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1 INTRODUCTION 

Jurij Diaci and Dušan Roženbergar, University of Ljubljana, Biotechnical faculty, Dep. for 
forestry and renewable forest resources, Slovenia 
 
This review forms part of the Nat-Man project, which is funded by the EU 5th Framework 
Programme and deals with the sustainable management of European beech forests. It was 
produced by Nat-Man Work Package 3 partners, and provides information on natural 
regeneration processes in natural and managed beech forests. It is sub-divided into six regional 
reports, each of which provides information on:  

?? basic ecological conditions 
?? beech seed production, distribution and predation 
?? beech germination and initial establishment 
?? beech seedling and sapling growth and development 
?? regeneration dynamics in natural beech forest 
?? regeneration practices in managed beech forest 

 
The goals of the report are to: 

?? review existing information on regeneration and ground vegetation and the relationships 
between these and environmental conditions in natural and managed beech forest  

?? reveal areas in this field where information is scarce or missing 
  
The six regions and countries covered by the partner reports are shown in the table and figure 
below. Each project partner took responsibility for reporting on countries within a region. 
Although all the countries listed were included in the review, the detail of coverage depended on 
the availability of information to the particular project partner. 
 
The review will be used in further research activities in Work-Package 3 and by other Nat-Man 
partners. It provides a basis for the analyses of newly gathered data, for the development and 
improvement of management guidelines, and a guide for future research in the field of 
regeneration dynamics in European beech forests.  
 

Region Countries covered by the 
report 

Partner 

North Central Europe Denmark, Sweden, N. 
Poland, S. Norway 

Hahn K., The Royal Veterinary 
and Agricultural University (KVL) 

United Kingdom UK  Mountford E., University of 
Oxford (UOXF) 

Northwest  European 
lowlands  

Netherlands, Belgium*, N-
France*, NW-Germany*  

Wijdeven S., van Hees A., 
Alterra, The Netherlands 

East Europe  Hungary, Slovakia, Ukraine, 
Romania, Czech Republic, 
S. Poland 

Standovar T., Eötvös University 
(ELTE.TTK) 

South Europe Slovenia, Croatia, Bosnia-H, 
Macedonia*, Albania*, 
Serbia* 

Diaci J., Rozenbergar D., 
University of Ljubljana (ULJ) 

Central Europe Germany, Austria, 
Switzerland 

Butler Manning D., University of 
Freiburg (UFR) 

* only partly covered 
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European countries that are fully or partially covered in the report are marked with a black dot ?. 
The map is adapted from CRL, University of Alabama. 
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2 A REVIEW OF INFORMATION ON NATURAL REGENERATION IN BRITISH 
BEECHWOODS 

Edward P. Mountford, Oxford Forestry Institute, England 
 

2.1  INTRODUCTION  

This review is concerned with natural regeneration in British beechwoods. Following an 
introduction to beechwoods in Britain, several sections then review existing information on seed 
production, seed predation, seed dispersal, initial establishment, and seedling development. It 
includes comparative information on beech (Fagus sylvatica), and its main competitors, oak 
(Quercus petraea/robur), ash (Fraxinus excelsior), sycamore (Acer pseudoplatanus) and birch 
(Betula pendula/pubescens). 
 
Natural regeneration is a process by which an existing stand is replaced by a new generation of 
trees. Although this occurs in untreated sites without the direct influence of people, most often in 
Britain, as elsewhere, it occurs with the helping hand of forest managers. In British forestry the 
term natural regeneration is used to refer to restocking that relies primarily on naturally-
established seedlings, albeit in surroundings that are manipulated to facilitate their growth. Such 
practice was of limited importance during most of the 1900s, but recently it has become 
fashionable (Harmer 1994a, 1994b). Nevertheless, natural regeneration has attracted 
considerable interest from ecologists over the 20th century: 
?? general accounts are provided by Anderson (1953), Evans (1988), and Harmer (1994a, 

1994c, 1995) 
?? species-specific accounts are provided by Watt (1919, 1923, 1924, 1925), Bourne (1942, 

1945), Jones (1944, 1959), Brown (1953), Wardle (1961), Miles and Kinnaird (1979a, 1979b), 
Shaw (1974), Harding (1981), Newbold and Goldsmith (1981), and Grime et al. (1988). 

Although the emphasis of this review is on beechwoods growing in southern Britain, some of the 
information, and particularly that on species other than beech, is by necessity derived from 
studies outside this range though within the British Isles. Much of the information comes from 
observations in managed woods, especially those where natural regeneration has been used 
for restocking, and experiments using seeds, planted or self-sown seedlings, or exclosures 
where environmental factors have been controlled. A small number of studies in long untreated 
‘natural’ beechwoods in Britain are reported. Information on beech and oak is most abundant, 
reflecting their importance in forest management. 
 
Beechwoods are an important component of the British landscape. They are valued not only for 
timber production, but also for their landscape appeal, historical, cultural and wildlife values, 
recreational usage, and for game and livestock production. Beech is second to oak as one of 
the main broadleaved timber trees. Since the 1970s management for landscape, nature 
conservation and amenity has increased, especially on sites designated as Ancient Semi-
natural Woodland or Sites of Special Scientific Interest (Forestry Commission 1994). Much of 
the beech woodland in England is in private ownership, either non-governmental organisations 
or private individuals or bodies. The state forestry service, the Forestry Commission, own about 
30% (Locke 1987).  
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Figure 1: The zone of semi-natural beech woodland in Britain (Forestry Commission 1994) and main 
‘native’ beechwood areas within this (from Rackham 1997). 1 = South Wales Coalfields, Lower Wye 
Valley, Cotswold Hills; 2 = New Forest; 3 = North and South Downs, Weald, London Basin, Chilterns. 

 
Beech woodland occupies about 58,000ha or 14% of the high forest area in England (Locke 
1987). About half of this has been classified as ancient, semi-natural beech or yew woodland in 
lowland Britain. Semi-natural beech woodland is frequent in some parts of southern Britain 
(Figure 1), where it is characteristic, though not solely associated with, outcrops of limestone 
and chalk and light to medium textured soils. However, within this area and elsewhere there are 
many recent beechwoods that have been planted or promoted for ornament or timber, and in 
places these have naturalised (Selmes and Peterken 1997). Beech woodland in Britain has 
been profoundly influenced by human intervention. Ancient stands were traditionally managed 
mainly either as wood pasture or coppice (Rackham 1980, Peterken 1993). During the 20th 
century the emphasis has been mainly on pure or mixed beech high forest, restocking by 
planting, and clear-felling (Penistan 1974, Aldhous 1981, Evans 1984).  
 
 
 
 
 
 
 
 
 

2 

3 

1 
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 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
Temp. °C              
South-east 
England 4.7 4.1 6.4 8.1 11.5 14.1 16.7 16.6 14.4 11.8 7.8 6.1 10.2 

South-central 
England 3.7 4.2 5.8 8.4 11.7 14.9 16.6 16.2 13.8 10.1 6.4 4.4 9.7 

West-central 
England 4.1 4.4 6.0 8.5 11.7 14.7 16.4 16.0 13.7 10.0 6.6 4.7 9.7 

North-central 
England 3.1 4.0 5.6 8.1 11.6 14.4 15.8 15.6 13.4 10.1 6.1 4.3 9.3 

North  
France 3.0 3.1 6.3 8.3 11.9 14.7 17.4 17.0 14.6 11.3 6.5 4.5 9.9 

Central 
Belgium 2.2 3.1 5.6 9.0 13.0 16.1 17.7 17.4 14.8 10.6 5.9 3.1 9.9 

Precip. mm              
South-east 
England 94 41 61 44 37 38 41 41 53 103 69 76 695 

South-central 
England 53 41 42 43 52 55 61 59 61 66 62 55 649 

West-central 
England 86 64 62 59 63 63 77 95 84 98 90 92 933 

North-central 
England 71 59 58 52 62 71 87 93 82 93 85 87 900 

North  
France 59 47 46 47 52 54 58 61 57 66 66 64 677 

Central 
Belgium 68 56 58 56 61 67 80 74 66 72 71 69 797 

Table 1: Average monthly temperate and precipitation levels for main areas of native beech woodland in 
Britain (south-east, south-central and west-central England, see Figure 1), and for comparison north-
central England, north France and central Belgium (from http://www.worldclimate.com). 

South-east England site is Herstmonceux, 50.87°N 0.30°E, data from 1981-90; south-central England site is Oxford, 51.70°N 
1.20°W, data from 1828-1980 (temp.) and 1767-1988 (precip.); west-central sites are Ross-on-Wye (temp.), 51.90°N 2.60°W, 
data from 1877-1975, and Barrow Gurney (precip.), 51.40°N 2.70°W, data from 1860-1976; north-central England site is 
Manchester Airport, 53.35°N 2.20°W, data from 1786/94-1990; north France site is Rouen, 49.38°N 1.10°E, data from 1981-
1990 (temp.) and 1845-1973 (precip.); and central Belgium site is Uccle, 50.80°N 4.30°E, data from 1833-1990. 
 
The climate in Britain (Table 1) differs from much of continental Europe because of the strong 
influence of the Atlantic Ocean (Fairburn 1968, Goudie and Brunsden 1994). Summers are 
relatively cool, winters mild, and the annual growing season is moderately long at 260-280 days. 
The average total rainfall ranges from 650-950mm, but patterns are variable and irregular 
summer droughts occur which impact strongly on mature beech trees especially on dry shallow 
soils. Little precipitation falls as snow and relatively few days have freezing temperatures, 
though frosts are common. There is some geographic variation in climate: south-east England is 
generally warmer, drier and has more seasonal rainfall; central England is cooler (especially in 
winter) and has more even rainfall; west and north-central England are wetter in most months, 
though the latter is also cooler throughout the year. Compared to the nearest parts of 
continental Europe (i.e., north France and central Belgium), average temperate and rainfall are 
closest to south-east England, though winters are as cold as in north-central England and 
summers are noticeably warmer. 
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ALNO-ULMION 
 

 
QUERCION ROBORI-PETRAEAE 

 

W9 Fraxinus-Sorbus-
Mercurialis woodland 

 

W11 Quercus-Betula-
Sorbus woodland 

W17 Quercus-Betula-
Dicranum woodland 

COOL, WET, NORTH-
WESTERN SUB-
MONTANE ZONE 

 
CARPINION BETULI 

  

 
W8 Fraxinus-Acer-

Mercurialis woodland 
 

 
W10 Quercus-

Pteridium-Rubus 
woodland 

 

 
W16 Quercus-Betula-

Deschampsia woodland 

 
WARM, DRY, SOUTH-
EASTERN LOWLAND 

ZONE 

 
 
 

W12 Fagus-Mercurialis 
woodland 

 

 
FAGION SYLVATICI 

 
W14 Fagus-Rubus  

woodland 

 
 
 

W15 Fagus- 
Deschampsia woodland 

 

 
 

SOUTHERN ZONE 
NATURALLY 

DOMINATED BY 
BEECH 

 
W13 Taxus woodland 

 

   
LOCALLY IN SOUTH 

 
RENDZINAS & 

BROWN 
CALCAREOUS 

EARTHS 

 
BROWN EARTHS OF 
LOW BASE-STATUS 

 
RANKERS, BROWN 
PODZOLIC SOILS & 

PODSOLS 

 

 

Table 2: Main deciduous woodland types in Britain in relation to soils, climate and possible 
phytosociological affinities. Based on the National Vegetation Classification (from Rodwell 1991). 

Several types of beechwood are recognised in Britain (Tables 2 and 3, also Tansley 1939), 
others being characterised principally by oak or ash. These occur on three principle substrates 
in various mixtures: the main associates to beech are ash and sycamore on calcareous 
substrates; ash, birch, oak and sycamore on mesotrophic substrates; and birch, oak and 
sycamore on acid substrates. Only on water-logged soils is beech unable to attain dominance. 
British beechwoods belong to the Atlantic phytogeographic province that includes north France, 
Belgium, the Netherlands, and west Denmark (Jahn 1991). Beechwoods here are grouped 
under the Endymio-Fagenion sub-alliance, which is differentiated from other European 
beechwoods by the frequency/abundance of Blechnum spicant, Endymion non-scriptus, Hedera 
helix Holcus mollis, Ilex aquifolium, Lonciera periclymenum, Pteridium aquilinumn, Rubus 
fruticosus, and Ruscus aculeatus (Dierschke 1990). 
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National 
Vegetation 
Classification 
communities 1 

Main Peterken 
Stand Types 2 

Forestry 
Commission 
Semi-Natural 
Woodland 
Types 3 

Main soils 1/2  Description of main vegetation elements 1/2 

W12 Fagus 
sylvatica-
Mercurialis 
perennis 
woodland  
(with 3 sub-
communities) 

Calcareous, 
free-draining, 
brown earths 
and 
rendzinas on 
limestone or 
chalk  

About 40% of native beech woodland. Fagus sylvatica often dominant. Fraxinus excelsior, Acer 
pseudoplatanus, Corylus avellana and/or Taxus baccata frequent and occasionally abundant. Usually 
includes a minority of many species of calicole and other trees and shrubs from Quercus 
robur/petraea, Tilia cordata, Acer campestre, Cornus sanguinea, Crataegus monogyna, Daphne 
laureola, Euonymus europaeus, Ligustrum vulgare, Sambucus nigra, Sorbus aria, Viburnum lanata, 
and Ilex aquifolium. Most frequent ground flora species Mercurialis perennis, Rubus fruticosus agg., 
and Hedera helix. Other characteristic species include Brachypodium sylvaticum, Clematis vitabla, 
Galeobdolon luteum, Geum urbanum, Mycelis murialis, Melica uniflora, Sanicula europea, Tamus 
communis, and Viola riviniana/ reichenbachiana. 

