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IINNTTRROODDUUCCTTIIOONN    

This report is concerned with natural canopy gap characteristics in European beech forests. It forms part 

of the Nat-Man project (Nature-Based Management of Beech in Europe), which is funded by the 

European Community 5th Framework Programme. Individual sections are presented for various regions 

of Europe. These relate to existing information on canopy gaps, principally from minimum intervention 

reserves that have been set-aside for the study of natural forest processes and structures.  

 

Canopy gaps are of considerable interest to forest ecologists (Platt and Strong 1989). They are generally 

understood as openings in the upper crown layer of a stand produced by the breakage of part of a tree, 

several trees, or even a whole stand. Often, very small openings and those that are obscured by sub-

canopy foliage are precluded, such that ‘gaps’ are limited to those that achieve a certain size based on 

detectability, measurement accuracy, and increase in light availability at the forest floor. The term is 

generally used to emphasise relatively small, within-community disturbance patches (Runkle 1985). 

 

In natural forests, gaps may be created by obvious discrete events, such as a severe wind-, snow- 

and/or ice-storms. However, often gap creation is a more gradual process and arises due to a 

combination of natural senescence and deterioration induced by ageing, competition between trees, 

more subtle climatic stresses (such as drought episodes), and specific pests (including insect 

infestations, fungal diseases, other pathogens, or damage by mammals) (Peterken 1996).  

 

Canopy gaps are important in driving forest dynamics. Often they are sites where tree regeneration is 

occurring because the increased lighting at the forest floor facilitates the establishment and growth of 

new seedlings and stump sprouts (Watt 1923-25, Oliver 1981; Oliver and Larsen 1996; Peterken 1996). 

Such stand initiation takes place over several years and normally involves the creation of a sizeable gap 

in the canopy, though shade-tolerant trees can establish in smaller gaps and then develop through 

several episodes of suppression and release as multiple gaps consecutively form and close at the same 

location (Canham 1985; Runkle 1985; Runkle and Yetter 1987). Gap closure may take a few years or 

several decades depending on the size of the gap and the rate of infilling by new trees and the 

expanding crowns of marginal trees. Effective closure occurs, for example, when regeneration has 

grown to 10-30m height (Runkle 1981, 1982, 1989, 1990; Barden 1989) or to more than two-thirds the 

average canopy tree height (Qinghong and Hytteborn 1991). 

 

Recruitment of different tree species is influenced by several inter-related factors including, the size, 

shape, frequency and longevity of gaps. Small gaps are often filled by shade-tolerant species, whereas 

light-demanding species become important in filling large gaps (e.g. Bormann and Likens 1979; Runkle 

1985). Typically, shade-tolerant species are able to grow well in moderate-light and often establish as 

saplings in low-light prior to gap creation (viz. advance regeneration), whilst light-demanding species are 
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better able to disperse into the centre of large gaps and grow faster in the high-light conditions (Canham 

and Marks 1985; Canham 1989).  

 

Canopy gap boundaries are usually delimited by the vertical projection of the edges of the crowns of the 

surviving trees that surround the gap (e.g. Koop 1989), with the ‘expanded gap’ area being defined by 

the base of surrounding canopy trees (Runkle 1981). Gap sizes in natural forests range from a few 

metres square to several hectares, but most studies of natural forests have found that the gap size 

frequency distribution is negative exponential, i.e. with many small gaps and very few large gaps (e.g. 

Runkle 1982, 1984, 1990; Abe et al. 1995; Tabaku and Meyer 1999). This pattern arises because in 

natural forests most gaps are created by the death of scattered single or small groups of trees and only 

infrequently do major disturbances create sizeable openings: canopy disturbance rates typically average 

about 1% of the stand per year and, although gap size varies widely within particular regions, the range 

and average size of gaps is similar (Runkle 1985; 1989).  

 

Studies of natural gap characteristics in European beech have recently increased in number. European 

beech forests have been greatly influenced by human activities, but over the past few decades a number 

of remnants have been set-aside as minimum intervention or strict forest reserves for scientific study. 

This report reviews available information from studies of canopy gaps in forest in Britain, Denmark, The 

Netherlands, Germany, France, Belgium, and Slovenia, and uses these to comment on the 

characteristics of natural gaps in European beech forests.  

 

 

11..  NNAATTUURRAALL  GGAAPPSS  IINN  BBEEEECCHH  FFOORREESSTTSS  IINN  BBRRIITTAAIINN  

Edward P. Mountford, Oxford Forestry Institute, England 

 

SSoouurrcceess  ooff  iinnffoorrmmaattiioonn  

There are few records of natural canopy gap characteristics in British beech forests, though some details 

can be gleaned from casual observations, from a few long-term studies of stand development in 

minimum-intervention woods, and from records made following severe storm-damage in 1987.  

 

GGaappss  iinn  yyoouunngg--ggrroowwtthh  ssttaannddss  

Sizeable gaps do not generally arise in dense young stands. Here, the main cause of mortality is 

competitive exclusion, which produces very small and ephemeral openings that are too small to facilitate 

tree regeneration. However, young stands are now usually attacked by American grey squirrels, which 

strip bark from the base and trunk of vigorous medium-sized poles, either deforming or killing the stem, 

and producing small canopy openings (Mountford 1997). In mixed young beech stands exceptional 

climatic events can also open small gaps. For example, at Lady Park Wood in mixed beech stands of 

mainly 40 years growth with a few scattered large trees, gaps covered 18% of the stands following the 
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loss of a large number of pole birch and a few mature beech killed by drought in 1976 (Peterken and 

Jones 1989). Even by 1993 gaps still covered 10% of the stand, due partly to on-going severe debarking 

of beech by grey squirrels and continued losses of wych elm due to Dutch elm disease (Mountford 

1994). Nevertheless, many of the gaps were small and/or linear, with only some covering up to about 

500m2, and none had facilitated vigorous regeneration.  

 

GGaappss  iinn  oolldd--ggrroowwtthh  ssttaannddss  

Gap creation usually becomes important in older beech stands, in excess of about 100 years. Here, 

stands pass into the understorey reinitiation and canopy break-up phases of stand development as in 

North American temperate forest (Oliver 1981; Oliver and Larsen 1996). Though canopy disturbance 

may remain limited for many decades through the understorey reinitiation phase, mature beech-

dominated canopies progressively loose their vigour and become increasingly predisposed to break-up 

through storms, drought and other causes.  

 

Thus, for example, in an old-growth beech-oak dominated stand at Denny Wood, substantial canopy 

openings developed as mature beech-dominated parts of the stand broke-up after a severe drought in 

1976 and storms in 1987 and 1990, leaving over 30% of the area under gaps in 1996 (Mountford et al. 

