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Abstract

In the historical County of Flanders 233 woodland patches were inventoried for the presence/absence 
of 204 woodland plant species. From this list 4 functional ecological groups of woodland plant species 
were derived. Two of these groups are so called high quality species groups. For each woodland also 
7 indicators of habitat diversity and habitat quality were determined.

We respectively investigated the influence of forest area, habitat diversity and habitat quality on 
woodland plant species diversity. All species groups showed a trivial significant positive relation with 
forest area. The species group of woody plants and lianas was least sensitive to an increase in forest 
area.

We also found that habitat diversity is much more important than area s.s. in the determination of 
plant species richness: two small woods support more woodland plant species than one large wood of 
the same total size. We suggest this is only valid when:

1) enough core area of the forest remains, this is so when habitat fragmentation is not extreme;

2) the habitats (forest patches) are dissimilar in community composition.

The importance of habitat diversity is stressed by the calculated correlation between the indicators of 
habitat diversity and plant species diversity. Also the forest shape index seems to affect some 
components of species diversity.

For some species groups, ancient forest (as an indicator for habitat quality) is of irreplaceable 
importance for their conservation.

Finally some guidelines are presented for an optimal spatial arrangement of forest patches in not 
extremely fragmented landscapes, characterized by a great community dissimilarity.
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1. Introduction

The last decennium also in Flanders the idea is growing that forest areas have to be characterized by 
a multifunctional spatial allocation. The "Bosdecreet" of the Flemish Regional Government 
(Anonymous 1990) recognizes 5 different functions for Flemish forests: An economical function, a 
social-educational function, a shelter function, an ecological function and a scientific function.

Hence woodland owners and policy makers have to be increasingly prepared to allow ecological 
conservation to influence their woodland management practices. Because woodland encompasses a 
high diversity of higher plant species, preserving plant species diversity can become one of the most 
important goals in forest management (e.g. Peterken 1981).

Woodland plant diversity is affected by internal and external factors (figure 1). Internal factors 
concern habitat diversity and habitat quality within the forest. Forest area can be seen as an indepen
dent variable affecting plant diversity (according to the equilibrium island theory of MacArthur and 
Wilson (1967)) or as a surrogate for habitat diversity (Lack 1976). Habitat quality can be measured 
by the amount of (historical) disturbance influencing the forest, for example by historical other forms 
of land use (e.g.agricultural use). A good predictor for this can be the percentage of the forest which 
is old (and relatively undisturbed). For Flanders this means forest which was present before the year 
1775, date of the first topographical maps covering the whole of the Flemish territory (Hermy 1992; 
Tack et al. 1993).
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Figure 1: Woodland plant diversity is affected by internal and external factors.



External factors concern the landscape ecological context of the forest. Isolation of the forest can 
influence species colonization (Peterken & Game 1981; Dzwonko & Loster 1989; van Ruremon- 
de & Kalkhoven 1991; Dzwonko & Loster 1992). The character of the landscape matrix can also 
have an influence on patch colonization or can be related to problems of external perturbation of the 
forest edge region, for example by fertilization of the neighboring arable land or by more natural 
effects on the micro climate of the forest (Ranney et al. 1981; Harris 1984; Lovejoy et al. 1986). 
This paper will mainly focus on the effects of internal factors on plant species diversity.

In addition to a terminology of species diversity, also species quality is a desirable component of the 
valuation of conservation sites. Comparison based on the sum of (woodland) species is basically a 
quantitative approach with no qualitative element (Peterken 1974; Diamond 1976). In what follows 
we make a distinction between a qualitative and quantitative measurement of plant diversity by 
identifying different functional woodland plant species groups. Quality of species can be judged on the 
basis of the re-creatability of the ecosystem where the species occur (Peterken 1977).

2. Methods

233 Flemish forests varying in size from 0,1 until 5216 ha (mean 136 ha, median 19 ha) were 
inventoried for the presence or absence of 204 woodland species. Most of the forests are lying in the 
Flemish phytogeographical district, some of them are lying in the Western part of the Brabant district 
(Figure 2). The forests are Alnion, Alno-Padion, Carpinion and Quercion communities.

Figure 2: Location of the 233 inventoried woods in the Western part of Belgium and the most 
Northern part of France (The former County of Flanders).