W14 Fagus 
sylvatica-
Rubus 
fruticosus 
woodland 

8C Calcareous 
pedunculate 
oak-ash-
beechwoods  
(with three 
variants) 
 
8D Acid 
pedunculate 
oak-ash-
beechwoods 
 
8E Sessile oak-
ash-
beechwoods 
(with two 
variants) 

Lowland beech-
ash woods 

Mesotrophic, 
often poorly-
drained, 
base-poor, 
circum-
neutral to 
mildly acid, 
brown earths 
and clays 

About 45% of native beech woodland. Fagus sylvatica mostly dominant. Ilex aquifolium frequent and 
occasionally abundant, and usually some Quercus robur and a few other trees and shrubs from 
Betula pendula/pubescens, Fraxinus excelsior, Tilia cordata, Acer pseudoplatanus, Prunus avium, 
Acer campestre, Ulmus glabra, Sorbus aria/aucuparia, Taxus baccata, Corylus avellana, Crataegus 
monogyna, Sambucus nigra, Salix caprea, and Ligustrum vulgare. Most frequent ground flora species 
Rubus fruticosus agg., Pteridium aqulinium, Mnium hornum, and Milium effusum, Other characteristic 
species include Deschampsia cespitosa, Dryopteris felix-mas, Endyminion non-scriptus, Galium 
odoratum, Hedera helix, Holcus mollis, Lonicera periclymenum, Luzula pilosa, Lysimachia nemorum, 
Melica uniflora, Oxalis acetosella, Poa nemoralis, and Ranunculus ficaria. 

W15 Fagus 
sylvatica-
Deschampsia 
flexuosa 
woodland  
(with 4 sub-
communities) 

8A Acid sessile 
oak-
beechwoods 
 
8B Acid 
pedunculate 
oak-
beechwoods 

Lowland acid 
beech (and oak) 
woods 

Acid, infertile, 
free-draining, 
brown earths, 
rankers and 
podzolics 

About 15% of native beech woodland. Fagus sylvatica mostly dominant. Quercus robur/petraea, Ilex 
aquifolium and Betula pendula generally frequent and occasionally abundant. Usually with a minority 
of other trees and shrubs, typically including Taxus baccata, Acer pseudoplatanus, Betula pubescens, 
Corylus avellana, or Sorbus aucuparia. Most frequent ground flora species Deschampsia flexuosa, 
Pteridium aqulinium, Blechnum spicant, Dicranella heteromalla, and Mnium hornum. Other 
characteristic species include Agrostis capillaris, Anthoxanthum odoratum, Carex pilulifera, 
Deschampsia cespitosa, Digitalis purpurea, Holcus mollis, Leucobryum glaucum, Lonicera 
pericylmenum, Luzula sylvatica, Melampyrum pratense, Oxalis acetosella, Rubus fruticosus agg., 
Tuecrium scorodonia, and Vaccinium myrtillus. 

Table 3: Main beech woodland types in Britain, and their associated soils and main vegetation elements (after: 1Rodwell 1991, 2Peterken 1993, and 
3Forestry Commission 1994). 
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2.2  SEED PRODUCTION  

2.2.1 Beech 

Beech forms long-lived trees that characteristically dominate mature stands and cast a heavy 
shade. These produce seed freely from about 40-60 years, have good crops from 80-140 years, 
and continue until over 200 years old (Boulger 1907, Watt 1925, Brown 1953, Newbold and 
Goldsmith 1981, Gordon and Rowe 1982, Evans 1984). Annual seed production is often low 
with only occasional ‘mast’ years when it is high. In good mast years, dominant trees typically 
produce 1850-3400 seeds m-2 (Newbold and Goldsmith 1981, Linnard 1987).  
 

1 Mast years 
1887-1922 (location) 

2 Mast years 
1890-1949 (location) 

3 Mast years 
1921-1950 
(quantity) 

4 Large beech seed 
collections 1920-50 

(weight kg) 
1890 (general) 1890 (general)   
1900 (S. England) 1900 (general)   
1906 (Sussex) 1906 (Chilterns)   
1907 (Bucks) 1907 (Chilterns)   
1909 (Bucks & 
Sussex) 

1909 (Chilterns)   

 1912 (general)   
 1915 (general)   
1920 (NE Scotland)    
1922 (general) 1922 (general) 1922 (very good) 1922   (5,611kg) 
  1924 (good-very 

good) 
 

  1926 (good)  
  1929 (good-very 

good) 
1929   (9,551kg) 

  1933 (poor-
moderate) 

 

  1934 (good-very 
good) 

1934   (4,725kg) 

 1935 (very local)  1935   (5,757kg) 
  1936 (moderate)  
   1938   (4,574kg) 
 1941 (general)  1941   (7,886kg) 
  1942 (moderate-

good) 
 

 1944 (general) 1944 (good) 1944  (26,151kg) 
  1946 (moderate-

good) 
1946  (10,112kg) 

 1948 (general) 1948 (very good) 1948  (35,206kg) 
 1949 (local)   
  1950 (very good) 1950  (26,660kg) 

Table 4: Mast years for beech seed production in England from 1890-1950. Based on observations by 1 
Watt (1925), 2 Jones (1952), and 3 Matthews (1955), and also 4 large (>4000 kg) collections of beech 
seed made for the Forestry Commission (Lines 1999; based on refined figures for southern Britain by 
Pfetscher 1999).  
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Historical information on beech seed production in England from various sources is summarised 
in Table 4. Much of the information is observational, but that from 1920-50 is based on national 
seed collections made for the Forestry Commission. The latter is from a period when most 
transplants were being grown from home-collected seed and provides a quantitative basis to 
compare seed production, though collection effort was not constant and some collections were 
not registered in the year of production (Lines 1999). Nevertheless, these data indicate that 
moderate/local masting occurred every two to six years; good-very good/general masts 
occurred every two to ten years; masting was sometimes localised; and that generally a non-
mast year follows a mast year. Similar results were derived in a recent sixteen-year comparative 
study of beech fruiting around England from 1980-1995 (Hilton and Packham 1997). Good 
general masts occurred in 1982, 1984, 1990 and 1995, with masting more frequent in southern 
Britain (every two to six years) compared to northern Britain (every five to six years). Good mast 
years were nearly always followed by one or more years with little seed production. In several 
years some sites differed from the national pattern of masting, and only in one year was no 
mast found at any site. Masting in beech, as in other species, is regarded as a strategy that 
ensures maximum cross-pollination and saturation of seed predators (Slivertown 1980, Fenner 
1991).  
 
In explaining masting patterns in beech in Britain, several factors need consideration (Boulger 
1907, Watt 1925, Bourne 1942, 1945, Anderson 1953, Brown 1953, Matthews 1955, 1963, 
Hyde 1963, Innes 1992, Gurnell 1993, Hilton and Packham 1997):  
?? high summer air temperate and sunshine in the year prior to production promote flower bud 

production and flowering; 
?? nearby canopy trees are required for cross-pollination because beech is wind-pollinated; 
?? potential-seed trees need to have reasonably large and healthy crowns with adequate soil 

nutrient because flower, pollen and seed production requires considerable nutrient resources; 
?? spring frosts in late April or early May destroy flowers. 
 
Mast production may be somewhat greater on drier soils over gravel and chalk, and moribund 
trees often produce full nuts when healthy trees have none (Bourne 1945). Seed production will 
be reduced on trees that suffer major crown loss due to bark-stripping by grey squirrels, to 
which beech trees of up to 30-40cm d.b.h. are highly susceptible (Rowe 1984, Rowe and Gill 
1985, Mountford 1997, Mountford and Peterken 1999, Mountford et al. 1999). 

2.2.2 Oak 

Oak is very long-lived tree and usually forms a major component of mature beechwoods on 
mesotrophic and acidic soils (Watt 1925, Brown 1953, Rodwell 1991, Peterken 1993). Seed 
production starts at about 30-60 years and continues into maturity (Watt 1925, Jones 1959, 
Shaw 1974, Newbold and Goldsmith 1980, Gordon and Rowe 1982, Evans 1984). Pedunculate 
oak may produce larger and more frequent crops than sessile oak (Jones 1959). In heavy mast 
years mature oaks can bear 50,000 and sometimes up to 90,000 acorns (creating an average of 
40-80 acorns m-2 on the ground, 125-175 m-2 below the more prolific trees), though some trees 
and stands consistently produce over or under the average (Jones 1959, Shaw 1968a, 1974). 
The heaviest crops occur on well-lit trees with well-developed crowns, and in stands where 
stocking density is low (Jones 1959, Ovington and Murray 1964).  
 
In general, a moderate acorn crop is expected every 2-4 years and a large crop every 6-9 years 
(Worrel and Nixon 1991, Gordon and Rowe 1982, Harmer 1994c). This is revealed by national 
collections of acorns made in Britain over 34 years for the Forestry Commission from 1921-55 
when most transplants were being grown from home-collected seed (Figure 3): these included 
six large (>80,000kg) collections in 1932, 1939-40, 1949-50 and 1952, and eight moderate-large 
(>40-70,000kg) collections. Although these data come from a period when most transplants 
were being grown from home-collected seed, it should be noted that collection effort was not 
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constant and some collections were not registered in the year of production (Lines 1999). 
Records of acorn production to 1989 are mainly qualitative, though they certainly indicate 
frequent regional masts in 21 of the 34 years (Worrel and Nixon 1991). In a 23 year long study 
on an upland oakwood from 1975-1998, substantial recruitment of oak seedlings occurred 
approximately every four years, probably coincident with masts (Mountford et al. 2000). An 
impressive comparative study of seed production over a thirteen-year period from 1975-87 in a 
mixed beech-oak wood in southern England, reveal that oak and beech masted in three of the 
years, but only once in 1976 did this coincide (Gurnell 1993). As with beech, oak flowers are 
destroyed by late spring frosts, and in addition may suffer the same due to severe caterpillar 
defoliation (Jones 1959, Gurnell 1993). Unlike beech, oak generally requires a warm summer 
with adequate rain or much of the potential acorn crop will fail to mature (Jones 1959). 
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Figure 3: Mast years for oak in England from 1921-55. Based on seed collections made for the Forestry 
Commission when most transplants were grown from home-collected seed (Lines 1999; based on 
refined figures for southern Britain reported by Pfetscher 1999).  

2.2.3 Ash 

Ash has intermediate longevity and in mature beechwoods usually forms only an occasional 
component on moist, mesotrophic loams with good base status (Watt 1925, Brown 1953, 
Rodwell 1991, Peterken 1993). Seed production begins at 20-30 years, remains abundant even 
on old trees, peaks every 2-5 years when up to 100,000 seeds per tree can be produced, and 
even in intervening non-mast years usually occurs on at least some trees (Watt 1925, Bourne 
1945, Wardle 1961, Rackham 1975, Gordon and Rowe 1982, Evans 1984, Kerr 1995). In an 
eleven year study from 1967 to 1977 in a northern ashwood in Derbyshire (Gardner 1977, 
Flowerdew and Gardner 1978), ash trees produced one heavy (c.1000 seeds m-2), two medium 
(c.100 seeds m-2), and four light seed crops (c.25 seeds m-2). Even in mast years fewer than 
50% of trees fruited and fewer than 25% were heavy fruiters, with adult trees displaying ‘total 
sexual confusion’ (different individuals are exclusively, partly or alternatingly male, female or 
hermaphrodite (Mitchell 1986)). Noticeably, potential seed production was reduced dramatically 
due to late spring frosts destroying flowers. 
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2.2.4 Sycamore 

Sycamore has intermediate longevity and usually only forms an occasional component in 
mature beechwoods on mesotrophic loams (Watt 1925, Brown 1953, Rodwell 1991, Peterken 
1993). Under favourable conditions it starts to bear seed every 1-3 years from about 20-30 
years, with crops on young trees growing in the open amounting to about 9350 seeds or 320 
per m2 crown area, compared to trees in dense stands that may produce as little as 870 seeds 
or 70 per m2 crown area (Watt 1925, Jones 1944, Bourne 1945, Gordon and Rowe 1982, Evans 
1984, Pigott and Warr 1989, Harmer 1994c). Sycamore is highly susceptible to bark-stripping by 
grey squirrels (Rowe 1984, Rowe and Gill 1985), which will reduce seed production on trees 
that suffer major crown loss.  

2.2.5 Birch  

Birch is short-lived, and although it can be a major component of young and mid-aged 
beechwoods, it usually forms only a scarce component of mature beechwoods on mesotrophic 
and acid soils (Watt 1925, Brown 1953, Rodwell 1991, Peterken 1993). Seed production begins 
at 10-15 years and large masts occur every 1-3 years (Watt 1925, Harding 1981, Gordon and 
Rowe 1982, Evans 1984). In a six year study of downy birch in Scotland the average seed rain 
totalled 14200-43300 per m2 in five years and only once was it low at 3800 per m2 (Miles and 
Kinnaird 1979a).  

2.3  SEED PREDATION BEFORE FALL  

2.3.1 Beech 

Mould and insects, especially moth larvae, periodically cause substantial infestation of beech 
seeds prior to fall (Watt 1923). For example, Brown (1953) reported that between 1948-50 the 
seed-boring moth Laspeyresia grossana was abundant in beech forest in East Anglia and 
southern England. In 1984, 4% of seeds on five masting beech in woodland in central England 
were insect-damaged (Linnard 1987). During 1980-1994, Hilton and Packham (1997) recorded 
that in southern England beech seed infestation by larvae of the Cydia fagiglandana moth rose 
from 2% to 26%. Otherwise, grey squirrels may strip large numbers of immature seeds from 
fruiting beech trees (Gurnell 1993). 