1999). Although the extent and sizes of some of these large gaps was not measured, most appeared to 

be non-circular, some formed substantial patches >1000m2, and most of the remainder were within the 

range of 150-400m2. These gaps tended to be the product of several events: initially gaps were opened 

mainly due to drought deaths, and then gap expansion occurred as further drought-laggards died and/or 

storm damage blew marginal trees over. However, much of the 125 year old stand remained more-or-

less intact with few gaps, and those that were present were mostly <50m2 with only a few extending to 

about 100-150m2.  

 

A second example comes from Lady Park Wood, where the same 1976 drought killed mature beech in 

mixed beech-ash-lime-oak dominated old-growth stands and left gaps covering between 21-45% in the 

worst effected areas in 1983 (Peterken and Jones 1989). By 1992 most gaps had part-filled through 

marginal crown expansion, but gaps still covered 11-26% in these areas, partly because some gaps had 

been enlarged by marginal windblow (Peterken and Mountford 1995). Although the limits and sizes of 

some gaps were again not measured, most appeared non-circular, some formed patches up to about 

400m2, and the rest appeared to be mainly within 25-50m2.  

 

Severe storms can also generate large gaps in British beechwoods by uprooting or snapping canopy 

trees. Whitbread (1988, 1991) mapped gaps (excluding very small and diffuse gaps) in two beechwoods 

in southern England immediately after a severe storm in 1987. In old-growth, beech-oak stands in The 

Mens, nine storm gaps were created, which collectively covered 2.5% of the area studied. These ranged 

from 115-1090m2, and mostly fell within 250-500m2 (Table 1). Most were near-oblong or near-circular in 

shape, with a length : width ratio of <1.5, and/or with their longest axis bearing between NNE-E to SSW-
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W, i.e. approximately parallel to the direction of fall of the gap marker(s). When the gaps were remapped 

in 1998, some parts had been infilled by marginal crown growth, but in some gaps new areas had been 

opened up due to further storm damage. Nevertheless, the size-range had dropped to 90-851m2, with 

most falling within 200-350m2, and most had infilled by 22-40% net giving an estimated closure of 28-53 

years from formation. In two gaps there had been large amounts of beech under-filling, and in these 

expected closure was only 13-22 years (Mountford and Peterken 2001).  

 

Table 1: Canopy gaps in an area of the The Mens, England. The table shows nine gaps produced by a 

severe storm in 1987, and the change in area by 1998 due to a combination of gap closure and further 

opening. Gaps B and D had joined by 1998. From Whitbread (1988) and Mountford and Peterken 

(2001). 

Gap 

1987 

gap 

area 

(m2) Dimension, shape and orientation of gap in 1987 

1998 

Gap 

area 

(m2) 

A 115 12 x 14m near-triangular gap with longest axis bearing approximately ENE-WSW 90 

B 210 11 x 24m near-elliptical gap with longest axis bearing approximately ENE-WSW 335 

D 305 15-21m diameter near-circular gap  

C 260 12 x 21m near-oblong gap with longest axis bearing approximately ENE-WSW 200 

E 360 12 x 31m near-oblong gap with longest axis bearing approximately E-W 92 

F 410 20-24m diameter near-circular gap 351 

G 490 22 x 29m quasi-oblong shape with longest axis bearing approximately NNE-SSW 350 

H 925 40m diameter quasi-circular gap with longest axis bearing approximately NNE-SSW 851 

I 1090 20 x 50m near-oblong gap with longest axis bearing approximately ENE-WNW  785 

 

At Ebernoe Common, a nearby similar site to The Mens, two large storm gaps of 1-7ha, three medium 

storm gaps c.500-1000m2, and 13 small storm gaps of c.100m2 were mapped. This storm also levelled 

some stands of mature beech, including the old-growth beech stand growing on a high plateau at Toy’s 

Hill which covered many tens of hectares and left only a few scattered mature beech standing 

(Mountford and Peterken 2000). Nevertheless, such extensive blow downs were the exception, and most 

gaps created by the storm were <2500m2 (Peterken 1996). 

 

DDiissccuussssiioonn    

Conclusions about ‘natural’ gap characteristics based on these data should be viewed with caution. Even 

long untreated old-growth stands in Britain have an inherited structure, composition, pattern and 

development that has and will continue to be strongly influenced by past management. Nevertheless, 

such stands have undergone a long period of natural infilling and stand development, which has 

produced an age structure spanning the natural range of the principal species. The gap pattern can be 

considered as near-natural, determined primarily by natural processes and events, including severe 

drought in 1976 and severe windstorms in 1987 and 1990.  
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In young- and mid-growth beech stands, gaps generally remain scarce and too small to facilitate tree 

regeneration, though damage by American grey squirrels or drought in mixed birch stands may produce 

some openings. Only at about 100 years does gap creation increase and become significant in driving 

forest dynamics. In such ageing stands, mature trees become susceptible to damage from severe 

droughts and/or windstorms. This can lead to the break-up of stands, leaving perhaps 30% of the stand 

open and with substantial openings of >1000m2. In exceptional circumstances, a severe storm may even 

level a mature beech stand covering many hectares. More usually, old-growth break-up appears to be 

gradual and linked to severe droughts and/or storms. These produce few gaps >1000m2, most <500m2, 

and many <100m2. Gap shape is highly variable depending on the character of formation and 

development. After moderate storm damage most gaps are typically <500m2, near-oblong or elliptic in 

shape with a length : width ratio of <1.5, and with their longest axis aligning towards the direction of the 

storm winds, which in southern England would most often be approximately SW-NE (Goudie and 

Brunsden 1994). Gap longevity is variable, partly because of the range of gap shapes and rates of 

infilling, but also because further expansion can occur.  

 

 

22..  NNAATTUURRAALL  GGAAPPSS  IINN  BBEEEECCHH  FFOORREESSTTSS  IINN  DDEENNMMAARRKK  

Katrine Hahn and Jens Emborg, The Royal Veterinary and Agricultural University, Denmark 

 

SSoouurrcceess  ooff  iinnffoorrmmaattiioonn  

This overview of natural gaps includes data and observations from three forest reserves in Denmark 

where beech forms an important component of the stands. Information was limited to published 

papers and reports from Suserup Skov, other unpublished data and maps, and personal 

observations. All measures of ‘gaps’ included only the vertical projection of the open area, and well-

established regeneration >3m height defined the end of the gap-phase. Details of the three study 

sites are given below. 

 

GGaappss  iinn  SSuusseerruupp  SSkkoovv  

Suserup Skov is located in eastern Denmark and represents the best example of near-natural 

deciduous beech forest in Denmark. The structure and natural stand dynamics have been studied 

intensively over the last decade (Emborg et al. 1996, 2000; Emborg 1998). Suserup is an old-growth 

forest presently dominated by Fagus sylvatica and Fraxinus excelsior with some Quercus robur, 

Ulmus glabra, Acer pseudoplatanus, Prunus avium, and Tilia platyphyllos. 

