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Abstract 29 

 30 

Large and old trees have a vital role in preserving biodiversity in forest ecosystems. We used 31 

National Forest Inventory data from 1921 to2013 for studying changes in densities (stems per 32 

ha) of large trees (diameter ≥40 cm) in Finland. In addition, densities of old trees (age ≥150 33 

years) are reported from 1971 to 2013. We present results separately for the three subzones of 34 

the boreal biogeographical zone. Large trees have increased as much as 325%. The change 35 

has occurred mainly since the 1970s. On country level, old trees have become slightly less 36 

common (-4%) since the 1970s, although a decrease was actually observed only in the 37 

northern boreal subzone. The large majority of old trees in Finland are quite small in 38 

diameter, however. Trees that are both large and old show a notable increase from 1971 to 39 

2013. During the 2010s, densities of large trees were higher in the southern boreal subzone 40 

than in the northern boreal subzone, but in the 1920s the opposite was true. Densities of old 41 

trees have been much higher in the northern boreal subzone. The observed densities of large 42 

trees are still considerably smaller than those observed in unmanaged old-growth forests in 43 

Scandinavia. High densities of large and/or old trees were observed in areas with restrictions 44 

on wood production emphasizing their role in maintaining biodiversity. The results reflect the 45 

destructive effects of former land use and the transition from dimensional cuttings to clear 46 

cuts and thinning from below after the 1940s. Proportionally larger changes were observed 47 

for southern Finland, where a higher human population density and the resulting more 48 

intensive land use had more severe detrimental effects on forests. As the densities of large 49 

trees and old trees have developed in a completely different manner in Finland, our results 50 

suggest that monitoring only the size distribution of trees will not sufficiently describe the 51 

role of old trees as constituents of biodiversity. Thereagainst, densities of large trees and large 52 

old trees developed in a similar manner.  53 



Introduction 54 

 55 

The world’s forests have developed in a diverse manner during the past century. Developing 56 

countries with large forest resources have in many cases reported reductions of forest areas 57 

(Keenan et al., 2015) and growing stock volumes (Köhl et al., 2015). In industrial countries, 58 

forest areas have generally been stable (Keenan et al., 2015) and growing stock volumes have 59 

shown an upward trend (Kauppi et al., 1993, Köhl et al., 2015). Notable exceptions are 60 

Russia and Canada, the two countries with very large forest resources, but with less intensive 61 

land use and, consequently, more gradual changes of growing stock (Kauppi et al., 2018).  62 

 63 

Large old trees have been in focus because of their role as a versatile provider of ecosystem 64 

services. Lindenmayer et al. (2012) summarized these ecological roles and stressed that 65 

smaller and younger trees cannot provide many of them. The review by Lindenmayer et al. 66 

(2012), suggested that large old trees have become much less common than they were during 67 

the pre-industrial era in many parts of the world. Faison (2013) commented that data from 68 

national and continent-wide forest inventories suggest a more complicated story of large old 69 

tree dynamics at broad scales than suggested by Lindenmayer et al. (2012). Cecile et al. 70 

(2013) also pointed out that “large” and “old” are not synonymous and emphasized the value 71 

of small but old trees. Analyzing data from undisturbed primary forests and older secondary 72 

forests in cold, temperate and tropical zones, Lutz et al. (2018) observed that the largest 1% 73 

of trees ≥ 1 cm at breast height comprised 50 % of aboveground live biomass, which 74 

emphasizes their role in global forest carbon cycling.  75 

 76 

Reductions of forest area and growing stock are obvious threats to large old trees. Selective 77 

dimensional cuttings may reduce large tree individuals of species with high commercial value 78 



even in regions where annual increment exceeds drain (e.g., Bawa & Seidler, 1998, Bowles et 79 

al., 1998). On the other hand, the trend-like increase of growing stock, observed in many 80 

developed countries, could indicate an increasing trend also in the frequency of large trees. 81 

