for young species such as those in Rubus subg. 
Rubus. Most Rubus species are neospecies (Levin 2000) with unsaturated distribution 
areas, and at least the regional (R2) and supraregional (R1) species are thought to have 
broad ecological requirements, occurring in a variety of habitats on a wide range of soil 
types (Weber 1981; Matzke-Hajek 1997). This hypothesis is supported by the success of 
introductions outside species’ natural ranges in areas with contrasting climates (Bijlsma & 
Haveman 2007). It is tempting to attribute the range borders of more widely distributed 
species to ecological factors, but it appears that differences in climate are probably too 
small to directly explain differences in species composition between the florulas in SEW 
and NWC (Fig. 5.5), with the possible exception of the precipitation in August in MA 
in the SEW flora. On the contrary, the results of a broad-scale genetic analysis of Rubus 
in Europe by Sochor et al. (2015) suggest a historical background to the major patterns 
presented in this paper. A comparison of the maps with the distribution of haplotypes 
presented by Sochor et al. (2015) and our Fig. 5.1 shows a remarkable coincidence of 
the border between the NWC and SEC territory and dominance by ‘ulmifolius’ and 
‘canescens’ haplotypes: the Rubus flora in NWC is an ‘ulmifolius flora’, whereas the 
Rubus flora in SEC can be defined as a ‘canescens flora’. Rubus ulmifolius and R. canescens 
are among the six sexual ancestral species of the European apomictic Rubus flora. Based 
on the distribution of haplotypes, Sochor et al. (2015) hypothesized that after the retreat 
of the Pleistocene ice sheets, R. ulmifolius migrated from the Atlantic–Mediterranean 
area northwards, where it met and hybridized with (amongst others) R. canescens and 
sexual tetraploid representatives of Rubus ser. Glandulosi (such as R. hirtus), emerging 
from the Balkans. These two geographical descent lines are the basis for the present 
Rubus flora, reflected in the florulas distinguished here.

Ecological patterns – or history after all?
At a small scale, ecological processes may play an important role in the distribution 
patterns of Rubus species (Heads 2015) and thus in the observed patterns. To examine 
this, we will discuss some examples: the isolation and the existence of physical barriers, 
geology and landscape patchiness, and landscape and occupation history.
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It is clear that the florulas in BI are physically isolated by large areas which are poor 
in brambles (Fig. 5.1a). Both the high splitting levels in the dendrogram (indicating 
relatively large differences in species composition, Fig. 5.2) and the lack of transgredient 
indicator species (i.e. species indicative for several different levels of the classification; 
Fig. 5.3) in BI imply that these florulas are effectively isolated. Apparently, the blank 
areas between the florulas in BI, consisting of larger upland regions, moorlands and 
agricultural landscapes on calcareous soils (Newton & Randall 2004), are not only 
devoid of brambles, but also represent effective dispersal barriers which can be overcome 
only with great difficulty despite the fact that bramble seeds are dispersed rather 
effectively even over large distances (Weber 1987). Isolation is not only a function of the 
environment and dispersal capacity: it is also determined by the age of the species. Given 
the high dispersal capacity of at least most of the bramble species, the florulas represent 
young to very young species pools (probably < 6,000 years; Matzke-Hajek 1997), which 
makes the observed pattern at least partly an effect of the particular breeding system in 
Rubus subg. Rubus.

On such a small scale, between the florulas and even more so within the florulas, the 
distribution of abiotic factors might have a pronounced influence. This is most clear 
from the difference in parent material between WB on the one hand and DT, SN and 
NN on the other (all in the NWC flora, Fig. 5.6); in other florulas, it is somewhat less 
clear. The scattering of initial groups in MA for instance (Fig. 5.1b) might be related to 
edaphic and mesoclimatic factors. This region is characterized by a relatively high mean 
elevation, and the range in elevation is large, a topography that will arguably result in 
a wide range of site conditions. It is tempting to also conclude this from the lack of a 
dominance of one of the types of parent material in MA (Fig. 5.6), but it could likewise 
be attributed to the vastness of the region. Another, more genus-specific explanation 
for the lack of coherent nuclei in parts of MA and SE could be the distribution of 
woodland remnants in the landscape. (Beijerinck & Ter Pelkwijk 1952) observed a 
difference between Rubus species growing exclusively in old forest remnants and typical 
inhabitants of open agricultural landscapes, a difference that was confirmed by later 
ecological and phytogeographical studies (Matzke-Hajek 1997; Bijlsma 2002, 2004). 
We hypothesize that this gross difference in species ecology might influence the observed 
patterns, which is conceivable especially when it is related to the genetic background of 
the ancestral species and the ‘inherited ecology’ of the species groups that form the 
species pools in SEC and NWC respectively. Ecologically, the three ancestral species 
that gave birth to the Rubus species pools of these larger areas can be characterized as 
‘cool and humid’ (Rubus ser. Glandulosi), ‘warm and humid’ (R. ulmifolius), and ‘warm 
and dry’ (R. canescens), and their descendants will have inherited these characteristics. As 
demonstrated by Sochor et al. (2015), the Central European flora, coinciding with our 
SEC territory, is characterized by the two extremes in this, the descendants of Rubus ser. 
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Glandulosi and those of R. canescens, whereas north-west Europe (our NWC territory) 
has an ecologically more ‘even’ Rubus flora, derived particularly from R. ulmifolius. A 
landscape with cool, humid habitats as well as warm, dry habitats at a similar scale 
to our OGUs could therefore cause the observed patterns, and this is imaginable in 
upland areas like MA. The hypothesized process might be reinforced by the relatively 
high percentage of retained sexuality in Rubus ser. Glandulosi which are typically ancient 
woodland inhabitants, resulting in high rates of speciation (Šarhanová et al. 2012) 
and high numbers of young species with small distribution areas. Retained sexuality 
is regarded as a motor of diversity in apomictic genera through hybridization, as was 
reported for instance for the Ranunculus auricomus aggregate (Hörandl et al. 2009), but 
also for Rubus ser. Glandulosi, especially in some montane areas (Šarhanová et al. 2012; 
Haveman & De Ronde 2013). A final examination of these hypotheses (through scaling 
of distribution patterns) is only possible if more species are tested on their provenance.

A third complex of factors influencing the differences in Rubus species composition at 
the scale of florulas might be landscape history, including land use (Bijlsma & Haveman 
2007; Haveman et al. 2012; Haveman et al. 2014). Evidence for landscape history and 
occupation patterns as factors in the realization of the florulas and initial groups can 
be derived from the distribution of initial groups, from which we take the well-defined 
nuclei in SN as an example (Fig. 5.1b). The first of these is a well-established regional 
complex north of the Rhine flood-plain, suggesting that the river and flood-plains act as 
a barrier to the spread of Rubus species. South of these flood-plains, two initial groups 
form two nuclei, a western Brabant nucleus and an eastern Brabant–Limburg nucleus. As 
described by Haveman et al. (2014) in a study of the geographical variation in bramble 
scrub types, the relatively species-rich western nucleus consists of old agricultural 

Figure 5.6. Parent material in the 12 Rubus florulas, as numbers of OGUs (based on data from 
Mücher et al., 2010). See Table 5.2 for the used abbreviations for the florulas.
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landscapes, whereas the more species-poor eastern nucleus consists of relatively young 
heathland afforestations and former peat areas. The species in the species-rich areas 
might consist of vicariant species that originated in these areas, whereas the species in the 
poor areas are more likely to have migrated into these areas after the landscape became 
available. In the Netherlands, the species pools in such poor areas are often dominated 
by taxa from Rubus subsect. Rubus (Haveman et al. 2014). This might be attributed to 
the general ecology of the species of this subsection, which prefer acidic soils, and their 
ability to grow in microclimatically less favourable, i.e. less humid, conditions (Bijlsma 
2004). This is likely to make them the early colonists of young landscapes. Many species 
in other groups avoid the harsh conditions in such young landscapes, preferring more 
humid microclimates and better soils.

Conclusions
Although ecological factors certainly have their bearing on the observed patterns, as 
is clear from examples given, the influence of the history of Rubus subg. Rubus plays 
an important role through all these factors. This is most striking for the difference 
between the NWC and SEC territories, which seem to be genetically determined by the 
dominant influence of R. ulmifolius and R. canescens, respectively. Studying distribution 
patterns in the relatively early, expansive stages of a species complex like Rubus subg. 
Rubus (Matzke-Hajek 1997) might prove to be valuable for understanding distribution 
patterns in older clades, for instance with regard to the expansion and stabilization of 
species or species groups. This paper is only a start, however, and many questions remain 
on the relationships between history and ecology in the realization of Rubus distribution 
ranges.

For a better understanding of the realization of the distribution patterns in Rubus 
subg. Rubus, more information on the provenance of the apomictic species will prove 
invaluable. Until now, the ancestral background is known for only a small fraction of the 
species (Sochor et al. 2015), but the combination with the floristic Rubus regions and 
knowledge of the ecology of species has already provided new insights. Phytogeographical 
studies at different scales could show the tenability – or otherwise – of the hypothesized 
causes of the observed patterns in this paper. These patterns might appear to be less 
capricious than perceived by Gustafsson (1943, p. 157), having their background in the 
combined history and ecology of the genus after all. Once the species are known, and 
their provenance is clarified, their capers might be understood.
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Abstract
Rubus scrubs belong to the least known and understood vegetation types in Europe. 
At least in part this is due to the complicated taxonomy and species richness of the 
main genus in these scrubs. In this study, we explored the regional diversity of Rubus 
scrubs in the Netherlands. In order to get a clear picture on their species composition 
free from personal preferences, we used a systematic-randomised sampling scheme to 
collect data in the three main Rubus regions in the Netherlands along three 100 km long 
transects. In 185 relevés we recorded 67 known (and three unknown) Rubus species. 
The relevés could be assigned to seven units described in the Dutch national vegetation 
classification: the Rubetum grati, Rubetum silvatici, Lonicero-Rubion silvatici, Dicrano-
Juniperetum, Pruno-Rubetum vestiti, Pruno-Rubion radulae, and the Basal Community 
Rubus armeniacus. From our study we conclude that the regional variation in Rubus 
scrubs is substantial, and that only a part of this variation was described in the Dutch 
national vegetation overview. Especially within the Rubetum silvatici and the Pruno-
Rubion radulae regionally distributed types can be distinguished, which seem to be 
confined to old landscapes, whereas younger landscapes only harbour common types, or 
are even devoid of bramble scrubs. The density of relevés made in this study emphasize 
the importance of bramble scrubs in the landscape of north-western Europe, and we 
advocate more awareness of the value represented by bramble dominated communities. 
The vast number of Rubus species, many of which having a (very) restricted distribution 
area, complicate the classification of these scrubs, and can easily lead to the description 
of countless vegetation types with only a regional distribution. On the other hand, such 
regionally distributed communities can be of importance for nature conservation because 
they can harbour rare species, and they add to the regional identity and γ-diversity, and 
therefore should be recognised at some level.

Nomenclature: Van de Beek et al. (2014) for Rubus, Van der Meijden (2005) for all 
other vascular plants, Siebel & During (2006) for the mosses and hepatics

Abbreviations: DNVC = Dutch national vegetation classification

Appendix 1: Full structured table with the relevés of Rubus scrubs along three landscape 
transects. Included in the online version at www.schweizerbart.de/journals/phyto
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Introduction
Bramble scrubs are among the least known and understood vegetation units in Europe 
with respect to both species composition and ecology. The major causes are to be found in 
the specialist knowledge that is required because of the species richness and taxonomical 
complexity of the most important taxon in these scrubs, Rubus L subgen. Rubus (Weber 
1981a). An estimated number of about 1000 native Rubus species exist in Europe, from 
which more than 240 can be found in the area of Hegi’s Flora from Mitteleuropa alone 
(Weber 1995). The recently published Rubus volume of the Atlas Florae Europaeae treats 
746 species (Kurtto et al. 2010), and the recent standard list of the bramble flora of the 
Netherlands comprises 191 species (Van de Beek et al. 2014). Many of these species 
have wide distribution areas (> 500 km diameter), but at least as many are classified as 
‘regional species’ (“Regionalarten” according to Weber 1986b; Weber 1995) in modern 
Rubus taxonomy, having distribution areas of about 50-250 km in diameter. Taxa with 
distribution area diameters under 50 km are usually not treated taxonomically, and 
considered as irrelevant local or singular biotypes (Weber 2002a; and Loos 2008 for a 
critical evaluation of this so-called ‘pragmatic species concept’; see however Haveman & 
De Ronde 2013).

For major parts of Central and Western Europe, bramble taxonomy has been clarified 
to a large extent (Weber 2002a; Kurtto et al. 2010). The centre of diversity of subgen. 
Rubus in Europe is found in the lowlands and lower mountains of Atlantic and sub-
Atlantic north-west Europe: northern Germany, the Netherlands, southern Britain, 
Belgium and (at least) the northern part of France, with up to 50 or even 60 species 
per 100 km2 (unpublished data). Most of the species are found on loamy sands and 
loams (Matzke-Hajek 1997; Kurtto et al. 2010 pp. 13, 42). A recent inventory of the 
Netherlands (Van de Beek et al. 2014) showed that the highest species diversity (> 40 
species per 25 km2) is found in old woodland landscapes with cover sand, fluvial terrace 
deposits or glacial deposits as well as loam, old river clay or loess. 

In the centre of diversity of the genus in Europe, not only species numbers, but also 
the contribution of Rubus to the actual vegetation is high. Until now, a classification of 
scrubs in which the Rubus species are identified at species level is only made for parts of 
Germany (Weber 1998a, 1999b, 2003b) and the Netherlands (Haveman et al. 1999a; 
Haveman et al. 1999b; Haveman & Van Haperen 2008; Haveman et al. 2012). 

In the classification scheme in the Dutch national vegetation classification (from here 
on abbreviated as DNVC; Haveman et al. 1999a; Haveman et al. 1999b), hardly 
any attention was paid to the influence of regionally distributed Rubus species on the 
classification. For Germany, next to the Rubetum silvatici Weber in Pott 1995 (Lonicero-
Rubion silvatici Tüxen et Neumann ex Wittig 1977, Lonicero-Rubetea plicati) a more 
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northern distributed Rubetum sciocharitis Weber in Pott 1995 was distinguished on the 
basis of regionally distributed Rubus species (1990, 1998a). Such regionally distributed 
bramble communities can be of high importance for nature conservation, since they 
add to γ-diversity and regional identity of the landscape, and often host species with a 
very limited distribution (Weeda et al. 2005, p. 77). Besides, unravelling the regional 
variation of these bramble scrubs is a first necessary step to a better understanding and 
a possible comparative ecological study of Rubus communities.

Concerning the classification of Rubus scrubs, there are two problems associated with 
the high species diversity of the genus. Most Rubus species are able to dominate the 
vegetation, thus forming independent (almost) mono-dominant scrub. It is easy to 
distinguish dozens of vegetation types which have no Rubus species in common with other 
such types on the basis of such mono-dominant scrubs (see Passarge 1982 for examples 
from eastern Germany), leading to an unwieldy and devaluated syntaxonomical system 
without internal coherence (Haveman 1997). On the other hand, in mixed stands the 
high species diversity could easily cause a random (or continuous) variation by the 
virtually endless gradual replacement of bramble species. For a sensible classification, 
we need to know how the main floristic variation in the Rubus scrubs is structured, 
discarding the ‘noise’ of rare combinations and mono-dominant stands. Once the main 
floristic variation is known, an evaluation of the existing classification scheme is possible, 
and a good solution can be found for the possible regional bramble scrub types.

In this paper we will explore the regional diversity of the Rubus scrubs in the Netherlands. 
Our question is two-fold: 1.) how is the main variation in Rubus scrubs structured, 
and  2.) does the classification of Rubus scrubs in the DNVC  (Haveman et al. 1999a; 
Haveman et al. 1999b) reflect the main variation of these scrubs adequately? To answer 
these questions, we developed a sampling scheme in which the relevés were unbiased by 
personal preferences, and which detects the main variation in species composition, viz. 
a systematic-randomised sampling in landscape transects.

Study area
We sampled the bramble scrubs in three regions in the Netherlands, roughly between 
the towns of Heerenveen and Almelo in the north-eastern part, Maarsbergen and 
Winterswijk in the central part, and Breda and Venlo in the southern part of the country, 
covering the three main sand landscapes and major centres of Rubus distribution in 
the Netherlands (Fig. 6.1). The climate in the main meteorological station in De Bilt 
(near the western end of the central study region) is sub-Atlantic, with a mean annual 
temperature of 10.1 ˚C, a mean annual precipitation of 832 mm, and a mean annual 
precipitation surplus of 273.6 mm (Sluijter 2011). In all three transects, the substrate 
consists of sands mainly (Fig. 6.1), which were pushed by the glaciers during the Saale 
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glaciation especially in the central part of the country. In the northern part, till is found 
near the surface on many places. In the southern part, which was never covered by the 
glaciers during the Pleistocene, cover sand is the main substrate. Locally, especially along 
rivers and brooks, other substrates (especially clay and peat) are predominant, and in 
larger parts of the central transect the soil consists of old river clay. Land-use is mainly 
agricultural in all three transects (pastures as well as agricultural fields), but the central 
transects crosses the extensive forests of the ‘Veluwe’ sand massive. 

Methods
Transects and relevés
For the compilation of a database of relevés of Rubus scrubs unbiased by personal 
preferences, we developed a GIS-based systematically randomised method in which the 
location of relevés was dictated by three unidimensional transects of about 100 km. 
Each start- and endpoint of these transects was chosen randomly within an area of 25 
km2 using the function ‘random points’ (Hawth Tools) in ArcGIS 9, making sure that 
the three main Rubus areas in the Netherlands (the northern, central and southern sand 
areas) were covered (Fig. 6.1). The transects were exported as maps to TurbovegCE 
(Hennekens & Dirkse 2008) to be used during the collection of data. 

Relevés were collected by the first author (assisted by each one of the co-authors, A. 
van der Berg or M. van Ravensberg on various field days) between August 4th and 
August 9th 2008 in the northern transect, October 17th and November 9th 2009 in 
the southern transect, and August 11th and October 29th 2010 in the central transect, 
using TurbovegCE (Hennekens & Dirkse 2008). Relevés were made where the transects 
intersected (floristic and structural homogeneous) bramble scrubs of at least 30 m2, 
being the area used for the relevés. Smaller scrubs, inhomogeneous stands, and scrubs 
just aside the transects were skipped. Plot shape varied from 6x5 m2 to 30x1 m2. In the 
first year, a HP iPAQ handheld computer with a separate Adapt AD-750 Bluetooth 
GPS receiver was used, in the second and third year the relevés were recorded with the 
help of a Trimble Juno SB field computer with internal GPS. In the relevés, layers were 
distinguished when appropriate (tree, shrub, lower shrub (bramble), herb, and moss 
layer), and all plant species were recorded in all these layers. Abundance was estimated 
using the (modified) scale of Braun-Blanquet in which the ‘2’ was subdivided in 2m, 2a, 
and 2b (Barkman et al. 1964; Westhoff et al. 1995, p. 72). Herbarium specimens were 
collected whenever Rubus species couldn’t be identified in the field, and stored in the 
herbarium of the first author (5 exsiccata in total). The relevés were stored in the Dutch 
National Vegetation Database (Schaminée et al. 2012), using TurboVeg (Hennekens & 
Schaminée 2001). 
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Classification
The relevés were exported to JUICE (Tichý 2002) to perform a guided classification. 
Since the main objective in this study was a regional classification on the basis of Rubus 
species and species in the shrub layer, we omitted all the species in tree, herb, and 
moss layer from the analysis. The relevés were assigned manually to the units in the 
DNVC (Haveman et al. 1999a; Haveman et al. 1999b) on the basis of the occurring 
Rubus species and species in the shrub layer, and clustered accordingly. The relevés that 
couldn’t be assigned to one of the existing associations were classified on alliance, order, 
or class level subsequently. Within these broad clusters (representing the associations in 
the DNVC, or alliances in case of the absence of character species of the associations) 
we manually clustered the relevés on the basis of the (co-)occurrence of  Rubus species. 
For the distinguished clusters, distribution maps were made using ArcGIS 9. For the 
synoptic and full table, the shrub species were ordered according their diagnostic value 
in the DNVC (Haveman et al. 1999a; Haveman et al. 1999b), or the Synopsis (Weber 
1998a, 1999b) and the Hegi (Weber 1995) insofar the species were not mentioned in 
the DNVC.

Results
Relevés and species
In total, 185 relevés were made in the three transects: 68 in the northern, 66 in 
the central, and 51 in the southern transect (Fig. 6.1). The relevés were not evenly 
distributed in the landscape, as is clear from Fig. 6.1. We identified 67 Rubus species, 
and three more species remained unnamed. The frequency-distribution of the Rubus 
species in the dataset follows a reversed J-curve as expected (Fig. 6.2), with few species 
with high frequencies, and a long tail of species with only one or few occurrences. 
The 15 Rubus species occurring in ten or more relevés are listed in Table 6.1. Rubus 
gratus is the most frequent species in the data set, occurring in 149 of the 185 relevés; 
according to Van de Beek et al. (2014), R. gratus is the most frequent Rubus species in 
the Netherlands. A remarkable species is R. euryanthemus, which was found for the 
first time in the Netherlands during this study (in the westernmost relevé of the central 
transect). This species is common in the British Isles, Belgium, and Sleswig-Holstein 
and Lower-Saxony in Germany (Newton & Randall 2004; Kurtto et al. 2010).

In Table 6.2 the bramble diversity per region is given. In all three transects the number 
of bramble species per relevé ranges from 1 to 7. The total number of bramble species is 
highest in the Central transect, although the average number of species per relevé tends 
to be lower in the Central transect than in the other two transects (not significant). 
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Figure 6.1. Location of the three randomised transects and 185 relevés of Rubus scrubs. Soil map 
after Kemmers et al. (2002, simplified).
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Figure 6.2. Frequency distribution of the 67 Rubus species which were found in the relevés
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Table 6.1. Rubus species found in 10 or more relevés (n = 185) along the three transects.

Species Frequency
Rubus gratus 119
Rubus plicatus 49
Rubus affinis 32
Rubus nessensis 31
Rubus integribasis 28
Rubus macrophyllus 27
Rubus idaeus 24
Rubus ammobius 20
Rubus nemoralis 18
Rubus adspersus 16
Rubus glandithyrsos 12
Rubus umbrosus 11
Rubus scissus 11
Rubus calvus 10
Rubus sprengelii 10

Table 6.2. Bramble diversity in the three transects (N = North, C = Central, S = South). Given are 
the total number of Rubus species for the transects (between brackets the number of unidentified 
species), the minimum and maximum number of Rubus species per relevé for each transect, and the 
average number of Rubus species (and standard deviation) per relevé for each transect.

  N C S
total # species 33 (+1) 43 (+2) 33 (+1)
min. # species/relevé 1 1 1
max. # species/relevé 7 7 7
avg. # species/relevé (+ sd) 3.3 (1.5) 3.0 (1.5) 3.2 (1.5)

Classification
The classification of the relevés is given in Table 6.3 (see also Electronic Appendix 1). The 
relevés in our dataset could be assigned to 7 different vegetation units as circumscribed 
in the DNVC (indicated with capitals in Table 3): the Rubetum grati (A), the Rubetum 
silvatici (B), the Lonicero-Rubion silvatici (C), the Dicrano-Juniperetum (D), the Pruno-
Rubetum vestiti (E), the Pruno-Rubion radulae (F), and the basal community of Rubus 
armeniacus of the Galio-Urticetea (G) (Haveman et al. 1999a; 1999b; Hommel et al. 
1999; Weeda et al. 1999). In total, 107 of the 185 relevés could be assigned to one of 
the mentioned associations, whereas the remaining 78 could only be assigned at the level 
of alliance or higher.

Most of these units, except the Dicrano-Juniperetum (1 relevé), the Pruno-Rubetum 
vestiti (2 relevés), and the Rubus armeniacus community (2 relevés), could be subdivided 
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Table 6.3. Synoptic table (strongly shortened) of the 21 distinguished Rubus scrub clusters, with the 
frequency in percentages. Only the Rubus species and the diagnostic shrub species of the Rhamno-
Prunetea are included. The first column (Synt.) comprises the synsystematic place of the species 
according to the Dutch national vegetation classification (Haveman et al. 1999a, Haveman et al. 
1999b, Hommel et al. 1999, Weeda et al. 1999): Rg = Rubetum grati s.l., Rs = Rubetum silvatici s.l., L-R = 
Lonicero-Rubion silvatici, P-Rv = Pruno-Rubetum vestiti, P-R = Pruno-Rubion radulae, R-P = Rhamno-
Prunetea/Prunetalia, BC Ra = Basal community Rubus armenicus, DJ = Dicrano-Juniperetum. * 
indicates that the species is not included in the tables in the Dutch national vegetation classification, 
syntaxon between brackets indicates that the species is mentioned in German literature only. Freq. 
= absolute frequency. See electronic appendix 1 for the full table.
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Group A A A B B B B B B C C C C C D E F F F F F G 
Cluster 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

# relevés 13 37 7 11 18 1 10 6 1 30 2 3 8 7 1 2 7 5 10 4 1 2 

Synt. Freq. 
Rg 20 100 3 . . 11 . . . . . . 33 12 14 . . . . 10 . . . 
Rs 11 . . . 73 . . . . . . 50 . . . . 50 . 20 . . . . 
Rs 6 . . . 27 11 . . 17 . . . . . . . . . . . . . . 
Rs 8 . . . 9 22 . . . . . . 100 . . . . . . . . . . 
Rs 

Rubus ammobius 
Rubus umbrosus 
Rubus silvaticus 
Rubus flexuosus 
Rubus glandithyrsos 12 . . . . 61 . . . . . . . . . . . . 20 . . . . 

Rs+Rp Rubus erinulus 9 . . . . 50 . . . . . . . . . . . . . . . . . 
Rs 10 . 3 . . 39 . . 17 . . . . . . . . . 20 . . . . 
Rs 1 . . . . . 100 . . . . . . . . . . . . . . . . 
Rs 7 . . . . . . 70 . . . . . . . . . . . . . . . 

4 . . . . . . 40 . . . . . . . . . . . . . . . 
6 . . . . . . 50 . . . . . . . . . . 20 . . . . 
1 . . . . . . 10 . . . . . . . . . . . . . . . 
4 . . . . . . . 67 . . . . . . . . . . . . . . 

Rs 4 . . . . . . . 50 . . . . . . . . 14 . . . . . 
1 . . . . . . . . 100 . . . . . . . . . . . . . 

S-S 2 . . . . . . . . . . 100 . . . . . . . . . . . 
Rs 

Rubus sprengelii 
Rubus schlechtendalii 
Rubus taxandriae 
Rubus campaniensis 
Rubus insectifolius 
Rubus baronicus 
Rubus ceratus 
Rubus lasiandrus 
Rubus longior 
Rubus iuvenis 
Rubus adspersus 16 . . . . . . . 17 . . . . . 100 . . 100 . 10 . . . 

R-Rv Rubus vestitus 3 . . . . . . . . . 3 . . . . . 100 . . . . . . 
P-R Rubus geniculatus 9 . . . . 6 . . . . . . . . . . . . . 80 . . . 

Rubus caesius 5 . 3 . . . . . . . . . . . . . . . . 40 . . . 
Rubus dumetorum 7 . 3 . . . . . 17 . 3 . . . . . . 14 . 30 . . . 
Rubus lucticola 3 . . . . . . . . . . . . . . . . . . 30 . . . 

(P-R) Rubus confusidens 2 . . . . . . . . . . . . . . . . . . 20 . . . 
P-R Rubus macrophyllus 27 . . . 9 . . . 17 . . 100 100 100 14 . 50 14 . 50 100 . . 
(P-R) Rubus chloocladus 1 . . . . . . . . . . . . . . . . . . . 25 . . 
(P-R) Rubus lindebergii 1 . . . . . . . . . . . . . . . . . . . 25 . . 
(P-R) Rubus stereacanthos 1 . . . . . . . . . . . . . . . . . . . . 100 . 
(Rs) Rubus foliosus 2 . . . . . . 10 . . . . . . . . 50 . . . . . . 
BC Ra Rubus armeniacus 4 . . . . . . . . . 3 . 33 . . . . . . . . . 100 
Rg Rubus gratus 119 62 100 100 73 89 100 70 50 100 23 50 33 100 57 100 50 57 40 10 25 . . 
L-R Rubus plicatus 49 38 49 . 18 17 100 40 . 100 37 . . 12 . 100 . 29 . . . . . 
L-R Rubus integribasis 28 . 24 . 9 . . 30 . . 33 50 . 12 29 . . . . 10 . . . 
L-R Rubus affinis 32 54 24 . 9 11 . . . . 23 . . . . . . 14 20 40 . . . 
L-R Rubus nessensis 31 15 27 . . 28 . 30 17 100 10 100 33 12 14 . 50 . . . . . . 