 

Gap sizes and location were measured during a period of limited climatic disturbance in the mid 

1990s (Emborg et al. 2000) and after a severe windstorm in December 1999. The coverage of gaps 

before and after the windstorm is compared in Table 2. The total and average area of gaps increased 

markedly after the storm. The storm created some large gaps up to 4375m2, the likes of which had 
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not been seen before. Gap size distribution after the 1999 windstorm is illustrated in Figure 1. 

Although many gaps were small sized at <50m2, as many were 200-250m2, and the two largest gaps 

created by the storm measured 4250-4375m2, with the largest containing more than 50 fallen trees of 

various sizes. The largest gaps were created at sites with high water tables, where shallow and flat 

root systems had developed on canopy trees. These evidently proved less stable than at well-drained 

sites where gaps were small and tended to be caused mostly by single or small group falls.  

 

Table 2: Percentage of gaps in stand and size of gap recorded before and after a severe windstorm 

in December 1999 in Suserup Skov, Denmark. 

 % gaps Average gap size (m2) Gap size range (m2) 

Before severe windstorm* 

8.0 

 

384 (degradation phase) 

478 (innovation phase) 

200-670 (degradation phase) 

100-1530 (innovation phase) 

After severe windstorm** 14.5 391 25-4375 

* after Emborg et al. (2000) ** unpublished data 

 

Figure 1: Size-class distribution of seventy canopy gaps after a severe windstorm in December 1999 in 

Suserup Skov, eastern Denmark. 
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Table 3: Gap shape distribution, as defined by the length : width ratio (L:W ratio), for 70 gaps 

recorded after a severe windstorm in December 1999 in Suserup Skov, eastern Denmark.  

L:W ratio 1 1-2 2-3 3-4 >4 

Frequency (%) 1 31 43 16 7 

 

 



  8

Figure 2: Direction of fall (ne = north-east, etc.) of toppled trees (gap markers) in canopy gaps after a 

severe southwesterly windstorm in December 1999 in Suserup Skov, eastern Denmark. In most gaps 

the direction of fallen trees was reflected in the orientation of the gap axis. A less violent westerly 

storm later in the month contributed to the large proportion of eastward falls. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Gap shape and the orientation of gap markers after the windstorm are shown in Table 3 and Figure 

2. The majority of gaps were oblong shaped with a length 2-3 times the width. Small gaps tended to 

be more circular and very large gaps had more irregular shapes. The gaps were generally orientated 

opposite to the direction of the prevailing storm winds from south-west, as determined by the 

direction of fall of the gap markers. 

 

CCaauusseess  ooff  ggaappss  

A detailed analysis of the causes of gap formation and pit-and-mound topography in Suserup Skov is 

under preparation. Gaps here have been created by a variety of causes: windstorms have played an 

important role, but otherwise fungal attack, bark beetles and other pathogens have produced 

unstable trunks and branches.  

 

OOtthheerr  ssttuuddiieess  ooff  ggaappss  

Draved Skov, situated in southwestern Denmark, is a mixed deciduous forest with 10ha of untreated 

forest in the ‘Carlsberg Enclosure’ and ‘Tilia Enclosure’. These areas are dominated by Tilia cordata 

with scattered Fagus sylvatica in slightly elevated and drier areas, and have detailed data on stand 

dynamics over the past 50 years (Åby 1983; Møller 1987; Wolf et al. 2000). Mortality had been due 

mainly to competitive exclusion, with self-thinning removing smaller, slow-growing, suppressed trees 

and leaving the canopy more-or-less intact. However, the December storm of 1999 opened gaps in 

canopy ranging from 150-1600m2 by felling large, fast-growing trees or groups of trees. 

 

ne 
e 
n 
ne/n 
ne/nv 
se 
e/ne 
? 
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The Strødam reserve is a small (25 ha) beech forest on sandy soils in eastern Denmark. It has been 

protected since 1925 and is fenced (Berg 1957; Møller 1997). Gaps are mostly small, clumped in 

distribution, and derived from single windthrown beech trees (Rune 1998). It is intended to study 

canopy gaps here during the winter 2000/2001. 

 

DDiissccuussssiioonn  

The recent severe windstorm of December 1999 provided an opportunity to study gap formation in 

near-natural forests in Denmark before and following a major natural disturbance. Although data for 

one site is presented here, further information from other sites is expected once fieldwork and 

analysis are completed at other forest reserves. As with most old-growth stands in north-west 

Europe, conclusions about ‘natural’ gap characteristics should be viewed with caution, given that the 

composition of Suserup Skov has been strongly influenced by past management (Emborg et al. 

1996, Fritzbøger & Emborg 1996). 

 

The 1999 storm created gaps throughout Suserup reserve, and markedly increased the area of gaps 

from 8% to nearly 15%. Post-storm gaps ranged in size from 25m2 to 4500m2 and averaged almost 

400m2. Due to the prevailing south-westerly storm winds, orientation of most toppled trees was 

towards the north-east. Correspondingly the longest axis of many of the gaps matched this 

alignment, with most being oblong in shape (i.e. 2-3 times as long as wide). The largest gaps were 

created at sites with high water tables, where root systems were shallow and flat and evidently less 

stable than at well-drained sites. 

 

Literature on natural gaps in beech forests surrounding Denmark, e.g. S. Sweden and N. Germany, 

has not been sourced, but the impression, based on observations is that gap sizes are similar in 

these forests. 

 

 

33..  NNAATTUURRAALL  GGAAPPSS  IINN  BBEEEECCHH  FFOORREESSTTSS  IINN  TTHHEE  NNEETTHHEERRLLAANNDDSS,,  NNOORRTTHH--WWEESSTT  GGEERRMMAANNYY,,  
BBEELLGGIIUUMM  AANNDD  FFRRAANNCCEE  

Sander M.J. Wijdeven and Ad F.M. van Hees, Alterra, The Netherlands 

 

SSoouurrcceess  ooff  iinnffoorrmmaattiioonn  

This overview of natural canopy gaps in beech forests in the North-West European lowlands includes 

data from five forest reserves, summary details of which are given below. Published articles and reports 

have been consulted, and for Fontainebleau, Neuenburg and Hasbruch gap sizes, frequencies and 

shapes have been deducted from maps of developmental stages. 
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PPiijjppeebbrraannddjjee  FFoorreesstt  RReesseerrvvee,,  TThhee  NNeetthheerrllaannddss  

Pijpebrandje is a strict forest reserve with an area of 28ha. It is the most ‘natural’ beech forest in The 

Netherlands, though it was extensively managed in the past century and has been protected only since 

1970. The potential forest type is Fago-Quercetum, with the present forest composition being dominated 

by beech Fagus sylvatica with a few oak Quercus robur, and canopy tree height averaging 25m. Haex 

and Smulders (1999) and Alterra (1987 and 1999) measured canopy gaps in the reserve, defined as 

‘spaces between neighbouring tree crowns with vegetation less than 2m height’. A report on dynamics to 

1999 is in preparation by Alterra. 