The basic species list was made up for three plant groups: authentic forest plant species, species of 
edges and clearings and woody plant species and lianas (T a c k  et al. 1993 ). The list is partially based 
upon field experience and partially derived from literature references and is given in annex 1. The 
group of the woody plants (and lianas) is restricted to those that in Flanders are/were usually not 
introduced to the locality by man.

Habitat variables where determined on the basis of the Belgian soil maps (scale 1:20.000), topogra
phical maps (scale 1:25.000) and the historical (ca. 1775) De Ferraris land use maps (scale ca. 
1:18.000).

The inventoried habitat characteristics for each forest are: area, Patton shape index, number of soil 
textures, number of soil series , number of different drainage classes, topography index, percentage 
of present wood that is old (i.e. present on the De Ferraris map) and percentage of the wood that is 
young (i.e. not present on the De Ferraris map). Some woods are (partially) neither old or young 
because they were present on the De Ferraris maps, disappeared since then and were recently planted 
again. The topography index is defined as the difference between the highest and the lowest point of 
the wood, divided by the distance between these points. The Patton shape index is defined as 
P/(200A) with P the perimeter (in meters) of the wood and A the area (in hectares) (e.g. Faeth and 
Kane 1978).

Some variables were LOG 10 transformed for statistical reasons.

In a first stage we derived an additional species group in order to integrate species quality in our 
analysis. On the basis of a comparison of the expected distribution and the measured distribution of 
the species in new and old forest, a Chi2 test generated a list of so called a n c i e n t  w o o d l a n d  
s p e c i e s .  Secondly the influence of forest area on species richness was examined by the analysis of 
some classic species-area relations.

Next the influence of habitat diversity was investigated in an indirect and a direct way. Respectively 
by plotting species-area relationships in the context of the SLOSS debate and by calculating partial 
correlation coefficients between the number of plants of each group and habitat diversity charac
teristics. The correlations were controlled for the area of the forest patch. Finally we also focus on 
the effects of habitat quality on species richness.

In the conclusion we suggest some guide-lines towards the optimal spatial arrangement of forests and 
give some comments on the approach of the research.
For all statistical analysis we used SPSS version 6.0 and 6.1 (SPSS Inc., 1994). Botanical nomen
clature is according to De Langhe et al. (1988).

3. Results

In a first stage of the research we derived a list of so called ancient woodland species. For the 
analysis we had to restrict the list of 234 forests to 104 forests, each of them consisting of more than 
90% of old or young forests. On the basis of a Chi2 test preferences of species for old or new forests 
were detected. When the s p e c i e s  of  e d g e s  and  c l e a r i n g s  are omitted, we are able to 
define 49 plant species as ancient woodland species (p value < 0,05). They are listed in annex 2.



A n c i e n t  w o o d l a n d  s p e c i e s  are part of an ecosystem of a very low degree of recreatability 
and are described as species of high quality. In addition ancient woodland species are almost absent 
in persistent seed banks and have a very limited colonisation capacity. The latter is due to their low 
reproduction and dispersal capacity and their sensitiveness to nutrient rich soils. Nutrient rich soils 
may improve the growing circumstances for woodland plants but also favour the growth of very 
competitive species which supress the ancient woodland species (Peterken 1974; Rackham 1980; 
Hermy 1994; Wulf 1994; Honnay et al. in prep.). Complete regeneration of an old forest in a 
western European context will take many centuries; Peterken (1977) suggested more than 800 years. 
If we consider as a starting point the present agricultural land which has become very nutrient rich 
through fertilisation, 800 years is rather optimistic. This means that recreation of ancient forest 
ecosystem is not realistic on a human time scale.

We consider the species of annex 2 (together with the authentic woodland species) as qualitatively 
high species and as important elements in the evaluation of the ecological value of woodland. 39% of 
these species are threatened according to the Flemish Flora Database (COSYNS et al. 1994).

Figure 3 gives the species-log(area) relationships for each of the species groups. An increase in forest 
area is reflected in a higher number of species in each species group. However not all species groups 
are responding in the same way. There are significant differences in regression line slopes between 
the woody species and lianas and the other species groups . W o o d y  p l a n t s  and  l i a n a s  are the 
least sensitive to an increase in forest area. Table 1 lists the differences in regression slopes and their 
significance for the different species groups.