This type of development was observed by Kauppi et al. (2015), who analyzed forest 82 

inventory data from the USA and Finland, covering an area equivalent to 3% of forested area 83 

of the world. In addition to inventories in developed countries, Faison (2013) also cited long-84 

term studies in tropical forests, which reported recent increases in large trees or forest 85 

biomass. 86 

 87 

Today’s silviculture tends to regenerate old stands and replace them with fast-growing 88 

monocultures. Efficient soil preparation and planting methods lead to a fast early 89 

development of stands. Timely thinnings provide ample growing space for the remaining 90 

trees. As a result, trees can reach a large size at a younger age than the large trees of previous 91 

tree generations. There are also indications that the climatic warming has already enhanced 92 

forest growth in some regions (Pretzch et al., 2014, Henttonen et al., 2017). Large but 93 

relatively young trees produce some of the ecosystem services provided by large old trees, 94 

but definitely not all of them. Lindenmayer et al. (2014) further stressed the distinction 95 

between large old trees and large young trees, and pointed out that in some forests a rapid 96 

growth of large young trees is not a positive outcome but a major ecological problem 97 

endangering slow growing, ecologically valuable tree species. 98 

 99 

Forest inventories have traditionally aimed at assessing forest resources available for various 100 

forms of wood use, but today the goals are more versatile, including biodiversity, carbon 101 

balance and cultural and aesthetic values of forests (Tomppo et al., 2010, Blicharska & 102 

Mikusinski, 2013) Forest inventories provide detailed information about size distribution of 103 



trees (e.g., Chirici et al., 2011, Tomppo et al., 2011). While tree and stand age are highly 104 

useful indicators of biodiversity, long time series on the age distribution of individual trees 105 

are rarely available (Chirici et al., 2011). Accurate assessment of tree age requires knowledge 106 

about stand history or a count of tree rings (or, for relative young trees of certain species, a 107 

count of tree whorls). Trees have often not been cored in large-scale inventories, as coring is 108 

laborious and may damage some species (e.g., Mäkinen et al., 2007), and stand history 109 

records with ample coverage are rarely available. Chirici et al. (2011) discussed the 110 

possibilities of using models based on tree size for predicting the missing tree age.  111 

 112 

An exception is available from Finland, where systematic nation-wide forest inventories 113 

(NFI) were started – among the first in the world – in 1921, and have been repeated regularly 114 

thereafter. The development in Finland has followed the pattern typical for developed 115 

countries with a stable forest area, a growing stock increase of 65% and a roughly doubled 116 

annual growth during the monitoring period. All subzones of the boreal zone are represented 117 

in Finland from the southern boreal to the northern boreal zone. According to a recent 118 

estimate (Crowther et al., 2015) about one fourth of the trees (diameter ≥10 cm) of the world 119 

are in the boreal zone. Since the 1930s, the Finnish NFIs have included coring a sub-sample 120 

of trees. However, these old data on tree age are not currently available in digital form. 121 

Kauppi et al. (2015) showed that large trees (dbh ≥30 cm) have become more common in 122 

Finland since the 1950s. As the field data of NFI1 (1921-1924) have been recently digitized, 123 

it is possible to extend the study period considerably. Also, combining tree size data with age 124 

information provides deeper insight on the ecological role of today’s large trees.  125 

 126 

We studied, whether the increase of large trees, observed by Kauppi et al. (2015), also 127 

applies when large trees are defined using thresholds larger than 30 cm. Are today’s large 128 



trees younger than similar-sized trees of former tree generations? What is the size-distribution 129 

of old trees? How common are trees that are both large and old? Have the densities of large 130 

and/or old trees developed in a similar fashion over time in the climatically different 131 

subzones of the boreal biogeographical zone? Are there differences between tree species 132 

groups? The underlying question is: If large trees possess features valuable for biodiversity at 133 

some time point, can we trust that the relationship between tree size and those features will 134 

remain unchanged over time, and tree size can be used as a proxy for those features? 135 