 

FFoonnttaaiinneebblleeaauu  FFoorreesstt  RReesseerrvvee,,  FFrraannccee  

The reserve measures 34ha and has been protected since 1853. In 1982, two 1ha plots were 

established and studied (Baren and Hilgen 1984; Koop and Hilgen 1987). One plot covered Melico-

Fagetum forest type and consisted mainly of beech with some field maple Acer campestre and ash 

Fraxinus excelsior. The other covered Fago-Quercetum, with beech dominant, a few large oak Quercus 

petraea trees, and beech canopy tree height varying between 32-35m. Gaps were defined as ‘space 

between neighbouring tree crowns with vegetation <2m’. 

  

NNeeuueennbbuurrggeerr  UUrrwwaalldd  FFoorreesstt  RReesseerrvvee,,  GGeerrmmaannyy  

Neuenburger is a 25ha forest reserve that has been formally protected since 1943 and without major 

human intervention for about 100 years, though some beech were cut and oak planted in the 1970s. The 

reserve includes Milio-Fagetum (MF), Fago-Quercetum (FQ) and Stellario-Carpinetum (SC) vegetation 

communities. The MF consists of hornbeam Carpinus betulus (53%), oak (30%) and beech (17%). The 

FQ is dominated by beech (67%), with hornbeam (21%) and oak (12%). Koop (1981) and Buiting (1987) 

studied the reserve in 1978 and 1987 respectively (Koop 1981; Buiting 1987). 

 

HHaassbbrruucchheerr  UUrrwwaalldd  FFoorreesstt  RReesseerrvvee,,  GGeerrmmaannyy  

Hasbrucher Urwald has been a reserve since 1938 and consists of two areas covering 6.1ha and 9.4ha, 

both undisturbed for about 100 years. Vegetation types include Milio-Fagetum (MF), Stellario-

Carpinetum, and Carici-remotae-Fraxinetum. The MF is for a large part dominated by hornbeam and 

oak. Tree height of beech varies between 30 and 34m. Recording was carried out by in 1978 and 1987 

(Koop 1981; Buiting 1987).  

 

ZZoonniiëënnwwoouudd  FFoorreesstt  RReesseerrvvee,,  BBeellggiiuumm  

Zoniënwoud is a 10ha forest reserve that has been protected since 1983 (officially 1990). The stand is 

Milio-Fagetum type and about 215 years old, originating from the 18th century when a beech 

monoculture was planted. Average tree height of beech in the canopy is now 40m. A full inventory of the 
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reserve was carried out in 1985-1986 and a sample and strip-transect measured in 1989 (Berge et al. 

1990). No exact data on gaps are reported.  

 

Table 4: Gap sizes in four forest reserves in The Netherlands, North-West Germany, and France (see 

text for information sources). The name, year of recording, and vegetation type are listed. Frequencies 

are presented as percentage of total number of gaps per site. Gap ratios were based on an average 

canopy tree height of 30m.  

 Gap size (m2) 10-25 25-100 

100-

200 

200-

300 

300-

500 

500-

1000 

1000-

3000 

Total 

no. 

gaps 

Gap 

area 

(%) 

Site Gap ratio* 0.1-0.2 0.2-0.4 0.4-0.5 0.5-0.7 0.7-0.9 0.8-1.2 1.2-2.1   

Pijpebrandje  

1987-1999 

Fago-

Quercetum 64 – 50 28 – 37 8 – 12     

153–

228 2.7-4.5 

Pijpebrandje  

1999  

Fago-

Quercetum 14 51 21 9 5   77 3 

Fontainebleau  

1982  

Melico-

Fagetum 67 33      9 2-2 

Fontainebleau  

1982 

Fago-

Quercetum 20 60 20     15 11-9 

Neuenburg  

1978 Entire reserve   18 5 3 23 33 18 39  

Hasbruch  

1978 Entire reserve  20 21 5 36 11 7 56  

Neuenburg and 

Hasbruch 

1978 

Melico-

Fagetum         18 

Neuenburg and 

Hasbruch  

1978 

Fago-

Quercetum         11 

 

GGaapp  ssiizzee  aanndd  ffrreeqquueennccyy  

Table 4 shows gap size distribution for each of the reserves. In Pijpebrandje and Fontainebleau most 

gaps were small (up to 200m2) and collectively occupied 2-11% of the area studied, but in the two 

German sites gaps were generally larger, some covered up to 3000m2, and collectively amounted to 9-

11% of the area studied. However, beech was far less dominant in Neuenburg and Hasbruch, with oak 

and hornbeam forming a large part of the canopy, and gap sizes and frequencies were determined for 

the entire reserve areas and so included other forest types than beech-dominated. No gap size data 

were available for Zoniënwoud, but Berge et al. (1990) mentioned two windfall areas of a quarter (gap 

ratio 1.9) and up to half a hectare (gap ratio 2.7) in 1985, and after the storm of 1990 these were 

extended and others created. In Pijpebrandje the largest gaps were found outside the reserve, 

measuring up to 527m2. 
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GGaapp  sshhaappee  

The shape of gaps at the forest reserves was quantified by the ratio between gap length and width 

(Table 5). The majority of the gaps were oval shaped, with a length of two or more times the width. In 

Fontainebleau there was a weak tendency towards more round shaped gaps with increasing gap area. 

In contrast, in Pijpebrandje, Hasbruch (entire reserve) and Neuenburg (entire reserve), there was a trend 

towards more oval shaped gaps with increasing gap area.  

 

Table 5: Gap shape as defined by the length : width ratio for four forest reserves in The Netherlands, 

North-West Germany, and France (see text for information sources). Frequencies are presented as 

percentage of total number of gaps in each site. 

Length : width ratio 
 

Site 1 2 3 >3 

Pijpebrandje 0 70 25 5 

Fontainebleau 4 58 12 27 

Hasbruch 32 46 14 7 

Neuenburg 26 59 8 8 

 

GGaapp  oorriieennttaattiioonn  

Heax and Smulders (1999) analysed the direction of tree and branch fall in Pijpebrandje. In general the 

direction of fall also determined the orientation of the gap, and the majority of trees and branches fell 

approximately towards north-east (50%) and south-east (27%), opposite to the usual wind direction from 

the south-west. In Zoniënwoud the predominant direction of treefall was south-east (Berge et al. 1990), 

in Neuenburger Urwald north-east (Koop 1981), and in Fontainebleau south-east (Baren and Hilgen 

1984), again opposite to the direction of most strong winds. 

 

CCaauusseess  ooff  GGaappss  

Table 6: Mode of gap formation (%) in relation to gap size in Pijpebrandje, the Netherlands (from Haex 

and Smulders 1999). The table shows what percentage of gaps of different sizes was produced by 

different causes. 