Rubus idaeus 24 15 8 . 18 11 100 10 33 . 10 . 67 . 14 . 50 . 40 20 . . . 
L-R Rubus nemoralis 18 8 14 . 18 . . . . . 13 . . . 29 . . 14 20 10 25 . . 
Rg Rubus scissus 11 . 8 . . 6 . 20 . . 13 . . . . . . . 20 . . . . 
L-R* Rubus calvus 10 . 5 14 9 6 . . 17 . 3 . 33 . 14 . . . 20 . . . . 
R-P 26 8 3 . 9 . . . . . 7 . . . 14 . 50 43 100 80 50 100 . 
R-P 26 . 3 14 27 17 100 . 33 . 10 . . 12 . . . 71 40 40 . . . 
R-P 20 8 . . 9 11 100 10 33 . 7 . . . 14 . . 43 40 30 25 . . 
R-P 19 23 3 . 9 11 . . . 100 3 50 67 25 . . . . 40 20 . . 50 
R-P 12 15 3 . . . 100 . . . 7 . . . . . . 29 . 30 . . 50 
R-P 9 . . . . 11 . . . . 7 . . . . . 50 29 . 20 . . . 
(R-P) 7 . 3 . . . . . . . . . 33 . . . . 29 20 20 . . . 
R-P 6 . . . . . . . 17 . . . . . . . . 29 . 20 25 . . 
R-P 5 . . . . . . . . . 3 . . . 14 . . 29 . . . 100 . 
D-J

Crataegus monogyna 
Corylus avellana 
Prunus padus 
Humulus lupulus 
Rosa canina 
Prunus spinosa 
Prunus avium 
Fallopia dumetorum 
Acer campestre 
Juniperus communis 1 . . . . . . . . . . . . . . 100 . . . . . . . 

Figure 6.1. Location of the three randomised transects and 185 relevés of Rubus scrubs. Soil map 
after Kemmers et al. (2002, simplified). 



Chapter 6

106

Figure 6.3. Distribution of the clusters along the transects. Numbers in the maps refer to the clusters 
in the classification, capitals to the principal groups. A = Rubetum grati, B = Rubetum silvatici, C = 
Lonicero-Rubion silvatici, E+F = Pruno-Rubetum vestiti + Pruno-Rubion radulae; groups D (Dicrano-
Juniperetum) and G (BC Rubus armeniacus) are not shown.

on the basis of the (co-)occurrence of Rubus species, so that eventually 22 clusters were 
distinguished (Table 6.3). 

Distribution
The uneven distribution of the bramble scrubs in the landscape is clearly shown in 
the map with the distribution of relevés (Fig. 6.1). Also the distribution of the various 
clusters is uneven, with some being present along most of the length of all three transects, 
but other clusters being restricted to relatively small parts of only one transect (Fig. 6.3). 
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Cluster 1 is found along the northern transect only, the other two clusters of group A 
(2 & 3) are recorded along most of the length of all three transects. Cluster 5, 7, and 
8 (group B) all have very limited distribution, being present along certain parts of one 
transect only, and the same holds true for cluster 11 and 12 (group C). Cluster 4 and 18 
are rarely recorded along all three transects, and cluster 17 was frequently found along 
the central, but not along the north and only once along the southern transect (group 
E+F). Group F, the Pruno-Rubion radulae was frequently recorded along the central 
transect, whereas it is rare in the north and south.

Discussion
Methodology
The results show a clear regional variation in species composition in Rubus scrubs. 
Because the use of random or randomised-systematic relevés is questioned by several 
authors especially for classification purposes (Dierschke 1994; Glavac 1997), we will 
examine this approach a bit further. Dierschke (1994, p. 150) mentioned two drawbacks: 
randomly placed relevés are often not homogeneous in their floristic content, and 
therefore not suitable for classification purposes, and rare community types are easily 
missed, unless a huge number of relevés is made. The first drawback doesn’t hold for 
this study, because our sampling scheme required homogeneous stands. The second 
drawback, the underrepresentation of rare community types, might be a serious problem 
in overviews or mapping projects in which all vegetation types are to be described, but 
it is considered less important in our study, which aimed to reveal the major spatial 
structure in the bramble communities. In a separate study, missing types could be 
looked for, but probably these will be of less importance on the landscape level (see 
further in the paragraph ‘syntaxonomic considerations’). We therefore conclude that the 
used method is perfectly suited to detect the main floristic variation in the Rubus scrubs.
The classification presented here is based on the presence of species in the shrub layer 
only. This is justified from the growth form of the Rubus species, which plays an 
important role in the succession from other early successional stages to Rubus scrubs. 
Rubus polycorms easily invade surrounding vegetation, either by rhizomes (subsection 
Rubus) or by rooting tops of the first years primocanes (turiones; subsection Apendiculati). 
Although the herb and moss layer under bramble scrubs is often only very scarce (Weber 
1998a), the undergrowth of the scrubs can be very diverse and shows succession history 
more than other things. The undergrowth of a Rubetum grati in the edge of a woodland 
consists of other species than the undergrowth of a Rubetum grati along a meadow. The 
delimitation of such ecologically defined vegetation (sub-)types was not the scope of 
this paper.

The use of randomised-systematic relevés in this study guaranteed a sample free of 
personal bias, but in the synthetic phase we chose to apply a highly subjective classification 
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method. We think this is justified by one of the major questions in this study, the 
evaluation of the classification given in the DNVC. By ‘rebuilding’ the classification 
given in the DNVC it was possible to evaluate the remaining variation, and compare 
our classification with the one in the DNVC.

Rubus diversity
The average number of Rubus species per relevé, as well as the minimum and maximum 
number of Rubus species per relevé, were similar in all three transects. The total number 
of Rubus species in the central transect was considerably higher than in the other two 
transects though, implying that the turnover in the central transect (β-diversity) is 
higher than in the other two transects. Most probably this is the consequence of the 
medium-scale diversity in geology, which is larger in the central than in the other two 
transects. Especially on the old river clay of the ‘Oude IJssel’ region many species are 
found which are absent in the rest of the central transect (e.g. R. luticola, R. loehrii, and 
R. stereacanthus).

Regional diversity
This study was done to explore the regional diversity in Rubus scrubs in the Netherlands, 
and from the results we conclude that it is possible to distinguish regionally distributed 
bramble scrub types on the basis of randomised-systematic relevés. Most of the relevés 
could be assigned to rather well defined clusters. Some clusters however consist of only 
a few relevés and they probably can be considered ‘noise’ in the light of a nation-wide or 
international classification. 

All three transects have their own ‘character’, with one or more community types restricted 
to or predominantly along one of the transects. Apart from the clusters with only one or 
two relevés, the clusters 1, 5, 7, 8, and 17 represent regional Rubus scrub types. The main 
areas with regionally distributed Rubus scrub types are the Drenthian-Frisian border area 
(the northern part of the northern transect), the Winterswijk region (the easternmost 
part of the central transect), and the Baronie/Campine area (the westernmost end of the 
southern transect). The regionally distributed clusters coincide fairly well with the Rubus 
‘florulae’ described by Veeken & Haveman (2008): regions with a more or less coherent 
Rubus flora (Newton 1980; Newton & Randall 2004). A more detailed study of these 
florulae should be carried out to reveal whether the characteristic species of the florulae 
and these regional distributed vegetation types are the same. The cause of these Rubus 
florulae might be the historical isolation of these regions, from which the young Rubus 
species were not able to disperse yet after they evolved.

Most of the Rubus species characterising the regionally distributed clusters are either 
species with a wide distribution, like R. glandithyrsos, R. sprengelii, R. campaniensis, and 
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R. insectifolius, or regionally distributed species with a tendency to a wider distribution 
(the supraregional species (R1) as given by Van de Beek et al. 2014), like R. taxandriae, 
R. baronicus, and R. lasiandrus (cf. Kurtto et al. 2010 for the distribution areas of these 
species). Only two of the differential taxa don’t reach this status: Rubus erinulus, a 
regional species of Drenthe in the northern part of the Netherlands, and R. ceratus nom. 
prov., a local biotype along the German border near Winterswijk. The Rubus species 
characterising the widespread clusters (e.g. cluster 2, 3 and 4), like R. gratus, R. plicatus, 
and R. integribasis, are in fact really widespread species, and regionally distributed species 
are lacking in these clusters.

Our results show (Fig. 6.3) that regionally distributed vegetation types as such are only 
present along some parts of the transects, and that large parts of the transects are devoid 
of regionally distributed clusters, like the large central part of the southern transect, large 
parts of the central transect and, to certain extent, the southern part of the northern 
transect (although cluster 1 is found along almost all the length of this transect). Although 
we didn’t study this in detail, we have the strong impression that the regionally distributed 
shrub types are only found in older landscapes, but absent in young landscapes. Such 
young landscapes are mostly represented by heathland and raised bog reclamation areas 
which were cultivated in the first decennia of the 20th century, especially in the 1920’s 
and 1930’s (Diemont 1996). Apparently most regional Rubus species, which arose and 
spread as a result of human impact on the landscape (Matzke-Hajek 1997), have a 
restricted dispersion capacity in comparison to the widespread species forming Rubus 
scrubs in these younger landscapes. A similar positive correlation between age and plant 
species diversity was shown for instance for calcareous (alvar) grasslands (Pärtel et al. 
2007), and forest patches and afforested sunken roads (Honnay et al. 1999; Deckers et 
al. 2005). The mechanisms in both systems are different though: old grassland areas and 
forest patches are thought to accumulate widely distributed grassland or forest species 
invading the landscape over ages, but the accumulation of endemic Rubus species most 
probably is at least in part the result of speciation in loco in suitable ‘landscape islands’ 
(followed by subsequent regional dispersion). Both mechanisms were mentioned by 
Eriksson (1993) already as possible causes for larger species pools.

Other parts of the landscape, the ‘blank areas’ in Figure 6.1, seem to be completely 
unsuitable for bramble scrubs, but the causal factors are not yet clear. Possible causes 
are intensive grazing, like in parts of the central transect (viz. Oates 1996), or land 
reclamation activities resulting in young landscapes which are not yet invaded by 
brambles or which are devoid of suitable habitats (as was suggested by Haveman et al. 
2012). A comprehensive study of Rubus diversity in the landscape and the causal factors 
determining the species richness has to shed light on this question.
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Syntaxonomical considerations
The treatment of the Rubus scrubs in the Dutch national vegetation classification 
(Haveman et al. 1999a; Haveman et al. 1999b) relies heavily on the classification of 
bramble scrubs in Germany by Weber (1977a, 1981a, 1986b; Pott 1995), with one 
major difference: the three accepted associations on nutrient and base poor soils are 
not included in the Franguletea Doing ex Westhoff 1969 but in the Lonicero-Rubetea 
plicati Haveman et al. 1999, as proposed some years before by Haveman (1997;  see 
also Haveman et al. 2012 for a discussion). Within the Rhamno-Prunetea Rivas Goday 
& Borja Carbonell ex Tüxen 1962, comprising the scrub vegetation on nutrient rich 
and/or base rich soils, Haveman et al. (1999b) distinguished two bramble associations, 
which were placed in the Pruno-Rubion radulae Weber 1974. Other scrub types in which 
brambles play an important role are the Roso-Juniperetum Tüxen 1974 (Haveman et al. 
1999b), and the later successional stages of Hippophae rhamnoides scrubs in the coastal 
dunes (Haveman & Van Haperen 2008; Van Haperen 2009). 

The question remains whether the treatment of the Rubus scrubs in the DNVC 
(Haveman et al. 1999a; Haveman et al. 1999b) adequately reflects the existing variation 
we found in this study? To evaluate this question, we will make some syntaxonomical 
remarks for every principal group in Table 6.3 (indicated by a capital).

A. Rubetum grati (column 1-3, Table 6.3)
Column 1 in the table comprises relevés in which Rubus ammobius is (sub-)dominant. 
Weber (1998a) assigns mixed stands of Rubus ammobius and R. gratus to the Rubetum 
grati rubetosum ammobii Weber 1976, a scrub type which in Germany is restricted to the 
western part of Lower-Saxony and the north-western part of Westphalia. The Rubetum 
grati rubetosum ammobii, like the subassociation typicum (represented by columns 2 
and 3), is characteristic for dry and nutrient poor, sandy soils. This community was 
not included in the DNVC, because only a few relevés from a very restricted area were 
available at the time of writing (Haveman et al. 1999a, p. 98). Although a number of 
the relevés made in this study can be assigned to this community, Rubus ammobius 
has its optimum in the transition zone between sandy soils and the lower peat lands 
in the northern part of the country. Here, the species forms a ruricolous (= with its 
main presence outside woodlands, see Weber 1986b) community along ditches and 
roads, typically with Alnus glutinosa in the tree layer, and moisture-indicating species 
in the field layer. A further analysis of this community has to reveal whether it can 
be distinguished as a separate association, or should be included in the Rubetum grati 
rubetosum ammobii.

The other two columns of group A comprise the classical Rubetum grati, described in 
the DNVC.
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B. Rubetum silvatici (column 4-9, Table 6.3)
Column 4 represents the ‘classical’ Rubetum silvatici, with three of the four character 
species mentioned by Weber (1998a): Rubus silvaticus, R. umbrosus (syn. R. pyramidalis), 
and R. flexuosus. In several publications, Weber (1986b, 1995) mentioned many other 
species growing in the Rubetum silvatici, and this was interpreted by Haveman et al. 
(1999a) as species being character species of this association: R. glandithyrsos, R. drenthicus, 
R. schlechtendalii, R. mucronulatus, R. lasiandrus, R. rubercadaver, R. taxandriae, and 
R. adspersus. In this study, these species are characteristic for separate communities in 
different parts of the country (columns 5-9, Table 6.3). On the basis of the results in 
this study and complementary observations during vegetation mapping projects, cluster 
7 can best be considered as a separate association with a restricted regional distribution, 
the Rubetum taxandriae Haveman et al. (2012). The status of the other clusters is not 
yet clear, but probably they can be best considered as geographical races (cf. Dierschke 
1994, p. 312-320) of the Rubetum silvatici. Especially the R. glandithyrsos-R. erinulus 
form (column 5, Table 6.3) is entangled with the classical Rubetum silvatici, although 
the area of the latter is extending more to the south, where the R. glandithyrsos-R. erinulus 
form is lacking.

Two of the clusters belonging to this principal group could not be assigned to an already 
described association, viz. cluster 6 and 9. They both consist of one relevé each, with a 
dominant Rubus species with an yet unknown sociological preference: R. schlechtendalii 
and R. longior respectively. More detailed studies of the bramble scrubs in the regions 
where these species occur have to shed light on the synsystematic place of these scrubs. 

C. Lonicero-Rubion silvatici (column 10-14, Table 6.3)
Column 10 in Table 3 comprises those relevés in which characters species of associations 
are lacking, but in which character species of the Lonicero-Rubion silvatici are dominating, 
like Rubus plicatus, R. integribasis, R. affinis or R. nemoralis. This column could be 
split up in several different clusters to reflect the variation in the abundance of Rubus 
species, but this variation is not geographically structured (not shown). Probably such 
species poor stands can be included in the Rubetum grati, which classically consists of 
rather dense scrubs with R. gratus as the dominant species (Weber 1977a; Pott 1995; 
Weber 1998a). According to our table, R. gratus is not at all restricted to this kind of 
scrubs though, but can be found in almost all bramble scrubs on nutrient poor soils 
in the Netherlands (and most probably in most of the bramble scrubs in the north-
west European lowlands). Therefore, R. gratus could better be concerned as a character 
species of the alliance Lonicero-Rubion silvatici. As a consequence, the Rubetum grati 
could at best be regarded the central association (Dierschke 1997) of this alliance. This 
amended Rubetum grati consequently has to include the other communities of the 
alliance without own character species in which the species of the alliance are abundant, 
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like our community 10. We abstain from a final decision here until more is clear about 
the ecology of the different forms of such an amended Rubetum grati.

Clusters 11 to 13 are characterised by the abundant occurrence of Rubus macrophyllus. 
Usually, this species is considered as character species of the Pruno-Rubion radulae 
(Weber 1990, 1995), and in the Netherlands, this species is common in Pruno-Rubion 
radulae scrubs. However, as Haveman et al. (1999b, p. 162) have pointed out, this 
species lost his diagnostic character for any of the Rhamno-Prunetea communities 
to a large extent, due to the spread in formerly nutrient poor regions as a result of 
atmospheric deposition of nitrogen. In this respect, R. macrophyllus resembles Sambucus 
nigra (Weber 1999b, 2003b). In the DNVC, communities dominated by R. macrophyllus 
were mentioned, but not documented with tables. Cluster 11 differs from the other two 
clusters by the dominance of R. iuvenis, a species that is thought to be characteristic for 
the Senecioni-Rubetum ignorati Weber 1985 prov. (Sambuco racemosae-Salicion capreae  
Tx. et Neumann in Tx. 1950; Weber 1986b). The Sambuco-Salicion was discussed by 
Haveman et al. (1999b, p. 128-129), but relevés were lacking at the time, so it was not 
treated in detail in the DNVC. Recent studies in the Sauerland and South-Limburg, 
where the Senecioni-Rubetum ignorati is common, have shown that our cluster 11 cannot 
be assigned to this association (not published).2

Cluster 14 comprises Rubus adspersus-rich stands of the Lonicero-Rubion silvatici. 
Although this species was considered to be characteristic for the Rubetum silvatici in 
the DNVC, there is hardly any connection between this community and the clusters 
which were unequivocally assigned to the Rubetum silvatici (4-9). Rubus adspersus can be 
common in certain forms of the Pruno-Rubion radulae too (e.g. cluster 13). 

D. Dicrano-Juniperetum (column 15, Table 6.3)
Cluster 11 isn’t a Rubus scrub as such, but a Rubus-rich (late successional) stage of the 
Dicrano-Juniperetum Barkman 1985. Such stadia were not accounted for in the DNVC.

E.-F. Pruno-Rubetum vestiti & Pruno-Rubion radulae (columns 16-21, Table 6.3)
Clusters 16-21 can unequivocally be assigned to the alliance Pruno-Rubion radulae, on the 
basis of the species in the higher shrub layer, such as Crataegus monogyna, Prunus spinosa, 
and Rosa canina. Clusters 17, with Rubus adspersus, and sparse Crataegus monogyna, 
Prunus spinosa, and Rosa canina, and cluster 18, with these spiny scrub species and 

2 After the publication of this paper, Haveman et al. (2014) described the Rubus community of forest 
clearings in the Sauerland and South-Limburg as Senecioni ovati-Rubetum iuvenis Haveman & De 
Ronde, which was placed in the validated Athyrio felicis-feminae-Rubion idaei Passarge ex Haveman, De 
Ronde & Weeda (Rhamno-Prunetea). See also the general discussion in this thesis (chapter 8).



Bramble scrubs in three landscape transects

113

Rubus species with their optimum in the Lonicero-Rubion silvatici, belong to the Pruno-
Rubetum sprengelii. Surprisingly, the Pruno-Rubetum sprengelii was recorded in all three 
transects, in the vicinity of lowland rivulets and – in the northern transect – in areas 
with base rich bolder clay, although this association was not described by Haveman et al. 
(1999b).  It was mentioned as being probably present (Haveman et al. 1999b, p. 133), 
but at the time of publication, relevés were lacking.

The assignment of the clusters 19-21 to one of the associations of the Pruno-Rubion is 
unclear. Comparison of the descriptions of the associations of the Pruno-Rubion radulae 
in various publications (e.g. Weber 1999b; Preising et al. 2003) makes clears that the 
species compositions of the associations are remarkably differing between regions. More 
relevés and an supra-regional treatment of the alliance have reveal which associations can 
be recognised eventually. 

G. BC Rubus armeniacus
The lack of species from both the Lonicero-Rubion and the Pruno-Rubion in cluster 22, 
with the dominant invasive neophyte Rubus armeniacus, make the placement of this 
scrub type in one of these alliances problematic. Pott (1995) considered similar thickets 
as communities without syntaxonomic position, Weeda et al. (1999) in the DNVC 
included them as a derived community of the Galio-Urticetea. 

From the above, it is clear that only a part of the observed diversity is covered by the DNVC 
(Haveman et al. 1999a; Haveman et al. 1999b), and that several regional, undescribed 
Rubus scrub types can be distinguished. Their formal description would be contrary to 
the trend to recognise only over-regional associations, which was described by Dierschke 
(1994, p. 301-302) already. This trend is intensified by the availability of databases with 
hundreds of thousands of digitised relevés, making international overviews on the basis 
of original material possible for the first time (see e.g. Bruelheide & Chytry 2000; Botta-
Dukát et al. 2005; Illyés et al. 2007). The recognition of vegetation types with limited 
distribution is to some extent given with the specific structure of the genus though, 
with many regionally distributed species. Our results show that the major variation in 
bramble scrubs is not random, but formed by regular occurring combinations of species, 
and which we believe should be recognised in a formal classification system at some 
level. 

Notes on nature conservation
The density of relevés in this study (Fig. 6.1) emphasizes the importance of Rubus 
scrubs in the sand landscapes of north-western Europe. Despite the late discovery as 
independent communities, they form a characteristic element in large parts of the 
landscape, and they add to the regional biodiversity and regional landscape identity. Due 
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to practical problems concerning the complex taxonomy and recognition of apomicts 
and the ignorance of nature conservation practitioners, apomict lineages are often not 
considered in either nature conservation practice nor policy (Gregor & Matzke-Hajek 
2002; Haveman et al. 2002), although several German ‘Länder’ have included Rubus 
species in their Red Lists (Frank et al. 2004; Jansen 2006). In contrast to Britain, where 
special conservation action plans are developed for rare Rubus species (Randall & Rich 
2000, 2001), brambles are considered a nuisance and an indication of environmental 
deterioration in the Netherlands in most cases (see for some discussion on this topic 
Bijlsma 2004). Especially bramble scrubs on loamy soils can harbour rare and only 
regionally distributed (endemic) Rubus species though (Matzke-Hajek 1997; Weeda et 
al. 2005, p. 77), as was shown in this paper too. Other places of special interest for 
Rubus diversity are margins of ancient forest remnants and old wooded banks. Already 
in the early fifties of last century, Beijerinck & Ter Pelkwijk (1952) noted that amongst 
the woodland dwelling bramble species several are confined to old forests. As such, 
communities in which brambles play an important role deserve more attention in nature 
conservation than until now is given. 

Conclusion
From this study we conclude that the regional variation in Rubus scrubs is substantial. 
The high number of Rubus species doesn’t lead to a random variation with countless 
combinations of species: with the help of a systematically-randomised sampling scheme 
we were able to show that regular combinations of Rubus species form distinct scrub 
types, several of which have a regional distribution. 

Only a part of the observed diversity is covered by the treatment of the bramble scrubs 
in the DNVC (Haveman et al. 1999a; Haveman et al. 1999b). Especially within the 
Lonicero-Rubion silvatici, the regional diversity is high. Surprisingly, Pruno-Rubion 
radulae communities were found at a rather high density in the central transect; these 
scrub types are largely overlooked in the DNVC. More relevés are needed before a final 
decision can be made on the status of most of the regionally distributed scrub types and 
the types belonging to the Pruno-Rubion radulae. The same holds true for the scrubs 
with dominant rare species. Several regions seem to be devoid of Rubus scrubs, but 
the specific causes for this are not yet clear (landscape history and heavy grazing are 
hypothesised as causes in this paper). The density of relevés made in this study emphasize 
the importance of bramble scrubs in the landscape of north-western Europe, and we 
advocate more awareness of the value represented by bramble dominated communities.
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CHAPTER 7

The Rubetum taxandriae ass. nov. (Lonicero-Rubion silvatici, 
Lonicero-Rubetea plicati), a new bramble association  

from the Belgian and Dutch Campine

Slightly modified from:
Haveman, R., I. de Ronde & E.J. Weeda, 2012. The Rubetum taxandriae ass. nov. (Lonicero-
Rubion silvatici, Lonicero-Rubetea plicati), a new bramble association from the Belgian and 
Dutch Campine. – Tuexenia 32: 55-65.
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Abstract
Bramble scrubs are among the least known and understood vegetation types in Europe. 
In the Dutch National Vegetation Overview, three associations belonging to the 
Lonicero-Rubion silvatici were distinguished, viz. the Rubetum grati, Rubetum silvatici, 
and Rubetum pedemontani. During several vegetation mapping projects and Rubus 
excursions, a distinct type of bramble scrub was recorded repeatedly in the Campine in 
the province Noord-Brabant in the southern part of the Netherlands. In this paper, this 
scrub is described as a new association, the Rubetum taxandriae Haveman, De Ronde & 
Weeda, with R. taxandriae, R. campaniensis, and R. baronicus as character species, and 
R. insectifolius as regional character species. Variation, ecology and distribution of this 
new association are given and discussed, and two subassociations are distinguished. The 
differences with the Rubetum silvatici, to which this community was believed to belong, 
are discussed. Based on an earlier analysis of the centres of diversity of the genus Rubus 
in the Netherlands, it is supposed that the Rubetum silvatici in its circumscription in 
the Dutch National Vegetation Overview can be divided in more regionally distributed 
communities, partly as subassociations of the Rubetum silvatici, partly as independent 
associations.
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Introduction
Bramble scrubs are among the least known and understood vegetation types in Europe. 
In the comprehensive overview of the scrubs in the temperate and boreal parts of 
Europe given by Weber (1997, 1998b), relevés in which apomictic Rubus species were 
adequately identified had almost only been made in Germany. The bramble scrubs of 
north-western Europe were placed in separate alliances and in two separate classes. 
The scrubs of relatively nutrient rich and/or base rich soils are united in the Pruno-
Rubion radulae Weber 1974, an alliance of the Rhamno-Prunetea Rivas Goday & Borja 
Carbonell ex Tüxen 1962, whereas the Lonicero-Rubion silvatici Tüxen et Neumann ex 
Wittig 1977, containing scrubs of nutrient poor and acidic soils, were placed in the 
Franguletea Doing 1962 ex Westhoff in Westhoff & Den Held 1969 (Weber 1990; Pott 
1995; Weber 1998a, 1999b, 2003b). In the Dutch national vegetation overview, this 
classification scheme was adopted for the greater part, and several Rubus associations 
were documented shortly after Weber published his overview (Haveman et al. 1999a; 
Haveman et al. 1999b). A remarkable difference was the description of a separate class 
Lonicero-Rubetea plicati Haveman et al. 1999 for the scrubs on nutrient poor acidic soils, 
as advocated by Haveman (1997) some years before. 

Haveman et al. (1999a) distinguished three associations within the Lonicero-Rubetea 
plicati for the Netherlands: the Rubetum grati Tüxen et Neumann ex Weber 1976, the 
Rubetum silvatici Weber in Pott 1995, and the Rubetum pedemontani Weber in Pott 
1995. According to Weber (1998a), the character species of the Rubetum silvatici 
are Rubus silvaticus, R. pyramidalis (=R. umbrosus), R. flexuosus, and R. sprengelii but 
Haveman et al. (1999a) and Weeda et al. (2005) considered many more species as such: 
R. adspersus, R. campaniensis, R. drenthicus, R. erinulus, R. foliosus R. glandithyrsos, R. 
lasiandrus, R. mucronulatus, R. rubrumcadaver, R. schlechtendalii and R. taxandriae. 
However, the authors suggested that when more relevés would become available from 
the Netherlands, the Rubetum silvatici in the given circumscription would probably 
appear to be a ‘composite association’, comprising of a number of more clearly defined, 
regionally distributed vegetation types (Haveman et al. 1999a, p. 96). 

During the vegetation mapping projects of military training areas, and a study of the 
bramble scrubs along three landscape transects (Haveman et al. 2014a) a distinct bramble 
scrub was recorded repeatedly in the Campine in the province Noord-Brabant, in the 
southern part of the Netherlands. The two most frequent Rubus species in this scrub 
type are R. campaniensis and R. taxandriae, which were among the species considered 
to be character species of the Rubetum silvatici by Haveman et al. (1999a). Two other 
species occurring in these scrubs are R. baronicus and R. insectifolius. These four species 
are lacking in the North-German lowlands, which is the distribution centre of the 
Rubetum silvatici. At least the first two are frequently found in the southern part of the 
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Netherlands and the adjacent part of Flanders/Belgium. Reversely, the character species 
of the Rubetum silvatici s.str. are virtually absent in the scrubs formed by R. campaniensis 
and R. taxandriae. 

In this paper we describe this bramble scrub from the Campine as a new association, 
belonging to the Lonicero-Rubion silvatici.

Area
The Campine is the area between the rivers Scheldt and Meuse, roughly situated between 
Antwerpen and Hasselt in Belgium and Eindhoven in the Netherlands (Fig. 7.1). The 
area was never covered by the ice caps during the Pleistocene, in contrast with more 
northern parts of the Netherlands. The area is largely covered by Pleniglacial aeolian 
cover sands from the Weichselian (116,000 – 11,500 BP), incised by many rivulets and 
brooks draining the area towards the two mentioned large rivers. Although the area is 
slightly undulating, the differences in altitude are small (0 – 50 m above sea level). The 
climate is sub-Atlantic, with a precipitation surplus in all months (Fig. 7.2), a total 
annual precipitation of 707 mm, and an annual average temperature of 9.8˚ C. (Sluijter 
2011).

Material and methods
Relevés
For this study 38 relevés were used in which Rubus taxandriae, R. campaniensis, R. 
baronicus, and R. insectifolius reach a combined cover of at least 5%. They were collected 
between 1998 and 2011 in several mapping projects of military ranges, during several 
excursions in the region, and in a study of the species composition of bramble scrubs 
along three landscape transects (Haveman et al. 2014a). The relevés are all stored in the 
Dutch National Vegetation Database (Jansen et al. 2011) using TurboVeg (Hennekens 
& Schaminée 2001). 

All phanerogam and cryptogam species were recorded in as many layers as necessary to 
describe the vegetation structure. Species names are according Van de Beek et al. (2014) 
or the Rubus species, Van der Meijden (2005) for the other phanerogams, and Siebel 
& During (2006) for the mosses. The abundance of the species was recorded using the 
modified scale of Braun-Blanquet (Barkman et al. 1964). Due to the diverse origin of 
the data, the area of the used relevés varies considerably (from 15 to 70 m2), but all 
relevés are considered to be homogeneous as to the species composition.