Species -  Log(Area) relations
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Figure 3: Species-log(area) relationships for all of the des
cribed species groups. Each species group responds in a 
positive way on an increment of the log(area) of the wood. 
Not all species groups are responding in the same way. 
Wo o d y  p l a n t s  and  l i a n a s  are the least sensitive 
to an increase in wood area.



b p-value

AWS - AnWS 2,172136 0,05

AWS - SEC 1,339482 0,194

AWS - WSL 5,751467 0,000

AnWS - SEC -0,83265 0,328

AnWS - WSL 3,579331 0,000

SEC - WSL 4,411986 0,000

Table 1: Significances of the differences between the regression slopes for each of the plant species 
groups, b is a dummy variable. Under HO (no difference in regression slope): b = 0. AWS: 
A u t h e n t i c  W o o d l a n d  S p e c i e s ;  AnWS: A n c i e n t  W o o d l a n d  S p e c i e s ;  SEC: 
Species of Edges and Clearings; WSL: W o o d y  S p e c i e s  a n d  L i a n a s .

A uthentic
w oodland
s p ec ies

A ncient
w ood lan d
sp ec ies

S p ec ies  o f  e d g es  and 
clearings

W o o d y  p lants and 
lianas

A ll w oodland  
sp ec ies

N u m ber o f  so il textures 0 ,1 6 * 0 ,1 9 * 0 ,2 0  ** 0 ,1 7  * 0,21 **

N u m ber o f  so il m oisture  
lev e ls

0 ,3 5  *** 0 ,5 3  *** 0 ,3 9  *** 0,31  *** 0 ,5 2  ***

L og(N u m b er o f  so il 
ser ies)

0 ,4 3  *** 0 ,4 2  *** 0 ,3 0  *** 0 ,2 7  *** 0 ,4 2  ***

T op ograp y  in d ex 0,31 *** 0 ,4 0  *** 0 , 1 9 * 0 ,31  *** 0 ,3 2  ***

L og(S h ap e in d ex) 0 ,0 7 0 ,0 7 0 ,2 9  *** 0 ,2 7  *** 0 ,2 0  **

*: 0 ,0 5 > p > 0 ,0 1 ;  * * :0 ,0 1 > p > 0 ,0 0 1 ; ***:p<0,001

Table 2: Partial correlations coefficients between the habitat diversity variables and the presence of 
each of the species groups in a wood. The correlation coefficients are controlled for the log(area) of 
the wood.



The positive relation between LOG(Area) and the species number can be an indication of a pure 
MacArthur/Wilson relation between species number and island area. In this context, a classic analysis 
in landscape ecology is an analysis of the SLOSS (Single Large Or Several Small) species-area 
relation (for an overview see: Wilcove et al. 1986; Shafer 1990). Key question is if one large 
reserve can hold more species than two smaller reserves of the same total size. Populations of large 
reserves are supposed to be less sensitive to environmental, stochastic and demographic extinction 
compared to populations in small reserves (Shafer 1981). We applied a computer simulation to 
investigate if two random chosen small forest patches support more woodland plant species and more 
ancient woodland species then one large forest of the same total area. The species-area relationship 
for all species is visualised in figure 4. The total amount of woodland species in two forests is 
significantly larger than the number of woodland species in one large forest of the same size (differen
ce in the regression constant is 18,8 (p <0,0001)). The difference in slope for the two regression lines 
is not significant (p=0,44). Figure 5 gives the SLOSS relation for the ancient woodland species. 
Difference between regression constants is 6,32 (p<0,001), the difference in slope between the two 
regression lines is not significant (p=0,91). As well species quantity as species quality seems to be 
larger in two randomly chosen geographically separated forest patches then in one large forest of the 
same size.

These results suggest that habitat diversity is more important than area. To make the influence of 
habitat diversity more explicit, partial correlations were calculated between the diversity of woodland 
plants and the inventoried environmental variables (table 2). The correlations are controlled for the 
area of the forest. All species groups seem to be favoured by high soil diversity. Especially the 
number of drainage class seems to be important. A high shape index favours the number of s p e 
c i e s  o f  e d g e s  and  c l e a r i n g s ,  the w o o d y  p l a n t s  and  l i a n a s  and yields no 
negative effect on the number of a u t h e n t i c  w o o d l a n d  s p e c i e s  and on the a n c i e n t  
w o o d l a n d  s p e c i e s .