Gap size (m2) 

Cause of gap <100 100-200 200-300 >300 Total % 

Uprooting 31 31 67 71 39 

Snapping 38 31 33 29 33 

Branch fall 21 38 0 0 23 

Other 10 0 0 0 6 

Number of gaps 48 16 6 7 100 
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In Pijpebrandje, small gaps were most often produced by branch fall and larger gaps by uprooting (Table 

6). At Zoniënwoud and Neuenburger Urwald north-east wind appeared to be the main cause of gap 

creation as indicated by the direction of tree fall (see above). Though, at Zoniënwoud where Berge et al. 

(1990) studied causes and modes of gap formation in more detail, mortality in 1983 and 1984 was 

associated with fungal attacks (none of the fallen trees in the 1990 storm had been attacked). 

 

At Fontainebleau much of the gap creation has been due to windstorms in 1967 and 1990 (Baren and 

Hilgen 1984, Koop and Hilgen 1987, Pontailler et al. 1997, unpublished data). In La Tillaie, 4.9 and 4.5 

trees ha-1 were damaged respectively. Of these 71-88% were uprooted, most of which were smaller 

trees (larger trees tended to be snapped). In between mortality averaged only 0.2-0.24 trees ha-1 per 

year and most losses were of moderate sized trees (50-80cm d.b.h). Only during the storms were large 

trees (>100cm d.b.h) lost. The storms increased the gap area at La Tillaie by about 7-8%, whilst in the 

neighbouring stand at Le Gros Fouteau the increase was about 4.5% in 1967 and 20.6% in 1990. In La 

Tillaie the total gap area doubled after the 1967 storm and increased four times after the 1990 storm. In 

between, canopy closure was rapid (14 years after the first storm and the gap area had been reduced to 

6.5% from 15%) and few new gaps were created. Pontailler et al. (1997) estimated that during the 33 

years the forest reached a relatively stable gap area of 2% to 2.5%.  

 

 

Figure 3: Gap size distribution in 1968 (dark bars) and in 1981 (grey bars) in the Fago-Quercetum 1ha 

plot in La Tillaie, Fontainebleau, France (after Koop and Hilgen 1987).  
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Differences between the two forest types in La Tillaie reserve were apparent (Koop and Hilgen 1987). In 

the Melico-Fagetum plot the storm of 1967 killed five trees, whereas in the Fago-Quercetum plot 21 trees 

died. Thus, the total gap area in the Melico-Fagetum remained constant at 2%, whilst in the Fago-

Quercetum it was 11% before the storm, 17% just after, and 9% in 1981. In the latter stand in 1968 many 

small (<25m2) and a few large gaps (400-2000m2) were present (Figure 3), with the 1967 storm having 

created new small gaps and enlarged some large gaps that were present before the storm. The change 

to mainly moderate sized gaps (100-200m2) by 1981 reflects the rapid rate of closure.  

 

DDiissccuussssiioonn    

Data on gaps have been compiled, transformed and deduced from research at five different near-

natural beech forest reserves. Conclusions about ‘natural’ gap characteristics should be viewed with 

caution, because all the reserves have an inherited composition that is strongly influenced by past 

management. Nevertheless, all have undergone many decades of natural stand development, with 

Zoniënwoud representing the least natural of the reserves, and Fontainebleau perhaps the most-

natural within all north-west Europe. Neuenburger and Hasbrucher Urwald are included since these 

reserves have been unmanaged for a long period of time and represent beech forest types, though 

they actually consist for a large part of oak and hornbeam.  

 

Large differences in gap sizes and frequencies were found, both between forest reserves and forest 

vegetation types. In Fontainebleau, where the most natural gap size distribution is represented, all gaps 

were small (ranging from 10 to 200m2; gap ratio 0.1-0.2 to 0.4-0.5) and were generally smaller in the 

Melico-Fagetum than the Fago-Quercetum. In Pijpebrandje, most gaps measured were also only up to 

200m2. In contrast, gap sizes in Neuenburg and Hasbruch were large (up to 3000m2, gap ratio 2.1). The 

abundance of oak and hornbeam in these Germany reserves possibly explains the larger size of gaps, 

together with the transition of these sites towards beech-dominated forests. The following general gap 

characteristics can be postulated for natural beech-dominated forest in continental north-western 

Europe. Gap sizes range from very small (10-25m2) to very large (>1000m2), but small and medium gaps 

(10-200m2) are most common. Rare storm events may alter this distribution towards more smaller and 

some larger gaps, and increase total gap area by two to four times. Gaps are most often oval shaped 

with the length two or more times the width. Windfall is the most common mode of gap formation, with 

trees being uprooting or snapped during storms, but small gaps are often formed by branch fall. Gap 

orientation ranges from between north-east and south-east, opposite to the main direction of strong 

winds. Storm events appear to be an important factor in beech forest dynamics in this part of Europe. 

Although they occur at irregular intervals (about every 25 years), they can have major effects on gap 

formation and size distribution, though long-term information on storms impacts is scarce.  
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44..  NNAATTUURRAALL  GGAAPPSS  IINN  AA  BBEEEECCHH  FFOORREESSTT  IINN  CCEENNTTRRAALL  GGEERRMMAANNYY  

David Butler Manning and Thomas Smaltschinski, Waldbau-Institut, Albert-Ludwigs-Universität, Freiburg, 

Germany 

 

HHaaiinniicchh  NNaattiioonnaall  PPaarrkk  

Information on the natural occurrence of gaps in a beech forests in Central Germany was recorded in the 

Weberstedter Forest of the Hainich National Park, Thüringen. A permanent research site has been set 

up here in the central zone of this newly founded National Park. It is situated in a 28ha beech area 

formerly managed as coppice-with-standards. This has been untreated for over fifty years and has 

gained a natural appearance. The average density of trees attaining 1cm d.b.h. is 537 ha-1. Of these, 90 

% are beech and most others are ash, hornbeam, Norway maple, sycamore, field maple or elm. Less 

than 1% are pedunculate oak, rowan, cherry, lime or aspen. The upper canopy trees are evenly 

distributed. Dominant beech reach up to 42m height, the average being 34m. The average height of 

dominant ash is 36m, the tallest being 47m. The soils are derived from limestone and are mainly clayey 

or brown rendzinas. The annual average temperature is 6.5°C, and precipitation totals 720mm. The area 

is at 425m elevation with a 50m decline towards the north-east, and forms a climatic border between the 

sub-oceanic Werratal to the west and sub-continental district of Bad Langensalza to the east (Figure 4).  

 

Figure 4: Geographical location of the research site in the Hainich National Park as an west-east profile. 

 

The National Park has only been available for research purposes since the summer of 1999. No 

historical data relating to gap dynamics were available. The gaps in the lower and intermediate canopies 

were measured late in 2000, and those in the upper canopy in March 2001. The following is based 

entirely on the data relating to the upper canopy.  
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GGaapp  ssiizzee  aanndd  ffrreeqquueennccyy  

Gaps in the upper canopy accounted for 0.53ha or 1.9% of the research area (Table 7). They ranged 

from 9-435m² area, though two-thirds were greater than 100m² (Figure 5). This indicates that the forest 

canopy is still largely intact, with a gap area of about 4% indicative of entry in to the degradation phase 

of stand development.  