For a comparison with the Rubetum silvatici, we selected relevés from the Dutch 
National Vegetation Database (Schaminée et al. 2006; Jansen et al. 2011) which met the 
following three conditions: 1.) the combined abundance of the four character species 
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Figure 7.1: The Benelux countries with some major towns and an indication of the location of the 
Campine.

(Rubus silvaticus, R. umbrosus, R. flexuosus, and R. sprengelii) >5%, 2.) relevé area 10 – 50 
m2, and 3.) the combined abundance of species of the Rhamno-Prunetea (e.g. Crataegus 
monogyna, Prunus spinosa) <5%. 

Synthetic phase
Both the subdivision of the new association and the comparison with the Rubetum 
silvatici were performed in JUICE (Tichý 2002). For these analyses, we combined high, 
middle, and low tree layer into one tree layer, and we used two shrub layers (high for 
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Figure 7.2: Walter & Lieth climate diagram Gilze-Rijen (Sluijter 2011). Given in the title are the name 
and location of the station, elevation (m), mean annual temperature (˚C), and annual precipitation 
(mm) for the 30 yrs normal period 1981-2010.

the scrubs excl. Rubus and lianas, low for the Rubus species and lianas), one herb layer 
(combining herbs, juveniles and saplings of trees and shrubs), and a moss layer.

To detect patterns in the species composition in the used dataset, we used the modified 
TWINSPAN algorithm as suggested by Roleček et al. (2009); only one subdivision 
was recognised and the results given by TWINSPAN were refined subjectively on the 
basis of expert judgement. To compare differences in species composition, we made a 
combined synoptic table (in percentages, see the recommendations by Dengler et al. 
2006, p. 84) of the new association and the Rubetum silvatici. For the identification of 
differential species of the Rubetum taxandriae and the Rubetum silvatici frequency classes 
(Dierschke 1994) were used: species are considered to be differential if they differ at least 
two classes between the columns. 

Rubetum taxandriae Haveman, De Ronde & Weeda ass. nova
Holotypus: relevé 31 (September 8th 2009, western border Ulvenhoutse Bos, authors R. 
Haveman 09-515 and J.H.J. Schaminée 09-120), Table 7.1 of this publication.

Species composition, structure, and variation
Table 7.1 shows the species composition of the newly described Rubetum taxandriae. 
Rubus taxandriae and R. campaniensis are the character species, and most probably the 
same holds for the rare R. baronicus. Rubus insectifolius can only be considered as regional 
character species, since it has a much wider distribution than the aforementioned three 
species. Character species of the Rubetum silvatici rarely occur together with those of 
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the Rubetum taxandriae, and vice versa (Table 7.2); until now only R. umbrosus has 
sometimes been recorded in the Rubetum taxandriae.

Frequent companions among other Rubus species are R. gratus, R. plicatus, R. integribasis, 
R. nessensis, R. frederici, R. calotemnus, and R. macrophyllus. As is clear from table 7.2, 
R. frederici, R. integribasis, R. macrophyllus, R. calotemnus, R. geniculatus, R. bertramii, 
and R. planus have a higher frequency in the Rubetum taxandriae than in the Rubetum 
silvatici, and can be regarded as differential species of the new association. They 
either have their optimum in Pruno-Rubion radulae communites (R. macrophyllus, R. 
geniculatus) (Weber 1995; Haveman et al. 1999b; Weber 1999b, 2003b), or have a 
broad sociological amplitude and may be regarded as character species of the Lonicero-
Rubion silvatici occurring in the southern part of the area of this alliance (Weber 1995, 
1998a; Haveman et al. 1999a; Weber 2003b; Haveman et al. 2014a). On the other 
hand, R. drenthicus, R. glandithyrsos, R. erinulus, R. discors, R. idaeus, R. ammobius, and 
R. schlechtendalii are more frequent in the Rubetum silvatici. While R. ammobius, R. 
discors, and R. drenthicus can probably be regarded as character species of the Lonicero-
Rubion silvatici, the sociological optimum of the other species is not yet clear. Probably 
they have their optimum in the Rubetum silvatici, characterising regional subassociations 
(see also the last section of this paper).

Figure 7.3: Location of vegetation relevés of the Rubetum taxandriae used in this study.



Chapter 7

124

Ta
bl

e 
7.

1.
 R

el
ev

és
 o

f t
he

 R
ub

et
um

 ta
xa

nd
ria

e 
as

s.
 n

ov
.

Co
un

tr
y:

 N
L 

= 
th

e 
N

et
he

rla
nd

s,
 B

 =
 B

el
gi

um
; c

s =
 c

ha
ra

ct
er

 sp
ec

ie
s;

 d
s =

 d
iff 

er
en

ti a
l s

pe
ci

es

113 

T
ab

le
 7

.1
. R

el
ev

és
 o

f t
he

 R
ub

et
um

 ta
xa

nd
ria

e a
ss

. n
ov

. 
C

ou
nt

ry
: N

L 
= 

th
e 

N
et

he
rla

nd
s, 

B 
= 

Be
lg

iu
m

; c
s =

 c
ha

ra
ct

er
 sp

ec
ie

s; 
ds

 =
 d

iff
er

en
tia

l s
pe

ci
es

 
 T

ab
le

 n
um

be
r 

 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

14
 

 
15

 
16

 
17

 
18

 
19

 
20

 
21

 
22

 
23

 
24

 
25

 
26

 
27

 
28

 
29

 
30

 
31

 
32

 
33

 
34

 
35

 
36

 
37

 
38

 
Ye

ar
 

 
20

09
 2

00
9 

20
06

 2
00

9 
20

10
 2

00
9 

20
09

 1
99

9 
19

99
 1

99
9 

20
06

 2
01

1 
20

10
 2

01
0 

 
19

99
 1

99
8 

19
98

 2
00

8 
20

09
 2

00
9 

20
11

 1
99

9 
20

10
 2

01
0 

20
11

 2
01

1 
20

09
 2

01
0 

20
10

 2
00

8 
20

09
 2

01
1 

20
11

 2
01

1 
20

11
 2

01
0 

20
10

 2
00

9 
Ar

ea
 re

le
vé

 (m
²)

 
 

30
 

30
 

21
 

30
 

3 
30

 
30

 
70

 
50

 
40

 
40

 
30

 
30

 
30

 
 

24
 

22
.5

 
12

 
15

 
30

 
30

 
36

 
21

 
30

 
30

 
30

 
30

 
30

 
30

 
30

 
15

 
30

 
30

 
36

 
30

 
30

 
30

 
30

 
30

 
Ex

po
sit

io
n 

 
 

S 
 

W
 

 
E 

W
 

N
 

 
 

N
 

S 
 

  
 

 
N

 
 

 
 

SE
 

 
N

W
 

 
 

 
N

 
W

 
E 

N
E 

 
W

 
N

E 
 

 
 

 
 

 
In

cl
in

at
io

n 
(d

eg
re

es
) 

 
 

3 
 

2 
 

2 
2 

5 
 

 
 

10
 

 
  

 
 

 
 

 
 

30
 

 
 

 
 

 
3 

1 
80

 
10

 
 

3 
5 

 
 

 
 

 
 

C
ov

er
 to

ta
l (

%
) 

 
90

 
99

 
95

 
99

 
95

 
99

 
80

 
95

 
10

0 
10

0 
96

 
96

 
96

 
96

 
 

10
0 

10
0 

10
0 

96
 

99
 

99
 

99
 

10
0 

96
 

96
 

99
 

96
 

99
 

96
 

96
 

96
 

95
 

99
 

95
 

96
 

96
 

96
 

96
 

99
 

C
ov

er
 tr

ee
 la

ye
r (

%
) 

 
20

 
20

 
0 

30
 

40
 

40
 

10
 

25
 

20
 

4 
50

 
50

 
40

 
0 

 
20

 
60

 
50

 
60

 
95

 
30

 
10

 
50

 
20

 
20

 
20

 
80

 
20

 
96

 
95

 
5 

50
 

90
 

0 
96

 
96

 
1 

80
 

90
 

C
ov

er
 sh

ru
b 

la
ye

r (
%

) 
 

70
 

85
 

90
 

80
 

95
 

99
 

80
 

5 
10

 
1 

96
 

75
 

90
 

90
 

 
20

 
10

0 
0 

96
 

30
 

85
 

99
 

20
 

96
 

96
 

99
 

95
 

90
 

96
 

70
 

96
 

70
 

80
 

95
 

80
 

96
 

96
 

70
 

60
 

C
ov

er
 h

er
b 

la
ye

r (
%

) 
 

20
 

20
 

5 
30

 
1 

5 
5 

90
 

95
 

10
0 

0 
30

 
10

 
5 

 
90

 
1 

95
 

1 
80

 
20

 
2 

90
 

5 
5 

5 
2 

5 
10

 
10

 
5 

30
 

1 
2 

5 
1 

5 
10

0 
5 

C
ov

er
 m

os
s l

ay
er

 (%
) 

 
0 

0 
5 

99
 

70
 

0 
0 

4 
20

 
0 

0 
1 

0 
10

 
 

10
 

0 
0 

1 
0 

0 
1 

0 
0 

0 
0 

5 
5 

2 
10

 
0 

0 
0 

5 
0 

1 
0 

0 
0 

H
ei

gh
t t

re
e 

la
ye

r (
m

) 
 

15
 

. 
. 

20
 

12
 

15
 

22
 

25
 

16
 

25
 

20
 

15
 

10
 

. 
 

10
 

20
 

12
 

. 
18

 
20

 
30

 
22

 
15

 
25

 
25

 
20

 
10

 
20

 
10

 
. 

15
 

22
 

. 
18

 
25

 
30

 
20

 
10

 
H

ei
gh

t h
ig

h 
sh

ru
b 

la
ye

r (
m

) 
 

2.
5 

2 
1.

5 
2.

5 
4 

. 
2 

2.
5 

4 
2.

5 
. 

3 
4 

4 
 

4 
4 

. 
. 

4 
6 

4 
3 

4 
2 

4 
4 

5 
3 

. 
4.

5 
6 

2.
5 

4 
3 

4 
. 

2 
3.

5 
H

ei
gh

t l
ow

 sh
ru

b 
la

ye
r (

m
) 

 
0.

8 
0.

8 
. 

1 
1.

5 
1.

5 
1 

. 
. 

. 
2 

1 
1 

0.
8 

 
. 

1.
5 

. 
1 

0.
8 

1.
5 

1.
2 

. 
1.

5 
1 

1.
2 

1.
2 

2 
1.

5 
0.

6 
1 

1 
0.

8 
1.

2 
0.

8 
1 

1.
5 

0.
8 

1 
H

ei
gh

t h
er

b 
la

ye
r (

cm
) 

 
60

 
60

 
30

 
50

 
30

 
50

 
60

 
10

0 
15

0 
12

0 
20

 
30

 
50

 
50

 
 

12
0 

50
 

70
 

20
 

20
 

20
 

40
 

80
 

30
 

30
 

40
 

40
 

30
 

30
 

30
 

50
 

30
 

10
0 

40
 

40
 

40
 

30
 

30
 

30
 

C
ou

nt
ry

 
 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

 
N

L 
N

L 
N

L 
N

L 
N

L 
N

L 
B 

N
L 

N
L 

N
L 

B 
B 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

B 
N

L 
B 

N
L 

N
L 

N
L 

 
 

 
 

 
 

 
sa

 d
es

ch
am

ps
ie

to
su

m
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
sa

 ty
pi

cu
m

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

cs
 R

ub
et

um
 ta

xa
nd

ri
ae

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ub

us
 ta

xa
nd

ria
e 

 
5 

4 
3 

+ 
. 

. 
. 

+ 
+ 

4 
. 

2a
 

. 
+ 

 
5 

2a
 

2b
 

+ 
r 

. 
3 

. 
4 

+ 
3 

4 
2a

 
4 

4 
2b

 
3 

4 
. 

5 
. 

3 
3 

. 
R

ub
us

 c
am

pa
ni

en
sis

 
 

. 
. 

+ 
4 

5 
2a

 
+ 

4 
. 

+ 
4 

4 
. 

3 
 

. 
+ 

. 
. 

. 
. 

3 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
3 

. 
2b

 
. 

+ 
. 

R
ub

us
 b

ar
on

ic
us

 
 

. 
. 

. 
. 

. 
. 

. 
. 

4 
. 

. 
. 

4 
. 

 
. 

. 
. 

. 
. 

. 
. 

5 
. 

5 
. 

. 
4 

3 
. 

. 
. 

. 
. 

. 
3 

. 
. 

. 
R

ub
us

 in
se

ct
ifo

liu
s 

 
. 

. 
. 

+ 
. 

. 
5 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

3 
5 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
4 

. 
4 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

ds
 su

ba
ss

oc
ia

tio
ns

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

ds
 d

es
ch

am
ps

ie
to

su
m

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

M
ol

in
ia

 c
ae

ru
le

a 
 

+ 
2b

 
. 

2a
 

. 
+ 

2a
 

+ 
. 

. 
+ 

+ 
+ 

2a
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
D

ry
op

te
ris

 d
ila

ta
ta

 
 

2a
 

. 
. 

. 
+ 

2a
 

+ 
+ 

. 
2a

 
. 

+ 
2a

 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
D

es
ch

am
ps

ia
 fl

ex
uo

sa
 

 
1 

1 
+ 

. 
. 

+ 
. 

2b
 

2m
 

. 
. 

+ 
. 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

D
ic

ra
nu

m
 sc

op
ar

iu
m

 
 

. 
. 

2m
 

. 
. 

. 
. 

. 
1 

. 
. 

. 
. 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

V
ac

ci
ni

um
 m

yr
til

lu
s 

 
+ 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

ds
 ty

pi
cu

m
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
U

rt
ic

a 
di

oi
ca

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
+ 

. 
2a

 
2a

 
1 

1 
+ 

1 
+ 

+ 
1 

+ 
. 

. 
D

ac
ty

lis
 g

lo
m

er
at

a 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
+ 

1 
1 

. 
. 

+ 
+ 

. 
. 

1 
Ju

nc
us

 e
ffu

su
s 

 
. 

2b
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

+ 
2a

 
. 

1 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

1 
. 

C
al

am
ag

ro
sti

s e
pi

ge
jo

s 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

H
ol

cu
s l

an
at

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
1 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
+ 

. 
. 

. 
2a

 
. 

. 
. 

+ 
G

le
ch

om
a 

he
de

ra
ce

a 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
1 

. 
1 

. 
. 

. 
. 

. 
. 

r 
. 

. 
. 

. 
+ 

. 
. 

. 
C

irs
iu

m
 a

rv
en

se
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
+ 

+ 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
H

ed
er

a 
he

lix
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

5 
2b

 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
C

ha
m

er
io

n 
an

gu
sti

fo
liu

m
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
cs

 R
ub

et
um

 si
lv

at
ic

i 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ub

us
 u

m
br

os
us

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2b
 

. 
. 

. 
. 

2b
 

. 
. 

. 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
cs

 L
on

ic
er

o-
R

ub
io

n 
sil

va
tic

i/
Lo

ni
ce

ro
-R

ub
et

ea
 p

lic
at

i  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ub

us
 g

ra
tu

s 
 

+ 
2b

 
2b

 
. 

2b
 

. 
+ 

. 
2b

 
2b

 
2a

 
2b

 
. 

2a
 

 
2a

 
4 

5 
3 

1 
. 

3 
2a

 
. 

. 
. 

+ 
+ 

. 
1 

2b
 

+ 
. 

2b
 

. 
2a

 
. 

2a
 

. 
R

ub
us

 in
te

gr
ib

as
is 

 
+ 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
+ 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
2a

 
2a

 
. 

2b
 

+ 
. 

2a
 

. 
1 

2a
 

. 
R

ub
us

 p
lic

at
us

 
 

. 
+ 

2b
 

. 
. 

2b
 

+ 
. 

+ 
. 

1 
. 

. 
. 

 
. 

. 
+ 

+ 
. 

. 
. 

. 
. 

. 
2a

 
+ 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

R
ub

us
 n

es
se

ns
is 

 
+ 

. 
. 

. 
2a

 
. 

+ 
. 

. 
. 

. 
. 

2a
 

. 
 

2a
 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
+ 

2a
 

. 
. 

. 
2b

 
. 

. 
T

ab
le

 n
um

be
r 

 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

14
 

 
15

 
16

 
17

 
18

 
19

 
20

 
21

 
22

 
23

 
24

 
25

 
26

 
27

 
28

 
29

 
30

 
31

 
32

 
33

 
34

 
35

 
36

 
37

 
38

 
R

ub
us

 fr
ed

er
ic

i 
 

. 
. 

1 
. 

. 
1 

+ 
. 

+ 
2a

 
. 

2a
 

. 
. 

 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
3 

. 
. 

. 
. 

. 
. 

+ 
. 

2a
 

. 
2a

 
. 

R
ub

us
 c

al
ot

he
m

nu
s 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
3 

 
. 

. 
. 

3 
. 

. 
. 

. 
. 

. 
4 

. 
. 

. 
1 

. 
. 

+ 
. 

. 
2b

 
. 

. 
. 

113 

T
ab

le
 7

.1
. R

el
ev

és
 o

f t
he

 R
ub

et
um

 ta
xa

nd
ria

e a
ss

. n
ov

. 
C

ou
nt

ry
: N

L 
= 

th
e 

N
et

he
rla

nd
s, 

B 
= 

Be
lg

iu
m

; c
s =

 c
ha

ra
ct

er
 sp

ec
ie

s; 
ds

 =
 d

iff
er

en
tia

l s
pe

ci
es

 
 T

ab
le

 n
um

be
r 

 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

14
 

 
15

 
16

 
17

 
18

 
19

 
20

 
21

 
22

 
23

 
24

 
25

 
26

 
27

 
28

 
29

 
30

 
31

 
32

 
33

 
34

 
35

 
36

 
37

 
38

 
Ye

ar
 

 
20

09
 2

00
9 

20
06

 2
00

9 
20

10
 2

00
9 

20
09

 1
99

9 
19

99
 1

99
9 

20
06

 2
01

1 
20

10
 2

01
0 

 
19

99
 1

99
8 

19
98

 2
00

8 
20

09
 2

00
9 

20
11

 1
99

9 
20

10
 2

01
0 

20
11

 2
01

1 
20

09
 2

01
0 

20
10

 2
00

8 
20

09
 2

01
1 

20
11

 2
01

1 
20

11
 2

01
0 

20
10

 2
00

9 
Ar

ea
 re

le
vé

 (m
²)

 
 

30
 

30
 

21
 

30
 

3 
30

 
30

 
70

 
50

 
40

 
40

 
30

 
30

 
30

 
 

24
 

22
.5

 
12

 
15

 
30

 
30

 
36

 
21

 
30

 
30

 
30

 
30

 
30

 
30

 
30

 
15

 
30

 
30

 
36

 
30

 
30

 
30

 
30

 
30

 
Ex

po
sit

io
n 

 
 

S 
 

W
 

 
E 

W
 

N
 

 
 

N
 

S 
 

  
 

 
N

 
 

 
 

SE
 

 
N

W
 

 
 

 
N

 
W

 
E 

N
E 

 
W

 
N

E 
 

 
 

 
 

 
In

cl
in

at
io

n 
(d

eg
re

es
) 

 
 

3 
 

2 
 

2 
2 

5 
 

 
 

10
 

 
  

 
 

 
 

 
 

30
 

 
 

 
 

 
3 

1 
80

 
10

 
 

3 
5 

 
 

 
 

 
 

C
ov

er
 to

ta
l (

%
) 

 
90

 
99

 
95

 
99

 
95

 
99

 
80

 
95

 
10

0 
10

0 
96

 
96

 
96

 
96

 
 

10
0 

10
0  

10
0 

96
 

99
 

99
 

99
 

10
0 

96
 

96
 

99
 

96
 

99
 

96
 

96
 

96
 

95
 

99
 

95
 

96
 

96
 

96
 

96
 

99
 

C
ov

er
 tr

ee
 la

ye
r (

%
) 

 
20

 
20

 
0 

30
 

40
 

40
 

10
 

25
 

20
 

4 
50

 
50

 
40

 
0 

 
20

 
60

 
50

 
60

 
95

 
30

 
10

 
50

 
20

 
20

 
20

 
80

 
20

 
96

 
95

 
5 

50
 

90
 

0 
96

 
96

 
1 

80
 

90
 

C
ov

er
 sh

ru
b 

la
ye

r (
%

) 
 

70
 

85
 

90
 

80
 

95
 

99
 

80
 

5 
10

 
1 

96
 

75
 

90
 

90
 

 
20

 
10

0 
0 

96
 

30
 

85
 

99
 

20
 

96
 

96
 

99
 

95
 

90
 

96
 

70
 

96
 

70
 

80
 

95
 

80
 

96
 

96
 

70
 

60
 

C
ov

er
 h

er
b 

la
ye

r (
%

) 
 

20
 

20
 

5 
30

 
1 

5 
5 

90
 

95
 

10
0 

0 
30

 
10

 
5 

 
90

 
1 

95
 

1 
80

 
20

 
2 

90
 

5 
5 

5 
2 

5 
10

 
10

 
5 

30
 

1 
2 

5 
1 

5 
10

0 
5 

C
ov

er
 m

os
s l

ay
er

 (%
) 

 
0 

0 
5 

99
 

70
 

0 
0 

4 
20

 
0 

0 
1 

0 
10

 
 

10
 

0 
0 

1 
0 

0 
1 

0 
0 

0 
0 

5 
5 

2 
10

 
0 

0 
0 

5 
0 

1 
0 

0 
0 

H
ei

gh
t t

re
e 

la
ye

r (
m

) 
 

15
 

. 
. 

20
 

12
 

15
 

22
 

25
 

16
 

25
 

20
 

15
 

10
 

. 
 

10
 

20
 

12
 

. 
18

 
20

 
30

 
22

 
15

 
25

 
25

 
20

 
10

 
20

 
10

 
. 

15
 

22
 

. 
18

 
25

 
30

 
20

 
10

 
H

ei
gh

t h
ig

h 
sh

ru
b 

la
ye

r (
m

) 
 

2.
5 

2 
1.

5 
2.

5 
4 

. 
2 

2.
5 

4 
2.

5 
. 

3 
4 

4 
 

4 
4 

. 
. 

4 
6 

4 
3 

4 
2 

4 
4 

5 
3 

. 
4.

5 
6 

2.
5 

4 
3 

4 
. 

2 
3.

5 
H

ei
gh

t l
ow

 sh
ru

b 
la

ye
r (

m
) 

 
0.

8 
0.

8 
. 

1 
1.

5 
1.

5 
1 

. 
. 

. 
2 

1 
1 

0.
8 

 
. 

1.
5 

. 
1 

0.
8 

1.
5 

1.
2 

. 
1.

5 
1 

1.
2 

1.
2 

2 
1.

5 
0.

6 
1 

1 
0.

8 
1.

2 
0.

8 
1 

1.
5 

0.
8 

1 
H

ei
gh

t h
er

b 
la

ye
r (

cm
) 

 
60

 
60

 
30

 
50

 
30

 
50

 
60

 
10

0 
15

0 
12

0 
20

 
30

 
50

 
50

 
 

12
0 

50
 

70
 

20
 

20
 

20
 

40
 

80
 

30
 

30
 

40
 

40
 

30
 

30
 

30
 

50
 

30
 

10
0 

40
 

40
 

40
 

30
 

30
 

30
 

C
ou

nt
ry

 
 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

 
N

L 
N

L 
N

L 
N

L 
N

L 
N

L 
B 

N
L 

N
L 

N
L 

B 
B 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

B 
N

L 
B 

N
L 

N
L 

N
L 

 
 

 
 

 
 

 
sa

 d
es

ch
am

ps
ie

to
su

m
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
sa

 ty
pi

cu
m

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

cs
 R

ub
et

um
 ta

xa
nd

ri
ae

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ub

us
 ta

xa
nd

ria
e 

 
5 

4 
3 

+ 
. 

. 
. 

+ 
+ 

4 
. 

2a
 

. 
+ 

 
5 

2a
 

2b
 

+ 
r 

. 
3 

. 
4 

+ 
3 

4 
2a

 
4 

4 
2b

 
3 

4 
. 

5 
. 

3 
3 

. 
R

ub
us

 c
am

pa
ni

en
sis

 
 

. 
. 

+ 
4 

5 
2a

 
+ 

4 
. 

+ 
4 

4 
. 

3 
 

. 
+ 

. 
. 

. 
. 

3 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
3 

. 
2b

 
. 

+ 
. 

R
ub

us
 b

ar
on

ic
us

 
 

. 
. 

. 
. 

. 
. 

. 
. 

4 
. 

. 
. 

4 
. 

 
. 

. 
. 

. 
. 

. 
. 

5 
. 

5 
. 

. 
4 

3 
. 

. 
. 

. 
. 

. 
3 

. 
. 

. 
R

ub
us

 in
se

ct
ifo

liu
s 

 
. 

. 
. 

+ 
. 

. 
5 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

3 
5 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
4 

. 
4  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

ds
 su

ba
ss

oc
ia

tio
ns

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

ds
 d

es
ch

am
ps

ie
to

su
m

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

M
ol

in
ia

 c
ae

ru
le

a 
 

+ 
2b

 
. 

2a
 

. 
+ 

2a
 

+ 
. 

. 
+ 

+ 
+ 

2a
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
D

ry
op

te
ris

 d
ila

ta
ta

 
 

2a
 

. 
. 

. 
+ 

2a
 

+ 
+ 

. 
2a

 
. 

+ 
2a

 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
D

es
ch

am
ps

ia
 fl

ex
uo

sa
 

 
1 

1 
+ 

. 
. 

+ 
. 

2b
 

2m
 

. 
. 

+ 
. 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

D
ic

ra
nu

m
 sc

op
ar

iu
m

 
 

. 
. 

2m
 

. 
. 

. 
. 

. 
1 

. 
. 

. 
. 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

V
ac

ci
ni

um
 m

yr
til

lu
s 

 
+ 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

ds
 ty

pi
cu

m
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
U

rt
ic

a 
di

oi
ca

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
+ 

. 
2a

 
2a

 
1 

1 
+ 

1 
+ 

+ 
1 

+ 
. 

. 
D

ac
ty

lis
 g

lo
m

er
at

a 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
+ 

1 
1 

. 
. 

+ 
+ 

. 
. 

1 
Ju

nc
us

 e
ffu

su
s 

 
. 

2b
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

+ 
2a

 
. 

1 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

1 
. 

C
al

am
ag

ro
sti

s e
pi

ge
jo

s 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

H
ol

cu
s l

an
at

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
1 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
+ 

. 
. 

. 
2a

 
. 

. 
. 

+ 
G

le
ch

om
a 

he
de

ra
ce

a 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
1 

. 
1 

. 
. 

. 
. 

. 
. 

r 
. 

. 
. 

. 
+ 

. 
. 

. 
C

irs
iu

m
 a

rv
en

se
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
+ 

+ 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
H

ed
er

a 
he

lix
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

5 
2b

 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
C

ha
m

er
io

n 
an

gu
sti

fo
liu

m
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
cs

 R
ub

et
um

 si
lv

at
ic

i 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ub

us
 u

m
br

os
us

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2b
 

. 
. 

. 
. 

2b
 

. 
. 

. 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
cs

 L
on

ic
er

o-
R

ub
io

n 
sil

va
tic

i/
Lo

ni
ce

ro
-R

ub
et

ea
 p

lic
at

i  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ub

us
 g

ra
tu

s 
 

+ 
2b

 
2b

 
. 

2b
 

. 
+ 

. 
2b

 
2b

 
2a

 
2b

 
. 

2a
 

 
2a

 
4 

5 
3 

1 
. 

3 
2a

 
. 

. 
. 

+ 
+ 

. 
1 

2b
 

+ 
. 

2b
 

. 
2a

 
. 

2a
 

. 
R

ub
us

 in
te

gr
ib

as
is 

 
+ 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
+ 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
2a

 
2a

 
. 

2b
 

+ 
. 

2a
 

. 
1 

2a
 

. 
R

ub
us

 p
lic

at
us

 
 

. 
+ 

2b
 

. 
. 

2b
 

+ 
. 

+ 
. 

1 
. 

. 
. 

 
. 

. 
+ 

+ 
. 

. 
. 

. 
. 

. 
2a

 
+ 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

R
ub

us
 n

es
se

ns
is 

 
+ 

. 
. 

. 
2a

 
. 

+ 
. 

. 
. 

. 
. 

2a
 

. 
 

2a
 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
+ 

2a
 

. 
. 

. 
2b

 
. 

. 
T

ab
le

 n
um

be
r 

 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

14
 

 
15

 
16

 
17

 
18

 
19

 
20

 
21

 
22

 
23

 
24

 
25

 
26

 
27

 
28

 
29

 
30

 
31

 
32

 
33

 
34

 
35

 
36

 
37

 
38

 
R

ub
us

 fr
ed

er
ic

i 
 

. 
. 

1 
. 

. 
1 

+ 
. 

+ 
2a

 
. 

2a
 

. 
. 

 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
3 

. 
. 

. 
. 

. 
. 

+ 
. 

2a
 

. 
2a

 
. 

R
ub

us
 c

al
ot

he
m

nu
s 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
3 

 
. 

. 
. 

3 
. 

. 
. 

. 
. 

. 
4 

. 
. 

. 
1 

. 
. 

+ 
. 

. 
2b

 
. 

. 
. 