Finally it is shown that some species groups are responding in a different way on an increase of forest 
area according to their presence in an ancient wood or in a young wood (Figure 6 & 7). This is the 
case for a n c i e n t  w o o d l a n d  s p e c i e s  (for definition) but also for the a u t h e n t i c  
w o o d l a n d  s p e c i e s .  These species have significantly higher regression constants for ancient 
woodlands then for young woodlands (p<0,006 and p<0,01 respectively).

4. Discussion

The positive species-log(area) relationships for all of the species groups are trivial and are corrobora
ted by many other authors studying plant species richness in woodland patches (f.e. Peterken and 
Game 1984; Dzwonko and Loster 1989; Zacharias and Brandes 1990). A simple analysis of 
these results would suggest a MacArthur-Wilson species-log(area) relation. A small wood contains less 
species than a large one.

However the result of the SLOSS analysis for the total amount of woodland species is not in accordan
ce with the expected results according to a strict application of the equilibrium-island theory of 
Mac Arthur and Wilson (1967) where one large reserve is expected to support more species than 
two smaller ones. Small areas will on average support smaller populations which are more likely to 
go extinct because of genetic, demographic and environmental stochasticity.
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Figure 4: The total number of woodland plant species in two geographically separated woods compa
red to the total number of woodland plant species in one large wood of the same total size.
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Figure 5: The total number of ancient woodland plant species in two geographically separated woods 
compared to the total number of a n c i e n t  w o o d l a n d  p l a n t  s p e c i e s  in one large wood of 
the same total size.
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Figure 6: Species - log(area) relation for old woods and for young woods for a u t h e n t i c  w o o d 
l a n d  s p e c i e s .
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Figure 7: Species - log(area) relation for old woods and for young woods for s p e c i e s  of  e d g e s  
and c l e a r i n g s .



Our results however fit the findings of many other authors comparing the plant species richness of 
forest islands (Simberloff and Gotelli 1984; Zacharias and Brandes 1990 and Dzwonko and 
Loster 1989) and are due to the probability of a higher habitat diversity present in two geographical
ly separated small forests than in one large forest of the same size. For the conservation of high 
woodland plant species diversity it seems to be important to geographically spread the forests to 
enclose as much as possible typical habitat characteristics. This is more important than the creation 
of few large nature reserves. It is important to cover available habitat diversity as much as possible, 
especially in a region of complex and diverse geology and geomorphology as the Flemish lowland 
with a relatively high community similarity between woods (WlLCOVE et al. 1988). Habitat diversity 
can be caught best by geographically spreading nature reserves and not by enlarging them. These 
results are in favour of a theory of habitat diversity rather than of the Island Equilibrium Theory.

Conclusions can be the same for the a n c i e n t  w o o d l a n d  s p e c i e s .  Even in the case of these 
typical core species, habitat diversity seems to be much more important than forest area. Indicating 
that these species are not negatively influenced by small forest area. Probably this conclusion is not 
relevant in a case of extreme habitat fragmentation where the forest area becomes very small. It is in 
this context better to focus on forest core area and not on forest area. The core area of the forest is 
the part of the forest that is not affected by external disturbances. In the long run the effects from 
neighbouring human activities will have to be buffered. The necessary core area can be calculated on 
the basis of an estimation of the penetration distance parameter or edge depth variable which is a 
measure for the depth the edge effects penetrate into the forest. The result is an estimation of the 
unaffected core area and the edge area of a forest. Laurence and Yensen (1991) used the following 
formula for the calculation of the core area:

Core Area = Total Area (TA) - Affected Area (AA)

where

AA= 3,55*d*SI*(TA/10000)°’5 where d is the penetration distance 

and

SI = P/{200*(7r*TA)0’5} where P is the perimeter of the wood.

For core areas with SI values of 1,5 and less the use of the Adjusted Affected Area is more accurate: 

AAAdj = AA*{1-(0,265*(AA/TA)/SI1,5)}

Critical in this calculation is of course the choice of the penetration distance of the edge effects into 
the interior of the woods. How far do the effects of fertilization, increasing windspeed and light 
intensity penetrate into the forest and what are the effects on woodland plants ? Few literature is 
available on this topic (e.g. Ranney et al. 1981; Harris 1984; Lovejoy et al. 1986).