 136 

Materials and methods 137 

 138 

We estimated tree densities (stems per hectare) and the total numbers of trees by tree 139 

diameter (dbh) class, tree age class and tree species group. In addition, we present results on 140 

the frequency of large trees in individual sample plots (approximately 500 m2). Also 141 

estimates of mean tree age by dbh class are presented. Only living trees are reported, as dead 142 

trees, which are vital for many endangered species, have not been monitored in a consistent 143 

fashion throughout the study period. We applied the same definition for “large” (≥40 cm) and 144 

“old” (≥150 years) trees in each subzone of the boreal biogeographical zone, but also provide 145 

densities of large trees using different thresholds. 146 

 147 

Sampling design and measurements in the Finnish NFI 148 

 149 

We used the NFI data from the 1920s (the 1st NFI, NFI1) and from the 1970s to 2010s (NFI6-150 

NFI11). The development of the Finnish NFI from the 1920s to the early 2000s is described 151 



in Tomppo et al. (2011). Only the most important details and changes related to the 152 

assessment of forest area and the tree dbh and age distributions are summarized here.  153 

 154 

From the 1930s to 1960s (NFI2-NFI5) tree dbh was measured at 1.3 m above the highest root 155 

collar instead of measuring at 1.3 m from the origin point of the tree as in NFI1 and NFI6-156 

NFI11. In addition, data from NFI2 (1936-1938), NFI3 (1951-1953) and NFI4 (1960-1963) 157 

are not available in digital form. Sample tree ages are available only in field forms of NFI5 158 

(1964-1970). Therefore, the data from NFI2-NFI5 were not employed here. 159 

 160 

NFI1 (1921-1924) 161 

 162 

The sample of NFI1 (1921-1924) consisted of inventory lines oriented from southwest to 163 

northeast with a 26 km distance between subsequent lines in most parts of the country. The 164 

combined length of the inventory lines was 13 348 km, excluding water areas. Land use and 165 

site characteristics were assessed for each land figure and forest stand intersected by an 166 

inventory line. Stand volumes (per ha) were estimated visually. The assessments were 167 

calibrated using sample plot measurements. The sample plots were 10 m × 50 m line strips 168 

located at the end of each 2000 m of the inventory line. If the plot was not entirely within a 169 

single forest stand, it was shifted so that it fit into a single stand. For small stands, it was also 170 

possible to measure plots shorter than 50 m. On the sample plots, the dbh of each tree was 171 

measured and registered in 2 cm classes (0-2 cm, 2-4 cm, …). For trees forked (split into 172 

several stems) below 1.3 m, dbh was measured separately for each stem. Some of the field 173 

crews of NFI1 had not registered stems with a dbh below 4 cm.  174 

 175 



The definition of forest land was based on a visual classification describing site productivity 176 

(Ilvessalo 1927). Forest land was divided into productive forest land and forest land of poor 177 

growth potential.  178 

 179 

NFI6 (1971-1976)-NFI11 (2009-2013) 180 

 181 

In the 1970s and 1980s, the estimation of tree densities was based on measurements on 182 

temporary sample plots. Sample trees were selected using angle count sampling, i.e., a tree 183 

was included into an angle count plot (Bitterlich 1948), if its distance from the sample plot 184 

centre was at most r = 50×dbh/√BAF, where BAF is the basal area factor (BAFs in Table 1). 185 

From 1971 to 1994 dbhs were registered in 1 cm classes (2.5-3.5 cm, 3.5-4.5 cm, …). Since 186 

then the accuracy has been 1 mm. Trees with a dbh below 2.5 cm were not measured in NFI6. 187 

Since 1977, all trees taller than 1.35 m have been measured. Since 1992, the angle count plots 188 

have been restricted to a maximum radius of 12.52 m in southern Finland and to 12.45 m in 189 

northern Finland, corresponding to a dbh of 35.4 and 30.5 cm, respectively (Table 1). Trees 190 

with a dbh exceeding these limits were thus measured from fixed area circular plots of 492.4 191 

and 487.0 m2 in southern and northern Finland, respectively. Since 1992, dbh has been 192 

measured separately for each stem, if a tree was forked (split into several stems) below the 193 

height of 1.3 m. From the 1960s to 1991, the dbh for forked trees was calculated as a square 194 

root of the sum of dbh
2s of the stems. Due to forked trees, the terms “number of stems” and 195 