The Rubetum taxandriae

125

113 

T
ab

le
 7

.1
. R

el
ev

és
 o

f t
he

 R
ub

et
um

 ta
xa

nd
ria

e a
ss

. n
ov

. 
C

ou
nt

ry
: N

L 
= 

th
e 

N
et

he
rla

nd
s, 

B 
= 

Be
lg

iu
m

; c
s =

 c
ha

ra
ct

er
 sp

ec
ie

s; 
ds

 =
 d

iff
er

en
tia

l s
pe

ci
es

 
 T

ab
le

 n
um

be
r 

 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

14
 

 
15

 
16

 
17

 
18

 
19

 
20

 
21

 
22

 
23

 
24

 
25

 
26

 
27

 
28

 
29

 
30

 
31

 
32

 
33

 
34

 
35

 
36

 
37

 
38

 
Ye

ar
 

 
20

09
 2

00
9 

20
06

 2
00

9 
20

10
 2

00
9 

20
09

 1
99

9 
19

99
 1

99
9 

20
06

 2
01

1 
20

10
 2

01
0 

 
19

99
 1

99
8 

19
98

 2
00

8 
20

09
 2

00
9 

20
11

 1
99

9 
20

10
 2

01
0 

20
11

 2
01

1 
20

09
 2

01
0 

20
10

 2
00

8 
20

09
 2

01
1 

20
11

 2
01

1 
20

11
 2

01
0 

20
10

 2
00

9 
Ar

ea
 re

le
vé

 (m
²)

 
 

30
 

30
 

21
 

30
 

3 
30

 
30

 
70

 
50

 
40

 
40

 
30

 
30

 
30

 
 

24
 

22
.5

 
12

 
15

 
30

 
30

 
36

 
21

 
30

 
30

 
30

 
30

 
30

 
30

 
30

 
15

 
30

 
30

 
36

 
30

 
30

 
30

 
30

 
30

 
Ex

po
sit

io
n 

 
 

S 
 

W
 

 
E 

W
 

N
 

 
 

N
 

S 
 

  
 

 
N

 
 

 
 

SE
 

 
N

W
 

 
 

 
N

 
W

 
E 

N
E 

 
W

 
N

E 
 

 
 

 
 

 
In

cl
in

at
io

n 
(d

eg
re

es
) 

 
 

3 
 

2 
 

2 
2 

5 
 

 
 

10
 

 
  

 
 

 
 

 
 

30
 

 
 

 
 

 
3 

1 
80

 
10

 
 

3 
5 

 
 

 
 

 
 

C
ov

er
 to

ta
l (

%
) 

 
90

 
99

 
95

 
99

 
95

 
99

 
80

 
95

 
10

0 
10

0 
96

 
96

 
96

 
96

 
 

10
0 

10
0  

10
0 

96
 

99
 

99
 

99
 

10
0 

96
 

96
 

99
 

96
 

99
 

96
 

96
 

96
 

95
 

99
 

95
 

96
 

96
 

96
 

96
 

99
 

C
ov

er
 tr

ee
 la

ye
r (

%
) 

 
20

 
20

 
0 

30
 

40
 

40
 

10
 

25
 

20
 

4 
50

 
50

 
40

 
0 

 
20

 
60

 
50

 
60

 
95

 
30

 
10

 
50

 
20

 
20

 
20

 
80

 
20

 
96

 
95

 
5 

50
 

90
 

0 
96

 
96

 
1 

80
 

90
 

C
ov

er
 sh

ru
b 

la
ye

r (
%

) 
 

70
 

85
 

90
 

80
 

95
 

99
 

80
 

5 
10

 
1 

96
 

75
 

90
 

90
 

 
20

 
10

0 
0 

96
 

30
 

85
 

99
 

20
 

96
 

96
 

99
 

95
 

90
 

96
 

70
 

96
 

70
 

80
 

95
 

80
 

96
 

96
 

70
 

60
 

C
ov

er
 h

er
b 

la
ye

r (
%

) 
 

20
 

20
 

5 
30

 
1 

5 
5 

90
 

95
 

10
0 

0 
30

 
10

 
5 

 
90

 
1 

95
 

1 
80

 
20

 
2 

90
 

5 
5 

5 
2 

5 
10

 
10

 
5 

30
 

1 
2 

5 
1 

5 
10

0 
5 

C
ov

er
 m

os
s l

ay
er

 (%
) 

 
0 

0 
5 

99
 

70
 

0 
0 

4 
20

 
0 

0 
1 

0 
10

 
 

10
 

0 
0 

1 
0 

0 
1 

0 
0 

0 
0 

5 
5 

2 
10

 
0 

0 
0 

5 
0 

1 
0 

0 
0 

H
ei

gh
t t

re
e 

la
ye

r (
m

) 
 

15
 

. 
. 

20
 

12
 

15
 

22
 

25
 

16
 

25
 

20
 

15
 

10
 

. 
 

10
 

20
 

12
 

. 
18

 
20

 
30

 
22

 
15

 
25

 
25

 
20

 
10

 
20

 
10

 
. 

15
 

22
 

. 
18

 
25

 
30

 
20

 
10

 
H

ei
gh

t h
ig

h 
sh

ru
b 

la
ye

r (
m

) 
 

2.
5 

2 
1.

5 
2.

5 
4 

. 
2 

2.
5 

4 
2.

5 
. 

3 
4 

4 
 

4 
4 

. 
. 

4 
6 

4 
3 

4 
2 

4 
4 

5 
3 

. 
4.

5 
6 

2.
5 

4 
3 

4 
. 

2 
3.

5 
H

ei
gh

t l
ow

 sh
ru

b 
la

ye
r (

m
) 

 
0.

8 
0.

8 
. 

1 
1.

5 
1.

5 
1 

. 
. 

. 
2 

1 
1 

0.
8 

 
. 

1.
5 

. 
1 

0.
8 

1.
5 

1.
2 

. 
1.

5 
1 

1.
2 

1.
2 

2 
1.

5 
0.

6 
1 

1 
0.

8 
1.

2 
0.

8 
1 

1.
5 

0.
8 

1 
H

ei
gh

t h
er

b 
la

ye
r (

cm
) 

 
60

 
60

 
30

 
50

 
30

 
50

 
60

 
10

0 
15

0 
12

0 
20

 
30

 
50

 
50

 
 

12
0 

50
 

70
 

20
 

20
 

20
 

40
 

80
 

30
 

30
 

40
 

40
 

30
 

30
 

30
 

50
 

30
 

10
0 

40
 

40
 

40
 

30
 

30
 

30
 

C
ou

nt
ry

 
 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

 
N

L 
N

L 
N

L 
N

L 
N

L 
N

L 
B 

N
L 

N
L 

N
L 

B 
B 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

B 
N

L 
B 

N
L 

N
L 

N
L 

 
 

 
 

 
 

 
sa

 d
es

ch
am

ps
ie

to
su

m
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
sa

 ty
pi

cu
m

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

cs
 R

ub
et

um
 ta

xa
nd

ri
ae

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ub

us
 ta

xa
nd

ria
e 

 
5 

4 
3 

+ 
. 

. 
. 

+ 
+ 

4 
. 

2a
 

. 
+ 

 
5 

2a
 

2b
 

+ 
r 

. 
3 

. 
4 

+ 
3 

4 
2a

 
4 

4 
2b

 
3 

4 
. 

5 
. 

3 
3 

. 
R

ub
us

 c
am

pa
ni

en
sis

 
 

. 
. 

+ 
4 

5 
2a

 
+ 

4 
. 

+ 
4 

4 
. 

3 
 

. 
+ 

. 
. 

. 
. 

3 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
3 

. 
2b

 
. 

+ 
. 

R
ub

us
 b

ar
on

ic
us

 
 

. 
. 

. 
. 

. 
. 

. 
. 

4 
. 

. 
. 

4 
. 

 
. 

. 
. 

. 
. 

. 
. 

5 
. 

5 
. 

. 
4 

3 
. 

. 
. 

. 
. 

. 
3 

. 
. 

. 
R

ub
us

 in
se

ct
ifo

liu
s 

 
. 

. 
. 

+ 
. 

. 
5 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

3 
5 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
4 

. 
4  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

ds
 su

ba
ss

oc
ia

tio
ns

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

ds
 d

es
ch

am
ps

ie
to

su
m

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

M
ol

in
ia

 c
ae

ru
le

a 
 

+ 
2b

 
. 

2a
 

. 
+ 

2a
 

+ 
. 

. 
+ 

+ 
+ 

2a
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
D

ry
op

te
ris

 d
ila

ta
ta

 
 

2a
 

. 
. 

. 
+ 

2a
 

+ 
+ 

. 
2a

 
. 

+ 
2a

 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
D

es
ch

am
ps

ia
 fl

ex
uo

sa
 

 
1 

1 
+ 

. 
. 

+ 
. 

2b
 

2m
 

. 
. 

+ 
. 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

D
ic

ra
nu

m
 sc

op
ar

iu
m

 
 

. 
. 

2m
 

. 
. 

. 
. 

. 
1 

. 
. 

. 
. 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

V
ac

ci
ni

um
 m

yr
til

lu
s 

 
+ 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

ds
 ty

pi
cu

m
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
U

rt
ic

a 
di

oi
ca

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
+ 

. 
2a

 
2a

 
1 

1 
+ 

1 
+ 

+ 
1 

+ 
. 

. 
D

ac
ty

lis
 g

lo
m

er
at

a 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
+ 

1 
1 

. 
. 

+ 
+ 

. 
. 

1 
Ju

nc
us

 e
ffu

su
s 

 
. 

2b
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

+ 
2a

 
. 

1 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

1 
. 

C
al

am
ag

ro
sti

s e
pi

ge
jo

s 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

H
ol

cu
s l

an
at

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
1 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
+ 

. 
. 

. 
2a

 
. 

. 
. 

+ 
G

le
ch

om
a 

he
de

ra
ce

a 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
1 

. 
1 

. 
. 

. 
. 

. 
. 

r 
. 

. 
. 

. 
+ 

. 
. 

. 
C

irs
iu

m
 a

rv
en

se
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
+ 

+ 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
H

ed
er

a 
he

lix
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

5 
2b

 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
C

ha
m

er
io

n 
an

gu
sti

fo
liu

m
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
cs

 R
ub

et
um

 si
lv

at
ic

i 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ub

us
 u

m
br

os
us

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2b
 

. 
. 

. 
. 

2b
 

. 
. 

. 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
cs

 L
on

ic
er

o-
R

ub
io

n 
sil

va
tic

i/
Lo

ni
ce

ro
-R

ub
et

ea
 p

lic
at

i  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ub

us
 g

ra
tu

s 
 

+ 
2b

 
2b

 
. 

2b
 

. 
+ 

. 
2b

 
2b

 
2a

 
2b

 
. 

2a
 

 
2a

 
4 

5 
3 

1 
. 

3 
2a

 
. 

. 
. 

+ 
+ 

. 
1 

2b
 

+ 
. 

2b
 

. 
2a

 
. 

2a
 

. 
R

ub
us

 in
te

gr
ib

as
is 

 
+ 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
+ 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
2a

 
2a

 
. 

2b
 

+ 
. 

2a
 

. 
1 

2a
 

. 
R

ub
us

 p
lic

at
us

 
 

. 
+ 

2b
 

. 
. 

2b
 

+ 
. 

+ 
. 

1 
. 

. 
. 

 
. 

. 
+ 

+ 
. 

. 
. 

. 
. 

. 
2a

 
+ 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

R
ub

us
 n

es
se

ns
is 

 
+ 

. 
. 

. 
2a

 
. 

+ 
. 

. 
. 

. 
. 

2a
 

. 
 

2a
 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
+ 

2a
 

. 
. 

. 
2b

 
. 

. 
T

ab
le

 n
um

be
r 

 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

14
 

 
15

 
16

 
17

 
18

 
19

 
20

 
21

 
22

 
23

 
24

 
25

 
26

 
27

 
28

 
29

 
30

 
31

 
32

 
33

 
34

 
35

 
36

 
37

 
38

 
R

ub
us

 fr
ed

er
ic

i 
 

. 
. 

1 
. 

. 
1 

+ 
. 

+ 
2a

 
. 

2a
 

. 
. 

 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
3 

. 
. 

. 
. 

. 
. 

+ 
. 

2a
 

. 
2a

 
. 

R
ub

us
 c

al
ot

he
m

nu
s 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
3 

 
. 

. 
. 

3 
. 

. 
. 

. 
. 

. 
4 

. 
. 

. 
1 

. 
. 

+ 
. 

. 
2b

 
. 

. 
. 

114 

R
ub

us
 b

er
tr

am
ii 

 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
R

ub
us

 sc
iss

us
 

 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

R
ub

us
 d

iv
ar

ic
at

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

R
ub

us
 p

la
nu

s 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
. 

2a
 

. 
. 

. 
R

ub
us

 c
on

tr
ac

tip
es

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2b
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

cs
 P

ru
no

-R
ub

io
n 

ra
du

la
e 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
R

ub
us

 m
ac

ro
ph

yl
lu

s 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

2b
 

. 
 

. 
+ 

. 
. 

. 
. 

2a
 

. 
. 

2b
 

. 
. 

. 
. 

. 
. 

. 
+ 

4 
. 

. 
. 

. 
. 

R
ub

us
 g

en
ic

ul
at

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
3 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

cs
/d

s F
ra

ng
ul

et
ea

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ha

m
nu

s f
ra

ng
ul

a 
 

+ 
+ 

+ 
. 

. 
. 

. 
+ 

2a
 

. 
. 

+ 
. 

3 
 

. 
+ 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2b
 

+ 
+ 

. 
. 

. 
. 

Sa
lix

 c
in

er
ea

 ss
p.

 c
in

er
ea

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
O

th
er

 b
ra

m
bl

es
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
R

ub
us

 id
ae

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
2a

 
1 

. 
. 

2b
 

. 
. 

. 
. 

. 
. 

. 
. 

R
ub

us
 p

ol
io

th
yr

su
s 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

3 
. 

. 
. 

. 
. 

. 
. 

. 
R

ub
us

 g
la

re
os

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
R

ub
us

 g
ue

stp
ha

lic
us

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

3 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
R

ub
us

 x
 p

se
ud

oi
da

eu
s 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
R

ub
us

 su
bs

ec
tio

 S
ub

id
ae

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

R
ub

us
 fe

ro
ci

or
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

3 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

T
re

e 
la

ye
r 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Q

ue
rc

us
 ro

bu
r 

 
2b

 
. 

. 
. 

. 
3 

2a
 

2a
 

. 
. 

2a
 

. 
. 

. 
 

2b
 

. 
. 

. 
2a

 
2b

 
. 

. 
. 

2b
 

. 
. 

. 
. 

5 
. 

4 
5 

. 
. 

3 
. 

. 
5 

Be
tu

la
 p

en
du

la
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
3 

. 
. 

. 
 

. 
. 

3 
. 

4 
. 

. 
. 

. 
. 

. 
5 

. 
. 

2a
 

. 
. 

. 
. 

. 
4 

. 
. 

+ 
Pi

nu
s s

yl
ve

str
is 

 
. 

. 
. 

. 
. 

. 
2a

 
2b

 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
5 

. 
. 

. 
. 

Q
ue

rc
us

 ru
br

a 
 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

2a
 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

Be
tu

la
 p

ub
es

ce
ns

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

3 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
. 

. 
. 

. 
+ 

. 
. 

2a
 

. 
. 

. 
Ps

eu
do

tsu
ga

 m
en

zie
sii

 
  

. 
. 

. 
2b

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

Fa
gu

s s
yl

va
tic

a 
  

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 S h
ru

b 
la

ye
r 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
So

rb
us

 a
uc

up
ar

ia
 

 
. 

. 
+ 

. 
2a

 
. 

. 
+ 

2a
 

+ 
. 

2m
 

. 
2a

 
 

2a
 

2a
 

. 
+ 

2a
 

. 
. 

2a
 

2a
 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
+ 

+ 
Be

tu
la

 p
en

du
la

 
 

+ 
2b

 
+ 

. 
+ 

. 
. 

+ 
+ 

. 
. 

2m
 

. 
2b

 
 

2b
 

. 
. 

+ 
. 

+ 
. 

+ 
. 

+ 
. 

. 
. 

. 
. 

+ 
2a

 
. 

. 
. 

. 
. 

+ 
. 

Q
ue

rc
us

 ro
bu

r 
 

2a
 

. 
2a

 
. 

2a
 

. 
. 

. 
+ 

. 
. 

2a
 

. 
. 

 
+ 

+ 
. 

+ 
2a

 
2a

 
+ 

+ 
2a

 
. 

. 
+ 

. 
2a

 
. 

2b
 

. 
. 

+ 
+ 

+ 
+ 

2m
 

. 
Lo

ni
ce

ra
 p

er
ic

ly
m

en
um

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
. 

2a
 

 
+ 

2m
 

. 
+ 

+ 
. 

. 
. 

. 
+ 

. 
. 

. 
+ 

. 
+ 

1 
2a

 
. 

. 
. 

. 
. 

. 
Am

el
an

ch
ie

r l
am

ar
ck

ii 
 

r 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
2a

 
. 

. 
 

. 
. 

. 
+ 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
Be

tu
la

 p
ub

es
ce

ns
 

 
. 

+ 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
Pr

un
us

 se
ro

tin
a 

 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
2b

 
. 

 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
2b

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
Pi

ce
a 

ab
ie

s 
 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
Pr

un
us

 p
ad

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

Sa
m

bu
cu

s n
ig

ra
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
2b

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

C
or

yl
us

 a
ve

lla
na

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

2a
 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
. 

. 
+ 

. 
. 

. 
Ac

er
 p

se
ud

op
la

ta
nu

s 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
2m

 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

Sa
lix

 c
ap

re
a 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
Q

ue
rc

us
 ru

br
a 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2b
 

. 
. 

. 
. 

. 
. 

. 
. 

2b
 

. 
. 

. 
. 

C
ra

ta
eg

us
 m

on
og

yn
a 

  
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
Ph

ra
gm

ite
s a

us
tr

al
is 

  
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
Ile

x 
aq

ui
fo

liu
m

 
  

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

R
ob

in
ia

 p
se

ud
oa

ca
ci

a 
  

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

T
ab

le
 n

um
be

r 
 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10

 
11

 
12

 
13

 
14

 
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 

25
 

26
 

27
 

28
 

29
 

30
 

31
 

32
 

33
 

34
 

35
 

36
 

37
 

38
 

Pi
nu

s s
yl

ve
str

is 
  

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

Al
nu

s g
lu

tin
os

a 
  

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

M
al

us
 sp

ec
ie

s 
  

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 H
er

b 
la

ye
r 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Ag

ro
sti

s c
ap

ill
ar

is 
 

. 
1 

2m
 

. 
. 

. 
1 

. 
. 

. 
1 

2b
 

2a
 

1 
 

1 
+ 

+ 
+ 

+ 
1 

. 
. 

1 
1 

1 
2m

 
+ 

. 
2m

 
+ 

+ 
. 

. 
+ 

. 
1 

+ 
1 

114 

R
ub

us
 b

er
tr

am
ii 

 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
R

ub
us

 sc
iss

us
 

 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

R
ub

us
 d

iv
ar

ic
at

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

R
ub

us
 p

la
nu

s 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
. 

2a
 

. 
. 

. 
R

ub
us

 c
on

tr
ac

tip
es

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2b
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

cs
 P

ru
no

-R
ub

io
n 

ra
du

la
e 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
R

ub
us

 m
ac

ro
ph

yl
lu

s 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

2b
 

. 
 

. 
+ 

. 
. 

. 
. 

2a
 

. 
. 

2b
 

. 
. 

. 
. 

. 
. 

. 
+ 

4 
. 

. 
. 

. 
. 

R
ub

us
 g

en
ic

ul
at

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
3 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

cs
/d

s F
ra

ng
ul

et
ea

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ha

m
nu

s f
ra

ng
ul

a 
 

+ 
+ 

+ 
. 

. 
. 

. 
+ 

2a
 

. 
. 

+ 
. 

3 
 

. 
+ 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2b
 

+ 
+ 

. 
. 

. 
. 

Sa
lix

 c
in

er
ea

 ss
p.

 c
in

er
ea

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
O

th
er

 b
ra

m
bl

es
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
R

ub
us

 id
ae

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
2a

 
1 

. 
. 

2b
 

. 
. 

. 
. 

. 
. 

. 
. 

R
ub

us
 p

ol
io

th
yr

su
s 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

3 
. 

. 
. 

. 
. 

. 
. 

. 
R

ub
us

 g
la

re
os

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

.  
. 

. 
. 

. 
. 

. 
R

ub
us

 g
ue

stp
ha

lic
us

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

3 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
R

ub
us

 x
 p

se
ud

oi
da

eu
s 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
R

ub
us

 su
bs

ec
tio

 S
ub

id
ae

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

R
ub

us
 fe

ro
ci

or
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

3 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

T
re

e 
la

ye
r 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Q

ue
rc

us
 ro

bu
r 

 
2b

 
. 

. 
. 

. 
3 

2a
 

2a
 

. 
. 

2a
 

. 
. 

. 
 

2b
 

. 
. 

. 
2a

 
2b

 
. 

. 
. 

2b
 

. 
. 

. 
. 

5 
. 

4 
5 

. 
. 

3 
. 

. 
5 

Be
tu

la
 p

en
du

la
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
3 

. 
. 

. 
 

. 
. 

3 
. 

4 
. 

. 
. 

. 
. 

. 
5 

. 
. 

2a
 

. 
. 

. 
. 

. 
4 

. 
. 

+ 
Pi

nu
s s

yl
ve

str
is 

 
. 

. 
. 

. 
. 

. 
2a

 
2b

 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
5 

. 
. 

. 
. 

Q
ue

rc
us

 ru
br

a 
 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

2a
 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

Be
tu

la
 p

ub
es

ce
ns

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

3 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
. 

. 
. 

. 
+ 

. 
. 

2a
 

. 
. 

. 
Ps

eu
do

tsu
ga

 m
en

zie
sii

 
  

. 
. 

. 
2b

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

Fa
gu

s s
yl

va
tic

a 
  

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 Sh
ru

b 
la

ye
r 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
So

rb
us

 a
uc

up
ar

ia
 

 
. 

. 
+ 

. 
2a

 
. 

. 
+ 

2a
 

+ 
. 

2m
 

. 
2a

 
 

2a
 

2a
 

. 
+ 

2a
 

. 
. 

2a
 

2a
 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
+ 

+ 
Be

tu
la

 p
en

du
la

 
 

+ 
2b

 
+ 

. 
+ 

. 
. 

+ 
+ 

. 
. 

2m
 

. 
2b

 
 

2b
 

. 
. 

+ 
. 

+ 
. 

+ 
. 

+ 
. 

. 
. 

. 
. 

+ 
2a

 
. 

. 
. 

. 
. 

+ 
. 

Q
ue

rc
us

 ro
bu

r 
 

2a
 

. 
2a

 
. 

2a
 

. 
. 

. 
+ 

. 
. 

2a
 

. 
. 

 
+ 

+ 
. 

+ 
2a

 
2a

 
+ 

+ 
2a

 
. 

. 
+ 

. 
2a

 
. 

2b
 

. 
. 

+ 
+ 

+ 
+ 

2m
 

. 
Lo

ni
ce

ra
 p

er
ic

ly
m

en
um

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
. 

2a
 

 
+ 

2m
 

. 
+ 

+ 
. 

. 
. 

. 
+ 

. 
. 

. 
+ 

. 
+ 

1 
2a

 
. 

. 
. 

. 
. 

. 
Am

el
an

ch
ie

r l
am

ar
ck

ii 
 

r 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
2a

 
. 

. 
 

. 
. 

. 
+ 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
Be

tu
la

 p
ub

es
ce

ns
 

 
. 

+ 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
Pr

un
us

 se
ro

tin
a 

 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
2b

 
. 

 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
2b

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
Pi

ce
a 

ab
ie

s 
 

. 
. 

. 
. 

. 
. 

+ 
.  

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
Pr

un
us

 p
ad

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

Sa
m

bu
cu

s n
ig

ra
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
2b

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

C
or

yl
us

 a
ve

lla
na

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

2a
 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
. 

. 
+ 

. 
. 

. 
Ac

er
 p

se
ud

op
la

ta
nu

s 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
2m

 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

Sa
lix

 c
ap

re
a 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
Q

ue
rc

us
 ru

br
a 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2b
 

. 
. 

. 
. 

. 
. 

. 
. 

2b
 

. 
. 

. 
. 

C
ra

ta
eg

us
 m

on
og

yn
a 

  
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
Ph

ra
gm

ite
s a

us
tr

al
is 

  
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
Ile

x 
aq

ui
fo

liu
m

 
  

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

R
ob

in
ia

 p
se

ud
oa

ca
ci

a 
  

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

T
ab

le
 n

um
be

r 
 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10

 
11

 
12

 
13

 
14

 
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 

25
 

26
 

27
 

28
 

29
 

30
 

31
 

32
 

33
 

34
 

35
 

36
 

37
 

38
 

Pi
nu

s s
yl

ve
str

is 
  

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

Al
nu

s g
lu

tin
os

a 
  

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

M
al

us
 sp

ec
ie

s 
  

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 H
er

b 
la

ye
r 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Ag

ro
sti

s c
ap

ill
ar

is 
 

. 
1 

2m
 

. 
. 

. 
1 

. 
. 

. 
1 

2b
 

2a
 

1 
 

1 
+ 

+ 
+ 

+ 
1 

. 
. 

1 
1 

1 
2m

 
+ 

. 
2m

 
+ 

+ 
. 

. 
+ 

. 
1 

+ 
1 



Chapter 7

126

115 

H
ol

cu
s m

ol
lis

 
 

. 
1 

. 
. 

1 
2m

 
. 

. 
. 

. 
. 

2m
 

. 
. 

 
1 

. 
. 

. 
2m

 
1 

2m
 

2a
 

. 
. 

1 
. 

+ 
. 

1 
. 

. 
. 

2m
 

. 
. 

. 
. 

+ 
Q

ue
rc

us
 ru

br
a 

 
+ 

. 
. 

. 
. 

. 
+ 

+ 
. 

. 
. 

1 
. 

. 
 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

+ 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

Q
ue

rc
us

 ro
bu

r 
 

. 
+ 

. 
. 

+ 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
+ 

. 
+ 

. 
1 

. 
2a

 
. 

. 
. 

D
ry

op
te

ris
 c

ar
th

us
ia

na
 

 
+ 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

1 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
+ 

1 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
So

rb
us

 a
uc

up
ar

ia
 

 
r 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
 

+ 
. 

. 
. 

. 
. 

. 
1 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

R
an

un
cu

lu
s r

ep
en

s 
 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

r 
+ 

+ 
. 

+ 
. 

. 
. 

. 
Pt

er
id

iu
m

 a
qu

ili
nu

m
 

 
. 

. 
. 

4 
. 

5 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

2a
 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
T

eu
cr

iu
m

 sc
or

od
on

ia
 

 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
1 

. 
. 

. 
. 

. 
. 

. 
r 

. 
. 

. 
. 

. 
. 

Fe
stu

ca
 ru

br
a 

 
. 

. 
1 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

Pr
un

us
 se

ro
tin

a 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
1 

. 
1 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
Pi

nu
s s

yl
ve

str
is 

 
+ 

+ 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

H
yp

er
ic

um
 p

er
fo

ra
tu

m
 

 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

1 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

C
ar

ex
 a

re
na

ria
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

1 
. 

. 
 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2m
 

. 
. 

. 
. 

. 
At

hy
riu

m
 fi

lix
-fe

m
in

a 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2a
 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
Se

ne
ci

o 
ja

co
ba

ea
 

 
. 

. 
r 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

C
er

as
tiu

m
 *

 v
ul

ga
re

 
 

. 
. 

r 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
T

ar
ax

ac
um

 sp
ec

ie
s 

 
. 

. 
r 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

Pl
eu

ro
ziu

m
 sc

hr
eb

er
i 

 
. 

. 
. 

. 
. 

. 
. 

+ 
2a

 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
Se

ne
ci

o 
sy

lv
at

ic
us

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
1 

. 
. 

. 
. 

. 
. 

. 
. 

. 
R

um
ex

 a
ce

to
se

lla
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
1 

. 
. 

. 
 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

R
um

ex
 a

ce
to

sa
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

D
ry

op
te

ris
 fi

lix
-m

as
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
 

. 
. 

. 
. 

. 
. 

r 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

Po
ly

go
na

tu
m

 m
ul

tif
lo

ru
m

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
1 

 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
An

th
ris

cu
s s

yl
ve

str
is 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
1 

. 
. 

. 
. 

. 
. 

Lu
zu

la
 p

ilo
sa

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
Bl

ec
hn

um
 sp

ic
an

t 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
El

yt
rig

ia
 *

  r
ep

en
s 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2m

 
. 

. 
. 

. 
. 

. 
. 

2a
 

Ly
sim

ac
hi

a 
vu

lg
ar

is 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
+ 

. 
. 

. 
. 

. 
. 

G
eu

m
 u

rb
an

um
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

1 
1 

. 
. 

. 
. 

. 
. 

Si
le

ne
 d

io
ic

a 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

+ 
. 

. 
. 

. 
. 

. 
Ep

ip
ac

tis
 h

el
le

bo
rin

e 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

+ 
. 

. 
. 

. 
C

ar
ex

 h
irt

a 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
+ 

. 
. 

. 
C

al
lu

na
 v

ul
ga

ris
 

 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

Eq
ui

se
tu

m
 a

rv
en

se
 

  
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
 M

os
se

s 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Eu
rh

yn
ch

iu
m

 p
ra

el
on

gu
m

 
 

. 
. 

. 
4 

3 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

1 
. 