The importance of habitat diversity is stressed by the results of the partial correlation analysis. All 
species groups show high correlations with soil diversity and the topographical index. A high shape 
index seems to favour the species of edges and clearings and the woody species and lianas while the 
other species groups are not affected. Again this may be only the case when enough core area 
remains, something which may be problematic in small forests characterized by an irregular shape. 
A regession analysis will have to make the elucidated relations more explicit.



Beside the important effects of habitat diversity also habitat quality plays a non neglectable role in the 
determination of species richness and especially in the determination of the presence of high quality 
species. The different species-area relations for old forest and for young forest for the a u t h e n t i c  
w o o d l a n d  s p e c i e s  (and the a n c i e n t  w o o d l a n d  s p e c i e s )  suggest this. The preservation 
of these high quality species depends (besides on habitat diversity) on the preservation of old forests.

5. Conclusion

Some conclusions concerning the optimal spatial arrangement of woodland patches are graphically 
presented in figure 8. Three processes are represented:

- increase in forest area;
- geographical spreading of the forest (total patch area remains constant) ;
- increase of the shape index (total patch area remains constant).

The first two processes have a positive influence as well on species quality as on species quantity. The 
latter process only influences species quantity but has no negative effect on species quality. These 
recommandations suppose:

1. There is no situation of extreme habitat fragmentation, the forest core areas are big enough 
(Flanders has a forestry index of about 8,5 %). There are no stochastic extinction processes sensu 
Shafer (1981), the effect of area s.s. is not playing.

2. A minimum level of community dissimilarity between the different forest patches is present.

A second important conclusion can be on the irreplaceable importance of ancient woodland or relicts 
of ancient woodlands for preserving species quality. Because of the extreme low colonization capacity 
of most of these species, the integration of ancient woodland or wood relict hedges which may 
function as species sources in forest expansion planning can be very effective to allow colonization of 
these species (See also: Rackham 1980; Forman & Baudry 1984; Peterken and Game 1984; 
Honnay et al. in prep.).

Next, we used a rather limited definition of habitat quality and habitat diversity. The diversity in e.g; 
stand structure can also affect species diversity but was not measured. The same can be said for 
habitat quality. We didn’t measure colonizations or extinctions either. The study is characterized by 
typical static pattern approach. Isolation measures were not calculated either so a real verification of 
the Theory of Island Biogeography s.s. was not possible (Ouburg 1993).

Finally we give some short recommandations for further research. Some additional ecological research 
on natural and artificial effects of fragmentation on the forest micro climate can be of great importan
ce for the determination of the penetration distance in order to calculate the unaffected core area for 
a forest patch. The SLOSS discussion suggests a rather high community dissimilarity between the 
forests. It could be interesting to leave the Species-LOG(Area) approach for a species specific 
approach. SLOSS and theory of island biogeography will give little information about the conservation 
of individual species which are likely to go extinct (Saunders et al. 1991; Worthen 1996). It is for 
example possible that small populations of particular species are influenced by genetic erosion which 
is not reflected in a species group approach. A logistic regression approach (Norusis 1995) or a 
nested subset approach (Patterson 1987) could be useful tools for gathering information about this.
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Figure 8: Proposed optimal spatial arrangement of wood fragments under two conditions; 1) no limit 
situation of habitat fragmentation (i.e. enough undisturbed core area remains in each fragment) and 
2) a relative high community dissimilarity between the woods.
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Authentic woodland species

A doxa m oschatellina  
A llium  ursinum  
A nem one nem orosa  
Arum  m aculatum  
A speru la  odora ta  
A thyrium  filix-fem ina  
Blechnum  sp ican t 
B rachypodium  sylvaticum  
Cam pánula trachelium  
C ardam ine am ara  
C arex elongata  
C arex pen du la  
Carex rem ota  
Carex str igosa  
C arex sy lva tica  
C hrysosplenium  altern ifo lium  
C hrysosplenium  oppositifo lium  
C ircaea lu tetiana  
Colchicum  autum nale  
C onvallaria  m aja lis  
C orydalis so lida  
D acty lorh iza  fu ch sii 
D escham psia  cesp itosa  
D eschapsia  flexu osa  
D ryop teris  qffinis 
D ryop teris  carthusiana  
D ryop teris  d ila ta ta  
D ryop teris  f ilix -m as  
Elym us caninus 
E pilobium  m ontanum