2.3.2 Oak 

Insects frequently damage acorn crops, though there is great variation between seasons, 
individual trees and stands. The main enemies are weevils (especially Curculio venosus, C. 
glandium), caterpillars of the Tortricid moth Ernarmonia splendana, and cynipid wasps Andricus 
quercuscalicis (Jones 1959, Ovington and Murray 1964, Gurnell 1993). In the thirteen-year 
study of insect damage to acorns by Gurnell (1993), damage levels to pre-dispersed acorns 
were high mainly in non-mast years, and pre-dispersal losses were similar in oak (40%) and 
beech (38%). In one of the three mast years weevils damaged 20% of acorns, and after 
knopper galls spread into the wood they damaged an average 40% of the crop per year. 
Otherwise, acorns are usually at least moderately and sometimes heavily predated before fall 
by grey squirrels, wood pigeons and jays (Ovington and Murray 1964, Tanton 1965, Shaw 
1968a, 1974, Pigott et al. 1991, Gurnell 1993). 
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2.3.3 Ash, sycamore and birch 

Pseudargyrotoza conwagana caterpillars often infect ash seed. Wardle (1959, 1961) recorded 
9-66% of seed infected in three batches, whilst Gardner (1977) recorded typical losses of 15-
35%.  
Aceria fraxinivora may infect some flowers and turn them into non-viable galls (Evans 1984). 
Insect attack is absent or rarely affects up to 10% of a sycamore seed crop, the main seed-
infecting moth caterpillars being Nepticula decentella, N. sericopeza, Pammene regiana, P. 
trauniana (Jones 1944). Birch seed is the main autumn and winter foodstuff of siskins 
(Carduelis spinus) and redpolls (Acanthus flammea), though consumption is probably relatively 
low, whilst the parasitic gall midge Senodobia betulea can infect up to 10% of the crop (Miles 
and Kinnaird 1979a). 

2.4  SEED DISPERSAL  

2.4.1 Beech 

Most beech seed falls in September and October (Linnard 1987, Gurnell 1993), but their 
dispersal is poor (Watt 1924, 1925, Brown 1953, Grime et al. 1988). Average nuts weigh about 
350-400mg, have no special adaptations for long-distance transport by animals or wind, and 
most fall directly downwards. Only some, mainly lighter seed might be blown 20-35m into 
canopy gaps from parent trees. Voles, mice and grey squirrels cache the seed, and birds 
(mainly wood pigeons and jays) and grey squirrels may transport a few seeds greater distance.  

2.4.2 Oak 

Sessile oak acorns are generally lighter than pedunculate oak acorns (2500mg v 3500mg 
average), though neither is blown far. Rather movement is mainly by predatory birds and 
mammals, in particular jays, grey squirrels, mice and voles, which cache the acorns and 
commonly move some a few hundred metres (Jones 1959, Mellanby 1968). Acorns fall mainly 
in October-November after most beechnuts have dropped (Shaw 1968a, Evans 1984, Gurnell 
1993).  

2.4.3 Ash 

Ash seed weighs about 75mg, are winged, fall mainly from October through to March, and 
usually disperse up to about 100m from parent trees (Wardle 1959, 1961, Gardner 1977, 
Gordon and Rowe 1982, Evans 1984, Grime et al. 1988, Kerr 1995). Caching by mice and voles 
can be limited (Ashby 1967). 

2.4.4 Sycamore 

Sycamore produces winged, wind-dispersed fruits that weigh about 160-200mg and fall mainly 
in October and November. They travel only short distances, 35-85m in a strong breeze, as 
shown by regeneration circles observed around isolated parent trees (Jones 1944, Evans 
1984). Caching by mice and voles can be limited (Ashby 1967). 

2.4.5 Birch 

Birch produces light (0.28mg silver birch, 0.53mg downy birch: Gordon and Rowe 1982), 
winged, wind-dispersed seeds. In closed stands this falls mostly within 40-50m of the parent 
tree, but in open stands can easily be blown up to 500m. Seed falls mainly in September-
October, but a small amount falls though to early spring (Miles and Kinnaird 1979a, Evans 
1984, Harding 1981). Mice and voles do not readily cache birch seed (Ashby 1967). 
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2.5 SEED PREDATION AFTER FALL  

2.5.1 Beech 

Beech suffers greatly from predation of fallen seeds, particularly by wood pigeons, wood mice, 
bank voles, and grey squirrels (Watt 1923, Bourne 1945, Brown 1953, 1957, 1958, 1959, Shaw 
1968a, Shaw 1968b, Linnard 1987, Evans 1988, Pakenham 1996). Small mammals may take 
them in preference to acorns (Bourne 1945, Jones 1959), and wood mice and bank voles prefer 
them to sycamore, ash or birch seed (Ashby 1959, 1967). Pigs consume large quantities when 
set out for autumn pannage (Rackham 1986). In most years virtually all unburied beech seed is 
consumed, but in good mast years there is a chance that sufficient seed will be left to initiate 
successful establishment (Watt 1923, Bourne 1942, 1945, Jones 1952, Pakenham 1996, Hilton 
and Packham 1997). Even in mast years losses can be rapid: Linnard (1987) found 40% beech 
seed loss within a month of fall and <1% remaining viable by spring. Predation is greatly 
reduced where protection is afforded by a covering of soil and, to a lesser extent, by ground 
vegetation or leaf litter (Watt 1923, Bourne 1942, 1945, Brown 1953, Newbold and Goldsmith 
1981, Pakenham 1996). Thus, burial by burrowing animals (such as earth worms, mice or pigs) 
and the coincidence of leaf and seed fall confer some degree of protection, although mice, voles 
and pigs will search for seeds through litter. In places frequently disturbed by people, seed 
predation may be reduced (Bourne 1945, Jones 1952). 

2.5.2 Oak 

Rodents, birds and livestock quickly consume or cache most fallen acorns, typically leaving only 
a small percentage to germinate. Burial in litter, soil or vegetation confers some protection, and 
sometimes occurs as an indirect result of caching by small mammals or jays (Watt 1919, Moore 
1933, Bourne 1945, Jones 1959, Ovington and McRae 1960, Jarvis 1964b, Ovington and 
Murray 1964, Tanton 1965, Mellanby 1968, Shaw 1968a, 1974, Newbold and Goldsmith 1981, 
Gurnell 1993). Wood pigeons are a major predator and may account for up to 50-60% of losses 
(Moore 1933, Shaw 1968b). Grey squirrels are particularly damaging because they rapidly 
cache large quantities of acorns and before burial bite out the emerging radicle rendering them 
unviable (Pigott et al. 1991). Rabbits can be important in destroying acorns, particularly at wood 
edges (Miles 1972). Wood mice and bank voles readily eat acorns of oak (Moore 1933) over 
sycamore, ash and birch seeds (Ashby 1959, 1967), though only wood mice eat them in large 
quantities (Watts 1968). 

2.5.3 Ash, sycamore and birch 

Wood mice and bank voles consume fallen ash and sycamore seeds, with burial by earthworms 
assisting survival (Jones 1944, Wardle 1961, Flowerdew and Gardner 1978). Typically 50-75% 
of an ash crop can be lost in this way, < 5% germinates, and only mast production is likely to 
leave sufficient seed for initial establishment (Gardner 1977). Birch appears not to be heavily 
predated. Consumption depends on the availability of particular species. Bourne (1945) 
observed that in mixture with beechnuts and acorns, ash seed suffered little predation. Ashby 
(1959, 1967) found that wood mice and bank voles more readily take acorns and beechnuts 
than sycamore, whilst ash and birch are even less preferred. Similarly, Watts (1968) found that 
wood mice and bank voles preferred acorns to sycamore seed and rarely consumed ash.  
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2.6  SEED GERMINATION AND INITIAL ESTABLISHMENT 

2.6.1 Beech 

Beech seed viability averages 68% (Gordon and Rowe 1982). It does not produce a persistent 
seed bank (Grime et al. 1988), and after a period of winter chilling seed dormancy is broken in 
spring mainly in April/May (Bourne 1945, Evans 1988). Provided there is adequate but not 
excessive moisture, germination of surface seed is almost as high as buried seed, and 
thereafter a taproot develops before the hypocotyls to assist with take-up of soil nutrients and 
moisture (Watt 1923, Harley 1939, Bourne 1945, Newbold and Goldsmith 1981). Low 
temperatures occasionally damage seeds that survive the winter unburied, and these and other 
damaged nuts tend to rot (Bourne 1945, Brown 1953, Newbold and Goldsmith 1981). 
Recommended conditions for over-wintering stored beech seeds are 17-36% moisture and 0-
5°C (Gosling 1991). Seeds on saturated or heavily compacted ground or those left exposed on 
the surface in unsheltered locations generally fail to survive. Similarly, thick mor humus as found 
in beechwoods on non-calcareous soils (Watt 1934, Tansley 1939, Dimbleby and Gill 1955, 
Pigott 1989) is considered unfavourable to successful establishment. Sheltered, well-drained, 
non-compacted, mull soils with a good crumb structure are considered most favourable for 
germination provided seeds are not buried too deeply (Watt 1923, Harley 1939, Bourne 1942, 
1945, Brown 1953, 1960, Evans 1988). 

2.6.2 Oak 

Acorn viability averages 81-86% (Gordon and Rowe 1982), with rates for those <0.5gm being 
50% and >1.5gm being 90% (Shaw 1968a). They tend to be heavier and more viable in mast 
years and grow more rapidly in height after germination (Jarvis 1963a, Shaw 1968b). Many 
germinate soon after fall, especially those of sessile oak, though some remain dormant until 
spring or longer (Watt 1919, Jones 1959). The radicle (root) grows first and can make 
considerable growth during late autumn and early winter, growth occurring when conditions are 
suitably warm there being no natural dormant period. However, the plumule (shoot) does not 
appear above the ground before May-June. No persistent seed bank is formed (Jones 1959, 
Grime et al. 1988). Acorns are susceptible during the winter to drying, freezing, rotting and fugal 
attack, especially when left unprotected on the soil surface or in excessive moisture (especially 
sessile oak). Burial in the soil or leaf litter, which is most readily achieved on mull soils or in 
ground vegetation, reduces moisture loss and is generally more favourable for germination 
(Watt 1919, Fenton 1945, Jones 1959, Ovington and MacRae 1960, Jarvis 1964a, 1964b, Shaw 
1968b, 1974, Murray 1974). Storage in moderately moist conditions is recommended (Gordon 
and Rowe 1982). Seedlings rely mainly on mineral reserves within the cotyledon for 
establishment and most of the first year of growth, though calcium must be taken up from the 
soil (Brookes et al. 1980).    

2.6.3 Ash 

Ash seed has an average viability of 67% (Gordon and Rowe 1982). Germination occurs slightly 
before beech mainly in April-May. Although a small amount germinates in the first season, most 
takes two years, and a small amount may lie dormant for several years forming a shortly-
persistent seed bank (Bourne 1945, Wardle 1959, 1961, Gardner 1977). Seeds are tolerant of 
drying: storage at below 12% moisture is recommended (Gordon and Rowe 1982), and even at 
only 7-8% moisture they can remain viable for up to 7 years if kept cool (Evans 1984). Bourne 
(1945) observed that the majority of ash seedlings successfully root into mineral soil, even in 
deep litter, because they are readily incorporated into the leaf litter and lie dormant under its 
covering. However, seedlings establish initially in a wide-range of sites, many of which are 
unsuitable for further development (Wardle 1959, 1961, Helliwell 1982, Evans 1984, 1988, 
Grime et al. 1988, Savill 1991, Kerr 1995). Initial establishment is often curtailed on moist, 
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shady soils due to damping off, on dry, shallow soils due to desiccation, and under its own 
canopy because it germinates late and is unable to compete with the ground vegetation 
associated with the light shading below parent trees (Wardle 1959, 1961, Gardner 1975, Savill 
et al. 1997).  

2.6.4 Sycamore 

Sycamore seed viability averages 60% and is highest if kept in moderately moist conditions 
(Gordon and Rowe 1982). Seeds germinate often as early as February with cotyledons 
emerging above ground by early to mid-March, and commonly establish on a wide-range of soil 
types under many tree canopies (Jones 1944, Grime et al. 1988, Waters and Savill 1992, Savill 
et al. 1997). Although a little delayed germination occurs, it is not to the same extent as in ash 
and no persistent seed bank is formed (Jones 1944, Bourne 1945, Grime et al. 1988). It is 
tolerant of deep shade, more so than ash, and establishes profusely in moderate to deep shade 
where ground vegetation and leaf litter are limited and plenty of exposed mineral soil exists 
(Jones 1944).  

2.6.5 Birch 

Birch seed has an average viability of 26-30% and stores best if kept relatively dry at below 
10% moisture (Gordon and Rowe 1982). Increased temperature and light trigger germination 
(Black and Wareing 1954), and most seed germinates in March-April leaving a small amount 
dormant on or near the soil surface for a year or so (Miles and Kinnaird 1979a, Grime et al. 
1988). Many of the sites where seedlings germinate are unsuitable for long-term development: 
bared ground, free of vegetation and deep litter is the best substrate (Miles 1973, 1974, 
Kinnaird 1974, Miles and Kinnaird 1979a).  

2.7  SEEDLING DEVELOPMENT  

2.7.1 Beech 

Apart from seed, which is the main method by which beech establishes, vegetative regeneration 
can develop from stump sprouts (coppicing), trunk sprouts (pollarding), branch sprouts 
(layering), and root sprouts. Beech coppices less vigorously than other native species, though 
there are some good examples of high forest beech stands derived predominately from coppice 
(Peterken 1993, Spencer 1999). Regeneration from root sprouting and layering is rare 
(Mountford and Peterken 2000a, Mountford et al. 2001). 
 