1 
. 

. 
. 

2m
 

. 
. 

. 
+ 

. 
Br

ac
hy

th
ec

iu
m

 ru
ta

bu
lu

m
 

 
. 

. 
+ 

3 
3 

. 
. 

. 
. 

. 
. 

. 
. 

2a
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

2m
 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

Ps
eu

do
sc

le
ro

po
di

um
 p

ur
um

 
 

. 
. 

. 
1 

. 
. 

+ 
1 

. 
. 

. 
2a

 
. 

1 
 

. 
. 

. 
1 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
. 

. 
2m

 
. 

. 
. 

. 
. 

H
yp

nu
m

 c
up

re
ss

ifo
rm

e 
 

. 
. 

. 
. 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
 

2a
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
C

am
py

lo
pu

s p
yr

ifo
rm

is 
 

1 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
Po

ly
tr

ic
hu

m
 fo

rm
os

um
 

 
. 

. 
. 

+ 
. 

. 
2m

 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

1 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
M

ni
um

 h
or

nu
m

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

1 
. 

. 
1 

1 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
D

ic
ra

ne
lla

 h
et

er
om

al
la

 
 

2m
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

H
yp

nu
m

 ju
tla

nd
ic

um
 

 
. 

. 
2m

 
. 

. 
. 

. 
2m

 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

At
ric

hu
m

 u
nd

ul
at

um
 

  
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 Ad

de
nd

a 
(s

pe
ci

es
 o

th
er

 th
an

 th
e 

Ru
bu

s s
pe

ci
es

 in
 o

nl
y 

on
e 

re
le

vé
 a

nd
 a

bu
nd

an
ce

 <
 5

%
): 

 
T

re
e 

la
ye

r: 
H

ed
er

a 
he

lix
 (2

4,
 +

), 
Po

pu
lu

s t
re

m
ul

a 
(3

8,
 +

), 
So

rb
us

 a
uc

up
ar

ia
 (1

5,
 +

); 
 

Sh
ru

b 
la

ye
r: 

Ac
er

 p
la

ta
no

id
es 

(2
3,

 +
), 

C
ar

pi
nu

s b
etu

lu
s (

30
, +

), 
C

as
ta

ne
a 

sa
tiv

a 
(1

, +
), 

Fa
gu

s s
ylv

at
ica

 (2
4,

 +
), 

H
um

ul
us

 lu
pu

lu
s (

20
, +

), 
La

rix
 sp

ec
ie

s (
31

, +
), 

Ps
eu

do
tsu

ga
 m

en
zi

esi
i (

4,
 +

), 
Rh

od
od

en
dr

on
 p

on
tic

um
 (2

5,
 +

), 
Sa

lix
 a

ur
ita

 (2
0,

 +
), 

Sa
m

bu
cu

s r
ac

em
os

a 
(1

6,
 +

), 
T

ili
a 

× 
vu

lga
ris

 (3
0,

 
r)

;  
H

er
b 

la
ye

r: 
Ae

go
po

di
um

 p
od

ag
ra

ria
 (2

3,
 +

), 
Ar

cti
um

 m
in

us
 (3

6,
 +

), 
Ar

rh
en

at
he

ru
m

 el
at

iu
s s

sp
. e

la
tiu

s (
31

, +
), 

Ar
tem

isi
a 

vu
lg

ar
is 

(3
, r

), 
Be

tu
la

 p
en

du
la

 (6
, +

), 
C

al
yst

eg
ia

 sp
ec

ie
s (

25
, +

), 
C

ar
da

m
in

e f
lex

uo
sa

 (2
8,

 +
), 

C
er

at
oc

ap
no

s c
la

vi
cu

la
ta

 (6
, +

), 
C

irs
iu

m
 v

ul
ga

re
 (3

1,
 r)

, D
ig

ita
lis

 p
ur

pu
re

a 
(3

9,
 +

), 
Fa

gu
s s

ylv
at

ica
 (3

4,
 +

), 
Fe

stu
ca

 fi
lif

or
m

is 
(1

2,
 +

), 
G

al
eo

ps
is 

bi
fid

a 
(5

, +
), 

G
al

eo
ps

is 
sp

ec
ie

s (
21

, 1
), 

G
al

eo
ps

is 
tet

ra
hi

t (
29

, r
), 

G
al

iu
m

 a
pa

rin
e (

21
, 1

), 
G

al
iu

m
 sa

xa
til

e (
3,

 r)
, G

er
an

iu
m

 ro
be

rti
an

um
 (3

3,
 1

), 
H

er
ac

leu
m

 sp
ho

nd
yli

um
 (3

1,
 +

), 
H

ier
ac

iu
m

 u
m

be
lla

tu
m

 (2
7,

 +
), 

H
yp

oc
ha

er
is 

ra
di

ca
ta

 (3
, 1

), 
Ile

x 
aq

ui
fo

liu
m

 (1
5,

 +
), 

Im
pa

tie
ns

 p
ar

vi
flo

ru
m

 (3
6,

 1
), 

Ju
nc

us
 a

cu
tif

lo
ru

s (
21

, +
), 

Ju
nc

us
 te

nu
is 

(3
7,

 +
), 

Li
na

ria
 v

ul
ga

ris
 (3

1,
 +

), 
Ly

co
pu

s e
ur

op
ae

us
 (2

5,
 +

), 
Pe

rsi
ca

ria
 h

yd
ro

pi
pe

r (
37

, +
), 

Ph
leu

m
 p

ra
ten

se 
(3

5,
 +

), 
Pl

an
ta

go
 m

aj
or

 (3
, r

), 
Po

a 
tri

vi
al

is 
(3

1,
 1

), 
Ps

eu
do

tsu
ga

 m
en

zi
esi

i 
(4

, +
), 

St
ell

ar
ia

 g
ra

m
in

ea
 (2

1,
 +

), 
St

ell
ar

ia
 h

ol
os

tea
 (3

3,
 1

), 
T

rif
ol

iu
m

 re
pe

ns
 (3

, r
), 

Va
cc

in
iu

m
 v

iti
s-i

da
eu

s (
8,

 +
), 

Ve
rb

as
cu

m
 n

ig
ru

m
 (3

0,
 r)

;  
M

os
s l

ay
er

: A
ul

ac
om

ni
um

 a
nd

ro
gy

nu
m

 (2
9,

 1
), 

C
al

yp
og

eia
 m

ue
lle

ria
na

 (2
9,

 1
), 

Lo
ph

oc
ol

ea
 b

id
en

ta
ta

 (8
, 2

m
), 

Lo
ph

oc
ol

ea
 se

m
ite

re
s (

3,
 2

m
), 

Rh
yt

id
ia

de
lp

hu
s s

qu
ar

ro
su

s (
11

, +
). 

 Ad
de

nd
a 

(s
pe

ci
es

 o
th

er
 th

an
 th

e 
Ru

bu
s s

pe
ci

es
 in

 o
nl

y 
on

e 
re

le
vé

 a
nd

 a
bu

nd
an

ce
 <

 5
%

): 
Tr

ee
 la

ye
r: 

H
ed

er
a 

he
lix

 (2
4,

 +
), 

Po
pu

lu
s t

re
m

ul
a 

(3
8,

 +
), 

So
rb

us
 a

uc
up

ar
ia

 (1
5,

 +
); 

Sh
ru

b 
la

ye
r: 

Ac
er

 p
la

ta
no

id
es 

(2
3,

 +
), 

C
ar

pi
nu

s b
et

ul
us

 (3
0,

 +
), 

C
as

ta
ne

a 
sa

tiv
a 

(1
, +

), 
Fa

gu
s s

ylv
at

ica
 (2

4,
 +

), 
H

um
ul

us
 lu

pu
lu

s (
20

, +
), 

La
rix

 sp
ec

ie
s (

31
, +

), 
Ps

eu
do

tsu
ga

 m
en

zi
esi

i (
4,

 +
), 

Rh
od

od
en

dr
on

 p
on

tic
um

 (2
5,

 
+)

, S
al

ix
 a

ur
ita

 (2
0,

 +
), 

Sa
m

bu
cu

s r
ac

em
os

a 
(1

6,
 +

), 
Ti

lia
 ×

 v
ul

ga
ris

 (3
0,

 r)
; 

H
er

b 
la

ye
r: 

Ae
go

po
di

um
 p

od
ag

ra
ria

 (2
3,

 +
), 

Ar
cti

um
 m

in
us

 (3
6,

 +
), 

Ar
rh

en
at

he
ru

m
 el

at
iu

s s
sp

. e
la

tiu
s (

31
, +

), 
Ar

te
m

isi
a 

vu
lg

ar
is 

(3
, r

), 
Be

tu
la

 p
en

du
la

 (6
, +

), 
C

al
ys

te
gi

a 
sp

ec
ie

s (
25

, +
), 

C
ar

da
m

in
e fl

 ex
uo

sa
 (2

8,
 +

), 
C

er
at

oc
ap

no
s c

la
vi

cu
la

ta
 (6

, +
), 

C
irs

iu
m

 v
ul

ga
re

 (3
1,

 r)
, D

ig
ita

lis
 p

ur
pu

re
a 

(3
9,

 +
), 

Fa
gu

s s
ylv

at
ica

 (3
4,

 +
), 

Fe
stu

ca
 fi 

lif
or

m
is 

(1
2,

 +
), 

G
al

eo
ps

is 
bi

fi d
a 

(5
, +

), 
G

al
eo

ps
is 

sp
ec

ie
s (

21
, 1

), 
G

al
eo

ps
is 

te
tra

hi
t (

29
, r

), 
G

al
iu

m
 

ap
ar

in
e (

21
, 1

), 
G

al
iu

m
 sa

xa
til

e (
3,

 r)
, G

er
an

iu
m

 ro
be

rt
ia

nu
m

 (3
3,

 1
), 

H
er

ac
leu

m
 sp

ho
nd

yli
um

 (3
1,

 +
), 

H
ier

ac
iu

m
 u

m
be

lla
tu

m
 (2

7,
 +

), 
H

yp
oc

ha
er

is 
ra

di
ca

ta
 (3

, 1
), 

Ile
x 

aq
ui

fo
liu

m
 (1

5,
 +

), 
Im

pa
tie

ns
 p

ar
vi

fl o
ru

m
 (3

6,
 

1)
, J

un
cu

s a
cu

tifl
 o

ru
s (

21
, +

), 
Ju

nc
us

 te
nu

is 
(3

7,
 +

), 
Li

na
ria

 v
ul

ga
ris

 (3
1,

 +
), 

Ly
co

pu
s e

ur
op

ae
us

 (2
5,

 +
), 

Pe
rsi

ca
ria

 h
yd

ro
pi

pe
r (

37
, +

), 
Ph

leu
m

 p
ra

te
ns

e (
35

, +
), 

Pl
an

ta
go

 m
aj

or
 (3

, r
), 

Po
a 

tri
vi

al
is 

(3
1,

 1
), 

Ps
eu

do
tsu

ga
 

m
en

zi
esi

i (
4,

 +
), 

St
ell

ar
ia

 g
ra

m
in

ea
 (2

1,
 +

), 
St

ell
ar

ia
 h

ol
os

te
a 

(3
3,

 1
), 

Tr
ifo

liu
m

 re
pe

ns
 (3

, r
), 

Va
cc

in
iu

m
 v

iti
s-i

da
eu

s (
8,

 +
), 

Ve
rb

as
cu

m
 n

ig
ru

m
 (3

0,
 r)

; 
M

os
s l

ay
er

: A
ul

ac
om

ni
um

 a
nd

ro
gy

nu
m

 (2
9,

 1
), 

C
al

yp
og

eia
 m

ue
lle

ria
na

 (2
9,

 1
), 

Lo
ph

oc
ol

ea
 b

id
en

ta
ta

 (8
, 2

m
), 

Lo
ph

oc
ol

ea
 se

m
ite

re
s (

3,
 2

m
), 

Rh
yt

id
ia

de
lp

hu
s s

qu
ar

ro
su

s (
11

, +
).

113 

T
ab

le
 7

.1
. R

el
ev

és
 o

f t
he

 R
ub

et
um

 ta
xa

nd
ria

e a
ss

. n
ov

. 
C

ou
nt

ry
: N

L 
= 

th
e 

N
et

he
rla

nd
s, 

B 
= 

Be
lg

iu
m

; c
s =

 c
ha

ra
ct

er
 sp

ec
ie

s; 
ds

 =
 d

iff
er

en
tia

l s
pe

ci
es

 
 T

ab
le

 n
um

be
r 

 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

14
 

 
15

 
16

 
17

 
18

 
19

 
20

 
21

 
22

 
23

 
24

 
25

 
26

 
27

 
28

 
29

 
30

 
31

 
32

 
33

 
34

 
35

 
36

 
37

 
38

 
Ye

ar
 

 
20

09
 2

00
9 

20
06

 2
00

9 
20

10
 2

00
9 

20
09

 1
99

9 
19

99
 1

99
9 

20
06

 2
01

1 
20

10
 2

01
0 

 
19

99
 1

99
8 

19
98

 2
00

8 
20

09
 2

00
9 

20
11

 1
99

9 
20

10
 2

01
0 

20
11

 2
01

1 
20

09
 2

01
0 

20
10

 2
00

8 
20

09
 2

01
1 

20
11

 2
01

1 
20

11
 2

01
0 

20
10

 2
00

9 
Ar

ea
 re

le
vé

 (m
²)

 
 

30
 

30
 

21
 

30
 

3 
30

 
30

 
70

 
50

 
40

 
40

 
30

 
30

 
30

 
 

24
 

22
.5

 
12

 
15

 
30

 
30

 
36

 
21

 
30

 
30

 
30

 
30

 
30

 
30

 
30

 
15

 
30

 
30

 
36

 
30

 
30

 
30

 
30

 
30

 
Ex

po
sit

io
n 

 
 

S 
 

W
 

 
E 

W
 

N
 

 
 

N
 

S 
 

  
 

 
N

 
 

 
 

SE
 

 
N

W
 

 
 

 
N

 
W

 
E 

N
E 

 
W

 
N

E 
 

 
 

 
 

 
In

cl
in

at
io

n 
(d

eg
re

es
) 

 
 

3 
 

2 
 

2 
2 

5 
 

 
 

10
 

 
  

 
 

 
 

 
 

30
 

 
 

 
 

 
3 

1 
80

 
10

 
 

3 
5 

 
 

 
 

 
 

C
ov

er
 to

ta
l (

%
) 

 
90

 
99

 
95

 
99

 
95

 
99

 
80

 
95

 
10

0 
10

0 
96

 
96

 
96

 
96

 
 

10
0 

10
0  

10
0 

96
 

99
 

99
 

99
 

10
0 

96
 

96
 

99
 

96
 

99
 

96
 

96
 

96
 

95
 

99
 

95
 

96
 

96
 

96
 

96
 

99
 

C
ov

er
 tr

ee
 la

ye
r (

%
) 

 
20

 
20

 
0 

30
 

40
 

40
 

10
 

25
 

20
 

4 
50

 
50

 
40

 
0 

 
20

 
60

 
50

 
60

 
95

 
30

 
10

 
50

 
20

 
20

 
20

 
80

 
20

 
96

 
95

 
5 

50
 

90
 

0 
96

 
96

 
1 

80
 

90
 

C
ov

er
 sh

ru
b 

la
ye

r (
%

) 
 

70
 

85
 

90
 

80
 

95
 

99
 

80
 

5 
10

 
1 

96
 

75
 

90
 

90
 

 
20

 
10

0 
0 

96
 

30
 

85
 

99
 

20
 

96
 

96
 

99
 

95
 

90
 

96
 

70
 

96
 

70
 

80
 

95
 

80
 

96
 

96
 

70
 

60
 

C
ov

er
 h

er
b 

la
ye

r (
%

) 
 

20
 

20
 

5 
30

 
1 

5 
5 

90
 

95
 

10
0 

0 
30

 
10

 
5 

 
90

 
1 

95
 

1 
80

 
20

 
2 

90
 

5 
5 

5 
2 

5 
10

 
10

 
5 

30
 

1 
2 

5 
1 

5 
10

0 
5 

C
ov

er
 m

os
s l

ay
er

 (%
) 

 
0 

0 
5 

99
 

70
 

0 
0 

4 
20

 
0 

0 
1 

0 
10

 
 

10
 

0 
0 

1 
0 

0 
1 

0 
0 

0 
0 

5 
5 

2 
10

 
0 

0 
0 

5 
0 

1 
0 

0 
0 

H
ei

gh
t t

re
e 

la
ye

r (
m

) 
 

15
 

. 
. 

20
 

12
 

15
 

22
 

25
 

16
 

25
 

20
 

15
 

10
 

. 
 

10
 

20
 

12
 

. 
18

 
20

 
30

 
22

 
15

 
25

 
25

 
20

 
10

 
20

 
10

 
. 

15
 

22
 

. 
18

 
25

 
30

 
20

 
10

 
H

ei
gh

t h
ig

h 
sh

ru
b 

la
ye

r (
m

) 
 

2.
5 

2 
1.

5 
2.

5 
4 

. 
2 

2.
5 

4 
2.

5 
. 

3 
4 

4 
 

4 
4 

. 
. 

4 
6 

4 
3 

4 
2 

4 
4 

5 
3 

. 
4.

5 
6 

2.
5 

4 
3 

4 
. 

2 
3.

5 
H

ei
gh

t l
ow

 sh
ru

b 
la

ye
r (

m
) 

 
0.

8 
0.

8 
. 

1 
1.

5 
1.

5 
1 

. 
. 

. 
2 

1 
1 

0.
8 

 
. 

1.
5 

. 
1 

0.
8 

1.
5 

1.
2 

. 
1.

5 
1 

1.
2 

1.
2 

2 
1.

5 
0.

6 
1 

1 
0.

8 
1.

2 
0.

8 
1 

1.
5 

0.
8 

1 
H

ei
gh

t h
er

b 
la

ye
r (

cm
) 

 
60

 
60

 
30

 
50

 
30

 
50

 
60

 
10

0 
15

0 
12

0 
20

 
30

 
50

 
50

 
 

12
0 

50
 

70
 

20
 

20
 

20
 

40
 

80
 

30
 

30
 

40
 

40
 

30
 

30
 

30
 

50
 

30
 

10
0 

40
 

40
 

40
 

30
 

30
 

30
 

C
ou

nt
ry

 
 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

 
N

L 
N

L 
N

L 
N

L 
N

L 
N

L 
B 

N
L 

N
L 

N
L 

B 
B 

N
L 

N
L 

N
L 

N
L 

N
L 

N
L 

B 
N

L 
B 

N
L 

N
L 

N
L 

 
 

 
 

 
 

 
sa

 d
es

ch
am

ps
ie

to
su

m
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
sa

 ty
pi

cu
m

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

cs
 R

ub
et

um
 ta

xa
nd

ri
ae

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ub

us
 ta

xa
nd

ria
e 

 
5 

4 
3 

+ 
. 

. 
. 

+ 
+ 

4 
. 

2a
 

. 
+ 

 
5 

2a
 

2b
 

+ 
r 

. 
3 

. 
4 

+ 
3 

4 
2a

 
4 

4 
2b

 
3 

4 
. 

5 
. 

3 
3 

. 
R

ub
us

 c
am

pa
ni

en
sis

 
 

. 
. 

+ 
4 

5 
2a

 
+ 

4 
. 

+ 
4 

4 
. 

3 
 

. 
+ 

. 
. 

. 
. 

3 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
3 

. 
2b

 
. 

+ 
. 

R
ub

us
 b

ar
on

ic
us

 
 

. 
. 

. 
. 

. 
. 

. 
. 

4 
. 

. 
. 

4 
. 

 
. 

. 
. 

. 
. 

. 
. 

5 
. 

5 
. 

. 
4 

3 
. 

. 
. 

. 
. 

. 
3 

. 
. 

. 
R

ub
us

 in
se

ct
ifo

liu
s 

 
. 

. 
. 

+ 
. 

. 
5 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

3 
5 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
4 

. 
4  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

ds
 su

ba
ss

oc
ia

tio
ns

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

ds
 d

es
ch

am
ps

ie
to

su
m

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

M
ol

in
ia

 c
ae

ru
le

a 
 

+ 
2b

 
. 

2a
 

. 
+ 

2a
 

+ 
. 

. 
+ 

+ 
+ 

2a
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
D

ry
op

te
ris

 d
ila

ta
ta

 
 

2a
 

. 
. 

. 
+ 

2a
 

+ 
+ 

. 
2a

 
. 

+ 
2a

 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
D

es
ch

am
ps

ia
 fl

ex
uo

sa
 

 
1 

1 
+ 

. 
. 

+ 
. 

2b
 

2m
 

. 
. 

+ 
. 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

D
ic

ra
nu

m
 sc

op
ar

iu
m

 
 

. 
. 

2m
 

. 
. 

. 
. 

. 
1 

. 
. 

. 
. 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

V
ac

ci
ni

um
 m

yr
til

lu
s 

 
+ 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

ds
 ty

pi
cu

m
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
U

rt
ic

a 
di

oi
ca

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
+ 

. 
2a

 
2a

 
1 

1 
+ 

1 
+ 

+ 
1 

+ 
. 

. 
D

ac
ty

lis
 g

lo
m

er
at

a 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
+ 

1 
1 

. 
. 

+ 
+ 

. 
. 

1 
Ju

nc
us

 e
ffu

su
s 

 
. 

2b
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

+ 
2a

 
. 

1 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

1 
. 

C
al

am
ag

ro
sti

s e
pi

ge
jo

s 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

H
ol

cu
s l

an
at

us
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
1 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
+ 

. 
. 

. 
2a

 
. 

. 
. 

+ 
G

le
ch

om
a 

he
de

ra
ce

a 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
1 

. 
1 

. 
. 

. 
. 

. 
. 

r 
. 

. 
. 

. 
+ 

. 
. 

. 
C

irs
iu

m
 a

rv
en

se
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
+ 

+ 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
. 

. 
H

ed
er

a 
he

lix
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

5 
2b

 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

2a
 

. 
. 

. 
. 

. 
. 

. 
C

ha
m

er
io

n 
an

gu
sti

fo
liu

m
 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
+ 

. 
. 

. 
. 

. 
. 

. 
2a

 
. 

. 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
cs

 R
ub

et
um

 si
lv

at
ic

i 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ub

us
 u

m
br

os
us

 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

2b
 

. 
. 

. 
. 

2b
 

. 
. 

. 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
cs

 L
on

ic
er

o-
R

ub
io

n 
sil

va
tic

i/
Lo

ni
ce

ro
-R

ub
et

ea
 p

lic
at

i  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ub

us
 g

ra
tu

s 
 

+ 
2b

 
2b

 
. 

2b
 

. 
+ 

. 
2b

 
2b

 
2a

 
2b

 
. 

2a
 

 
2a

 
4 

5 
3 

1 
. 

3 
2a

 
. 

. 
. 

+ 
+ 

. 
1 

2b
 

+ 
. 

2b
 

. 
2a

 
. 

2a
 

. 
R

ub
us

 in
te

gr
ib

as
is 

 
+ 

+ 
. 

. 
. 

. 
. 

. 
. 

. 
+ 

. 
+ 

+ 
 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
2a

 
2a

 
. 

2b
 

+ 
. 

2a
 

. 
1 

2a
 

. 
R

ub
us

 p
lic

at
us

 
 

. 
+ 

2b
 

. 
. 

2b
 

+ 
. 

+ 
. 

1 
. 

. 
. 

 
. 

. 
+ 

+ 
. 

. 
. 

. 
. 

. 
2a

 
+ 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
. 

R
ub

us
 n

es
se

ns
is 

 
+ 

. 
. 

. 
2a

 
. 

+ 
. 

. 
. 

. 
. 

2a
 

. 
 

2a
 

. 
. 

. 
. 

. 
. 

. 
. 

+ 
. 

. 
. 

. 
. 

. 
+ 

2a
 

. 
. 

. 
2b

 
. 

. 
T

ab
le

 n
um

be
r 

 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

14
 

 
15

 
16

 
17

 
18

 
19

 
20

 
21

 
22

 
23

 
24

 
25

 
26

 
27

 
28

 
29

 
30

 
31

 
32

 
33

 
34

 
35

 
36

 
37

 
38

 
R

ub
us

 fr
ed

er
ic

i 
 

. 
. 

1 
. 

. 
1 

+ 
. 

+ 
2a

 
. 

2a
 

. 
. 

 
+ 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
3 

. 
. 

. 
. 

. 
. 

+ 
. 

2a
 

. 
2a

 
. 

R
ub

us
 c

al
ot

he
m

nu
s 

 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
2b

 
3 

 
. 

. 
. 

3 
. 

. 
. 

. 
. 

. 
4 

. 
. 

. 
1 

. 
. 

+ 
. 

. 
2b

 
. 

. 
. 



The Rubetum taxandriae

127

Frequently accompanying species are Quercus robur and Betula pendula in the tree and 
shrub layers, and Sorbus aucuparia, Lonicera periclymenum, Rhamnus frangula, and 
Amelanchier lamarckii in the shrub layer. Typically, the herb and moss layer are not well 
developed because of the dense bramble layer. Agrostis capillaris, Molinia caerulea, and 
Holcus mollis are the most frequent species in the herb layer, while Kindbergia praelonga, 
Brachythecium rutabulum, Hypnum cupressiforme, and Pseudoscleropodium purum can be 
found more or less frequently in the moss layer. Betula pendula is a weak differential 
species of the Rubetum taxandriae in comparison to the Rubetum silvatici. The opposite 
holds for Sorbus aucuparia and Holcus mollis, which occur more often in the Rubetum 
silvatici (Table 7.2).

Typically, the Rubetum taxandriae is a dense thicket of about 1 m height in which two 
or more Rubus species grow together under an open tree layer and higher shrub layer. 
Coenoses with only one of the character species without accompanying Rubus species 
are considered as association fragments. Such fragments can be found through out the 
distribution area of the association, and also beyond the border of the main distribution 
area in the Campine, for instance in the Peel region (see under “Distribution”).

Two subassociations can be distinguished:

Rubetum taxandriae typicum subass. nova
Holotypus: as association.
The Rubetum taxandriae typicum is negatively characterised by the absence of the 
species of the deschampsietosum subassociation. Besides this, it has several rather weak 
differential species: Lonicera periclymenum, Urtica dioica, Dactylis glomerata, Holcus 
lanatus, Calamagrostis epigejos, and Hedera helix. Among the brambles, Rubus idaeus, R. 
macrophyllus, and R. poliothyrsus show a clear preference for this subassociation (table 
7.1). 

Rubetum taxandriae deschampsietosum flexuosae subass. nova
Holotypus: relevé 12 (May 30th 2011, military air field Woensdrecht, author R. Haveman 
11-019 and I. De Ronde 11-015), table 7.1 of this publication.

The Rubetum taxandriae deschampsietosum flexuosae is characterised by the occurrence 
of Deschampsia flexuosa, Molinia caerulea, Dryopteris dilatata, Vaccinium myrtillus, 
Brachythecium rutabulum, and Dicranum scoparium. Rubus campaniensis is more frequent 
in this subassociation than in the Rubetum taxandriae typicum (table 7.1).
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Table 7.2. Shortened frequency table of the Rubetum taxandriae (column 1) and the Rubetum 
silvatici (column 2). Frequencies are given in percentages. Except for the Rubus species, species with 
a frequency < 20% in both columns are omitted. Character species and differential species (with a 
frequency class difference of at least two classes) are boxed.

Column 1 2
Number of relevés 39 67

ca Rubetum taxandriae
Rubus taxandriae                                  73 .
Rubus campaniensis                                45 .
Rubus baronicus                                   18 .
Rubus insectifolius                               15 .

ca Rubetum silvatici
Rubus flexuosus . 51
Rubus umbrosus 5 39
Rubus silvaticus . 33
Rubus sprengelii . 31

optimum in Rubetum taxandriae (partly da)
Rubus integribasis 33 3
Rubus frederici                                   33 .
Rubus calothemnus 18 1
Rubus macrophyllus 18 4
Rubus geniculatus                                 8 .
Rubus planus                                      8 .
Rubus bertramii                                   8 .

optimum in Rubetum silvatici (partly da)
Rubus drenthicus . 21
Rubus idaeus 10 36
Rubus glandithyrsos . 15
Rubus erinulus . 10
Rubus discors . 10
Rubus ammobius                                    . 4
Rubus schlechtendalii . 4

da associations
Betula pendula 60 19
Sorbus aucuparia 50 81
Holcus mollis 35 61

bramble layer
Rubus gratus 68 79
Rubus plicatus 30 24
Rubus nessensis 23 16
Rubus contractipes 3 6
Rubus scissus 3 4
Rubus poliothyrsus 5 1
Rubus vigorosus                                   . 4
Rubus ferocior 3 1
Rubus laevicaulis                                 . 3
Rubus nemoralis                                   . 3
Rubus guestphalicus                               3 .
Rubus glareosus                                   3 .
Rubus x pseudoidaeus                              3 .
Rubus subsectio Subidaeus                         3 .
Rubus contritidens                                . 1
Rubus arrhenii                                    . 1
Rubus adspersus                                   . 1
Rubus trichanthus                                 . 1
Rubus camptostachys                               . 1
Rubus calvus                                      . 1
Rubus speculans                                   . 1

other species
tree and scrub layer
Quercus robur 83 75
Lonicera periclymenum 28 52
Rhamnus frangula 33 30
Betula pubescens 25 19
Quercus rubra 25 4
Pinus sylvestris 20 3
herb layer
grasses
Agrostis capillaris 65 69
Molinia caerulea 30 18
Deschampsia flexuosa 25 21
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Elytrigia repens 5 22
herbs
Urtica dioica 30 49
Galeopsis tetrahit 3 24
Ceratocapnos claviculata 3 19
Cirsium arvense 10 1
Teucrium scorodonia                               10 .
ferns
Dryopteris dilatata 25 42
Pteridium aquilinum 13 4
Dryopteris carthusiana 18 1
moss layer
Hypnum cupressiforme 13 27
Eurhynchium praelongum 20 6
Pseudoscleropodium purum 20 3

Ecology
The Rubetum taxandriae is a mesophilous and silvicolous (i.e. confined to the direct 
influence of woodlands) bramble scrub in woodland edges and forest clearings on loamy 
to loam-poor, rather nutrient poor, sandy soils. Far less often it is found in hedges, 
wooded banks or between agricultural tracts. The Rubetum taxandriae deschampsietosum 
is confined to heathland afforestations from the late 19th and early 20th century, and is 
mainly found along woodland paths and in woodland clearings (“Innensäume”). The 
Rubetum taxandriae typicum grows on sites with a slightly better nutrient availability, 
especially at the outer borders of forests, and in old forest remnants. Under a dense 
canopy the brambles die back, since the light demands of characteristic Rubus species 
are no longer met. Only in woodlands with an open canopy, especially in Pinus sylvestris 
and Quercus robur forests, both Rubus campaniensis and R. taxandriae can form a 
dense, species poor knee-high bramble layer in the undergrowth (cf. Bijlsma 2004); 
the synsystematic position of such Rubus-rich forests still has to be settled. On very 
nutrient-poor soils the Rubetum taxandriae is replaced by the Rubetum grati. 