 

Table 7: Summary statistics for upper canopy gaps recorded in the permanent research area in Hainich 

National Park. 

 Gap area (total ha) Gap area (% of site) Average size (m²) Size range (m²) 

0.53 1.9 113 9- 435 

 

Figure 5: Size-class distribution of upper canopy gaps in the permanent research area in National Park 

Hainich, showing the density and proportion of the total area recorded.  

 

 

 

 

 

 

  

 

 

 

 

 

 

GGaapp  sshhaappee  aanndd  oorriieennttaattiioonn  

Gap shape was irregular and showed no strong pattern of clustering (Figure 6). Data relating to the 

orientation of the gaps will be collected in the coming months. 

 

CCaauusseess  ooff  GGaappss  

Gaps had usually been created by the death of a single tree. Dead wood, ranging from small branches to 

very large stems, was observed both standing and lying, and some fallen trees had been uprooted or 

snapped. Nevertheless, there had been no large-scale disturbance, such as by a windstorm,  

 

The reason for the death of trees in the upper canopy was not clear, though the fungi Fomes fomentarius 

was observed on most dead trees. This fungus enters trees through wounds in the bark and broken 

branches, and weakens the tree such that it may snap in storms. However, usually it does not kill healthy 
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trees, rather it is a secondary invader that invades trees weakened by other factors and occurs at the 

final stage of a prolonged decline.  

 

Figure 6: Pattern of upper canopy gaps in the permanent research area in Hainich National Park. 

 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

 

DDiissccuussssiioonn  

The research area provides only a limited amount of information on natural gap dynamics. In the 

maturing stands gaps have remained small and infrequent. Those that have arisen have been 

associated with the death of single trees, in which the fungus Fomes fomentarius has appeared. 

However, this fungus is normally non-aggressive and an unknown agent probably weakened and 

predisposed these trees to death.  

 

To date, gap regeneration has been limited to a small number of beech. Deer browsing is hampering 

regeneration of ash, so 20 x 20m fenced enclosures are being been established around a number of 

gaps to assess their impact. 
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GGaappss  iinn  HHeeiilliiggee  HHaalllleenn    

A second study of the occurrence of natural gaps in beech forests in Central Germany comes from 

Germany’s oldest beech forest stand Heilige Hallen, Mecklenburg-Strelitz, NE Germany (Gipp 1957, 

Drischner 1987, Borrmann 1996). This forest has remained largely untouched for almost 150 years, 

contains dominant canopy trees up to 350 years old, and has reached the degradation phase of stand 

development.  

 

According to the forest managers of the time, small gaps were present in all parts of the stand in 1920. 

Mortality of canopy trees increased and larger gaps started to be created after about 1957. By 1987 the 

number of dominant beech trees had fallen by 25% and gaps covered 23% of the stand. After 1987 

mortality increased to 2.3 trees ha-1 a-1, whereas during 1957-87 it was 0.5 trees ha-1 a-1. Strong winds 

had been a major cause of gap formation, knocking out both individual and groups of canopy trees, and 

especially those that had been weakened by fungal attack. In the winter of 1992/93, all of the trees 

damaged by wind were either hollow or severely rotted inside because of fungal attack.  

 

 

55..  NNAATTUURRAALL  GGAAPPSS  IINN  BBEEEECCHH  FFOORREESSTTSS  IINN  SSLLOOVVEENNIIAA  

Jurij Diaci and Andre Zeibig, University of Ljubljana, Slovenia, and TU, Tharandt, Germany 

 

SSoouurrcceess  ooff  iinnffoorrmmaattiioonn  

Virgin forest research in Slovenia has been strongly influenced by the research approach of Hans 

Leibundgut (Leibundgut 1959, 1987) who analysed the structure of virgin forests using developmental 

phases. This approach differs from the "gap" approach developed especially by Runkle (Runkle 1981, 

1982, 1984, 1990; Runkle and Yetter 1987). In comparing the two, only part of the terminal and 

rejuvenation phases can be used (Boncina and Diaci 1999). Therefore, only two recent studies from 

Slovenia provide quantitatively comparable results to the gap approach sensu Runkle. 

 

GGaappss  iinn  PPeecckkaa  aanndd  RRaajjhheennaavvsskkii  RRoogg  FFoorreesstt  RReesseerrvveess  

Rozenbergar (1999) compared natural stand dynamics in the mixed fir-beech, ‘virgin’ forest reserves of 

Pecka and Rajhenavski Rog. The texture of Pecka was analysed in the years 1980 and 1997, and 

Rajhenavski Rog in 1994. The methodology was based on maps of developmental phases and on aerial 

photos, with gaps >500m2 identified.  

 

In Pecka, the number and area of gaps between 1980 and 1997 increased. The coverage of gaps across 

the reserve increased from 4.8% to 7.9 %. In Rajhenavski Rog, gap coverage was 0.8 % of the reserve 

in 1994. In both reserves, gaps from 500-1000 m2 prevailed (Table 8): these were the result of the death 
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of one or a small group of trees. However, in Pecka a few gaps >3000m2 were encountered at both 

samplings. 

 

Table 8: Number and size-distribution of canopy gaps in different years in Pecka and Rajhenavski Rog 

‘virgin’ forest reserves, Slovenia (from (Hartman et al.1985; Boncina 1997, 1999).   

Reserve  

Year 

Pecka 

1980 

Pecka 

1997 

Rajhenavski Rog 

1994 

Gap area (m2) n % n % N % 

 500 – 1000 8 45 26 58 6 100 

1000 – 1500 4 22 12 27 0 0 

1500 – 2000 2 11 5 11 0 0 

2000 – 2500 2 11 1 2 0 0 

2500 – 3000 0 0 0 0 0 0 

>3000 2 11 1 2 0 0 

 Total number of gaps 18 100 45 100 6 100 

 

 

GGaappss  iinn  TTrrddiinnoovv  VVrrhh  FFoorreesstt  RReesseerrvvee  

The texture of the ‘virgin’ forest reserve Trdinov Vrh was recorded by Zeibig (2000). This is a mountain 

beech forest growing on dolomite bedrock and is classified as Isophyro-Fagetum. Detailed terrestrial 

mapping identified the size of 38 gaps (Table 9 and Figure 7). Most were small (up to 100m2), the 

median was 34.5m2, and the largest was 700-800m2. 

 

Table 9: Summary of canopy gap sizes (m2) in Trdinov Vrh ‘virgin’ forest reserve, Slovenia. 