After a heavy mast, beech seedlings can carpet the ground with >300 m-2 recorded, though only 
a few of these survive for long under a closed canopy (Bourne 1942, 1945, Rodwell 1991). 
Wherever canopy shading is moderately heavy, such as under oak or lighter-canopied trees, it 
is usual to find some and, in places, a sizeable bank of beech seedlings and slow-growing 
saplings that may develop following gap formation or remain slow-growing beneath faster 
recruits such as ash, birch or sycamore (Watt 1923, 1924, 1925, 1934, Bourne 1942, Brown 
1953, Peterken and Jones 1987, 1989, Rodwell 1991, Mountford et al. 2001). Although such 
advance regeneration can develop widely, it is most frequent on acid or brown earths with low 
base-status and least frequent on calcareous soils, especially where the latter is thin, as on 
steep slopes, and wherever mature beech, holly and yew cast heavy shade (Rodwell 1991). 
 
Seedling height growth, even on well-lit sites, is initially slow, but on favourable sites it may 
increase to 30-40cm after 5 years and stands may attain 3-4m height by 10 years (Watt 1923, 
1925, Harley 1939, Bourne 1942, 1945, Brown 1951, 1953, 1955, 1956a/b, Dowell 1956). 
Coppice stems tend to grow more rapidly than equivalent seedlings (Peterken and Jones 1989). 
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Seedling development can be hampered by many factors, which often act in combination, the 
main ones being:  
?? excessive shade  
?? lack of moisture  
?? exposure to low temperatures or atmospheric ozone pollution 
?? beech blight disease 
?? insect defoliation, sap-sucking or gnawing 
?? grazing/ browsing/ debarking damage 
?? competition from ground vegetation or other trees 
 
Beech seedlings are tolerant of considerable shading, with <2% of sunlight needed for survival 
(Watt 1923). Seedling height growth declines rapidly below about 20% full sunlight and 
branches become distinctly flattened, though even at 70-80% light the leading shoot and main 
branches persist and remain healthy (Brown 1951a, 1955, 1960). Moderate shading can 
actually stimulate height increment, though dry weight and diameter increment are greatest in 
lightly-shaded conditions, and heavy-shading causes poor root growth, reduced absorption of 
nitrogen, and makes individuals more prone to drought effects (Harley 1939, Brown 1953, 1955, 
Dowell 1956).  
 
Water-shortages reduce growth (Taylor and Dobson 1989, Taylor and Davies 1990, Pearson 
and Mansfield 1994) and seedlings frequently succumb to drought effects, particularly those 
growing in xeric locations, notably thin escarpment soils, deep litter, exposed south-facing 
slopes, non-woodland and especially rendzina soils (Harley 1939, Brown 1953). The impacts 
are intensified by root competition from ground vegetation and established trees (Brown 1953, 
1957). Survival and growth are best on mesic, moisture-retentive, acid or alkaline woodland 
soils, especially deep sands and loams (Harley 1949, Brown 1953). Amongst these, aerial parts 
of the seedling tend to develop best on calcareous sites, whereas root development tends to be 
greater on non-calcareous soils (Harley 1949). Although beech seedlings usually become 
infected by mychorrhizae (provided their roots penetrate into mineral soil), this appears to play 
only a minor part in nitrogen uptake during the first two years of seedling development (Harley 
1939, 1949). 
 
Beech seedlings are vulnerable to frost-damage in late spring, which is confounded by earlier 
leaf-opening in young trees. Exposed, frost-prone hollows are most problematic, but retained 
canopy trees and tall vegetation can offer some protection (Boulger 1907, Watt 1923, 1925 
Bourne 1945, Brown 1953, Aldhous 1981). Saplings exposed to atmospheric ozone pollution 
have retarded growth and in southern England this is often cited as a factor in the poor crown 
condition of mature beech trees (Ashmore et al. 1989, Taylor and Dobson 1989, Taylor and 
Davies 1990, Davidson et al. 1992, Durrant et al. 1992, Innes 1992, Pearson and Mansfield 
1994, Stribley and Ashmore 2000).  
 
In warm, wet periods seedlings are susceptible to ‘damping-off’ as caused by beech blight 
disease caused by Phytophthora cactorum (Boulger 1907, Watt 1923, Pakenham 1996). 
 
Sap-sucking insects, notably Phyllaphis fagi, Lachnus exsiccator and Typhlocyba douglasii, 
often attack beech seedlings and reduce their photosynthetic capacity (Watt 1923, Brown 
1953). Defoliators include the larvae of the leaf minor Orchestes fagi, the winter moth 
(Operophthera brumata), the mottled umber moth (Erannis defoliaria), and Himera pennaria, 
Phigalia piloseria, Taeniocampa gothica, and Taeniocampa minosa. Slugs, molluscs, weevils, 
gall midges and the larvae of the wood leopard moth (Zeuzera pyrina) and ghost swift moth 
(Hepiaus humuli) can also damage beech seedlings (Bourne 1945, Urquart 1952, Brown 1953, 
Newbould and Goldsmith 1981).  
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A wide range of mammals and birds has been recorded damaging beech seedlings by 
browsing, pecking, snapping or debarking, though established seedlings can endure periodic 
defoliation over several years (Harmer 1995). Wood mice/bank voles can cause substantial 
biting damage to small seedlings and developing saplings. Observations suggest that beech 
seedlings are damaged in preference to sycamore but not oak (Watt 1923, Brown 1953, Ashby 
1959, 1967). At the sapling stage, bank voles can prefer vigorous ash rather than smaller 
individuals or those of beech or birch (Mountford and Peterken 2001). However, Pigott (1985) 
found that in trials with captive bank voles, sycamore seedlings were damaged more often than 
beech, whilst oak, ash and birch suffered little. Watt (1923) and Brown (1953) considered 
rabbits as a widespread major cause of regeneration failure in beechwoods, and hares as 
capable of doing significant damage. Bourne (1945) observed that in comparison to ash, beech 
seedlings suffer more damage by rabbits, and he and Pakenham (1996) recorded significant 
pecking damage at the coyledon stage by pigeons. Brown (1953) considered roe deer as 
commonly destructive to beech regeneration in remoter districts. But, Peterken and Jones 
(1989) reported that in mixed regenerating beech stands, fallow deer preferred oak >ash 
>beech >birch, whilst in a similar site with localised gaps and fallow and roe deer present, 
browsing damage to seedlings ranked ash >beech > birch with unprotected individuals proving 
most vulnerable (Mountford and Peterken 2001). In an experimental exclosure in a beech wood 
pasture in the New Forest, Putman et al. (1989) found that fallow deer at a density of per 
hectare prevented regeneration of beech and other trees. Indeed, the general age-structure of 
this area corresponds to changes in the abundance of deer, pony and cattle: a regeneration 
episode during 1884-1893 was associated with a stocking rate of <0.11 units ha-1, but in other 
periods when the rate exceeded 0.16 units ha-1 little regeneration has occurred (Peterken and 
Tubbs 1965, Tubbs 1968, 1986, Putman et al. 1989, Mountford et al. 1999, Mountford and 
Peterken unpublished). Similarly, Mountford et al. (2001) reported that beech regeneration 
could be inhibited where access by deer, sheep and cattle is only occasional. Seedlings can be 
protected from browsers by the cover afforded by fallen trees, coarse ground vegetation, and 
especially prickly plants like holly, rose, bramble, gorse, hawthorn and blackthorn, though these 
may be unable to develop further where browsing is high (Watt 1925, Tansley 1939, Morgan 
1987a 1987b, 1991, Mountford et al. 1999, 2001). 
 
Competing ground vegetation, shrubs and other regeneration can establish in gaps and inhibit 
the development of beech seedlings and advanced regeneration (Table 5). Seedlings are 
especially vulnerable during the early years of establishment, often becoming swamped and 
starved of soil water/nutrients wherever ground vegetation increases.  
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Woodland 
type 

Main ground vegetation elements that inhibit regeneration 

Calcareous 
beechwoods 

Mercuralis perennis and Hedera helix frequently form extensive layers below 
closed, mature woods and curtail advanced regeneration. Similarly, Taxus 
bacatta occasionally forms substantial bushes in mature stands prior to gap 
formation. Rubus fruticosus can form dense layers and swamp gap-phase 
regeneration. Its growth tends to be sparser on shallow, dry soils, and it is not 
as consistently abundant as on mesotrophic soils (see below). Less frequently 
but sometimes attaining patchy abundance are herbs such as Galeobdolon 
luteum and Galium odoratum and grasses Brachypodium sylvaticum and 
Melica uniflora. Similarly, these can swamp seedlings and compete for ground 
water.  

Mesotrophic 
Beechwoods 

Under closed canopies the ground vegetation is often poorly developed, 
though in more mature stands and especially on deeper soils patches of Oxalis 
acetosella, Hedera helix and Galium odoratum can form extensive layers and 
limit advanced regeneration. Similarly, Ilex aquifolium occasionally forms 
substantial bushes in mature stands prior to gap formation. Rubus fruticosus is 
most characteristic. Even under moderate shade it can form a virtually 
continuous cover up to 1m height. In gaps it can mass into impenetrable 
thickets and severely impede regeneration. Winters in southern England are 
mild so survival and early growth are not curtailed greatly. Such thickets are 
usually short-lived, dying back after regeneration grows through and reforms a 
canopy. Pteridium aquilinium and Lonicera periclymenum can be frequent 
though generally are not abundant. They can increase in gaps along with other 
species, such as Rubus idaeus, and a variety of graminoids, notably Holcus 
mollis, Deschampsia cespitosa (on heavier soils), Melica uniflora, Milium 
effusum, and (less frequently) Agrostis capillaris, Brachypodium sylvaticum, 
Bromus ramosus, Carex remota, Dactylis glomerata, Festuca gigantea, Holcus 
lanatus and Poa trivialis. In abundance, these compete strongly with beech 
and other seedlings for soil-nutrients and water.  

Acidic 
beechwoods 

Ground vegetation is often poorly developed below closed, mature stands. 
With partial opening, Ilex aquifolium and Pteridium aquilinium may develop and 
curtail advanced and gap-phase regeneration. In open stands various plants 
can develop and check regeneration. Deschampsia flexuosa, Calluna vulgais 
and Vaccinium myrtillus are frequent on free-draining podsolic sites, whilst 
Rubus fruticosus, Lonicera pericylmenum and Epilobium angustifolium occur 
on more mesotrophic sites. A variety of graminoids often form a substantial 
component of the ground cover in gaps, especially where large grazers are 
present. Most common are Agrostis capillaris, Carex pilulifera Holcus mollis, 
Luzula sylvatica and Molina caerulea. In heavily grazed open areas on acid 
clayey soils, Agrostis capillaris and Pteridium aquilinium typically become 
extensive.  

Table 5: Main ground vegetation elements that can inhibit the development of seedlings and advanced 
regeneration in different beechwood types (based on information from Watt 1924, 1925, 1934, Tansley 
1939, Bourne 1945, Jones 1952, Jones 1959, Brown 1953, 1956a, 1957, Penistan 1974, Evans 1984, 
1988, Peterken and Jones 1987, Koop 1989, Pakenham 1996, Rodwell 1991, Mountford et al. 1999, 
2001, Mountford and Peterken 2000a, 2001, unpublished).  

2.7.2 Oak 

Apart from regeneration from seed, oak sprouts well from both cut/damaged stumps and trunks, 
though larger stumps often fail to coppice successfully (Jones 1959). Although oak seedlings 
are usually rare within woods, moreover occurring at the margins and on adjacent ground 



 24

(Mellanby 1968), they can be abundant after mast years (Rackham 1980). Oak regeneration is 
rare in beechwoods on calcareous soils, but in larger gaps sometimes occurs on mesotrophic or 
acidic soils (Watt 1924, 1925, 1934, Peterken and Jones 1989, Rodwell 1991). Pedunculate oak 
is associated with mesotrophic soils, including moist heavy types, and sessile oak with more 
infertile, free-draining, strongly acid soils (Jones 1959, Rodwell 1991, Peterken 1993). The latter 
grow well in mineral soils where the humus and base content is moderate and oxygenation 
adequate, perform poorly in Pteridium aquilinium litter or acid peat, and have a lower optimum 
phosphorous level (Ovington and MacRae 1960, Jarvis 1963b, Shaw 1974, Newnham and 
Carlisle 1969).  
 
Oak is generally considered a light-demanding species, but in fact sessile oak seedlings are 
highly adapted to survival in shade and in laboratory conditions grow best in moderate light 
(Jones 1959, Jarvis 1964a, Shaw 1968a). Nevertheless, in normal woodland conditions they 
need to be well-lit and increase most in dry weight and survive best at 85% full sunlight: the 
difference is due especially to defoliation by caterpillars, which descend from parent trees and 
attach themselves to seedlings (Fenton 1945, Jarvis 1964a, Shaw 1974, Hilton et al. 1987, 
Humphrey and Swaine 1997b). Galls may also badly affect seedlings, especially those under 
heavy shade (Watt 1919, Shaw 1974). Seedlings typically grow 5-15cm in height a year, and 
although this may be increased by shade, root growth and overall assimilation are decreased 
and seedlings are left vulnerable to drought and less able to assimilate soil nutrients (Ovington 
and McRae 1960, Jarvis 1963a, 1964a, Pigott 1983). Pedunculate oak is more light demanding 
and regenerates best in open places, whereas (on acid sites) sessile oak may persist for many 
years as low, bushy, advance regeneration and develop in small gaps provided it can grow 
above any dense ground vegetation (Jones 1959, Jarvis 1963a, 1964a, Shaw 1968a, Pigott 
1983).  
 