Distribution 
The distribution area of the Rubetum taxandriae includes the Dutch part of the Campine 
and the Baronie (Western Noord-Brabant, eastwards to the Eindhoven area) and at least 
parts of the Belgian Campine; the latter area has not yet been explored extensively. Fig. 
7.2 gives the distribution of the relevés used in this paper. Association fragments can also 
be found in the “Peel” region, northeast of the Campine, where Rubus campaniensis is 
the only character species of the association. Distribution maps of the character species 
of the association (Kurtto et al. 2010) suggest that it can be found south of the Campine, 
but relevés are lacking.  

According to our observations, the Rubetum taxandriae is much more common in the 
western part of the Campine, between the towns of Antwerpen and Breda, than in the 
eastern part, around Turnhout and Eindhoven. Probably this has its background in 
the landscape history of the region. The western part was developed much earlier than 

Column 1 2
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the eastern part. This is obvious from the military topographical map of around 1850 
(Anonymus 1995): the development of the western part of the Campine has led to a 
small scale landscape pattern with fields, meadows, woodlands and hedgerows, whereas 
the region of Eindhoven is characterised mainly by large scale heathlands which are 
devoid of brambles to a large extent, with agricultural activity only along the brooks 
and rivulets. Heathland reclamation took place between 1875 and 1950 mainly, after 
which bramble species spread into the reclaimed area. Although both Rubus taxandriae 
and R. campaniensis have a wide distribution in the eastern part of the Campine, they 
are much more abundant in the western part, which might lead to the conclusion that 
the colonisation of the eastern part of the Campine by these species has not yet come 
to an end: the distribution area seems to be unsaturated, as might be expected for most 
species in this agamic complex (Weber 1987).

Some considerations on the classification of the Lonicero-Rubion silvatici
The syntaxonomic place of the bramble scrubs united in the Lonicero-Rubion silvatici 
is subject to discussion. After its publication it was placed in the Epilobietea Tüxen 
& Preising in Tüxen 1950, but as Weber (1977a) argued there are strong objections 
concerning the vegetation structure: the Epilobietea are dominated by herbs and grasses, 
and the Lonicero-Rubion by scrub species. On the basis of the frequent occurrence of 
Rhamnus frangula and the occurrence of Salix cinerea and S. aurita on somewhat moister 
soils, Weber (1998a, 2003b) places this alliance in the Franguletea. As mentioned 
in the introduction, Haveman et al. (1999a) placed the alliance in a new class, the 
Lonicero-Rubetea plicati. In the more (sub-)Atlantic parts of north-western Europe, both 
mentioned Salix species play hardly any role in the bramble scrubs, and their occurrence 
in the German examples of the Lonicero-Rubion communities could be a first indication 
that the Rubus species tend to grow in more tempered, humid conditions in less Atlantic 
climates, retracting in woodlands completely further to the east. This stresses the fact 
that the bramble scrubs of the Lonicero-Rubion have their optimum in the (sub-)Atlantic 
parts of north-western Europe, and that alliance is less typical developed in northern 
Germany, thereby intermingling with the Franguletea. Therefore, we prefer to place the 
bramble scrubs of the Lonicero-Rubion silvatici in a separate class, the Lonicero-Rubetea 
plicati.

The lowland sand areas in north-west Europe form a centre of diversity of Rubus subgen. 
Rubus (cf. Matzke-Hajek 1997; Kurtto et al. 2010, pp. 42). In an analysis of the centres of 
diversity of Rubus in the Netherlands (Veeken & Haveman 2008), three regions could be 
distinguished in the major Dutch sand landscapes, which fall apart in seven subregions. 
The distribution area of the Rubetum taxandriae in the Netherlands corresponds 
remarkably well with the subregion of western Noord-Brabant. This raises the question 
about a probable further subdivision of the Rubetum silvatici in the Netherlands: is it 
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possible to distinguish further communities within the Rubetum silvatici, characteristic 
for the various regions and/or subregions? There are indications that this is indeed the 
case. In the northern region, lying on the Drenthian bolder-clay plateau, a bramble 
community occurs for which the combination of Rubus glandithyrsos, R. erinulus and R. 
flexuosus is very characteristic. In the central subregion, the first two species are practically 
absent in the Rubetum silvatici, and their place is taken by R. lasiandrus instead, while 
R. umbrosus is much more prominently present. Unlike the Rubetum taxandriae, these 
communities show a rather high frequency of character species of the Rubetum silvatici, 
so that they can therefore probably better be distinguished as regional subassociations 
of this association. Further investigations must make clear whether more Rubus scrub 
types can be distinguished in the north-west European sand landscapes, and what the 
underlying mechanisms and causes of the regional variation are.
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Introduction
The subject of this thesis is the diversity of Rubus subgen. Rubus (bramble). In the 
introductory chapter (chapter 1), the following questions were raised: 

I.  What are the arguments to distinguish apomict lineages in Rubus as species, 
and how many species can be distinguished (especially in the Netherlands) 
based on this?

II.  What are the main factors in the realisation of large scale spatial patterns in 
Rubus subgen. Rubus, and are these patterns primarily ecological or historical 
confounded?

III.  Which factors determine the spatial distribution and species assemblage of 
bramble scrubs and what is the importance of ecology and history herein?

IV.  What is the nature conservation value of brambles and bramble scrubs, 
considering the gained insights in the taxonomy, phytogeography and 
phytosociology?

The previous six chapters of this thesis are grouped around two main themes, viz. 
taxonomical issues (chapter 2 to 4) and the description of patterns (chapter 5 to 7). 
Chapter 2 is a literature review on species concepts, resulting in the idea how apomict 
lineages should be treated taxonomically. In chapter 3, the history and elements of 
current taxonomical practice in batology are sketched, and arguments are given for the 
description of species with limited distribution areas. Chapter 4 is an annotated check-
list of bramble species in the Netherlands, based on decennia of taxonomical field work.

In chapter 5, a phytogeographical analysis of distribution patterns of Rubus species in 
north-west Europe resulted in a regionalisation of Rubus distributions, and the possible 
causes for the found patterns are discussed. Chapter 6 and 7 are phytosociological studies 
of bramble scrubs in the Netherlands. In chapter 6, three landscape transects revealed 
the spatially structured variation in species composition in Rubus scrubs. In chapter 7, a 
regional Rubus scrub type was described.

In the chapter in hand, the results of the previous chapters will be discussed in 
connection. Again, the two mentioned main themes (taxonomy (paragraph 8.2) and 
patterns (paragraph 8.3)) are used to structure the discussion, but a third theme is 
added, viz. the nature conservation value of brambles and bramble scrubs (paragraph 
8.4). This last theme doesn’t necessarily follows from the other themes, but it is added 
here to underline the practical implications of the findings in this thesis. I will conclude 
this chapter with some general considerations on brambles and bramble diversity.
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Apomict Rubus species and taxonomy
Recapitulation
In chapter 2, it was concluded that the species category cannot satisfactory be defined, 
but that species are separately evolving (segments of ) metapopulation lineages, which 
can only be perceived. They are salient phenomena, which have to be explained, rather 
than be defined. Apomict Rubus species are such salient phenomena, with their own 
morphology, genetic identity, ecology, and distribution ranges. In this respect, there is no 
fundamental difference between Rubus species with large distribution ranges and species 
with small, or even very small distribution ranges (chapter 3). The current standard list 
of Rubus species in the Netherlands contains 191 species in Rubus subgenus Rubus, of 
which 2 sexual species (R. ulmifolius and R. caesius), and 189 apomict lineages (chapter 
4). In the following, this theme will be elaborated a bit further, to understand the need 
for a proper taxonomic treatment of apomicts generally, and Rubus more explicitly.

Treatment of apomicts in recent taxonomical works
In recent national floras and standard lists of north-west European countries, the 
taxonomical treatment of apomicts is rather diverse. In the United Kingdom, there is a 
strong tendency to distinguish numerous species in apomict genera: both in standard 
lists (Dandy 1958; Kent 1992) and in the recently published critical flora (Sell & 
Murrell 2006, 2014) hundreds of apomict species are distinguished. In his field flora, 
Stace (2001) gives a comprehensive treatment of several apomict genera distinguishing 
numerous species (Alchemilla, Sorbus), but other genera are only divided into sections 
(Rubus, Hieracium, Taraxacum). Like in the UK, in Germany apomict lineages are 
often considered species in the standard list (Wisskirchen & Haeupler 1998) as well as 
in common floras (Oberdorfer 1994; Jäger & Werner 2002). In Hieracium, however, 
the system of Zahn is followed, in which aggregate principal and intermediate species 
are distinguished, under which the apomict lineages are grouped as subspecies (which 
are not included in the mentioned works). In the Belgian flora, the apomict genera 
are not treated very consistently: within Taraxacum and Alchemilla, numerous species 
are distinguished, but in the other genera only the most common species (Rubus) or 
aggregate species (Hieracium) are mentioned (Lambinon et al. 1998; Lambinon & 
Verloove 2012).

The treatment of apomicts in the subsequent editions of the Dutch flora seems really 
haphazard, and the fortunes of Rubus can make that clear. Between the 14th and the 25th  

edition of this flora, the treatment of the genus has been very variable, changing several 
times from only accepting one or few large aggregates to the inclusion of some selection 
of apomict Rubus lineages as species. The treatment of Hieracium and Alchemilla has 
been more constant: in Hieracium, aggregate species or sections are recognised, whereas 
all known Alchemilla species are included in all subsequent editions of the flora since 
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1956. In the subsequent standard lists of the Dutch flora, published in semi-regular 
intervals between 1970 and 2003 (Mennema 1976; Van der Meijden et al. 1984; Van 
der Meijden et al. 1991; Van der Meijden et al. 1996; Tamis et al. 2004), apomicts are 
merely treated at the section or higher levels, and no microspecies are distinguished, 
except in Alchemilla. In Flora Neerlandica, the work on Taraxacum was done by the 
internationally recognised specialist Van Soest, amongst others, and all known Dutch 
dandelion species are described and illustrated (Hagendijk et al. 1975, 1982). Other 
volumes which had to contain apomicts were never published.

It can be concluded that in the Dutch floras and overviews, Rubus and other apomict 
groups are treated rather inconsistently, although apomicts in most floras and overviews 
in the surrounding European countries are included in some detail. 

The taxonomist’s responsibility
This neglect or inconsistent taxonomical treatment over the years might have serious 
drawbacks for the conservation of a substantial part of north-west European plant 
species (Gregor & Matzke-Hajek 2002; Haveman et al. 2002). Lumping of species 
in one collective species was called ‘nominal extinction’ by Leme (2003) in a paper 
on Amazonian bromeliads. As soon as species are lumped, they disappear from check 
lists, conservation programmes and ecological and geographical studies. Like Mace 
(2004) articulated: “We cannot necessarily expect to conserve organisms that we cannot 
identify, and our attempts to understand the consequences of environmental change and 
degradation are compromised fatally if we cannot recognize and describe the interacting 
components of natural ecosystems.” Erroneous application of synonyms contributes to 
impoverished assessment of biodiversity, and therefore enhances the likelihood of bona 
fide extinction. On the basis of several examples, Leme sketched the implications of 
errors in taxonomical decisions on the conservation of narrow endemics. 

This fully applies to the treatment of apomicts in the Dutch flora. As long as professional 
taxonomists neglect apomict groups, there is no motive for agencies or volunteers to 
pay any attention to the diversity involved. This will sustain a situation in which only a 
few specialists can recognise the species in apomict groups, which hampers an adequate 
monitoring. An example of this effect is given by Haveman & De Ronde (2014), who 
described the lack of specific attention for Hieracium, which subsequently has led to 
unawareness of the high biodiversity values of chalk rock faces in the southernmost 
part of the Netherlands. This in turn resulted in a shortage of conservation effort and 
the apparent extinction of several narrow (neo-)endemics. It perfectly illustrates why 
taxonomists should be aware of their responsibility and the effects of their (sometimes 
seemingly arbitrary) taxonomic choices. Especially in the light of the current ‘biodiversity 
crisis’, an era characterised by man-induced mass extinction (Western 1992), it is the 
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taxonomist’s responsibility to give an exact as possible account of the existing species 
(Cracraft 2002; Leme 2003; Cracraft & Donoghue 2004). Therefore, apomict species 
should at least be included in the Dutch standard list and Red List of vascular plants. 

Most critical floras in Europe (are planning to) give a full account of most apomict 
species groups (Monasterio-Huelin 1998; Jonsell 2004; Sell & Murrell 2006, 2014). For 
the Netherlands, a modern critical scientific flora is not available, but recently, the Royal 
Botanical Society of the Netherlands (KNBV) started an initiative that must lead to a 
multi-volume critical flora of the Netherlands (Nova Flora Neerlandica 2015). In this 
flora, it is planned to treat the apomictic genera in full, including Rubus. 

Conclusion and outlook
The whole quest for a universal species concept since the Modern Synthesis illustrates 
a deep and widely felt need to have one set of generally accepted rules to evaluate the 
species status of organismal populations. In the introduction of his book The species 
problem, Richards (2010) illustrated this need referring to the disparities in species 
counts, for instance in worldwide bird species numbers, ranging from 9,000 to 20,000. 
The author interprets this quest in the light of the tension field between Aristotelian 
philosophy, in which species are seen as kinds with essences, and Darwinian biology, in 
which species are not longer eternal and unchanging (Richards 2010, p. 2). In the light 
of this, the search for one universal species concept which is applicable to all species is 
nothing more than an ultimate attempt to fit the old static understanding of species in 
a new – dynamic – system. In the light of evolution, to make an explicit reference to 
Dobzhanzky’s famous essay (Dobzhansky 1973), this makes no sense though, because 
every single species has its own evolutionary path along which it came to existence. 
Species come in kinds, and evolutionary biology should explain how and why certain 
groups come in species and others don’t, instead of arguing over obligatory characters, 
essences, of species. Why do Taraxacum biotypes act as species, and biotypes in the 
Ranunculus auricomus agg. so much less? Why did Rubus subgenus Rubus split up in so 
many species in western Europe, but not in the Caucasus (Sochor & Trávníček 2016)? 
What are the evolutionary backgrounds and pathways of the existing diversity?

The primary task of alpha taxonomy is to sort and describe species, truly an immense 
task which is even more urgent in the light of the biodiversity crisis (Cracraft 2002; 
Mayo et al. 2008). Kim & Byrne (2006) even speak of a ‘taxonomic bottleneck’ when 
discussing the time needed to describe all still unknown species and the rate of the 
worldwide extinction of species. It is obvious that the largest gaps in our knowledge of 
biodiversity are neither to find in the plant kingdom, nor in temperate Europe, but in 
the arthropods in the Tropics and the Southern Hemisphere (Platnick 1991; Gaston 
2000; Basset et al. 2012). Biodiversity is more than species numbers alone though, as 
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was argued by several authors who pointed at the value of endemism in biodiversity 
conservation (Platnick 1991; Hobohm 2003; Ennos et al. 2005; Kier et al. 2005; 
Orme et al. 2005). Temperate Europe is rich in apomict endemic species, but they are 
often omitted from biogeographical and biodiversity studies (see e.g. Andersson 1988; 
Preston & Hill 1997; Dahl 1998; Frodin 2004; Hobohm et al. 2014). Although it 
is obvious that a large clade with many neo-endemics, like Rubus in western Europe, 
has to be evaluated differently than a small monotypic genus with one paleo-endemic 
species, Hojsgaard & Hörandl (2015) recently presented an evolutionary model which 
stresses the importance of polyploid apomict complexes in the evolution of sexual 
species. According to the authors, apomicts act as facilitators for range expansion and 
pioneer explorers of new niches. In the later phases of the development of the polyploid 
complex, reversals to complete sexuality would allow for the establishment of new sexual 
populations, which can evolve to new sexual species. As such, apomicts are not to be 
considered ‘evolutionary dead ends’; instead, the conservation of apomict polyploids 
might be of great importance for the conservation of biodiversity on the long term. 
This highlights the importance to fully consider apomicts in biodiversity research and 
taxonomy, and not in the least in conservation.

Spatial patterns and Rubus dynamics
Recapitulation
The regionalisation of Rubus distribution areas in chapter 5 of this thesis resulted in 
three major bramble territories in north-west Europe, each of which is formed by four 
florulas: areas with more or less homogeneous bramble floras. These territories are not 
only separated by large Rubus-hostile areas, but it was shown that the large-scale patterns 
have an evolutionary-historical background: the bramble flora of the British Isles and 
Northwest-Continent territories bear a obvious ‘ulmifolius-stamp’, whereas in the 
origin of the bramble flora of the Southeast-Continent Rubus canescens played a major 
role. Even on a smaller scale, the evolutionary history arguably plays an important role 
in the distribution of bramble lineages, albeit via the way of ‘inherited ecology’. The 
transect study in chapter 6 showed that the species composition of bramble scrubs isn’t 
random, but that floristically defined Rubus scrub types can inhabit limited parts of the 
landscape, whereas other such scrubs are widely distributed. It was concluded that the 
variation in Rubus scrubs in the landscape is only partially accounted for in the current 
phytosociological literature (Weber 1997, 1998a; Haveman et al. 1999a; Haveman et 
al. 1999b; Weber 1999b). On this basis, a new scrub type, the Rubetum taxandriae was 
described, which is found mainly in the Dutch and Flandrian Campine (chapter 7).

Large-scale phytogeographical patterns have a serious bearing on the species composition 
of local communities, thus effecting the phytosociological classification, which will be 
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shown in the following paragraphs. It will be followed by some considerations on the 
dynamics of Rubus in the landscape.

Current Rubus scrub classification in Germany and the Netherlands
Modern phytosociological research of Rubus scrubs started in 1967, when Weber 
published a phytosociological study of the ‘Knicks’ (hedgerows) in Sleswig-Holstein, 
Germany (Weber 1967). In this work, the Rubus-rich hedgerows are placed in two new 
associations, viz. the Pruno-Rubetum sprengelii Weber 1967, on relatively nutrient and 
base poor soils, and the Pruno-Rubetum radulae Weber 1967, on relatively nutrient and 
base rich soils. Both associations are placed in the Rubion subatlanticum Tüxen 1952 
(class Rhamno-Prunetea). Weber commented that both associations probably better 
could be considered separate alliances, and he mentioned that both associations have a 
more continental form and a more Atlantic form. 

In several keystone publications, Weber modified his initial system, 1) distinguishing more 
and more associations based on studies by himself and others (Wittig 1976, 1977; Reif 
1983, 1985; Rosskamp 1999), and 2) changing the status of the initially distinguished 
associations to alliance level (the Pruno-Rubion sprengelii Weber 1974 and Pruno-Rubion 
radulae Weber 1974; Weber 1974), and later to suballiance level (the Pruno-Rubenion 
sprengelii Weber 1981, and Pruno-Rubenion radulae Weber 1981 respectively; Weber 
1981a, 1990, 1999b). All these communities were placed in the Prunetalia Tüxen 1952. 
Additionally, in Rubi Westfalici (Weber 1986b), a provisional classification of the Rubus 
scrubs of the Sambucetalia racemosae Oberdorfer 1957 was given, which was strongly 
revised in the Synopsis (Weber 1999b). Furthermore, the bramble scrubs of the most 
nutrient and base poor (sandy) soils, comprised in the Lonicero-Rubion silvatici Tüxen 
& Neumann 1950 (in Tüxen 1950), were placed in the Franguletea Doing 1962 from 
1977 onwards (Weber 1977a, 1986b, 1990, 1998a).

In the Netherlands, bramble scrubs are described in some detail for the first time in De 
vegetatie van Nederland (Haveman et al. 1999a; Haveman et al. 1999b). Largely, Weber’s 
system was adopted, but the Rubus scrubs of nutrient poor soils were placed in the 
Lonicero-Rubetea plicati Haveman et al.  1999 (see also Haveman 1997). This class was 
thought to be represented in the Netherlands by the Rubetum grati, Rubetum silvatici 
Weber in Pott 1995 and the Rubetum pedemontani Weber in Pott 1995 (Haveman et 
al. 1999a). For an adequate description of Sambucetalia racemosae scrubs, data were too 
sparse. In the Pruno-Rubion radulae, two associations were distinguished and for the first 
time documented with tables for the Netherlands, viz. the Pruno-Rubetum elegantispinosi 
Weber 1974 and the Pruno-Rubetum vestiti Weber 1974. The Pruno-Rubetum sprengelii 
was mentioned as certainly present, but there were not sufficient data for an adequate 
description (Haveman et al. 1999b, p. 133). It was noted however, that the classical 
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Rubus-species of the Pruno-Rubion radulae, like R. montanus, R. radula, and R. bifrons, 
are completely lacking in the tables (Haveman et al. 1999b, p. 131). Rubus grabowskii, 
which was noted in the Dutch relevés, turned out to be a misidentification: the Dutch R. 
grabowski was few years later described as a new regional species, R. canduliger (Bijlsma 
& Haveman 2007).

After the publication of De vegetatie van Nederland, several new Rubus scrub types were 
described, partly as a result of (and included in) the thesis in hand. Already mentioned 
is the Rubetum taxandriae, which is placed in the Lonicero-Rubion silvatici. Haveman et 
al. (2014b) published a fist account of bramble scrubs belonging to the Sambucetalia 
racemosae in the Netherlands, with the documentation of the Sambuco-Rubetum rudis 
Tüxen & Neumann ex Weber 1999 and the description of the Senecioni ovati-Rubetum 
iuvenis Haveman & De Ronde 2014. These associations were placed in the validated 
Athyrio felicis-feminae-Rubion idaei Passarge ex Haveman et al. 2014. On the basis of 
its species composition, Haveman & De Ronde (in press) transferred the Rubetum 
pedemontani from the Lonicero-Rubion to the Athyrio-Rubion. Besides, they will publish 
a new association in the Lonicero-Rubion, the Lysimachio vulgaris-Rubetum ammobii De 
Ronde & Haveman 2017.

Reconsidering the classification
There are two problems concerning the described classification of the Pruno-Rubion 
communities, which are becoming manifest now data is becoming available from 
a wider area. The first problem is mentioned already: the incongruence of alliance 
character species in different regions. In the Synopsis, Weber (1999b) mentioned Rubus 
radula, R. montanus en R. bifrons as such, and, additionally in the overview of scrubs in 
Niedersachsen (Weber in Preising et al. 2003, p. 100), R. goniophorus, R. orthostachys and 
R. hadracanthos. These species are very rare or even completely lacking in the Netherlands 
(chapter 4 of this thesis; Van de Beek et al. 2014), and they play no role in the relevés 
of Dutch bramble scrubs. In contrast, R. lindleianus, R. macrophyllus, and R. geniculatus 
are frequently occurring, next to Rubus confusidens, R. egregius, R. winteri, R. conspicuus 
en R. stereacanthos (Haveman & De Ronde in press). At the time of the publication of 
De vegetatie van Nederland, it was thought that this difference between the regions could 
be attributed to a gradual subsequent turn-over of species from east to west, but from 
chapter 5 it is clear now that these differences are founded in a relatively fundamental, 
evolutionary-historical difference between the Rubus floras of the Southeast Continent 
territory (SEC) and the Northwest-Continent territory (NWC; Haveman et al. 2016). 
Arguing from this, Haveman & De Ronde in press suggested to consider the Dutch 
Prunetalia bramble scrubs part of an (ammended) Pruno-Rubion sprengelii. Contrary to 
Weber (1974; 1999b, in the latter publication as suballiance), they consider the Pruno-
Rubion radula and Pruno-Rubion sprengelii not as ecological units but as vicariant units, 
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the difference being based in the evolutionary background of the Rubus floras of central 
and north-west Europe.

The second problem revealed by a growing number of relevés from different regions 
is the lack of stable species combinations over a wider region. This is illustrated by the 
species composition of the Pruno-Rubetum vestiti and the Pruno-Rubetum elegantispinosi 
in various publications. According to Weber in the Synopsis (Weber 1999b), the first 
association is first and for all characterised by Rubus vestitus (Weber 1999b, p. 75). Rubus 
radula, as a character species of the alliance, has a high frequency in this association. The 
Pruno-Rubetum elegantispinosi on the other hand, is characterised by R. elegantispinosus, 
R. lindleianus, R. winteri, and R. macrophyllus, and, in one of the subassociations, by R. 
raduloides and R. lindebergii. Rubus radula is almost absent in the table of the Pruno-
Rubetum elegantispinosi in the Synopsis, which is mainly based on relevés from Westphalia. 
On the other hand, in the overview of plant communities of Niedersachsen (Weber in 
Preising et al. 2003), the Pruno-Rubetum vestiti is characterised by R. vestitus alone, but in 
the table, R. lindleianus, R. winteri, R. geniculatus, and R. chloocladus are mentioned with 
low frequencies. The Pruno-Rubetum elegantispinosi in Niedersachsen is characterised 
by R. eleganispinosus and R. raduloides, and R. radula is mentioned as rarely occurring 
character species of the Pruno-Rubion radulae. In De vegetatie van Nederland, Haveman 
et al. (1999b) mentioned several species in both associations, viz. R. macrophyllus, R. 
rudis, R. geniculatus, R. ulmifolius and R. rufescens. Here, the Pruno-Rubetum vestiti is 
characterised by R. vestitus alone, whereas R. elegantispinosus, R. raduloides and R. winteri 
are characterising the Pruno-Rubetum elegantispinosi. 

The conclusion from this example is that the Rubus species seem to occur in ad hoc 
combinations, and that the species combinations cannot be explained by ecological 
factors alone. The species composition of Rubus scrubs can only be understood fully in 
the light of evolutionary founded regional species pools. This is clear when the regions 
of origin of the relevés in the mentioned studies are compared to the regionalisation in 
chapter 5: the relevés of the Pruno-Rubetum vestiti in the Synopsis are mainly recorded in 
Angeln and the region north of Lehsahn-Plön in Schleswig-Holstein (see Weber 1967, 
p. 158), areas that are assigned to the Denmark (DK) florula, and thus in the Pruno-
Rubion radulae area, whereas the ‘Pruno-Rubetum vestiti’ from Niedersachsen and the 
Netherlands are made in various regions in the NWC territory, and the Pruno-Rubion 
sprengelii area. Since associations cannot be assigned to more than one alliance and the 
typical Pruno-Rubetum vestiti clearly belongs to the Pruno-Rubion radulae, the Rubus 
vestitus scrubs in the NWC territory cannot longer be considered to belong to this 
association.
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Based on these considerations, Haveman & De Ronde (in press) distinguished rather 
broad, ecologically defined associations within the Pruno-Rubion sprengelii in which the 
various Rubus species are considered characteristic for regional races. Apart from the 
Pruno-Rubetum sprengelii, in the Netherlands confined to the Pleistocene sand areas 
where it inhabits relatively nutrient and base poor sandy soils, they distinguish a Corno 
sanguinaea-Rubetum vestiti Haveman & De Ronde 2017, which can be considered the 
western vicariant of the Pruno-Rubetum vestiti, as well as a Roso rubiginosae-Rubetum 
affinis Haveman & De Ronde 2017. The Corno-Rubetum vestiti is typical for relatively 
nutrient and base rich loam and clay in the higher flood plains of the large rivers 
(especially the river Meuse) and South Limburg. The Roso-Rubetum affinis is a local, yet 
very distinctive association of (superficially) decalcified coastal dunes. 