Number of 

gaps Mean area Median area Minimum area Maximum area 

Standard 

Deviation 

38 100.7 34.5 5.0 750.0 154.9 

 

Figure 7: Size-class distribution of canopy gaps in Trdinov Vrh ‘virgin’ forest reserve, Slovenia. 
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DDiissccuussssiioonn    

Slovenia has few studies of canopy gap sizes in natural beech forests, though the reserves represent 

some of the best virgin forest remnants in the whole of Europe. Based on present knowledge, gaps up to 

1000m2 (gap ratio = 0.9) predominate in fir-beech and mountain beech forests, though most common are 

gaps <100m2. These emerge regularly and in high numbers following the loss of one or a small group of 

canopy trees. Medium-sized gaps up to 5000m2 (gap ratio = 1.0-2.0) are far less common, but at least a 

few can be found in the landscape. Very large gaps >5000m2 (gap ratio >2.0) are rare events, though 

these can support sycamore and sometimes other pioneer tree species as part of the gap succession. In 

the last 50 years, only two large blowdowns have been observed in Slovenian beech dominated virgin 

forests (area of c.350ha). Both were produced in 1983, with part of Pecka (Hartman et al. 1985) and part 

(c.6ha = 60,000m2) of Ravna Gora (Lebez, J. 1987) reserves being damaged. 

 

 

66..  NNAATTUURRAALL  GGAAPPSS  IINN  BBEEEECCHH  FFOORREESSTTSS  IINN  HHUUNNGGAARRYY  

Tibor Standovár and Réka Aszalós, Department of Plant Taxonomy and Ecology, L. Eötvös University, 

Budapest, Hungary, and Institute of Ecology and Botany, Hungarian Academy of Sciences, Vácrátót, 

Hungary 

 

SSoouurrcceess  ooff  iinnffoorrmmaattiioonn  

Source of information on natural canopy gap characteristics in beech forests in Hungary are scarce. The 

main sources come from our own recent surveys under the Nat-Man Project. These come from the 

managed high forest beech areas near Királyrét, in the Börzsöny Mountains, which suffered two severe 

natural disturbances in January 1996 (ice-breakage) and June 1999 (windstorm). Ipoly Erdo Forest 

Enterprise allowed access to map gap characteristics in a 70 km² area. Otherwise, observational data is 

available from the near-natural Forest Reserve at Kékes and Oserdo. 

 

GGaappss  iinn  mmaannaaggeedd  bbeeeecchh  ssttaannddss  aafftteerr  sseevveerree  ddiissttuurrbbaanncceess  

The study area is covered with managed high forest, mostly treated as clear-cut and with few stands 

older than 100 years. Aerial photographs were taken in 1995 (before the ice-breakage event) and in 

1999 (just after the windstorm). It was possible to separate gaps created by ice in 1996 from those 

created by wind in 1999, and to classify damage as either severe (where almost all trees fell) or sporadic 

(where only occasional crown damage and/or a few trees fell). This gave four categories of disturbance: 

severe ice-damage, sporadic ice-damage, severe wind-damage, or sporadic wind-damage. For the 

analyses a Geographic Information System (GIS) database was built for geo-referencing. This contained 

the two sets of aerial photographs, forestry maps, the topography of the area and information on site 

characteristics, stand characteristics and cutting history. 
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Data presented in Table 10 shows the characteristic of 78 individual gaps created by severe ice-damage 

or severe wind-damage. This is summarised in Table 11.  

 

Table 10: Characteristics of 45 canopy gaps created by severe ice-damage in 1996 and 33 canopy gaps 

created by severe wind-damage in 1999 in beech forest stands near to Királyrét, Börzsöny Mountains, 

Hungary.  
 

A. Gaps created by severe ice-damage 
Gap area 

(m2) 
Gap peri-
meter (m) 

Longest & widest 
gap dimension (m) Gap shape 

Orientation of 
longest axis Aspect 

80756 1554 362x160 quasi-triangular NWW-SEE NE 
73232 1614 398x198 quasi-triangular NE-SW SEE 
63350 1130 430x147 oblong NNW-SSE NEE 
57058 1228 527x130 elongated (quasi-oblong) NWW-SEE NE 
52193 1298 569x104 elongated (quasi-oblong) NW-SE NE 
41226 1388 550x75 elongated (quasi-oblong) NNW-SSE NE 
39450 865 287x200 quasi-elliptical NNW-SSE NEE 
36038 1419 300x168 irregular NW-SE NE 
36012 1037 347x127 irregular(near-oblong) NEE-SWW SSE 
35913 1276 293x150 quasi-triangular NNW-SSE E 
33206 1326 380x67 irregular  NNE-SSW SE 
32810 1031 341x83 irregular NNE-SSW SSE 
29574 1153 494x57 elongated (quasi-oblong) N-S E 
27440 1114 245x137 irregular NW-SE SEE 
27291 856 363x68 elongated (near-oblong) NNW-SSE NEE 
25648 704 290x90 oblong NNW-SSE NEE 
21420 677 281x97 elliptical NNE-SSW SW 
19546 614 168x123 quasi-elliptical N-S E 
15021 558 203x94 quasi-oblong N-S SE 

7498 343 130x72 elliptical NE-SW N 
6731 326 127x64 near-elliptical N-S E 
6237 466 180x28 elongated (quasi-oblong) N-S E 
6110 334 119x62 near-elliptical NE-SW SE 
5636 360 118x43 elliptical NW-SE SE 
5437 364 150x38 elongated (near-oblong) N-S NW 
4861 350 147x31 elongated (near-oblong) N-S S 
4825 291 125x66 rhombus NW-SE E 
3761 236 88x50 quasi-elliptical NNW-SSE E 
3651 219 65x65 circular - NE 
3383 278 120x28 elongated (quasi-oblong) E-W NE 
3133 375 62x46 irregular E-W SSW 
3073 232 96x37 near-oblong N-S W 
2778 228 85x38 elliptical NE-SW N 
2755 233 73x51 quasi-elliptical NNW-SSE E 
2572 252 102x37 quasi-oblong NNE-SSW N 
2491 216 87x42 quasi-rhombus NW-SE E 
2368 221 86x32 elliptical NE-SW S 
1707 152 52x52 near-circular - NE 
1442 142 54x35 elliptical E-W NE 
1108 130 50x27 elliptical NW-SE NE 
1015 125 44x28 near-elliptical NW-SE E 

682 108 36x24 quasi-elliptical N-S E 
819 106 31x31 circular - E 
670 96 35x26 elliptical NW-SE E 
627 93 29x29 circular - S 

 

Continued over page 
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B. Gaps created by severe wind-damage 
Gap area 

(m2) 
Gap peri-
meter (m) 