Seedling growth and stability depends on the roots penetrating into the underlying soil and 
avoiding excessive competition from ground vegetation (Watt 1919, Fenton 1945, Chinner 
1948, Jones 1959, Jarvis 1963a, 1964a, 1964b, Shaw 1974, Pigott 1983, Humphrey and 
Swaine 1997a). Table 5 shows the major ground vegetation species in different types of 
beechwood. Oak seedlings only in surface litter are susceptible to drought and lodging by 
Pteridium aquilinium and Deschampsia flexuosa. They are however more capable than other 
species of establishing in dense vegetation, especially grass, Calluna vulgaris or Vaccinium 
myrtillus, because acorns are large and taproot growth is substantial. Nevertheless, oak 
seedlings still struggle to compete with dense Pteridium aquilinium, Holcus mollis and 
Deschampsia flexuosa swards, the latter possibly having alleopathic effects (Jarvis 1964b). 
Bramble also sometimes presents a problem (Linhart and Whelan 1980, Everard 1987), though 
in gaps in Chiltern beech woodland on clay soils that frequently become occupied with bramble, 
oak tends to be more successful than beech (Jones 1959). Harmer (1995) remarks that oak 
often regenerates successfully on soils of average or inferior fertility, but on fertile soils with 
adequate moisture and southerly aspects, ground vegetation is more abundant and rank 
grasses are a problem.  
 
Birds and deer may uproot oak seedlings, and the latter frequently browse young plants, as do 
livestock, rabbits and rodents (Watt 1919, Moore 1936, Fenton 1945, Jones 1959, Mellanby 
1968, Pigott 1983). In mixed regenerating beech stands, Peterken and Jones (1989) reported 
that fallow deer preferred oak over ash, beech and birch and particularly stems <1.5m tall 
growing beside tracks and glades. Records of browsing damage by fallow deer in young broad-
leaved plantations reported by Moore et al. (1999), ranked oak below cherry and lime, but 
above ash and sycamore, whilst an experimental exclosure in a beech wood pasture in the New 
Forest found that only around one fallow deer per hectare was sufficient to prevent regeneration 
of oak and other trees Putman et al. (1989). Roe deer also prefer to browse oak coppice 
regrowth ahead of ash, lime and other species, but the most vulnerable of all is birch (Putman 
1994). Wood mice/bank voles can cause substantial biting damage to small oak seedlings (Watt 
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1923, Brown 1953, Ashby 1959), though in trials with captive bank voles, seedlings of sycamore 
and beech suffered more than oak (Pigott 1985), and Moore (1936) found that damage by 
mice/voles was trivial in comparison to that by rabbits. Despite frequent defoliation, seedlings 
show considerable powers of endurance, often surviving many years of repeated browsing, 
heavy shade, suppression by Pteridium aquilinium, dieback, and yet still making slow tap-root 
growth and remaining capable of resprouting (Jones 1959, Shaw 1974, Barkham 1978, 
Braithwaite and Mayhead 1996, Mountford et al. 2000). Nevertheless, where repeatedly 
browsed for several years under heavy shade they grow less-well than beech and ash (Harmer 
1999). They can be protected from browsers by the cover afforded by fallen trees, coarse 
ground vegetation, and especially prickly plants like holly, rose, bramble, gorse, hawthorn and 
blackthorn, though these may be unable to develop further where browsing is high (Watt 1919, 
Fenton 1945, Shaw 1974, Morgan 1987a 1987b, 1991, Mountford et al. 1999, Mountford and 
Peterken unpublished).  
 
Weevils may damage the tender cortex of the leading seedling shoot, and this sometimes 
results in dieback (Jones 1959). Seedlings, especially those of pedunculate oak, are susceptible 
to infection by oak mildew Microsphaera alphitoides, which was introduced from north America 
at the start of the 20th century and greatly reduces the vigour of seedlings, especially when 
shaded and growing on sandy soils (Watt 1919, Moore 1933, Jones 1959, Jarvis 1964a, Shaw 
1974, Rackham 1980, Evans 1984).  
 
Late spring frosts may have local effects causing damage to early foliage and by heaving of 
seedlings, sessile oak being slightly more sensitive (Jones 1959, Evans 1984). Survivals and 
growth are both enhanced when seedlings are placed in protective shelters (Tuley 1983, 1985). 

2.7.3 Ash 

Ash tends to regenerate well from seed and generally it coppices strongly from small-medium 
stumps (Wardle 1961, Rackham 1975). Natural regeneration occurs more freely than beech and 
oak, with moist, mesotrophic or calcareous, loam soils with adequate calcium offering best 
conditions for growth (Wardle 1959, Helliwell and Harrison 1979, Helliwell 1982, Evans 1984, 
Grime et al. 1988, Savill 1991, Kerr 1995). In beechwoods on both calcareous and mesotrophic 
soils, especially where these are deeper, ash saplings can be prolific in the centre of larger 
gaps, often with sycamore or birch (Watt 1924, 1925, 1934, Peterken and Jones 1989, Rodwell 
1991, Mountford unpublished).  
 
Ash seedlings are highly shade-tolerant but less so than beech: below slightly-opened canopies 
they can form a mass of advance regeneration which can be long-lived, though within a few 
years requires increasing light for survival and growth (Okali 1966, Wardle 1959, 1961, Gardner 
1975, Rackham 1975, Evans 1988, Savill 1991, Kerr 1995, Mountford and Peterken 2001). 
Although ash seedlings can grow equally well under a canopy of ash or sycamore, regeneration 
tends to be poorer under its own canopy because of differences in initial establishment (Merton 
1970, Waters and Savill 1992, Savill et al. 1997). Dry weight and height increment can be rapid, 
but these are much impeded by shading and competition from weeds (Helliwell and Harrison 
1979). In open woods with mesotrophic soils, ash seedlings tend to grow faster than beech, but 
slower than birch (Peterken and Jones 1989, Mountford and Peterken 2001). Ash is better able 
than beech to grow through bramble and clematis, though it does not compete well with grasses 
or a combination moderate ground vegetation competition and shade (Wardle 1959, 1961, 
Helliwell 1982, Evans 1988).  
 
Seedlings are very sensitive to frost damage and generally fail to develop in the open and in 
frost-prone hollows (Bourne 1945, Wardle 1961, Evans 1984, Kerr 1995). They are vulnerable 
to damage by the larvae of the ash bud moth (Prays fraxinella), especially when 1-2m height. 
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This results in the death of the leading shoot and induces forking (Gent 1955, Wardle 1961). 
Damage by slugs is minimal (Wardle 1961).  
 
Ash seedlings are vulnerable to grazing by deer, rabbits and livestock, though spiky bushes 
such as hawthorn and holly can offer some protection, and seedlings can tolerate repeated 
browsing for several years (Wardle 1961, Linhart and Whelan 1980, Grime et al. 1988, Latham 
and Blackstock 1998, Harmer 1999, Mountford and Peterken 2001). Peterken and Jones (1989) 
reported that in mixed regenerating beech stands, fallow deer preferred oak >ash >beech 
>birch. Elsewhere; Kay (1993) found that in regenerating non-beech stands, fallow deer 
browsing preference ranked ash >lime >sycamore >birch (with unprotected individuals in open 
locations most vulnerable); whilst Moore et al. (1999) found this rank in young-broad-leaved 
plantations was cherry >lime >oak >ash >sycamore; and Putman (1994) found this rank in 
regrowing coppice was ash >lime >birch. Mountford and Peterken (2001) found that in localised 
gaps with fallow and roe deer present, browsing damage to seedlings ranked ash >beech > 
birch, with unprotected individuals most vulnerable. Roe deer tend to browse coppice regrowth 
of birch and oak over ash (Putman 1994). Advance regeneration and young growth of ash is 
vulnerable to destruction where muntjac deer are abundant (Cooke and Lakhani 1996, Cooke 
1998, Mountford and Peterken 1998), and ash seedlings are favoured over oak and birch by 
sheep (Mitchell 1990, Hester et al. 1996). In beech wood pastures in the New Forest, long-term 
grazing by deer and livestock has generally reduced ash to very low levels (Peterken and Tubbs 
1965, Tubbs 1968, 1986, Putman et al. 1989). Bourne (1945) observed that in comparison to 
beech, ash seedlings suffer less damage by rabbits. In trials with captive bank voles, seedlings 
of sycamore, beech and oak were damaged more than ash (Pigott 1985), whereas in a 
regenerating beechwood with localised gaps, several vigorous ash saplings were debarked 
whilst beech and birch and smaller ash were left unscathed (Mountford and Peterken 2001).  

2.7.4 Sycamore 

Sycamore is considered an easy species to regenerate (Bourne 1945, Evans 1988, Savill et al. 
1997), and has invaded numerous ash, beech and oak woods in Britain since it has been 
planted widely mainly from the late 18th century (Jones 1944, Merton 1970, Rodwell 1991, 
Peterken 1993, 1996). It regenerates abundantly from seed and coppices freely (Jones 1944). 
Regeneration is often prolific in gaps in beechwoods on deeper calcareous and mesotrophic 
soils, where along with ash it often forms the bulk of saplings in the centre of larger gaps (Watt 
1924, 1925, 1934, Rodwell 1991). Usually it does not develop on heavy clays with gleying near 
the surface (as at the base of slopes) or podsols, and it fails to develop subsequently on shallow 
rendzinas over chalk despite initial establishment sometimes being profuse (Jones 1944, Okali 
1966). Sycamore is scarce in acid beechwoods unless the climate is sufficiently wet (Jones 
1959, Rodwell 1991).  
 
Sycamore seedlings can tolerate substantial shading and make slow growth beneath lighter-
canopied trees of ash, birch and oak, but the shade beneath beech and itself tends to be too 
heavy for prolonged survival (Jones 1944, Savill 1991, Waters and Savill 1992, Kerr 1995, Savill 
et al. 1997). Early leaf-opening (about mid-March) appears to give it a major competitive 
advantage under ash canopies (Jones 1944, Savill et al. 1997). However, seedlings growing 
below the canopies of parent trees are often severely defoliated by caterpillars of Autographa 
pulchrina and Orthosia stabilis (Savill et al. 1997). Aphid infestation often adversely affects leaf 
development (Dixon 1971), and slugs can spoil numerous seedlings (Urquhart 1952).  
 
Sycamore seedlings tend to grow more strongly than ash and birch under most light regimes, 
though growth is considerably reduced at low light. It does better over a wide range of 
mesotrophic soil types depending most on an adequate depth of freely draining soil with some 
fertility and soil phosphorous: it is however unable to extend on to poorly drained clays of which 
ash is far more tolerant (Jones 1944, Wardle 1961, Helliwell 1965, Helliwell and Harrison 1979, 
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Grime et al. 1988). Sycamore tends to compete better with ground vegetation than ash and 
birch, though at high light intensities growth is still strongly impaired by weeds, especially 
grasses (Helliwell and Harrison 1979). However, it is still generally intolerant of severe 
competition with grass and Pteridium aquilinium (Watt 1925, Jones 1944). It is less susceptible 
to late frost-damage than most other major deciduous trees (Jones 1944), and grows rapidly 
when placed in protective shelters (Tuley 1983). 
 
Well-established seedlings can tolerate repeated browsing for several years, though when this 
is combined with heavy shade sycamore grows less-well than beech and ash (Harmer 1999). 
Although rabbits browse foliage and twigs and debark seedlings and young saplings, it is 
attacked much less than some trees (Watt 1925, Urquhart 1943, Jones 1944). It is vulnerable to 
livestock grazing and is favoured over ash (Linhart and Whelan 1980). Wood mice/bank voles 
can cause biting damage to small seedlings: in trials with captive bank voles, sycamore 
seedlings were damaged most, followed by beech >oak >ash >birch (Pigott 1985). However, 
other authors regard the preference to be beech and oak >sycamore (Watt 1923, Brown 1953, 
Ashby 1959). Fallow deer tend to browse other species in preference to sycamore (Kay 1993, 
Moore et al. 1999). 

2.7.5 Birch 

Birch acts as a light-demanding pioneer and typically forms a component of natural 
regeneration in most British woodland (Rackham 1980, Evans 1988). It occurs on a wide range 
of soil pH, with downy birch characteristic of moist and silver birch dry acid soils (Kinnaird 1968, 
Walters 1968, Rackham 1980, Rodwell 1991, Peterken 1993), the latter being able to grow 
faster over a wide range of light levels (Kinnaird and Kemp 1971). Despite germinating on a 
wide-range of sites, it develops most effectively on exposed bare ground on mesotrophic and 
acidic, free-draining soils, with silver birch seedlings readily colonising beechwoods that have 
been heavily storm-damaged or extensively felled (Watt 1934, Kinnaird 1968, Rackham 1980, 
Peterken and Jones 1989, Rodwell 1991, Mountford and Peterken 2000a). In well-lit conditions, 
silver birch seedlings can average up to about 1m height increment per year (Peterken and 
Jones 1989, Mountford and Peterken 2000a, 2001). 
 
Seedling mortality often reaches 80-90% in the first year because conditions are unfavourable 
(Miles 1973, Kinnaird 1974, Miles and Kinnaird 1979a). Young seedlings are susceptible to 
damping off on damp sites, frost heave in winter, and drought, especially where deep litter 
prevents the roots growing into mineral soil (Miles 1973, Miles and Kinnaird 1979a, Harding 
1981, Mitchell 1990). They also require adequate light: in dense shade shoot extension is only 
about 2cm per year and mortality is greater than 50%, when light is reduced from 100% to 16% 
dry weight increment decreases by about 35%, with below about 50% light proving critical 
(Kinnaird and Kemp 1971, 1974, Helliwell and Harrison 1979, Miles and Kinnaird 1979a). 
Establishment is often poor in the vicinity of parent trees, probably because of shading and root 
competition (Kinnaird 1968, Mountford and Peterken 2000a).  
 