The described evolutionary patterns don’t have consequences for the classification of 
the Lonicero-Rubion silvatici and the Athyrio-Rubion idaei. The Lonicero-Rubion is an 
alliance with a narrow distribution (with an unclear southern distribution border), 
restricted largely to the NWC territory; most of the characteristic species have a 
western distribution (cf. Kurtto et al. 2010). In comparison to the Pruno-Rubion scrubs, 
the Lonicero-Rubion scrubs are poor in accompanying species, and therefore their 
classification heavily relies on the occurrence of Rubus species. The scrubs of the Athyrio-
Rubion belong to the least known and understood systems (Passarge 1982; Weber 
1998a), and their species composition is only investigated in a relatively limited region, 
and large scale patterns are therefore not yet visible. In these scrubs, glandular species of 
the series Hystrix and Glandulosi play an important role, contrary to the Pruno-Rubion 
sprengelii and Pruno-Rubion radulae, which are characterised by brambles of the series 
Candicantes and Hayneani. The maps of haplotypes published by Sochor et al. (2015) 
show that the GLA-haplotype, dominant in the Hystrix and Glandulosi, has a rather 
even distribution over the whole of Europe north of the Alps, covering most of the 
diversity centre of the genus, contrary to the CAN- and ULM-haplotypes, which are 
dominant in the Candicantes and Hayneani. Therefore, it is expected that the Athyrio-
Rubion doesn’t possess such a strong regional differentiation at the alliance level as the 
Rubus scrubs belonging to the Prunetalia. The resulting classification of the syntaxa 
of the classes Rhamno-Prunetea spinosae and Lonicero-Rubetea plicati in which Rubus 
species play an important role, is given in Box 8.1.

Some remarks on the Braun-Blanquet school of phytosociology
One of the strongholds of the French-Swiss or Braun-Blanquet school of phytosociology 
is the inductive classification, based on the floristic composition of the vegetation 
(Tüxen 1970; Westhoff & Van Der Maarel 1978; Dierschke 1994). The generally 
accepted procedure to gain synthesised results comprises the consecutive 1) collection 
of a sufficient number of relevés, 2) some method to sort both species and plots in 
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order to get a structured table, 3) the identification of differential species, and 4) the 
comparison with already described units in literature. One of the big advantages of this 
method is that it doesn’t need any foreknowledge of the vegetation and as such can be 
applied in whole new regions, or completely unknown systems, while still resulting in 
a useful classification. An astounding example is the overview of plant communities 
of north-west Germany (Tüxen 1937) only nine years after the publication of the 
first print of Braun-Blanquet’s standard work on the method (Braun-Blanquet 1928)! 
However, this has proved to be one of the main set-backs of the method as well, since 
many of the units which are described in the early years are based on local conditions 
with local species combinations only. It is easy to find many examples of the problems 
this is causing when vegetation descriptions from larger areas are compared, or when 
larger overviews are to be made (see e.g. De Ronde & Haveman 2014 for an example 
concerning the Polygalo-Nardetum, a grassland community which was overlooked for a 
long time in the Netherlands because its initial description was based on a dataset from a 
very limited area). Similar problems are manifest in the classification of bramble scrubs, 
and here they are even magnified by the occurrence of the many Rubus species with 143 
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Box 8.1. Revised classification of the bramble-rich syntaxa of the classes 
Rhamno-Prunetea spinosae and Lonicero-Rubetea plicati (De Ronde & 
Haveman in press; Haveman & De Ronde in press). 

Class: RHAMNO-PRUNETEA SPINOSAE Rivas Goday et Borja Carbonell ex Tüxen 1952 
Ord.: PRUNETALIA SPINOSAE Tüxen 1952 

All.: PRUNO-RUBION RADULAE Weber 1974 
All.: PRUNO-RUBION SPRENGELII Weber 1974 

Ass.: Corno sanguinei-Rubetum vestiti Haveman & De Ronde 2017 
Ass.: Pruno-Rubetum sprengelii Weber 1967 
Ass.: Roso rubiginosae-Rubetum affinis Haveman & De Ronde 2017 

Ord.: SAMBUCETALIA RACEMOSAE Oberdorfer 1957 
All.: ATHYRIO FELICIS-FEMINAE-RUBION IDAEI Passarge ex Haveman, De Ronde & Weeda 2014 

Ass.: Senecioni ovati-Rubetum iuvenis Haveman & De Ronde 2014 
Ass.: Sambuco racemosae-Rubetum rudis Tüxen & Neumann ex Weber 1999 
Ass.: Rubetum pedemontani Weber in Pott 1995 

Class: LONICERO PERICLYMENI-RUBETEA PLICATI Haveman, Schaminée & Stortelder 1999 
Ord.: RUBETALIA PLICATI Weber in Pott 1995 

All.: LONICERO PERICLYMENI-RUBION SILVATICI Tüxen & Neumann ex Wittig 1977 
Ass.: Rubetum grati Tüxen & Neumann ex Weber 1976 
Ass.: Lysimachio vulgaris-Rubetum ammobii De Ronde & Haveman 2017 
Ass.: Rubetum silvatici Weber in Pott 1995 
Ass.: Rubetum taxandriae Haveman & De Ronde 2012  
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small, ‘capricious’ distribution areas, obscuring large-scale patterns. Examples are the 
numerous associations described by Weber (1999b), based on only one or a few Rubus 
species, and the newly described associations from France (Royer et al. 2006; Royer & 
Ferrez 2012; Royer 2013; de Foucault & Royer 2014) which appear to represent merely 
local species combinations. 

This lack of synthesis easily obscures the understanding of general patterns and processes 
that lead to these patterns. Recent developments in phytosociology, following the 
virtually unlimited disposal of powerful computers, provide a solution for this problem 
though, since storage and processing of large quantities of relevés are no longer limited. 
For the storage of relevés, the database management system TurboVeg (Hennekens & 
Schaminée 2001) is used internationally on a wide scale, thus serving as a platform for 
the combination of data from a wider area. In the last 15 years, large vegetation plot 
databases have proved to be useful for the study of fundamental and practical issues (e.g. 
Chytrý 2001; Vandenbussche & Hoffmann 2001; Chytry & Rafajov 2003; Kuzelová 
& Chytrý 2004; Botta-Dukát et al. 2005; Holeksa & Wozniak 2005; Knollová et al. 
2005; Wesche et al. 2005; Haveman & Janssen 2008). Recently, as an initiative of the 
European Vegetation Survey working group, a harmonisation of plot relevés has led 
to one European vegetation plot database, the European Vegetation Archive (Jiménez-
Alfaro et al. 2013; Chytrý et al. 2015). Especially in combination with other databases, 
this might prove to be a powerful tool for the solution of many questions (Ozinga et al. 
2009; Bartish et al. 2010; Bartish et al. 2016).

The success and dynamics of Rubus subgenus Rubus
Chapter 6 describes the obvious success of Rubus in the sand landscape of Atlantic 
north-west Europe (Haveman et al. 2014a). Generally, bramble species are thought to 
be expansive, with progressive area dynamics (Matzke-Hajek 1997; Loos 2008). Their 
success can be attributed to their effective long-distance dispersal (Weber 1987), in 
combination with a rapid vegetative spread with underground stolons or fast-growing 
above-ground tip-rooting canes (Jennings 1988). Long-distance dispersal is mostly 
by ornithochorous vectors, but numerous cases of unintended anthropogeneous 
introductions are reported, or at least suspected (Weber 1986b; Matzke-Hajek 1993; 
Oredsson 1998, 2002, 2004; Bijlsma & Haveman 2007). 

In the present landscape, Rubus range dynamics seem rather limited though. In canopy-
gaps in forests, bramble-thickets form a well-known stage in the succession (Dierschke 
1988; Gilgen 1994; Pancer-Koteja et al. 1998; Kelemen et al. 2012; Dierschke 2014). 
Open spaces are colonised within one or two seasons through regeneration from the soil 
seed-bank and shade-surviving individuals monopolising the vegetation through pith-
filled, tip-rooting canes. Establishment of incoming species is very limited, although not 
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completely absent (Haveman et al. 2014b). In the course of succession, the thickets in 
these gaps will be overshadowed and replaced by dense stands of young trees, which will 
be replaced by a more mature forest community in which only shade-tolerant brambles 
play a subordinate role. 

In our study, we almost only sampled more stable bramble scrubs in forest edges, 
hedgerows and other permanent linear structures. Succession, in the sense of replacement 
of vegetation units with a more complex structure (Dierschke 1994), is virtually absent 
in these situations. However, species composition is not (necessarily) stable. This was 
extensively studied in the Westfälische Bucht, Germany, by Huwer & Wittig (2012), 
who compared the species composition of Rubus scrubs between 1970 (Wittig 1976) 
and 2010. They found a shift in species towards communities with a higher nutrient 
demand, and contributed this to a shift from traditional management, combined with 
a eutrophication of the landscape. This shift not only concerned herbaceous species, 
but also some bramble species, viz. Rubus gratus (declined in the Rubetum grati) and R. 
elegantispinosus (increased in the Rubetum silvatici). 

Despite their supposed progressive distribution tendencies, only few documented 
cases of natural range expansion of bramble species exist. Weber (1977b, 2003a) 
mentioned the cases of Rubus tuberculatus (= R. horrefactus) and the newly described 
R. ehrnsbergerii in the vicinity of Mennighüffen, which were unknown by Weihe in 
the late 1900s. Another example might be Rubus wittigianus, a conspicuous species 
growing in Westphalia, which was omitted in the overview by Weber (1986b), but 
which recently was found in a wider area. It was also found in the Netherlands by 
Rienk-Jan Bijlsma in nature reserve De Brand near Udenhout (Van de Beek 2014-2016) 
after the publication of the check-list of Dutch brambles (Van de Beek et al. 2014). The 
reported expansion of 14 species in the highly urbanised and industrial Kamen-Methler 
region in the Ruhrgebiet in Central-Westphalia between 1998 and 2008 (Loos 2008) 
are hardly to be related to real range expansion, since all except one of these species were 
present in the studied region in 1998. However, it shows the high dynamics of local 
occurrences of bramble species in such urbanised regions. As was shown by Loos (2008), 
especially thermo- and thamnophilous species from nutrient rich soils belonging to 
series Discolores (= Candicantes) as well as ruderal Corylifolii species seem to be able to 
use the windows of opportunity readily, invading new sites. Especially the regionally and 
locally distributed Corylifolii species tend to dominate the vegetation completely (Loos 
2008). More nemophilous species increased in forests, but it remains unclear whether 
these species – except R. macrophyllus and R. adspersus – occupied new sites. Probably 
these woodland inhabiting species could increase locally in reaction on changed light 
conditions, as was shown for Rubus species in forests in the Netherlands (Bijlsma 2004).
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A new habitat for brambles in the Netherlands and Belgium is formed by abandoned 
arable land and pastures (Kuiters & Slim 2003; Uytvanck 2011). Although abandonment 
of traditionally managed agricultural landscapes following rural depopulation is 
considered an almost Europe-wide problem for the conservation of biodiversity 
(Queiroz et al. 2014), this is hardly the case in the Netherlands. Only in (new) nature 
conservation areas, where locally traditional management is replaced by ungulate grazing 
or ceasing of all management, abandonment is an issue. Jackson (2001) reported a very 
high ‘immigration potential score’ and ‘colonisation success score’ for Rubus species. 
Unpublished observations of the development of bramble scrubs at the St. Jansberg 
near Groesbeek show that the dominant bramble species in abandoned grasslands and 
agricultural fields not necessarily are the dominant ones at the landscape level (pers. 
obs. R.J. Bijl sma). In other cases though, the invading brambles are omnipresent, as 
in the Crayelheide area near Venlo (pers. obs.). Although in both cases mentioned, the 
species must have reached the new sites via seeds. It remains to be studied what is the 
mutual contribution of recent invasions (through zoochory) and historically built up 
seed banks. 

The opposite tendency, i.c. the decline of Rubus species, is less reported. Rubus constrictus, 
an eastern species lacking from the Netherlands, is mentioned by several authors as 
species with a relic, decreasing distribution (Matzke-Hajek 1997; Loos 2008). Besides, 
Loos (2008) mentioned several other species with a remarkable decline in the Central 
Westphalia, viz. R. fasciculatus, R. grabowskii, and the undescribed local ‘R. dahmsianus’. 
Noteworthy is that all declining species are characteristic for the Southeast-Continent 
flora (SEC) as defined by Haveman et al. (2016), whereas several of the increasing 
species mentioned by Loos (2008) are characteristic for the Northwest-Continent flora 
(NWC), e.g. R. adspersus, R. elegantispinosus, R. geniculatus, and R. macrophyllus. Weber 
(1977b, 1986a) mentioned the local extinction of several species near Mennighüffen, 
the locus classicus of many species described by Weihe in the late 1800s.

In the Netherlands, hardly any data is available to evaluate a possible decline of Rubus 
species. From an extensive mapping of Rubus species in the wider surroundings of Ede 
by Rienk-Jan Bijlsma in the 1970s-1980s (not published), it can be concluded that 
many of the populations of the scarce R. chloocladus have disappeared due to expansion 
of the towns of Ede and Bennekom. This is in accordance with Weber (1986a), who 
noted the clearance of hedges and scrubs (following building activities and reclamation 
programs) as a major cause of the decline of Rubus species. According to Loos (2008), 
the decline of R. grabowskii and R. fasciculatus in Central-Westphalia is caused largely 
by the expansion of Urtica dioica as a result of hypertrophication. Other mentioned 
causes include the change of woodlands in conifer plantations, increasing grazing by 
wild herbivores, and the use of herbicides (Weber 1986a). 
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The observed patterns give the impression that in well-established, historical agricultural 
landscapes, Rubus species can increase only locally in reaction on changing conditions, 
like the availability of light in forests and hedgerows. Generally spoken, in such 
landscapes, Rubus range dynamics seem to be very limited, and it is there that the given 
classification of bramble scrubs makes sense. In more dynamic landscapes, especially in 
highly urbanised regions and in abandoned landscapes, distribution ranges of brambles 
are more dynamic, which especially seems to be true for the typical species of open areas, 
e.g. members of the section Corylifolii and series Candicantes, and in the Netherlands 
probably also the series Rhamnifolii s.l. In the few examples of declining Rubus species, 
mainly the same groups are involved, which underlines the raised dynamics of the 
urbanised landscape. In these landscapes, the given classification is of less value, and it 
remains an open question how the bramble scrubs in these landscape will develop.

Conclusion and outlook
In the current chapter, we combined data from the Dutch National Vegetation Database 
(Schaminée et al. 2012) and the results of the regionalisation of Rubus distribution 
data to explain the vegetation patterns found in bramble scrubs in north-west Europe. 
Heads (2015) argued that present biology and ecology of species fail to explain existing 
biogeographical patterns, and that evolutionary history is a better predictor. Although 
the universal truth of this claim can be disputed – see e.g. the narrative examples in Alan 
de Queiroz’s (2014) The Monkey’s Journey – in this thesis is shown that evolutionary 
processes are important in the realisation of phytogeographical patterns in north-
west European brambles indeed. What is more, the results also strongly suggest that 
evolutionary processes are an important predictor for the species composition of Rubus 
scrubs, at least at the regional level, as is clear from the phytosociological overview given 
here. The species composition of Rubus scrubs can only be understood fully in the light 
of evolutionary founded regional species pools. 

It would be rather presumptuous to consider the presented classification scheme in this 
paragraph as the final scheme – if such scheme would exist anyway. As long as the state 
of taxonomy and the mapping of the Rubus flora in the Central Atlantic Biogeographical 
region in Europe (Metzger et al. 2005), especially Belgium and France, is not at level, 
and no phytosociological treatment from larger areas in these countries is available, an 
ultimate classification cannot be given. As was concluded by Haveman et al. (2016), 
more data on the evolutionary background of separate Rubus species is needed to 
fully understand the general distribution patterns in this genus, and this touches on 
phytosociological patterns too. Besides, Rubus dynamics in urban as well as abandoned 
rural areas might very well result in community patterns not congruent with the current 
phytosociological classification.
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Nature conservation value
One of the questions asked in the introductory part of this thesis was how the insights in 
the taxonomy, phytogeography and phytosociology of Rubus have impact on the nature 
conservation value of brambles and bramble scrubs. Until now, Rubus and Rubus scrubs 
haven’t received much attention in nature conservation in the Netherlands. Obviously, 
this is at least in part the effect of the intricate, notoriously critical taxonomy of the 
genus, combined with its omnipresence in the landscape. Seen as one species, Rubus 
fruticosus s.l., the group is very common and even slightly increasing, now occurring 
in almost all map raster squares in the Netherlands (FLORON 2015). As was shown 
in chapter 4 though, at species level only about 25 of the almost 200 Dutch bramble 
species are regarded moderately common to common, whereas a little more than 140 are 
rare or very rare (Van de Beek et al. 2014), reflecting the regional distribution of many 
species and emphasising the nature conservation value of brambles and bramble scrubs.
According to Mortimer et al. (2000), scrubs might have a high nature conservation 
value for one or more of the following three reasons: 1) the conservation value of the 
shrub species present, 2) the conservation of other species (fauna) associated with the 
scrub type, and 3) the conservation value of the scrub as a landscape element in a mosaic 
including other elements. Although these reasons do not especially relate to bramble 
scrubs, they are used here as a useful scheme to clarify the different nature conservation 
facets of these scrubs. 

Shrub species in bramble scrubs
Several rare shrub species can (preferentially or occasionally) be found in Rubus scrubs. 
First of all, this applies to the bramble species themselves, as sketched above, but also 
shrubby taxa belonging to other genera can have a refugium in bramble scrubs. Maes 
(2002) mentioned Malus sylvestris, Pyrus pyraster, Crataegus × macrocarpa, Crataegus × 
subsphaerica, Salix oleifolia, as well as several taxa of Rosa for hedges, hedgerows and 
forest edges, all typical bramble scrub environments. According to Haveman & De 
Ronde (2016 in press), Malus sylvestris, both Crataegus hybrids as well as the Rosa species 
have their main stands in Pruno-Rubion sprengelii scrubs in the Netherlands, but relevés 
to substantiate this allegation are very scarce: Crataegus × macrocarpa is only noted once, 
and Rosa caesia is the only rare Rosa species that was noted in the relevés with certainty. 
An additional problem is the taxonomy of the mentioned taxa: Malus sylvestris and Pyrus 
pyraster are not distinguished from Malus domestica and Pyrus communis respectively in 
the latest editions of the standard Dutch flora (Van der Meijden 1990, 2005), and Salix 
oleifolia is often not distinguished from Salix cinerea. Both Crataegus hybrids are often 
not recognised due to the taxonomical confusion in the genus Crataegus, which was 
only solved rather recently (Christensen 1992). Until recently, no elaborate treatment of 
Dutch Rosa species was available, and all species were summarised in a limited number of 
species aggregates (Van der Meijden 2005). Only recently, Bakker et al. (2011) published 



General discussion

149

an overview of all Rosa species in the Netherlands using the taxonomical scheme of 
Henker & Schulze (1993). Therefore, accounts in older relevés are not reliable. Besides, 
the used species concept in the overview by Bakker et al. (2011) was fundamentally 
criticised recently (Haveman 2016). 

Table 8.1 gives a list of the rare Rubus species (Van de Beek et al. 2014) in the ten bramble 
scrub associations distinguished by Haveman & De Ronde (in press) and De Ronde & 
Haveman (in press) based on the tables in these publications and Figure 8.1 summarises 
the frequency of occurrence rare brambles in the associations.  A relatively high frequency 
of rare Rubus species is found in the Senecioni-Rubetum iuvenis, all associations of the 
Pruno-Rubion sprengelii (and especially in the Corno-Rubetum vestiti), and the Rubetum 
taxandriae, whereas the frequency of such rare brambles is very low in the Rubetum grati 
and the Lysimachio-Rubetum ammobii. There might be several factors contributing to 
these patterns. First of all, the Senecioni-Rubetum iuvenis and the Rubetum taxandriae are 
characterised for a large part by nationally rare species which are rather widespread and 
abundant in the region where the association is found though. Examples are R. iuvenis 
and R. oreades in the Senecioni-Rubetum iuvenis and R. taxandriae and R. insectifolius in 
the Rubetum taxandriae. This is a typical feature of the genus Rubus, referred to in the 
introduction of this thesis already: the regional distribution of many species. 

For a part, the associations with a high occurrence of rare Rubus species are restricted 
to historical landscape structures, like ancient forests or old hedges and hedgerows, and 
this might be a second factor explaining the observed patterns. This is obvious for the 
Senecioni-Rubetum iuvenis, which is characterised almost completely by species of old 
forest-remnants (Bobbink et al. 2008; Haveman et al. 2014b). Evidently, the scarcity 
of ancient forests in the Dutch landscape (Buijs 1993) results in the scarcity of these 
Rubus species. The Pruno-Rubetum sprengelii and Corno-Rubetum vestiti are typical 
communities of open, agricultural landscapes (ruricoulus scrubs ssu. Weber 1999b, 
2003b), developed optimally in hedgerows and other linear structures. The decline of 
hedge-like structures in the Netherlands due to land reclamation, reallocation and town 
development in the 20th Century might have had a negative impact on the distribution 
of the typical species of these communities. Nooren (1981) estimated the total length of 
hedges in the Netherlands in 1900 to be 55,000 km, whereas Maes (2002) estimated the 
total length in 2000 to be about 21,000 km. Already mentioned is the supposed decline 
of Rubus chloocladus in the surroundings of Ede at the South-Veluwe. A similar fate might 
have hit other typical Pruno-Rubion species in the process of clearance of the Dutch 
agricultural landscape, but actual data on the decline (or increase) of bramble species are 
lacking. The decline of woody linear structures and the supposed simultaneous decline 
of thamnophilous Rubus species is not easily compensated for by the replanting of  new 
hedges. As was shown in several studies (Hooper 1970; Willmot 1980; Hetherington 
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Table 8.1. Rare and very rare Rubus species in the Dutch bramble scrub associations as distinguished 
by De Ronde & Haveman (in press) and Haveman & De Ronde (in press).
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R. adornatus x
R. adulans x
R. arrhenii x x
R. asperidens x
R. baronicus x
R. calothyrsus x
R. calviformis x x x x
R. calyculatus x
R. canduliger x
R. caninitergi x x
R. ceratifolius x x
R. cinerascens x
R. confusidens x x
R. conspicuus x x
R. contridens x x x
R. cordiformis x
R. deweveri x
R. egregius x x x
R. elegantispinosus x x x x x
R. gloriosus x
R. grandiflorus x
R. guestphalicus x
R. holerytrhos x
R. horrefactus x
R. imbricatus x
R. immodicus x x
R. incarnatus x
R. insectifolius x x
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R. iuvenis x
R. lasiocladus x
R. leucandrus x x
R. libertianus x
R. lobatidens x
R. loehrii x
R. longior x x
R. mucronulatus x
R. mus x
R. negatus x
R. nemorosus x x x
R. opacus x x
R. oreades x x
R. pallidus x
R. passionis x x
R. phyllostachys x
R. picearum x
R. planus x x
R. platyacanthus x x x x
R. poliothyrsus x x x
R. polyanthemus x
R. procerus x
R. pugiungulosus x x
R. raduloides x x x
R. rosaceus x
R. rufescens x x x
R. sciocharis x
R. stereacanthus x
R. sulcatus x x
R. taxandriae x
R. thalassarctos x
R. trichanthus x x
R. tubanticus x
R. vadalis x
R. vandermeijdenii x
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1986), the number of woody species in hedgerows increases with the age of the hedge, 
in compliance with the Island Theory of Biogeography (MacArthur & Wilson 1967). 
Although this increase is confounded by other factors, like the availability of vectors 
(Kollmann & Schneider 1999) and the availability of nearby source populations 
(Jackson 2001), it might be expected that for every one or two decades one additional 
woody species can be found in every 30 meter hedgerow (Hooper 1970; Willmot 1980; 
Hetherington 1986). Whether this figure holds for Rubus species too is not clear due to 
the neglect of Rubus species in the mentioned studies. 

In contrast, the community types with a low frequency of rare Rubus species are restricted 
to young landscapes, or landscapes in which only a few bramble species find suitable 
habitats. The former ones include former heath landscapes and bog landscapes which are 
turned into large agricultural landscapes after the land reclamation activities in the late 
19th and early 20th century, the latter are found in the peatland transition zone between 
the Pleistocene sand deposits and marine marsh landscapes. Young landscapes have until 
now been invaded mainly by species of section Rubus, like R. plicatus, R. scissus and 
R. integribasis, as was shown in chapter 6 of this thesis. Apart from age, unfavourable 
growing conditions (nutrient and loam poor soils, lack of a sufficiently developed humus 
layer, high water tables) are the reason for the low overall Rubus species diversity in this 
landscape, resulting in low numbers of rare species in communities such as the Rubetum 
grati and the Lysimachio-Rubetum ammobii.
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Figure 8.1: Total frequency of rare and very rare Rubus species in ten associations belonging to the 
Rhamno-Prunetea and Lonicero-Rubetea, based on tables published by Haveman & De Ronde (in 
press) and De Ronde & Haveman (in press).
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Rubus diversity as facilitator of fauna diversity
In their ability to dominate the vegetation completely, Rubus subgenus Rubus can 
be considered both a system engineer (Jones et al. 1994) and a resource for many 
organisms. Weeda et al. (2006) used the term innkeeper (Dutch: herbergier) for this 
group of providing organisms. In a study of the insect species richness of Rosaceae in 
Britain, Leather (1986) found that the best explanation of the number of insect species 
on the Rosaceae species was the present day abundance of the host species. Given the 
high abundance of Rubus scrubs in the Dutch sand landscape (see chapter 6), a high 
number of Rubus feeding insects can be expected. Taylor (2005) gives a long list of 
phytophagous insects and mites feeding on Rubus. The flowers provide nectar and 
pollen and frequent flower visitors in Rubus species include Coleoptera, Hymenoptera, 
Diptera, and Lepidoptera, whereas Rubus flower abundance has shown to be one of the 
main predictors of butterfly diversity on arable land (Dover 1996). Rubus canes are used 
as nesting sites by solitary bees and wasps (e.g. Höppner 1910; Linsley 1958; Danks 
1971; Petrischak 2014). However, there are no studies on the effect of Rubus diversity 
on fauna diversity, or on the prevalence of insects species to one or more Rubus species. 

  May   June   July   August September
   
Rubetum grati  
R. gratus          
R. plicatus          
R. nemoralis        
         
Rubetum silvatici  
R. nessensis          
R. idaeus      
R. plicatus          
R. gratus          
R. sprengelii        
R. glandithyrsos          
R. erinulus      
R. flexuosus          
R, drenticus          
R. discors          
R. silvaticus            
                     

Figure 8.2. Flowering profiles of the Rubetum grati and the northern form of the Rubetum silvatici, 
based on phytosociological data published by De Ronde & Haveman (in press) and phenological 
data in Weber (1995) and Van de Beek (2014-2016). Only Rubus species with a frequency >20 % 
are included. Black = normal flowering period, grey = prolonged flowering period. SRi = Senecioni-
Rubetum iuvenis, SRr = Sambuco-Rubetum rudis, Rp = Rubetum pedemontani, CPv = Corno-Rubetum 
vestiti, RRa = Roso-Rubetum affinis, PRs = Pruno-Rubetum sprengelii, Rg = Rubetum grati, LRa = 
Lysimachio-Rubetum ammobii, Rs = Rubetum silvatici, Rt = Rubetum taxandriae.
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In the following, I will briefly sketch the significance of Rubus diversity on a local scale for 
flower visiting and nesting insects using phenological and morphological characteristics 
of Dutch Rubus species (example 1 and 2). In a third example, I will sketch the role of 
the species composition of Rubus scrubs for the suitability for scrub nesting birds. 
 
Example 1: Flower phenology and flower visiting insects and mites
As mentioned above, Rubus subgenus Rubus is an important source of pollen and nectar 
for flower visiting insects and mites (Gyan & Woodell 1987b; Fussell & Corbet 1992; 
e.g. Coffey & Breen 1997; Keller et al. 2005; Taylor 2005). Phenological studies in 
Britain showed that brambles (Rubus fruticosus agg.) are flowering throughout summer, 
from mid May until mid September, with a clear peak at the beginning of July (Gyan & 
Woodell 1987a; Fussell & Corbet 1992). The flowering period of Rubus species varies 
considerably though, hence stands rich in Rubus species are likely to provide nectar and 
pollen during a longer period in summer.

Only rough phenological data are available for Dutch Rubus species. Flowering periods 
are given by Van de Beek (2014-2016), but no precise information is given, e.g. on the 
dates of opening of first flower buds, or the date of optimum flowering, or last flowers. 
Similar information is given by Weber (1995). Figure 8.2 shows the flowering periods 
for the most important bramble species in the Rubetum grati and the northern form 
of the Rubetum silvatici based on the data used by De Ronde & Haveman (in press) 
and the data on phenology from the above literature. Only species with a frequency 
>20 % in the concerning association are included. From this figure, it is clear that the 
flowering periods of bramble species indeed vary considerably, with a main flowering 
period from mid June to mid August. However, especially in the Rubetum silvatici early 
and late flowering species are found, like R. nessensis, R. idaeus, and R. silvaticus. A higher 
diversity in Rubus scrubs therefore results in a higher chance of a prolonged period in 
which nectar and pollen are available to flower visiting insects. This might be crucial 
for the survival of insect populations, since changes in nectar supply are probably an 
important cause for the decline of flower visiting insects, e.g. butterflies (Wallis de Vries 
et al. 2012). 

Example 2: Primocane diameter and nesting Hymenoptera
Although the use of Rubus canes as nesting place by solitary Hymenoptera has been 
known for a long time (Höppner 1910), no literature is known in which the prevalence 
of Hymenoptera species for particular Rubus species has been described. Bee and wasp 
species can only profitably use a selection of holes because of their body size. Large species 
can use fewer stems than small species, and small species must make modifications to 
stem holes much larger than themselves to make them available as nesting site (Michener 
1970; Tepedino & Parker 1983; Peterson et al. 2006). Although there is a large overlap 
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and the metrics are influenced by environmental factors, the primocane diameter range 
in Rubus is species specific, which makes the suitability as nesting place for Hymenoptera 
species dependent on the occurring Rubus species. According to Matzke-Hajek (1993), 
the stem diameter ranges of R. macrophyllus and R. oreades, two frequently occurring 
species in the Senecioni-Rubetum iuvenis, are 6-9 mm and 3.5-6 mm respectively. For 
R. ulmifolius, a stem diameter of 5-10 mm is given, and for the invasive R. armeniacus 
even 10-25 mm (Matzke-Hajek 1993). Evidently, these Rubus species could provide 
nesting places for very different bees and wasp species, which makes the Rubus species 
composition of scrubs one of the factors that determines the potential Hymenoptera 
community.