Equisetum  sylvaticum  
Equisetum  telm ateia  
E uphorbia am ygda lo ides  
Festuca g igan tea  
G agea lú tea  
G agea spa th acea  
G alanthus n iva lis  
H elleborus virid is  
H ieracium  lachenalii 
H ieracium  m urorum  
H olcus m ollis  
H yacin thoides non-scrip ta  
Im patiens n o li-tangere  
Lam ium  ga leobdo lon  
L athrea  clandestina  
L isteria  ova ta  
L uzula p ilo sa  
Luzula sy lva tica  
L ysim achia  nem orum  
M aianthem um  bifolium  
M élica  uniflora  
M ercu ria lis peren n is  
M ilium  ejfusum  
M ycelis m uralis  
N arcissus pseudon arcissus  
N eottia  n idus-avi 
O phioglossum  vulgatum  
O m ith oga lu m  um bellatum  
O sm unda regalis  
O xalis ace tose lla

P aris qu adrifo lia  
Phyteum a nigrum  
P hyteum a spicatum  
P oa nem oralis  
P olygonatum  m ultiflorum  
P olygonum  h istoria  
P olypodium  vu lgare  
P olystichum  aculeatum  
P oten tilla  s terilis  
P rim ula e la tio r  
P rim ula vu lgaris  
P terid ium  aquilinum  
P ulm onaria  m ontana  
P ulm onaria  officinalis  
Ranunculus auricom us 
Ranunculus f ica r ia  
Rumex sanguineus 
Sanícula europaea  
Scrophularia  nodosa  
Sedum  telephium  
Stellaria  h o lostea  
S tellaria  nem orum  
Thelypteris p a lu str is  
Vaccinium m yrtillus  
Veronica m ontana  
Vinca m inor  
Viola p a lu str is  
Viola reichenbachiana  
Viola rivin iana



A grim on ia  eupatoria  
A grim on ia  repens  
A juga reptans  
A llia ria  p e tio la ta  
C alam agrostis  canescens 
C alam agrostis  ep igejos  
C allitrich e spp.
C alluna vu lgaris  
C ardam ine flexu osa  
C ar ex d ivu lsa  
Carex pa lle scen s  
Carex p ilu life ra  
Carex sp ica ta  
Centaurium  erythraea  
Chaerophyllum  temulum  
Cirsium  oleraceum  
C oryda lis  c lavicu la ta  
C repis p a lu d o sa  
D ig ita lis  purpurea  
D ipsacu s p ilo su s  
E pilobium  angustifolium  
E pipactis  helleborine  
F ragaria  vesca  
G alium  cruciata  
G alium  saxa tile

Geranium  phaeum  
Geum urbanum  
G naphalium  sylvaticum  
H ieracium  sabaudum  & laevigatum  
H ieracium  um bellatum  
H ippoph ae rham noides 
H ypericum  dubium  & m aculatum  
H ypericum  hirsutum  
H ypericum  pu lchrum  
H ypericum  quadrangulum  
Im patiens p a rv iflo ra  
K nautia  arvensis  
L apsana com m unis 
Lathyrus sylvestris  
Ligustrum  vu lgare  
M elam pyrum  p ra ten se  
M elandrium  dioicum  
M oehringia  trinervia  
M yrica  ga le  
O rchis m ascula  
O rchis purpurea  
O riganum  vu lgare  
P eplis p o r tu la
P icris h ieracio ides & echioides  
P latan thera chlorantha

R osa canina  
R osa p im p in e llifo lia  
R osa rubiginosa  
Rubus ideaus 
Salix aurita  
Salix repens 
Sarotham nus scopariu s  
Scirpus sy lva ticu s  
Scu tellaria  m inor  
Senecio fu ch sii 
Senecio sy lva ticu s & viscosus 
Serratu la  tin ctoria  
S olidago  virgaurea  
Stachys officinalis  
Stachys sy lva tica  
S tellaria  neglecta  
Stellaria  u lig inosa  
Succisa p ra ten s is  
Teucrium scorodon ia  
T orilis ja p ó n ica  
Ulex europaeus  
Vicia sepium  
Viola odora ta  
Viscum album