Seedlings suffer from competition with ground vegetation, not least because the rooting zone is 
at a similar level. Little regeneration occurs in established heathland (Dimbleby 1953), dense 
grass swards are even more inhospitable (Kinnaird 1974, Pigott 1983, Mountford and Peterken 
2000b), and dense bramble, Pteridium aquilinium, brash and holly are inhibitory (Peterken and 
Jones 1989, Mountford and Peterken 2000a, 2001). Even under optimal conditions, silver birch 
seedling dry weight and height increment is halved by competition with weeds (Helliwell and 
Harrison 1979). Deschampsia flexuosa possibly reduces birch seedling growth possibly through 
alleopathic effects (Jarvis 1964b). Nevertheless, birch is capable of penetrating through dense 
vegetation provided it establishes before this expands (Peterken and Jones 1989, Mountford 
and Peterken 2000a, 2001). 
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Mychorrhizae are important for survival and growth especially on infertile soils: seedlings on 
acid brown soils soon form such associations after germination, whereas those on well-
developed podsol and peat soils do so less readily and consequently survive less well 
(Dimbleby 1953, Miles 1974, Miles and Kinnaird 1979a).  
 
Deer, livestock and rabbits eat birch seedlings and on heavily grazed sites can prevent 
regeneration (Miles and Kinnaird 1979a, 1979b, Putman et al. 1989, Mountford et al. 1999, 
Mountford and Peterken 2000b). Although grazing animals usually prefer to browse other 
species (Peterken and Jones 1989, Mitchell 1990, Kay 1993, Putman 1994, Hester et al. 1996, 
Mountford and Peterken 2001), Kay (1993) found that in a regenerating non-beechwood roe 
deer preferred seedlings of birch over ash, and Putman (1994) found roe deer browsed coppice 
regrowth of birch >oak >ash. Birch seedlings can withstand many years of repeated browsing 
and on open sites can develop a bank of saplings in the presence of grazers which eventually 
develop: in fact poaching by livestock can create bare patches that are required for initial 
establishment (Kinnaird 1968, 1974, Miles and Kinnaird 1979a, 1979b, Pigott 1983, Hester et al. 
1996, Mountford et al. 1999, Mountford and Peterken 2000b). In grazed beechwood pasture in 
the New Forest, a density of one fallow deer per hectare prevented birch and other tree 
regeneration (Putman et al. 1989), though even under such conditions it is effective at 
establishing on the top of upturned tree root plates (Mountford et al. 1999, Mountford and 
Peterken unpublished). Bank voles seldom damage birch seedlings (Pigott 1983). 

2.8  SPECIFIC CASE-STUDIES OF NATURAL REGENERATION IN BEECH WOODLAND 

Watt (1923, 1924, 1925, 1934) examined gap-phase regeneration patterns in beechwoods on 
calcareous and mesotrophic loam soils in southern England, and stressed the importance of (1) 
the development of ground vegetation prior to gap formation, (2) the size of the gap (which 
dictates the light regime and the area into which beech seed is dispersed), and (3) the 
availability of tree seed (as dictated by stand age and mast). The ground generally remains bare 
on shallow chalk soils below mature beech stands up to 140 years, but on deeper and less 
calcareous soils Oxalis or Rubus-dominated vegetation can establish from 65 years (Table 6), 
which inhibits the establishment of beech advanced regeneration. In the centre of large gaps 
beech often fails or becomes subsidiary to bramble or other tree seedlings because its growth is 
poorer in well-lit situations and seed is dispersed only short distances. In contrast the shadier 
margins of a large or narrow gap is optimal for beech, such that gap regeneration frequently 
appears as a core of ash and bramble surrounded by beech. Seedling establishment also 
depends on the coincidence of mast and gap formation, which is less common in beech than 
ash or sycamore. Indeed, this often leads to gaps being colonised by trees and/or ground 
vegetation other than beech, and even when beech does establish, its development is still much 
affected by competition from these.   
 
Peterken and Jones (1989) studied natural regeneration in a mixed beechwood on a range of 
soils after heavy felling where beech, ash, birch, lime and oak were the main trees species. 
About 90% of the recruits that succeeded were of seedling origin, the remainder being from 
coppice. Most seedlings were either birch (c.70%) or ash (c.20%), with seedlings of beech >lime 
> oak. Coppice individuals ranked beech >lime >birch >oak and few were ash. Much 
regeneration developed through bramble, which upsurged after the felling. Some shade-bearers 
persisted, e.g. Hedera helix, Endymion non-scriptus, Mercurialis perennis, and several light-
demanding species invaded, but were not abundant and soon disappeared. Within four years 
bramble was dominant or locally so throughout, though it remained thin on shallow, dry soils 
over limestone. Bracken had increased and on the most acidic soils Vaccinium myrtillus grew 
strongly. In places grassy patches occurred where deer grazing was intense and standards had 
shaded the ground. However, within a decade bramble was either dead or losing its vigour, 
mainly because it had been overtopped by regeneration, though even in unshaded situations it 
was becoming moribund. 
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Soil type Vegetation stages 
Calcareous shallow 
rendzina  

Bare stage                                                                            No Oxalis or Rubus  

Mesotrophic shallow 
loam  

Bare stage Rubus 

Mesotrophic medium -
deep loam  

Bare stage Oxalis Rubus 

Mesotrophic deep 
loam  

Bare stage Oxa-
lis 

Rubus 

Stand age: 10    20    30    40    50    60    70    80    90    100    110    120    130    
140 

  
Composition of vegetation stages 

 Bare stage Oxalis stage Rubus stage 
 Deep Medium 

deep 
Shallow Deep Medium 

deep 
Deep Medium 

deep 
Shallow 

Hedera helix lf r - o-ld o-ld f a-ld o-ld 
Dryopteris filix-mas o-lf o - o o f o-lf o 
Oxalis acetosella r-o - - f-d d a a-ld r-f-la 
Violoa riviniana/reichenbachiana - r r f a-ld f-la f-a o-f 
Anenome nemorosa - - - o-la - - - - 
Mercurialis perennis - - - - la - - - 
Rubus fruticosus agg. o - - o o-f f-a a-d o-a 
Melica uniflora - - - o-f - a-ld o-f-la o-la 
Deschampsia cespitosa - - - r-o - o o-la o 
Ilex aquifolium - - - r-o o o-f o-f a-ld 
Galium odoratum - - - r-o - f lf o-la 
Lonicera periclymenum - - - o o o o-f o-lf 
Carex sylvatica - - - o r o o-f o 
Geranium robertianum - - - r-o o-f o o-f o 
Ajuga reptans - - - lf - o-lf o-lf l 
Viburnum opulus r - - r o r o-lf o 
Circaea lutetiana - - - - o-lf - lf o 
Brachypodium sylvaticum - - - - r-o - o-f o 
Luzula pilosa - - - r r o-f f o 
Veronica chamaedrys - - - - - o-f o o 
Vicia sepium - - - r r r o-lf r-o 
Galeobdolon luteum - - - - - r - o-lf 
Lysimachia nemorum - - - - - - - lf 

 
Table 6: Development and composition of ground vegetation stages in maturing 
beechwoods in southern England growing on calcareous rendzina and mesotrophic loam 
soils (Watt 1925): d = dominant, a = abundant, f = frequent, o = occasional, r = rare, l = 
locally. Only species recorded as at least locally frequent in any stage are included. The 
bolding shows the most abundant species in each stage. 
 
The most abundant regenerant was birch (c.65% of recruits). Nearly all individuals came from 
seed that germinated soon after felling. These grew to dominate areas with acid, lighter soils, 
especially where there was little or no competition from coppice. On both thin and deep alkaline 
soils they were less abundant, and height growth on dry, steep slopes was much slower, and 
elsewhere uneven. Within four years the most vigorous birch exceeded 3m height. Ash 
accounted for about 20% of successful regeneration. Many recruits came from seed formed a 
few years before the felling, which had grown very slowly before being released, though some 
germinated up to four years afterwards. Growth was slow, with saplings exceptionally reaching 
1.2m at four years. Ash saplings grew in dense clusters with only a few emerging as potential 
dominants, the rest developing as slender, infirm saplings. Despite initially being widespread, it 
became increasingly scarce on acid soils and, surprisingly, on deep alkaline clay soils. Ash 
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suffered considerably from browsing and breakage by fallow deer, though it was so abundant it 
still succeeded. Only 6% of successful recruits were beech, with roughly equal numbers having 
grown from seed and coppice. The latter occurred mainly on thin, dry, calcareous soils and 
regrew from long-established stools. 
 
Beech seedlings were quite evenly distributed, but still very closely related to seed-trees. Most 
germinated soon after the felling and on grassy patches, with or without thin Luzula sylvatica or 
Rubus fruticosus. For the first 10-15 years they grew slowly in the shade of birch, ash and 
hazel, but were very persistent. Coppice shoots generally grew larger, as did a few stems from 
that possibly came from advance regeneration. Oak accounted for a minority (3%) of successful 
recruits. It was partly handicapped because fallow deer preferentially browsed it, which was 
especially important where it competed with birch and beech that suffered less. The recruits 
came about equally from seed and coppice. The latter were fairly widespread but commonest 
on the most acidic soils. Seedling recruits were widespread, isolated, never in clumps, only 
mildly affected by seed sources, and appeared to have germinated a year after felling. They 
appeared capable of pushing up through the dense bramble that ensued, but failed to compete 
with birch height growth or to bear shade. 
 
Several recent studies have been made of regeneration in beechwoods following storm-
damage. In a beechwood on steep calcareous slopes that was severely damaged (Mountford 
unpublished), open ground was quickly invaded by a variety of ruderals, notably Geum 
urbanum. In shaded areas only Mercuralis perennis and Hedera helix formed extensive 
patches. Wherever the canopy remained open sprawling growth of Rubus fruticosus and 
Clematis vitabla became increasingly abundant, but where these were overtopped by dense 
regeneration they became moribund. Regeneration was dominated by ash with very few beech, 
oak or others. It developed best away from the scarp top and the steepest slopes where the soil 
was especially shallow.  
 
In a study of nine small to medium sized, storm-gaps located in a mesotrophic beechwood 
(Mountford and Peterken 2001), dense bushes of holly limited regeneration and expansion of 
the ground vegetation. Nevertheless, patches of Rubus fruticosus developed in most, and 
Pteridium aquilinium and Lonicera periclymenum in a few of the gaps, including one large dense 
area of Rubus/Pteridium in one of two large gaps studied. Beech established in seven gaps of 
different sizes, many of the seedlings appearing capable of slow but sustained growth. They 
were located mainly either around well-lit gap centres or towards/along the northern edge of 
gaps, and developed best in sites protected from deer. Beech seedlings were most numerous in 
a large gap, where they occurred moreover at the margins, apparently because seed dispersal 
had been limited.  
 
In an acid-mesotrophic beechwood that was virtually destroyed by storm damage (Mountford 
and Peterken 2000a), within four years regeneration had begun in earnest and the ground 
vegetation had developed strongly. Open patches were filling with birch seedlings, holly had 
resprouted vigorously, and Epilobium angustifolium and Digitalis purpurea had become 
abundant. After another seven years some of the smaller damaged beech and all hollies 
present before the storm were sprouting vigorously. New regeneration was patchy: in many 
open areas there was vigorous birch regeneration, but little established in patches covered by 
debris, live crowns or holly thickets. Rubus fruticosus and Pteridium aquilinium dominated the 
ground vegetation, but both were limited to areas that remained well lit. Rubus had scrambled 
over piles of branch debris. Although there had been limited recovery of some standing and 
fallen beech and oak, the former old-growth beech-oak stand had been converted by the storm 
into birch-dominated young-growth. 
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2.9  SILVICULTURAL VIEW OF NATURAL REGENERATION OF BEECH 

Brown (1953) considered the essential ingredients for successful natural regeneration of beech 
in managed woodland as: (1) abundant mast; (2) good seed distribution (no large gaps); (3) low 
deer and rodent populations or adequate protection from them; (4) suitable soils that will 
conceal seeds and provide adequate moisture and nutrients; (5) limited ground vegetation; (6) 
protection from frost; (7) adequate light; (8) limited root competition; and (9) lack of damage 
during tree felling.  
 
In Britain one or more of the above is usually limiting, and therefore authors have stressed 
particular mitigating actions. Bourne (1942, 1945) and Jones (1952) stressed the importance of 
promoting regeneration after the infrequent occurrence of mast years in Britain, and warned 
about problems associated with seed predation, frosts, weed growth, excess shade, and the 
build-up of litter on acid and wet soils. Anderson (1953) drew attention to the basic need to 
maximise seed production by having enough parent trees of seed-bearing age and with 
sufficient crown vigour and adequate lighting. The role of ground vegetation competition was 
emphasised in Bourne’s chart diagram (reproduced by McNeill 1961): he regarded regeneration 
of beech as easy on acidic podsolic soils, generally easy on alkaline clay chalk and rendzina 
soils, difficult on neutral brown earths with abundant bramble, and very difficult on clay soils with 
abundant bramble. Brown (1953) emphasised the need to limit canopy opening before mast 
years to avoid the growth of dense grass and bramble, whilst Penistan (1974), Aldhous (1981) 
and Evans (1988) remarked on the importance of establishing advance regeneration before 
canopy opening to avoid such competition. They also remarked on the need to protect seed 
from mice and birds by burying it though scarification. In a study of natural restocking in a 
Chilterns beechwood, Pakenham (1996) showed how seed burial by cultivation greatly 
increases establishment, and also that after opening the canopy ground vegetation and pests 
often need to be controlled. Savill (1991) also regarded seed burial as paramount, especially 
after mast years, which he noted as a major limiting factor in England. In addition, he stressed 
the importance of sheltering young beech on exposed sites, and ensuring that enough well-
formed saplings are established for selection in later thinning operations.  
 