Longest & widest 
gap dimension (m) Gap shape 

Orientation of 
longest axis Aspect 

66579 1773 642x100 irregular (quasi-oblong) NW-SE NE 
56347 1434 579x94 elongated (quasi-oblong) NW-SE NE 
55713 944 326x215 quasi-elliptical NW-SE NE 
46798 1309 464x120 irregular (quasi-oblong) N-S E 
36444 1419 218x300 irregular NW-SE NE 
36324 1424 316x174 irregular NW-SE NEE 
21754 608 154x136 near-oblong NW-SE NEE 
20560 621 233x109 quasi-oblong NW-SE E 
17170 672 254x99 elongated (quasi-elliptical) NW-SE NE 
16050 792 266x65 elongated (quasi-oblong) NW-SE NE 
14146 573 209x65 quasi-oblong N-S SW 
13903 541 201x76 near-oblong NNE-SSW NE 
10913 613 140x76 irregular NNE-SSW NE 
10667 517 205x78 quasi-elliptical NW-SE NEE 
10589 447 172x77 quasi-elliptical N-S E 

8738 571 183x47 irregular NW-SE NE 
8722 355 102 quasi-circular - N 
8482 373 97x105 near-triangular NNE-SSW NNE 
7362 335 129x62 near-elliptical N-S E 
6838 370 154x47 near-oblong NW-SE NE 
5772 346 143x43 near-oblong NW-SE NE 
5638 359 146x41 near-oblong N-S SW 
5178 290 115x58 quasi-elliptical NE-SW NE 
4866 259 93x59 elliptical NW-SE NE 
4457 255 93x56 near-elliptical N-S E 
4346 257 82x54 near-elliptical N-S NW 
3625 247 100x40 elliptical N-S W 
3364 228 93x48 elliptical NW-SE NE 
2982 221 85x44 oblong NW-SE NE 
2963 250 90x50 irregular NE-SW NE 
2091 180 66x40 near-elliptical N-S NW 
1448 153 61x32 elliptical NW-SE E 

663 100 35x24 elliptical E-W E 
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Table 11: Comparison of canopy gap characteristics created by severe ice or wind-damage in beech 

forests near to Királyrét, Börzsöny Mountains, Hungary.  

 

Gaps created by severe ice-

damage in 1996 (n =45) 

Gaps created by severe wind-

damage in 1999 (n = 33) 

Size   

Maximum size (m2) 80756 66579 

Average size (m2) 19162 15803 

Minimum size (m2) 627 663 

Area   

<5000m2 20 10 

5000-<10000m2 6 8 

10000-<15000m2 0 5 

15000-<20000m2 2 2 

20000-<50000m2 12 5 

50000-<85000m2 5 3 

Orientation of longest axis   

NWW-SEE 2 - 

NW-SE 9 17 

N-S 9 9 

NNE-SSW 12 3 

NE-SW 5 2 

NEE-SWW 1 - 

E-W 3 1 

None (circular) 4 1 

Shape   

Elliptical or nearly so 16 14 

Oblong or nearly so 15 12 

Irregular 5 5 

Circular or nearly so 4 1 

Triangular or nearly so 3 1 

Rhomboid or nearly so 2 - 

 

Gaps of different sizes up to nearly 81,000m2 and 67,000m2 were created by the ice- and wind-damage 

respectively. The ice-damage event created more very large gaps (>20000m2), whilst the wind-damage 

gaps were more equally spread across the size range. Although most ice-damage gaps had their longest 

axis slightly west of N-S and most wind-damage gaps were slightly east of this, predominately gap 

alignment was towards to N-S. The shape of gaps from the two events was similar with most being 

elliptical, oblong or nearly so. 
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DDiissccuussssiioonn  

Although the stands studied were managed beech high forest, they nevertheless provide an insight into 

how periodic severe natural disturbances might impact in natural situations. A range of gaps sizes can 

be created by such events, including some exceptionally large gaps measuring well over 10000m2. 

These should be large enough for light-demanding trees and shrubs to regenerate in, and especially 

because many are orientated close to N-S and nearly elliptical or oblong such that the area of well-lit 

ground will be maximised.   

 

An analysis of the susceptibility of particular stands to gap formation revealed that several topographic 

variables and stand characteristics area important, including slope, aspect, elevation, tree species 

composition, tree slenderness, tree age, tree height, and time since last thinning (Aszalós et al. 2001). 

 

Gaps observed in the near-natural beech forest reserves at Kékes and Oserdo are characteristically 

smaller (up to c.300 m²) and usually created by the loss of single or small groups of large, old trees that 

die due to a combination of senescence, fungal attack and/or wind-damage. 

 

 

CCOONNCCLLUUSSIIOONNSS    

Despite the paucity of information and debatable ‘naturalness’ of reference sites in north-west and north-

central Europe, some common general natural gap characteristics are apparent for the lowland beech 

forests here: 

 

?? Gaps in young- and mid-growth stands generally remain scare and too small to facilitate tree 

regeneration. However, some could arise in such stands following severe drought, storms or (in 

Britain) outbreaks of debarking by American grey squirrels.  

 

?? At about 100 years gap creation increases and becomes significant in driving stand dynamics. Gap 

sizes here range from very small (10-25m2) to very large (>1000m2 and even many hectares). 

Where stand break-up is gradual and linked to moderate drought stress, moderate storm-damage 

and/or senescence of single or small groups of old trees, most gaps remain small to medium in size 

(10-200(-500)m2) and the gap size-distribution forms a negative exponential. At Fontainebleau, 

where the most natural gap size distribution is represented, all recorded gaps were <200m2, and 

most <100m2. Where old-growth break-up is more rapid following severe drought stress and/or 

severe storm-damage, the total area and size distribution of gaps can increase greatly, with even 

large openings >1000m2 being created. Exceptionally, a severe windstorm may level an entire 

stand, leaving only a scatter of trees as in a shelterwood system. Such major events appear to be 

rare.  
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?? Gap shape is highly variable depending on the character of formation and consequent development. 

The most commonly recorded gap is oval in shape and 2-3 times longer than wide. Gaps created by 

storms often have their longest axis tending towards NE, E or SE, depending on the prevailing 

direction of storm winds. Gap longevity is variable, partly because of the range of gap shapes and 

extent of infilling by marginal trees, but also because further expansion may occur.  

 

There have been few studies of natural canopy gaps in beech forests in Slovenia, south-east Europe, 

though reference sites here are closer to natural. For the regional fir-beech and mountain beech forests, 

the following general natural gap characteristics are apparent:  

 

?? Gaps are mostly <100m2 and few exceed 1000m2, i.e. the size-class distribution is a negative 

exponential. They are created regularly due to the loss of one or a small group of canopy trees. Gaps 

up to 5000m2 are scare, and gaps >5000m2 are very rare.  

 

Very few studies have been made of natural canopy gap characteristics in beech forests in Hungary: 

 

?? Recent studies based of natural ice- and wind-storms to managed high forests stands shows that 

such periodic natural disturbances can create some exceptionally large gaps measuring well over 

10000m2, and that gaps created by such events tend to be elliptical, oblong or nearly so in shape and 

orientated close to N-S. 

?? In near-natural beech forest reserves gaps are characteristically smaller (up to c.300 m²) and usually 

created by the loss of single or small groups of old trees.  
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