Woody plants and lianas

Woody plants:
A cer cam pestre  
B etula pen du la  
B etula pu bescen s  
Cornus sanguínea  
C orylus avellan a  
C rataegus laeviga ta  
Prunus avium  
Prunus p a d u s  
Prunus sp in osa  
Pyrus p y ra s te r  
Rham nus catharticus  
R ibes nigrum  
R ibes rubrum  
Sam bucus n igra

Sam bucus racem osa  
Sorbus aucuparia  
Sorbus torm inalis  
Viburnum lantana  
Viburnum opulus

Lianas:
B ryonia d io ica  
C lem atis v ita lba  
C rataegus m onogyna  
Evonym us europaeus  
Frángula a lm s  
H ederá  helix  
Humulus lupulus 
Ilex aqu ifolium

L onicera  periclym enum  
M alus sy lvestris  
M espilus germ anica  
Populus trém ula  
R ibes u va-crispa  
R osa arvensis  
R osa  tom entosa  
Rubus caesius  
Rubus fru c tico su s  
Salix caprea  
Salix  cinerea  
Solanum  du lcam ara  
Tamus com m unis



Ancient woodland species. Species of edges and clearings were omitted.

occurrence in 
ancient wood

occurrence in 
young wood

Chi square p-value

P terid ium  aquilinum 50 5 65,454 0,0000
L uzula p ilo s a 40 3 24,366 0,0000
O xalis a ce to se lla 39 5 19,224 0,0000
H yacin thoides non-scrip ta 46 8 18,961 0,0000
M aianthem um  bifolium 26 1 17,956 0,0000
R osa arvensis 33 4 16,744 0,0000
Vinca m inor 38 6 16,699 0,0000
M ilium  effusum 30 3 16,510 0,0000
Veronica m ontana 27 2 16,379 0,0001
L ysim ach ia  nem orum 29 3 15,762 0,0001
Carex sy lva tica 46 11 14,367 0,0002
M élica  uniflora 18 0 14,273 0,0002
Vaccinium m yrtillus 16 0 12,689 0,0004
C hrysosplenium  oppositifo lia 18 1 11,696 0,0006
Sanícula europaea 17 1 10,914 0,0010
Carex s tr igosa 13 0 10,310 0,0013
Carex pén du la 16 1 10,135 0,0015
A cer cam pestre 23 4 9,471 0,0021
Tamus com m unis 15 1 9,357 0,0022
Viola riv in iana 43 14 8,940 0,0028
Luzula sy lva tica 11 0 8,724 0,0031
C ircaea lu tetiana 42 14 8,396 0,0038
A llium  ursinum 16 2 8,004 0,0047
Blechnum  sp ican t 16 2 8,004 0,0047
Cam panula trachelium 13 1 7,807 0,0052
P aris qu adrifo lia 25 6 7,777 0,0053
C onvallaria  m aja lis 27 7 7,705 0,0055
H ieracium  murorum 9 0 7,138 0,0075
P oten tilla  s terilis 30 9 7,075 0,0078
D escham psia  flexu osa 19 4 6,717 0,0096
B rachypodium  sylvaticum 35 12 6,662 0,0098
L onicera  periclym enum 56 24 6,568 0,0104
D escham psia  cesp itosa 49 20 6,501 0,0108
E quisetum  sylvaticum 8 0 6,345 0,0118
A speru la  o dora ta 7 0 5,552 0,0185
H ieracium  lachenalii 7 0 5,552 0,0185
S tellaria  nem orum 7 0 5,552 0,0185
M espilus germ ánica 15 3 5,544 0,0185
N arcissus pseudon arcissus 10 1 5,506 0,0189
Equisetum  te lm ate ia 25 8 5,345 0,0208
Lam ium  ga leobdo lon 50 23 4,791 0,0286
M ercu ria lis peren n is 16 4 4,760 0,0291
P olygonatum  m ultiflorum 54 26 4,463 0,0346
P oa nem oralis 44 20 4,372 0,0365
Arum  m aculatum 42 19 4,233 0,0396
E pilobium  m ontanum 19 6 4,148 0,0417
Cornus sanguínea 43 20 3,981 0,0460
O sm unda rega lis 5 0 3,966 0,0464
Pulm onaria  officinalis 5 0 3,966 0,0464
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