Given that seed production is so irregular and predation and weed growth so high, group 
selection systems are therefore generally regarded as preferable over uniform shelterwood 
systems in natural restocking of beechwoods. 
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 Beech Oak Sycamore Ash Birch 

Age when seed production begins  40-60 years 30-60 years 20-30 years 20-30 years 10-15 years 
Occurrence of seed-producing trees 
in mature stands 

Frequent on 
calcareous, 
mesotrophic and acidic 
soils 

Frequent-occasional 
on mesotrophic and 
acidic soils, scarce on 
calcareous soils 

Occasional-frequent 
on mesotrophic soils, 
scarce on calcareous 
and acidic soils 

Occasional-frequent 
mainly on mesotrophic 
soils, scarce on 
calcareous soils 

Rare on mesotrophic 
and acidic soils 

Frequency of mast seed production  2-6 years (moderate) 
2-10 years (heavy) 

2-4 years (moderate) 
6-9 years (heavy) 

1-3 years 2-5 years 1-3 years 

Typical seed production in mast 
years  

1850-3400 seeds m-2 40-175 seeds m-2 70-320 seeds m-2 100-1000 seeds m-2 14200-43300 seeds m-

2 
Major insect seed-predators  
 
 

Cydia fagiglandana 
Laspeyresia grossana 

Andricus quercuscalici  
Curculio glandi  
C. venosus 
Ernarmonia splendana 

Nepticula decentella 
N. sericopeza 
Pammene regiana 
P. trauniana 

Pseudargyrotoza 
conwagana 

Senodobia betulea 

Typical seed viability 68% 81-86% 67% 60% 26-30% 
Seed weight average 350-400mg 2500-3500mg 160-200mg 75mg 0.28-0.53mg  
Seed wind-dispersed No No Yes Yes Yes 
Typical maximum seed dispersal 
distance in open stands 

35m  10m  85m  100m 500m 

Caching of seed by small mammals 
or birds of importance in dispersal 

No Yes No No No 

Main period of seed fall September- October October-November October- November October-March September-October 
Time when most seed germinates After first winter in 

April/May 
Radicle often initiates 
immediately after fall 
but plumule appears 
May-June 

After first winter in 
Feb/March 

After two winters in 
April/May 

After first winter in 
March-April 

Major predators of fallen seed Wood pigeon  
Wood mouse  
Bank vole 
Grey squirrel 

Wood pigeon  
Wood mouse  
Bank vole 
Grey squirrel 

Wood mouse 
Bank vole 

Wood mouse  
Bank vole 

None  

Seed preference amongst rodents Preferred over oak, 
sycamore and ash 

Preferred over 
sycamore and ash 

Preferred over ash  Disfavoured over 
beech, oak and 
sycamore  

Disfavoured over 
beech, oak, sycamore, 
and ash 
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Table 6 (continued over page) 
 Beech Oak Sycamore Ash Birch 

Formation of seed bank No No A little seed lies 
dormant for a year or 
so 

Some seed lies 
dormant for several 
years 

Some seed remains 
dormant for a year or 
so 

Soils on which regeneration can be 
prolific 

Calcareous  
Mesotrophic  
Acidic 

Mesotrophic  
Acidic  

Calcareous  
Mesotrophic  
Acidic (with wet 
climate) 

Calcareous  
Mesotrophic  

Mesotrophic  
Acidic  

Ability to form advance regeneration High Low Moderate-high Moderate-high Low 
Ability to coppice Low High High High Low 
Seedling/sapling tolerance to lack of 
light 

High Low Moderate Moderate Low 

Seedling/sapling tolerance to weed 
competition 

Low, especially 
bramble & grasses 

Moderate Moderate-low Low, especially 
grasses 

Low, needs bare 
ground to establish  

Seedling/sapling tolerance to lack of 
moisture 

Moderate-low Moderate Moderate Moderate Low 

Seedling/sapling tolerance to late-
spring frosts  

Low Low Moderate-low Low Moderate 

Seedling/sapling susceptibility to 
disease 

Sometimes 
susceptible to damping 
off 

Susceptible to mildew None specifically 
recorded 

None specifically 
recorded 

Sometimes 
susceptible to damping 
off  

Seedling/sapling susceptibility to 
damage by invertebrates 

Susceptible to 
defoliating and sap-
sucking insects 

Susceptible to 
defoliating and gall-
forming insects 

Susceptible to 
defoliating and sap-
sucking insects and 
slugs 

Susceptible to bud 
damage by ash bud 
moth 

None specifically 
recorded 

Seedling/sapling susceptibility to 
browsing by deer  

Favoured by roe deer 
but not fallow 

Favoured by fallow 
and roe deer 

Not favoured Favoured by fallow 
deer but not roe 

Favoured by roe deer 

Seedling/sapling susceptibility to 
damage by voles 

Moderate Moderate Moderate Moderate Low 

Importance of mychorrhizae in 
seedling/sapling development  

Low Not specifically 
recorded 

Not specifically 
recorded  

Not specifically 
recorded 

High on infertile soils 

 
Table 6: Summary of factors effecting the regeneration of the main tree species in British beechwoods. See text for sources. 
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2.10  SUMMARY AND CONCLUSIONS  

The information presented in the preceding sections is summarised in Table 6 and the main 
conclusions are given below. 
 
1. There is a wealth of comparative information on most aspects of natural regeneration for the 

five main trees associated with British beechwoods. Particularly commendable are the 
pioneering work of Watt (1919, 1923, 1924, 1925, 1934), and the compilations of Brown 
(1953), Harding (1981) and Newbold and Goldsmith (1981), Grime et al. (1988), Worrell and 
Nixon (1991), and Harmer (1994a, 1994c, 1995). Further research to address imbalances in 
the information available would be valuable. Information is generally more abundant and 
comprehensive for beech and oak than for ash, birch and sycamore. Some principle 
information is derived from studies beyond the main range of beech woodland, and some 
information is mainly observational. Several studies have combined data on seed production 
and predation over several years (Gardner 1977, Flowerdew and Gardner 1978, Gurnell 
1993, Hilton and Packham 1997): further long-term research of this type would be valuable. 
Specific research on the importance of advanced regeneration and mychorrhizae in 
regeneration would be valuable. The general paucity of oak regeneration in southern England 
deserves more attention. The regeneration system is complex: research that aims to isolate 
and determine the impact of particular aspects would be useful, and computer modelling 
could serve as a valuable analysis tool. 

 
2. Based on available information, it is clear that regeneration outcomes in British beechwoods 

can differ considerably. Some species perform better on some occasions and in some 
locations depending on the attributes of the species, the character of the beechwood, and the 
intensity and coincidence of various factors. The most important aspects to consider are 
detailed beneath.  

 
3. The main tree species differ in their capacity to regenerate on different soils, develop from 

stump sprouts, form advanced regeneration, and grow in shade in smaller gaps, as 
summarised beneath.  

 
Soil type Able to form advanced regeneration 

and develop in small gaps 
Unable to form advanced 
regeneration and require larger gaps 
for development 

Calcareous  Beech (from seed mainly) 
Ash (from seed or sprouts) 
Sycamore (from seed or sprouts) 

 

Mesotrophic  Beech (mainly from seed) 
Ash (from seed or sprouts) 
Sycamore (from seed or sprouts) 

Oak (from seed or sprouts) 
Birch (from seed mainly) 

Acidic  Beech (mainly from seed) 
Sycamore (from seed or sprouts) 
(only where climate sufficiently wet) 

Oak (from seed or sprouts) 
Birch (from seed mainly) 

 
4. Potential seed production and dispersal varies. Seed production starts earlier and is 

normally abundant in birch. It also has by far the lightest and best dispersed seed, capable of 
being distributed into very large gaps. However, seed viability is low, and it is short-lived, 
rarely forming part of the canopy in mature beechwoods on any soil type. Ash and sycamore 
start producing seed a decade or so later and in much less quantity than birch, though they 
do mast regularly. Both have heavier seed than birch, but are winged and capable of 
colonising 150-200m diameter gaps, with ash usually being distributed slightly further. 
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Insects, however, often heavily infest ash seed. Only on mesotrophic soils are sycamore and 
ash normally able to remain as occasional-frequent components of the canopy in mature 
beechwood stands. Oak and beech start producing seed a few decades later, mast less 
frequently, and have heavier seed than sycamore and ash. Seed of both is also prone to 
serious infestation by insects. Beech seed is carried only short distances by the wind, whilst 
acorns are heavier and rely especially on jays for longer-distance dispersal. Beech remains 
dominant in most mature beechwoods, whereas oak is able to remain prominent only on 
mesotrophic soils, where it can out-live beech by several centuries.  

 
5. Timing of seed fall, germination and vulnerability to predation differs. Beech and birch seed 

falls about a month earlier in autumn than oak and sycamore, whilst ash is more evenly 
spread over the winter. Root growth on acorns is often immediate, but shoot growth is 
delayed to late in the first spring. Birch and sycamore germinate early in the first spring or 
produce a small short-lived seed bank. Beech germinates about a month later than birch and 
sycamore, as does ash but mostly after at least a year’s delay or for some seed after several 
years. Seed of all species except birch is heavily predated after fall. Wood pigeons and grey 
squirrels take large quantities of beech and oak seed, whilst wood mice and bank voles 
readily take al four species but prefer beech >oak >sycamore >ash. Burial confers the best 
protection against predation, is most important for beech and oak, and occurs most readily on 
calcareous and mesotrophic loams with mull humus. Earlier seed fall in beech and delayed 
germination in ash makes these particularly vulnerable to predation. 

 
6. The vulnerability of seedlings to drought-damage, frost-damage, competition from weeds, 

diseases and herbivory differs amongst the main tree species. Birch and beech are most 
vulnerable to drought-damage, competition from brambles, and, along with ash, competition 
from graminoids. Oak suffers from a specific mildew disease. Invertebrate-damage is most 
severe to beech, oak and sycamore. Roe deer prefer to browse beech and birch, whereas 
fallow deer prefer oak and ash.  
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3 NATURAL REGENERATION IN BEECH FORESTS IN THE NETHERLANDS, NORT-
WESTERN GERMANY, BELGIUM AND NORTHERN FRANCE  

 
S.M.J. Wijdeven & A.F.M. van Hees 
Alterra, The Netherlands 
 

3.1  INTRODUCTION 

Fagus sylvatica is one of the potential prominent tree species in the Netherlands, the lowlands 
of Belgium, northern France and north-western Germany. This review summarises information 
on regeneration of beech, based on publications of studies on (near) natural forests (the 
Netherlands – Pijpebrandje, Belgium – Zonienwoud, France – Fontainebleau, Germany – 
Neuenburger and Hasbrucher urwald). Furthermore, several experiments on natural 
regeneration in the Netherlands have been included in this review. Therefore, most emphasis 
will be placed on the Netherlands. 
 
According to preliminary results beech area in the Netherlands is approximately 16000ha; 4.5% 
of the total forest area, and in approximately 50% of the beech stands regeneration is 
encountered  (Dirkse et al. 2002 in prep.) The greatest part is pure beech forest (5700 ha), 2900 
ha is mixed with deciduous species and 1200 ha with conifers. The area if beech is expanding 
as a result of the spontaneous invasion by beech in pine plantations. In potential, beech forests 
are the climax vegetation on 35% of the total forest area of the Netherlands (van der Werf 
1995). Three major beech forest types can be discerned (Nat-man WP2). Beech forests on 
calcareous soils, beech forests on acid substrates and beech forests on mesotrophic 
substrates. In the above mentioned types, beech is the dominant tree species, but co-occuring 
species are: Quercus robur and Q. patraea, Fraxinus excelsior, Acer pseudoplatanus, Betula 
pendula and Pinus sylvestris. 

  
Beech can be found on a wide range of mesic soils, with a pH of 3.5 – 7 and a texture of clay-
loam to loamy sands (%50µm > 10%). Humus form may vary from mull to moder. Water 
availability is very important since beech is sensitive to drought or (periodic) wet soils.  

3.2 REGENERATION PRACTICES 

The majority of forests in the Netherlands are influenced by human activities. Most forests are 
planted and/or actively managed. More recently, forest and nature organisations realise that a 
small-scale, nature oriented, management serves multiple goals, from wood production to 
nature conservation and recreation. Aspects highly valued in this densely populated country. 
This shift in management also encompasses a shift from planting in clear-cut areas to natural 
regeneration in (small) gaps.  
 
In natural forest, regeneration depends on several factors such as seed production, seed 
dispersal and predation, germination and establishment, survival and growth in combination 
with the environmental conditions of the regeneration niche (Grubb 1977). These conditions are 
often initiated by tree fall gaps. In managed forests, foresters influence the process by actively 
alter light conditions, prepare soil or exclude browsing animals, to ensure an optimal 
establishment. In this review these factors will be dealt with. 
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3.3  SEED PRODUCTION AND DISPERSAL 

Seed production starts at an age of 40 to 60 years (Fanta 1995, van der Werf 1995). It produces 
seeds in mast years. A frequency of every 5-7 years is reported, although this is variable and 
seed production in between these mast years is not uncommon (see Figure 1, Bastide & 
Vredenburch 1970, Oosterbaan & Bartelink 1995, Fanta 1995).  
 