Example 3: Growth form and nesting birds
For birds, scrubs can function as food source (fruits, and a high abundance of herbivorous 
insects) and as nesting habitat. Bird species using scrubs as nesting habitat are e.g. 
Prunella modularis, Sylvia borin, S. curruca, S. communis, and Luscinia megarhynchos 
(Sierdsema 1999). The suitability of bramble scrubs for nesting birds might probably 
be depending on the architecture or growth form of the constituting Rubus species, 
since this influences vegetation, a factor that has shown to influence the suitability as 
nesting habitat to a large extent (see e.g. Wilson et al. 2005). Low growing species, like 
R. iuvenis, R. oreades, R. bellardii, R. picearum and R. ignoratus can form dense knee- or 
even only ankle-high ‘blanket’ scrubs in clearings of ancient forests (Haveman et al. 
2014b). Similar low-growing scrubs are formed by the thamnophilous species from the 
section Corylifolii. Contrarily, high arching species, like R. macrophyllus, R. gratus, R. 
winteri, R. ulmifolius, and the invasive R. armeniacus usually form breast- to more than 
man-high scrubs. A third category is formed by the species of subsection Rubus, and 
especially the series Suberecti and Rubus, since these species have a more erect habit, 
forming less dense scrubs. An example is R. ammobius, which is the main species in 
the recently described Lysimachio-Rubetum ammobii (De Ronde & Haveman in press). 
Consequently, Rubus species composition of the scrub community plays a key role in the 
realisation of the vegetation structure, and therefore has to be accounted for to predict 
or explain the suitability as nesting habitat.

Bramble scrubs as landscape element
Although the term ‘bramble scrubs’ is used regularly in the preface, strictly spoken 
brambles dominated vegetation could better be considered ‘semi-scrubs’. In contrast to 
scrubs proper, the vegetation dominated by brambles isn’t formed by species with long-
living above-ground lignified parts, but by annual and bi-annual lignified shoots. This 
makes them weak competitors for light when compared to most shrub species, and in 
the vegetation complex with dense scrubs, the brambles are characteristic for the outer 
parts (Weber 1967, 1974, 1990, 1999b, 2003b). One could speak of a cuff vegetation, 
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to distinguish from the mantle vegetation formed by long-living shrub species; in the 
British NVC such scrubs are classified ‘under-scrubs’ (Rodwell 1998). Only in linear 
landscape structures, such as hedges, hedgerows and wooded banks, these formations are 
often so closely entangled that they can’t be distinguished properly. In a regional context, 
this formation of semi-scrubs formed by lignified perennial species with bi-annual above-
ground shoots is a highly characteristic feature for the north-west European landscape. 
In more continental parts of Europe, bramble scrubs are strictly confined to the buffered 
climate of forests (forest clearings), whereas to the south, Rubus species are part of the 
more open retamoid scrubs or Mediterranean maquis (Costa et al. 2003; Jasprica et al. 
2007; Asensi & Díez-Garretas 2011; Pinto-Gomes et al. 2012; de Foucault et al. 2013).

The lack of appreciation for (or even hostility against) bramble scrubs in nature 
conservation circles, although they can be rather species rich, is striking. An analysis of 
vegetation relevés and plant distribution patterns between the periods 2000-2003 and 
2004-2007 by Statistics Netherlands (Centraal Bureau voor de Statistiek 2008) showed 
that the abundance of ‘Rubus fruticosus’ in linear landscape structures like hedgerows 
and dykes increased with 31 %, along with an increase of e.g. Galium aparine (29 %), 
Urtica dioica (6 %), and Cirsium vulgare (19 %). These increases were attributed to the 
general eutrophication of the landscape, and it was concluded that over the years, the 
quality of the countryside and the quality of the flora at the countryside had declined. 
In several other studies, Rubus subgenus Rubus is seen as an indicator of high nutrient 
levels (e.g. Van Tol et al. 1998). Already Bijlsma (2004) warned for an oversimplification 
when using Rubus in ecological studies though, since various bramble species can have 
very different ecological demands. A short look at the Ellenberg Indicator Values (EIV) 
for nutrients (Weber 1991) quickly shows large differences between various species 
usually lumped into one R. fruticosus (e.g. R. scissus (NEIV = 2), R. gratus (NEIV = 3), R. 
silvaticus (NEIV = 4), and R. macrophyllus (NEIV = 6)). According to Bijlsma (2004), the 
increase of Rubus in forest understorey vegetation has to be attributed to changes in 
forest management after the Second World War, a conclusion that was confirmed by a 
large-scale European study recently (Verheyen et al. 2012).

Another problem in the mentioned study by Statistics Netherlands (Centraal 
Bureau voor de Statistiek 2008) caused by poor Rubus taxonomy might well be the 
underestimation of the effect of the enormous increase of the invasive R. armeniacus, 
which is masked by the seeming omnipresence of Rubus in the Dutch landscape. This 
species is indigenous in the Caucasus and introduced in central Europe around 1800 
(Weber 1995). Rubus armeniacus (sometimes referred to as R. praecox, which is a different 
species) is worldwide considered an invasive species, threatening natural ecosystems in 
several temperate regions (Caplan & Yeakley 2006; Pfeiffer & Ortiz 2007; Astley 2010; 
Caplan & Yeakley 2010; Richardson & Rejmánek 2011; Clark et al. 2013). Figure 8.3 
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Figure 8.3. Distribution map of Rubus armeniacus in the Netherlands in grid cells (5 x 5 km) where 
other Rubus species (except Rubus caesius and/or Rubus idaeus) are lacking.

shows the distribution of this species in the Netherlands in the map grid cells where 
other Rubus species are lacking. From the interactive map of ‘R. fruticosus’ at the online 
distribution atlas of Dutch phanerogams (FLORON 2015) it becomes clear that Rubus 
in most of these grid cells appeared after 1975, and field observations show that R. 
armeniacus here still increases, especially in man-made biotopes. The main increase 
of supposed nitrophilous species in the mentioned Statistics Netherlands study took 
place at dykes, a landscape element of exactly those parts of the landscape inhabited 
by R. armeniacus. Evidently, it can be concluded that the found increase of brambles 
at least for an important part can be attributed to the increase of this species. In the 
Netherlands, no studies are executed to understand the causes and consequences of the 
strong increase of R. armeniacus. However, from the already mentioned studies there 
is no direct evidence that the increase of R. armeniacus is directly linked to, or mainly 
caused by eutrophication.
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Conclusion and outlook
As was asserted above, brambles and bramble scrubs are typical elements of the north-
west European landscape. They represent an important part of the natural biodiversity at 
several levels, and it is time to revaluate brambles as such not only in taxonomy, nature 
conservation management and policy, but also in biodiversity studies. Much research 
has to be done to understand the patterns and functional relationships of Rubus, Rubus 
dominated scrubs and other plant and animal species. Especially the function of Rubus 
diversity in the preservation of arthropod diversity through food or nesting supply appears 
to be a promising field of research. In ecological studies, more attention should be paid 
to the differences between the various Rubus species, because an oversimplification of 
Rubus taxonomy could easily lead to dubious conclusions.

General conclusions
The various studies in this thesis highlight some philosophical, taxonomical, 
phytogeographical and phytosociological aspects of a taxonomically problematic group 
of phanerogams, i.c. Rubus subgenus Rubus (bramble). Here, I want to come back to the 
questions raised in the introduction of this thesis and draw some general conclusions. 
In north-west Europe, Rubus subgenus Rubus consists of a polyploid series with a limited 
number of diploid sexual species and numerous polyploid obligate and facultative 
apomicts. The species status of these apomict lineages is questioned from time to 
time, or they are neglected completely. It was concluded that no a priori ‘essentials’ 
can be determined which define species and that species can only be discovered using 
biological characteristics. When evidence from independent morphological, cytological, 
molecular, evolutionary, ecological and biogeographical sources is combined in an 
integrative taxonomical approach, the apomictic lineages in Rubus subgen. Rubus have to 
be considered species. This holds true for the stabilised lineages with a large distribution 
area, but also for such with a small area, which usually are not considered taxonomic 
taxa in modern Rubus taxonomy. In the Netherlands, 191 Rubus species are found until 
now, but some well-known locally distributed species still remain undescribed.

Large-scale phytogeographical patterns in Rubus subgenus Rubus are partly caused 
by large distribution barriers (like the North-Sea, and mountain ranges), but the 
evolutionary history of the genus, i.c. the ancestry of the individual species, is still 
prominent in the distribution patterns. A regionalisation of distribution patterns of 
individual Rubus species lead to the conclusion that ecological factors are probably 
subordinate to historical factors in the realisation of general distribution patterns in the 
genus in north-west Europe. 

On a lower scale, at the landscape and community level, it is likely that patterns can be 
explained by ecological and landscape historical factors. We showed that Rubus species 
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composition of bramble scrubs in the landscape does not vary randomly, but instead 
occurs spatially clustered, a pattern which is confounded by landscape history mainly. 
Species rich bramble scrubs and bramble scrubs with narrowly distributed regional 
species are almost confined to landscapes with old elements, e.g. old hedges, hedgerows, 
and ancient woodlands. In young landscapes, like heathland and bog reclamations, only 
species poor bramble scrubs with widely distributed species are found. However, these 
landscape patterns are confounded by important ecological factors, like soil development, 
which likely have an important bearing on the species composition of bramble scrubs. 

On the basis of these findings, a new classification of bramble scrubs is given, in which 
ten associations are distinguished for the Netherlands. Bramble communities are a 
particular and distinctive feature of the north-west European landscape, and they locally 
harbour many rare and endangered shrub species, apart from many narrowly distributed 
Rubus species. It was argued that bramble scrubs rich in Rubus species are an important 
facilitator of invertebrate and vertebrate species, which was illustrated by the influence 
of phenology and morphology of different Rubus species on flower visiting and nesting 
insects and birds. Much research is needed though to better understand the importance 
of the Rubus diversity in bramble scrubs in faunal community diversity.

The success and omnipresence of Rubus in the Dutch and north-west European landscape 
make the group a perfect subject for phytogeographical and ecological studies. In 
contrast to other large apomict complexes like Taraxacum and Hieracium, the taxonomy 
of Rubus is cleared to a large extent. As system engineers, Rubus species are able to form 
conspicuous semi-scrubs. These scrubs can harbour many rare and narrowly distributed 
species and are of great importance for many other species, including (in-)vertebrates. 
As such, brambles deserve a revaluation both in taxonomy and nature conservation.
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List of photos

This list contains an explanation of the photo on the cover as well as of the photos 
opposite to the opening pages of the chapters. Photos R. Haveman and I. de Ronde.

Cover. The ‘Maasheggen’ area is famous for its length of preserved hedges. On the back cover Rubus praecox, 
which is considered characteristic for the Corno-Rubetum vestiti.

Chapter 1. Rubus mantle vegetation along a field road at the Mantingerbos, with amongst others Rubus 
glandithyrsos, R. gratus, R. flexuosus, and R. mucronulatus. The Mantingerbos is an ancient woodland 
remnant with many typical nemophilous species, like R. bellardii and R. erinulus.

Chapter 2. A selection of first years shoots (primocanes, or turio) of Dutch species of Rubus subgen. Rubus. 
From left to right, beginning at the upper row: Rubus gratus, R. rudis, R. campaniensis, R. armeniacus, R. 
sulcatus, R. dejonghii, R. foliosus, R. pugiunculosus, R. polyanthemus, R. phyllostachys, R. pedemontanus, R. 
vestitus, R. ulmifolius, R. coccinatus, R. phoenicacanthus, and R. picearum.

Chapter 3. Rubus ‘Sion’ is an undescribed species with only two known localities in Salland (Overijssel, 
the Netherlands). Herbarium exciccata like this serve as a reverence collection for further research, for 
instance for the purpose of comparison.

Chapter 4. A selection of leaves of Dutch species of Rubus subgen. Rubus. From left to right, beginning at 
the upper row: Rubus macrophyllus, R. gratus, R. thallassarctos, R. scissus, R. euryanthemus, R. grisiae, R. 
lindleianus, R. sulcatus, R. ubericus, R. rosaceus, R. leucandrus, R. plicatus, R. oreades, R. phyllostachys, R. 
affinis, R. bellardii, R. arrhenii, R. mucronulatus, R. adspersus, R. muenteri, R. erinulus, R. cardiophyllus, 
R. taxandriae, R. prei, and R. radula..

Chapter 5. Rubus glandithyrsos is a typical species of the NW-Continent flora, including the Netherlands 
and the nort-west German plain. Remarkable are the deep pink (‘red’) petals and the imbricate leaves 
with shallow dentation and recurved teeth.

Chapter 6. Ruriculous Pruno-Rubetum sprengelii in an old field border near Ede, Gelderse Vallei. 
Chapter 7. Rubus campaniensis, one of the character species of the Rubetum taxandriae. 
Chapter 8. Inflorescenses of Dutch Rubus species. From left to right, beginning at the upper row: 

Rubus rudis, R. ulmifolius, R. laevicaulis, R. phyllostachys, R. rosaceus, R. bellardii, R. rubrumcadaver, 
and R. geniculatus. Rubus rudis and R. rosaceus are very rare species in the Netherlands, R. bellardii 
is characteristic for ancient woodland remnants, whereas R. ulmifolius is almost exclusively found in 
ruricolous scrubs.
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Summary
A characteristic feature of the north-west European flora is the large proportion of 
apomicts: plants which reproduce generatively without preceding fertilisation of the 
egg-cell. The central subject of this thesis are brambles (Rubus subgenus Rubus) a largely 
apomictic group. Since fertilisation of the egg-cell is prevented, the seed contains only 
genetic material of the maternal parent, and is the F1-generation genetically identical 
to the mother plant. These genetically constant lineages mutually differ only minimally, 
but the differences are constant. In Central-Europe alone, specialists recognise at least 
700 of such Rubus lineages as species.

In Europe, Rubus has its centre of diversity in the Atlantic and sub-Atlantic parts, viz. 
north-west Germany, the Benelux countries, and France. Some of these species have large 
distribution areas, but the majority of the Rubus species have a limited distribution. Taxa 
with a distribution area under 50 km are not regarded as taxonomical species, and usually 
not described. There is much controversy whether apomict lineages are good species. 
This might seem a theoretical issue, but it has serious bearings on phytogeographical, 
phytosociological, and biodiversity studies as well as nature conservation. Apomict 
bramble species represent a concealed diversity, because in most scientific studies and in 
nature conservation they are neglected completely. 

The first questions in this thesis are whether the apomict brambles are species, and 
how many species can be distinguished in the Netherlands. Secondly, the major factors 
determining large and medium scale distribution patterns of brambles and local 
species assemblages of bramble scrubs are studied. Finally, the question of the nature 
conservation value of brambles and bramble scrubs is answered.

Chapter 2 is a literature review of species concepts and the species status of apomicts. 
After a historical description of the development of species concepts it is concluded 
that 1) there are no essential characters defining species, therefore the species category 
cannot be universally defined, and 2) species come in kinds because their evolutionary 
path and history can be fundamentally differing. Species are not defined, but discovered, 
they are phenomena to be explained from case to case. In the second halve of the 
20th century, the nature of species lead to a heated discussion, but at the end of the 
millennium, the notion of ‘consilience’ was introduced in the species debate: evidence 
from independent, unrelated sources can converge to the strong conclusion that a 
population really is a separate species. The species concepts described in literature all 
have their role in bringing in this evidence. Therefore, for an adequate evaluation of the 
species status of a population, a thorough knowledge and understanding of the biology 
of the genus concerned is required. Case studies of various apomict groups based on 
such an integrative taxonomy, confirm the species status of apomict brambles: they are 
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genetically, morphologically and reproductively separated, have own distribution areas 
and clearly ecologically defined.

In chapter 3, it is argued that the so-called ‘pragmatic species concept (in which species 
with too small distribution areas are not treated taxonomically) isn’t an essential element of 
modern batology. It has been a necessary step though to make an accessible international 
list of Rubus species, cleaning up a chaotic number of names in literature. Within the 
group of brambles with small distribution areas four categories can be distinguished 
which should be separated to solve the involved taxonomical problems: 1) primary 
hybrids, 2) stabilised apomicts, 3) variation within species with wide distribution areas, 
and 4) unstabilised hybrid swarms in areas with brambles with retained sexuality. There 
is no fundamental difference between Rubus species with a regional or wider distribution 
area and the species in category 2, and there are no sound scientific arguments to exclude 
this group from taxonomical treatments. It leads to misinterpretation of species numbers 
and obscures the clear view on the first steps of expansion of young species. The other 
categories (1,3, and 4) don’t form well distinguishable species.

Chapter 4 gives a complete species list of Dutch Rubus species, including details on 
distribution, rarity, and references to figures. In the Netherlands, 191 species belonging 
to Rubus subgen. Rubus are known. Of these species, 97 have a regional distribution 
(area diameter 50-500 km). Only 22 of the 191 species are common, and on a national 
scale, 142 species are rare or very rare, although these species can be abundant locally 
or regionally.

On the basis of a large-scale multivariate analysis of distribution areas of brambles in 
Denmark, Germany, the Netherland, Britain and Ireland, 3 bramble territories could be 
distinguished, each consisting of 4 florulas (regions with a distinctive Rubus flora; chapter 
5). It is concluded that large water bodies are an effective barrier for the distribution of 
brambles on the basis of the relatively large differences between the bramble flora of 
the British Isles and the studied parts of the continent. The differences between the 
Rubus floras of the north-western and south-eastern continent are caused mainly by the 
evolutionary history of the genus: the western flora wears the stamp of Rubus ulmifolius, 
the eastern one the stamp of R. canescens. Also in the realisation of patterns on a regional 
scale, between the florulas, evolutionary history seems to be more important than 
ecological factors.

At landscape scale, the bramble species in bramble scrubs are not randomly distributed, 
causing a clustering of floristically similar bramble scrubs in the landscape (chapter 6). 
Rubus scrubs in landscapes with old elements are usually more species rich than scrubs 
in young landscapes; this can be contributed to the ecology and/or dispersion capacity 
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of brambles. From this study it became clear that an important part of the variation in 
bramble scrubs was not described in formal vegetation classifications, and therefore a 
new scrub type was described for the Barony and Campine in the southern part of the 
Netherlands, the Rubetum taxandriae (chapter 7). This association is characterised by 
several species with a southern distribution area which are not growing in the northerly 
distributed Rubetum silvatici: R. taxandriae, R. campaniensis, R. baronicus, and R. 
insectifolius.

On the basis of this, a full treatment of Rubus is advocated in taxonomy as well as in 
other biological studies and nature conservation. This should result in the inclusion 
in standard floras, standard lists and red lists. The results were the reason for a 
syntaxonomical revision of the bramble scrubs in which the evolutionary background 
of the brambles is reflected better. Although the arguments for this revision are given in 
this thesis, the revision is published elsewhere. It led to the recognition of 10 bramble 
scrub types (associations), which are assigned to three alliances (Pruno-Rubion sprengelii, 
Athyrio-Rubion en Lonicero-Rubion) and two classes (Rhamno-Prunetea, Lonicero-Rubetea 
plicati). These associations are mainly found in old landscapes, but to the contrary, new 
chances for brambles are mainly found in the urban environment and in areas with 
changing management, like abandoned grasslands and grazed nature conservation areas.
Bramble scrubs have a high nature conservation value and are important for the 
conservation of biodiversity, especially in agricultural landscapes and in old landscape 
elements. They are an important biotope for rare shrub species and endemic Rubus 
species. Additionally, scrubs rich in bramble species are important because they provide 
foraging and nesting habitats for numerous vertebrates and invertebrates. This is clear 
when the variation in flowering phenology and architecture and mophology of the 
various Rubus species is taken into account. The study of the relation between Rubus 
richness and fauna diversity has hardly begun though, and is a promising starting point 
for further research.
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Samenvatting
Een typisch fenomeen van de flora van Noord- en Noordwest-Europa is het grote 
aandeel apomicten: planten die zich voortplanten via zaad zonder dat bevruchting van 
de eicel heeft plaatsgevonden. Bramen (Rubus subgenus Rubus), het centrale thema van 
dit proefschrift, zijn een voorbeeld van een apomictische plantengroep. Doordat geen 
bevruchting plaatsvindt bevat het zaad van bramen - en daardoor ook de nieuwe planten 
die hieruit ontstaan - alleen het genetische materiaal van de moeder. Hierdoor ontstaan 
zuivere lijnen van genetisch gelijke planten die onderling sprekend op elkaar lijken en 
die miniem maar constant verschillen van andere zuivere lijnen. In Midden-Europa 
worden door specialisten ongeveer 700 van deze zuivere lijnen als soorten beschouwd. 

De hoogste diversiteit in Europa bereikt het genus in de atlantische en subatlantische 
delen: Noordwest-Duitsland, de Benelux-landen en Frankrijk. Een deel van de soorten 
heeft een groot verspreidingsgebied, maar het belangrijkste deel kent slechts een 
regionale verspreiding. Soorten met een verspreidingsgebied kleiner dan 50 km worden 
in de moderne batologie (braamkunde) niet beschreven. Er bestaat veel discussie of 
apomicten wel als soorten moeten worden opgevat. Hoewel dit een academische discussie 
lijkt, heeft dit wel degelijk gevolgen voor verspreidings- en biodiversiteitsonderzoek, de 
plantensociologie en het natuurbeheer. In veel onderzoek en in het natuurbeheer worden 
apomictische bramensoorten genegeerd zodat er sprake is van versluierde diversiteit.

In deze dissertatie wordt allereerst ingegaan op de vraag of bramen als soorten op te vatten 
zijn en hoeveel bramensoorten er in Nederland voorkomen. In de tweede plaats wordt 
onderzocht wat de belangrijkste factoren zijn voor de totstandkoming van grootschalige 
verspreidingspatronen en welke factoren de soortensamenstelling van braamstruwelen 
bepalen. Tenslotte richt deze studie zich op de waarde van bramen en braamstruwelen 
voor het natuurbeheer.

Hoofdstuk 2 is een literatuurstudie naar het wezen van soorten en de soortstatus 
van apomicten. Een wetenschapshistorische beschrijving van de ontwikkeling van 
het soortconcept leidt tot twee conclusies, namelijk 1) dat de categorie soort niet te 
definiëren is aan de hand van essentiële kenmerken en 2)  dat soorten in soorten en 
maten komen doordat hun evolutionaire weg en geschiedenis verschilt. Soorten worden 
niet gedefinieerd, maar ontdekt, het zijn fenomenen waarvan het bestaan telkens 
verklaard moet worden. In de laatste helft van de 20e eeuw werd een polemische discussie 
gevoerd over het wezen van de categorie soort, maar tegen het einde van het millennium 
werd in het debat de notie van ‘consilience’ geïntroduceerd: evidentie uit verschillende 
onafhankelijke bronnen leidt tot de conclusie dat een populatie daadwerkelijk een 
zelfstandige soort is. Hier komen ook de verschillende soortconcepten in beeld: 
ze dragen alle een extra argument aan om een taxon als soort te beschouwen, maar 
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hiervoor is een grondige kennis van de biologie van de betreffende groep noodzakelijk. 
Casestudies naar verschillende apomictische groepen die uitgaan van een dergelijke 
geïntegreerde taxonomie bevestigen de soortstatus van apomictische bramen: ze zijn 
genetisch, morfologisch en reproductief goed gescheiden, hebben eigen arealen en zijn 
ecologisch gedifferentieerd. 

In hoofdstuk 3 wordt geargumenteerd dat het ‘pragmatisch soortconcept’ (waarin soorten 
met een onvoldoende groot areaal niet worden beschreven) geen essentieel onderdeel 
uitmaakt van de moderne batologie. De werkwijze is echter wel een noodzakelijke stap 
gebleken om orde te scheppen in een chaos van namen en een internationaal overzicht 
te maken van bramen. Bramen met kleine arealen zijn in te delen in vier categoriën: 
1) primaire hybriden, 2) gestabiliseerde apomicten, 3) variatie in soorten met een 
groot areaal en 4) ongestabiliseerde hybridenzwermen in gebieden met veel seksuele 
bramen. Er is geen wetenschappelijk argument om de gestabiliseerde apomicten met 
een klein areaal (categorie 2) in de taxonomie anders te behandelen dan de soorten met 
een groot areaal en het negeren van deze soorten leidt tot een te lage inschatting van 
soortenaantallen en verhinderd het zicht op de eerste stappen van areaalopbouw van 
jonge soorten. Binnen de overige genoemde categoriën (1, 3 en 4) zijn geen soorten te 
onderscheiden.

In hoofdstuk 4 wordt een complete soortenlijst gegeven van Nederlandse bramen, 
inclusief verspreidingsgegevens, zeldzaamheidsaanduidingen en verwijzingen naar 
plaatwerken. In Nederland zijn 191 bramensoorten bekend, waarvan 97 een regionale 
verspreiding hebben (areaaldiameter van 50-500 km). Slechts 22 van de 191 soorten 
komen algemeen voor. Landelijk gezien zijn 142 soorten zeldzaam tot zeer zeldzaam, 
maar lokaal en regionaal kunnen deze soorten dominant zijn in het landschap.

Een grootschalige multivariate analyse van verspreidingsgegevens van bramen in 
Denemarken, Duitsland, Nederland, Groot-Brittannië en Ierland leidde tot de 
onderscheiding van drie bramenterritoria en 12 florulas (regio’s met een eigen 
bramenflora; hoofdstuk 5). De bramenflora van de Britse eilanden verschilt relatief sterk 
van die van de onderzochte delen van het continent, wat tot de conclusie leidt dat grote 
wateroppervlakten een tamelijk effectieve verspreidingsbarriere vormen voor bramen. 
De verschillen tussen de bramenflora van het noordwestelijke en het zuidoostelijke 
onderzoeksgebied worden echter vooral bepaald door de evolutionaire geschiedenis van 
het genus, waarbij de bramenflora in het westen het stempel draagt van Rubus ulmifolius 
en die in het oosten van R. canescens. Ook op regionale schaal, tussen de florulas, lijkt 
evolutionaire geschiedenis van groter belang te zijn dan ecologische factoren bij de 
totstandkoming van patronen.
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Op landschapsschaal blijken de soorten in braamstruwelen niet willekeurig 
ruimtelijk verdeeld zijn, maar blijken braamstruweeltypen gebonden te zijn aan 
ruimtelijk begrensde delen van het landschap (hoofdstuk 6). In landschappen met 
veel oude landschapselementen zijn rijker ontwikkelde braamstruwelen te vinden 
dan in jonge ontginningslandschappen, wat te maken heeft met de ecologie en/of de 
verspreidingscapaciteit van de braamsoorten. Uit deze studie is ook duidelijk geworden 
dat niet alle variatie in braamstruweeltypen eerder opgenomen is in vegetatieoverzichten. 
In hoofdstuk 7 is daarom een nieuw struweeltype beschreven voor de Baronie en 
Kempen, het Rubetum taxandriae. Deze associatie wordt gekenmerkt door het optreden 
van een aantal zuidelijk soorten die in het noordelijke Rubetum silvatici ontbreken: R. 
taxandriae, R. campaniensis, R. baronicus en R. insectifolius.

Op basis van de gepresenteerde resultaten wordt gepleit voor een volwaardige behandeling 
van bramen in taxonomie, biologisch onderzoek en natuurbeheer en -beleid. Dit zou 
moeten resulteren in opname in flora’s, standaardlijsten en beschouwingen voor de Rode 
Lijst. De resultaten geven bovendien aanleiding de syntaxonomie van braamstruwelen 
te herzien, en beter te funderen in de evolutionair-historische achtergrond van de 
bramenflora. Dit is uitgewerkt buiten het bestek van deze dissertatie, maar de argumenten 
hiervoor zijn gegeven in de algemene discussie van dit proefschrift. Dit leidt tot de 
beschrijving van 10 formele braamstruweeltypen (associaties) in ons land, verdeeld 
over drie verbonden (Pruno-Rubion sprengelii, Athyrio-Rubion en Lonicero-Rubion) 
en twee klassen (Rhamno-Prunetea, Lonicero-Rubetea plicati). Deze braamstruwelen 
zijn kenmerkend voor oude landschappen. Nieuwe kansen voor bramen lijken juist 
te liggen in het urbane gebied en in gebieden met veranderd beheer, zoals begraasde 
natuurgebieden. 

Braamstruwelen zijn van groot belang voor de instandhouding van de biodiversiteit, met 
name in agrarische landschappen en in oude landschapselementen. Ze zijn een belangrijk 
biotoop voor zeldzame struweelsoorten en endemische braamsoorten. Bovendien is de 
instandhouding van soortenrijke struwelen met uiteenlopende braamsoorten van belang 
omdat ze dienen als voedselbron en habitat voor tal van gewervelde en ongewervelde 
diersoorten. Dit wordt duidelijk als de variatie in bijvoorbeeld bloeitijdstippen en 
architectuur en morfologie van de verschillende braamsoorten in ogenschouw wordt 
genomen. De studie hiervan is echter nog nauwelijks van de grond gekomen en vormt 
een goed beginpunt voor verder onderzoek.
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