Figure 1. Seed production of beech in the Netherlands (after Bastide & Vredenburch 1970). 
 
Seed production is influenced by summer conditions, the year before seed fall. High 
temperatures, sunny with low precipitation, have a positive effect, while rain and night frost 
during flowering and seed set negatively affect seed production (van Tol 1979, Fanta 1995). A 
strong seed production in one year negatively affects the seed production in the next. Seeds 
may be affected by insects, fungy and birds. In low to moderate seed years, most seeds are 
affected. Only in mast years sufficient viable seeds remain (van Tol 1979). 
 
The viability of seeds varies; in field experiments viability ranged between 56% and 80% 
(Oosterbaan & van Hees 1991, Oosterbaan 1987). Seed fall is in October-November, and 
viability last up to 6 months (Oosterbaan 1999). Seeds are relatively heavy, ranging from 20-
40mg. In mast years, 400-600 seeds per m2 may fall under adult trees (Oosterbaan 1999).  
 
Jay is on of the most important long range seed vectors, capable of dispersing (few) seeds 
several 100s meters to kilometres (Fanta 1995). Jays are especially important since they take 
viable seeds (80% viability) and cache seeds. Nevertheless, the majority of the seeds are 
dispersed within the vicinity of the mothertrees (van der Werf 1995). Van der Werf (1995) 
observed that most seedlings occurred within 20m and that the furthest seedling was 
encountered at 60m. Voles, mice and squirrels are the main dispersers over short distances, 
carrying and cache seeds away from the mothertree (Fanta 1995, Oosterbaan 1999). Fallen 
and dispersed seeds may be affected by insects, fungi and consumed by rodents, birds, deer 
and wild boar (Koppe 1998). 

3.4  GERMINATION AND ESTABLISHMENT 

It is generally stated that germination of beech is problematic. Beech nuts are often affected by 
fungi and predators, or suffer from drought or frost. Next to these aspects, the quantity and 
quality of light, the humus form and cover are important factors (Topoliantz & Ponge 2000).  
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3.4.1 Growth form 

It is generally stated that germination of beech is problematic. Beech nuts are often affected by 
fungi and predators, or suffer from drought or frost. Next to these aspects, the quantity and 
quality of light, the humus form and cover are important factors (Topoliantz & Ponge 2000).  

3.4.2 Light 

According to Peters (1992) beech establishment is optimal under 50% crown cover. Seedlings 
will reduce height growth above 75% cover, but may survive for substantial periods in deep 
shade (e.g. 5yr survival in 2% light, Peters 1992). In shade conditions beech will adapt by 
reduced growth and leaf morphology. The capability of beech to establish in shade is also 
shown by Muys et al. (1988), who found no differences in beech seedling density between 
closed forest (average 66% coverage) and gaps (18% canopy cover). In shade, seedlings occur 
in low densities in Fontainebleau in France. In these conditions they cannot form several layers 
of leaves and invest in shoots. Higher mortality rates occur in these conditions, than in gaps 
(Topoliantz & Ponge 2000, Pontallier et al. 1997). Peltier et al. (1997) found most young 
seedlings under mature trees in (half) shade. Older seedlings (>3yrs) were encountered more in 
gaps, indicating that for germination light is less important than for development (Peltier et al. 
1997). 
 
Experiments of beech and oak seedlings on light conditions show that with increasing shade 
both species exhibit a reduced growth (van Hees 1997). They have a higher partitioning to stem 
and branches, increased leaf area and reduced investment in fine roots (van Hees 1997). 
Possibly, beech differs from oak in more deep shade conditions (van Hees 1997). In high light 
environments seedlings have a more developed root system and leaves are more resistant to 
desiccation (Topoliantz & Ponge 2000). In thinning experiments, Soutelo (1992) found that with 
increasing light, height and diameter increases. In shade beech saplings exhibit a more 
horizontal development, branch and top angles are less straight, they form smaller crowns with 
less and smaller branches and a lower height to diameter ratio (Soutelo 1992). When beech 
seedlings are mixed with other species, beech seedlings have a smaller expansion and crown 
density than grown in pure conditions (Soutelo 1992).  

3.4.3 Drought, frost, humus 

In drought, the leaf area of beech and oak is reduced with an increased partitioning to fine roots. 
Oak relatively invests more in roots, possibly indicating its capacity to withstand drought (van 
Hees 1997). According to Fanta (1995), the survival of beech seedlings depends more on 
moisture than on light conditions. Fanta (1995) found seedlings located further away from 
competing mother trees on dry soils. According to van Dordt et al. (1979), comparing old beech 
and oak forests in the Netherlands, the virtual absence of vegetation under beech is due to a 
dense and shallow root system, and not light. Beech is sensitive to night frost (Fanta 1995) and 
late spring frost when occurring in low densities (Oosterbaan & Bartelink 1995).  
 
In the Netherlands, a thick litter layer occurs on poor soils, with H difficult to degrade (van der 
Werf 1995). It may reach a thickness of 8cm. On richer soils and more moist circumstances, 
litter layer will reduce, and H will dissapear in mull (van der Werf 1995). On the poorer soils, 
amorph humus may occur, which is difficult to penetrate and possibly causing desiccation (van 
Tol 1979, Oosterbaan & de Jager 1988). Often, a high coverage of germinated beech seedlings 
occur, but virtually all die within a year, due to dessication (van Tol 1979).  
 
In France, on thin sand on limestone, a higher activity of earthworms results in burying of seeds 
and increased litter degradation, promoting beech establishment (Topoliantz & Ponge 2000). As 
for light, humus form was not found to be related to young beech seedlings (Peltier et al. 1997). 
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Better developed saplings were found in places with darker A horizon, much litter in the F 
horizon, and humus form of hemimoder or eumoder (no or thin H horizon). Dysmoder (thick H) 
is considered negative for survival (Ponge & Ferdy 1997).  

3.4.4 Growth 

Beech has a slow height growth in the first years (Oosterbaan & Bartelink 1995). On poor soils 
Scots pine is faster, while on richer soils beech has a comparable or better growth than Maple 
or Douglas (Oosterbaan & Bartelink). Koop (1981) notes that beech has a relatively quick youth-
growth, outcompeting most species. With increasing light, beech only shows a fast increase in 
top shoot length in shade to moderate shade conditions, while pine and larch for instance 
exhibit a fast increase up to high light conditions (Soutelo 1992).  

3.4.5 Regeneration patterns 

In general, two types of forest cycles can be discerned; the internal or autogenic forest cycle 
and the external or exogenic forest cycle (Peltier et al. 1997). The internal cycle is related to the 
life span of the dominant trees, surviving up to 200-300 years, with a decline over a period of 60 
years, creating small gaps and increased light environments (Peltier et al. 1997). Small gaps (< 
1 times tree height) are most numerous in (near) natural forests in the Netherlands, north-
western Germany and northern France (Nat-Man WP2). Seedlings and saplings occur in these 
shady conditions, but may die when reaching the lower branches of mature trees (Peltier et al. 
1997). The external cycle is dominated by storms. Beech is particularly sensitive to storm since 
the taproot disappears after the sapling stage and has thus a superficial root system (Pontallier 
et al. 1997).  
 
In gaps a higher insolation may result in mineralisation and nitrification, there is a lower beech 
litter production and higher herbal litter production with a better C/N ratio  and higher nutrient 
availability, increasing species diversity (Muys et al. 1988, Pontallier et al. 1997). Furthermore, 
uprooted trees may create favourable germination sites, through an absence of a thick 
holorganic layer (difficult to penetrate and higher fungal infestation), absence of herbal 
competition, crumbled compacted loamy soil, and decreased soil acidity. Muys et al. (1988) 
found in Belgium higher seedling densities and seedling height (for both beech and other 
species) in uprooted zones. The closure of gaps is rapidly, due to lateral expansion of existing 
tree crowns. In Fontainebleau, generally 2.5% is in gap phase, but storms causes 8 times more 
gaps than average. Storms occur once every 20-30 years. Koop (81) found in Germany that 
trees neighbouring gaps are more subject to decline and tree fall than other trees, presumably 
due to increased insolation and assymetric crowns, thus enlarging gap area. In the area where 
the crown area of fallen trees, regeneration may be hampered since the crown may stay green 
for several years, blocking incident radiation (Koop 81).  
 
Often, new populations are related to gaps, but there may be a delay of 1 to 20 years in 
establishment (Pontallier et al. 1997). Beech seedlings occur less in larger gaps due to an 
ineffective dispersal, creating opportunities for other species (Peltier et al. 1997). Ash is 
predominantly found in half shade of beech trees, possibly due to poorer soil conditions in gaps 
(Peltier et al. 1997). In the young phase, seedlings suffer high mortality rates, due to fierce 
competition for water, nutrients and light and high litter production with above grown saplings 
(Topoliantz & Ponge 2000). Most seedlings are suppressed, waiting for favourable conditions to 
develop (Topoliantz & Ponge 2000).  
 
Oak can co-occur with beech, despite the shade intolerance, by the long life span, ranging 
several cycles of beech (Koop 81, Leibundgut 1978). Due to sensitivity of beech for drought, 
wind, high insolation, insect and fungal attacks, and poor recuperation,  opportunities arise for 
more shade intolerant species to establish and mature (Koop 81). In larger gaps, other species 
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regenerate, such as Scots pine, sessile oak, common birch and common ash, due to a more 
effective dispersal and increased light environment (Pontallier et al. 1997, Berge et al. 1990). In 
the Netherlands, co-occurring species are oak, birch and Scots pine and the introduced species 
Douglas and larch (Oosterbaan & van Hees 1989, 1991). Although beech is generally regarded 
as a climax species, it may already occur early in succession (15-20 years; Fanta 1995). 

3.4.6 Browsing 

In the Netherlands, browsing pressure is generally high, hampering seedling survival and 
growth (Groot Bruinderink et al. 1988, 1997, Jorritsma et al. 19). Common browsers are roe 
deer and red deer (Capreolus capreolus, Cervus elaphus) and wild boar (Sus scrofa). Roe deer 
is commonly found in forest edges and open forest with dense undergrowth, feeding first years 
twigs, with a moderate preference for beech. Red deer occurs in groups with locally high 
grazing pressure, both in forests and open areas. It feeds on grasses, tree leaves and buds, 
and in the winter mainly on twigs, bark and roots. Wild boar prefers forests with a thick litter 
layer, rich soils with dense undergrowth. Most commonly it feeds on grasses, roots of ferns and 
young leaves and in the winter on acorns and beechnuts.  
 
Both oak and beech depend on high seedling densities (mast) to avoid predation, and have no 
apparent chemical defences against browsing (Koppe 1998). Beech has a poor capability to 
recuperate after browsing, since horizontal buds have to take over (Koppe 1998). In young trees 
beech has a reduced height growth of 30%, and older of 56% (van Hees et al. 1996). A 
reduction of 50% in leaf area (contrary to birch and oak) and biomass may occur, with a 30% 
increase in shoot biomass (van Hees et al. 1996). Beech thus has a poor response. Although 
beech can survive biomass removal up to 50%, repeated browsing is often lethal. Wild boar, 
feeding on roots, may effectively eliminate beech seedlings, although when seedlings occur in 
groups, centre seedlings have a higher survival rate (Koppe 1998). Oak and birch have a higher 
recuperation capability than beech. Oak is generally more grazed (80%) than beech (33%) 
(Koppe 1998).  

3.5  EXPERIMENTS 

Several experiments have been performed in the Netherlands on natural beech regeneration. 
The effects of light (thinning, gaps), humus (removal, soil cultivation),  nutrients (liming), and 
competition (trenching) have been experimentally studied in the field (Oosterbaan & Jager 
1988, Oosterbaan & van Hees 1989, Oosterbaan & van Hees 1991, Oosterbaan 1987, 
Oosterbaan 1990, Oosterbaan & van Tol 1984).  
An increase in light through thinning or gap creation has no apparent effect on germination, but 
enhances beech seedling survival (Oosterbaan & van Hees 1991, 1989). Furthermore, light 
increases height growth. On average, an increase in light with 30-50%, or gaps 1-1.5 times tree 
height, increases seedling survival 3-4 times (Oosterbaan & van Tol 1984). The occurrence of 
an amorph humus layer is considered to be negative for beech seedling survival. A shallow 
cultivation increases germination (2-3 times), especially on poorer soils and has often a positive 
effect on survival (Oosterbaan 1987, 1990, Oosterbaan & van Tol 1984). The removal of litter 
has a small effect on germination and a negative effect on height growth (Oosterbaan 1990). 
Root competition with mature beech trees is most apparant in closed forest, with a decreased 
vitality and survival without trenching (Oosterbaan & van Tol 1984). Liming generally has a 
positive effect on germination, on seedling survival and growth (Oosterbaan 1987, 1990). 
 
Generally it can be stated that on poorer soils, beech establishment, survival and growth, is 
more affected by management activities such as thinning, soil cultivation and fertilisation 
(Oosterbaan & van Tol 1984).  
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An increase in light, soil disturbance and nutrients also has an effect on other tree species and 
vegetation. Species such as Scots pine and birch are greatly enhanced by increased light 
conditions (Oosterbaan & van Hees 1989, 1991). The coverage of vegetation, especially 
bramble, also increases in thinned plots (especially in combination with soil cultivation and 
liming), possibly with negative effects on beech survival and growth (Oosterbaan & van Hees 
1991, Oosterbaan 1987, 1990, van Hees 1984).   
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