“stem density” would be more precise, but for simplicity we will use “number of trees” and 196 

“tree density”. 197 

 198 

In the 1970s and 1980s, tree age was measured from a sub-sample of plots (southern Finland) 199 

or trees (northern Finland). Tree cores bored to the pith were taken at 1.3 m height. The 200 



number of annual rings was primarily counted in the field from a core, but it was possible to 201 

send cores with thin unclear annual rings to be measured in the laboratory. The number of 202 

years needed to reach the height of 1.3 m was assessed either by counting tree whorls or by 203 

using models which predict the time to reach 1.3 m height as a function of tree species, site 204 

fertility class and effective temperature sum. Since 1990, tree age at 1.3 m has been measured 205 

in the laboratory from cores collected from a subsample of trees (every 7th tree) on temporary 206 

plots. On permanent plots established since 1992, tree ages have been assessed without 207 

boring cores by counting whorls or by coring a similar tree outside the plot. In northern 208 

Finland, the first permanent plots were established already in the 1970s, but the first 209 

measurement on those plots did include coring a sub-sample of trees. 210 

 211 

Biogeographical zones and subzones 212 

 213 

We calculated results separately for the three subzones of the boreal biogeographic zone: 214 

southern boreal, middle boreal and northern boreal (Figure 1) (Ahti et al., 1968), where the 215 

average lengths of growing season are 160-175, 140-160, and <140 days, respectively 216 

(Tuhkanen 1980). Small parts of southernmost Finland actually belong to the hemiboreal 217 

subzone, which is part of the temperate zone. These parts were merged into the southern 218 

boreal subzone. The amounts of sample plots and trees in boreal subzones in NFI1, NFI6 and 219 

NFI11 are given in Table 1. 220 

 221 

The borders of biogeographical zones and subzones were downloaded from the service 222 

LAPIO of the Finnish Environment Institute (SYKE). The NFI plots were located to these 223 

subzones using the function pnt.in.poly of R package SDMTools (VanDerWal et al., 2014). 224 



 225 

Figure 1. The three subzones of the boreal biogeographical zone in Finland. 226 

SOUTH=southern boreal (incl. HEMI=hemiboreal zone), MIDDLE=middle boreal, 227 

NORTH=northern boreal. 228 

  229 



Table 1. Sample plot type and size, the number of sample plots in forest and the number of 230 

sample trees in boreal subzones in NFI1 (1921-1924), NFI6 (1971-1976) and NFI11 (2009-231 

2013). ndbh and nage are the number of trees with diameter and tree age measured, 232 

respectively. In NFI11, only trees from temporary plots are included in nage. BAF is the basal 233 

area factor in angle count sampling and rmax is the maximum plot radius. 234 

Inventory Sample plot type and size Sample 
plots 

Sample trees 
 dbh ≥ 4 cm  

Sample trees 
 dbh ≥ 40 cm 

   ndbh nage ndbh nage 

 
SOUTH (Hemiboreal + southern boreal subzone) 

NFI1 Fixed area  10 m × 50 m   1663 101922  54  
NFI6 Angle count BAF=2 26537 173133 18921 2445 254 
NFI11 Angle count  

BAF= 1 and rmax = 9 ma 
BAF= 2 and rmax = 12.52 mb 

25377 229504 25362 7112 815 

 
MIDDLE (Middle boreal subzone) 

NFI1 Fixed area  10 m × 50 m   1423 80347  33  
NFI6 Angle count BAF=2 24738 106976 12526 873 94 
NFI11 Angle count  

BAF= 1.5 and rmax = 12.45 mc 
BAF= 2 and rmax = 12.52 mb 

20724 175544 19144 1242 124 

 
NORTH (Northern boreal subzone) 

NFI1 Fixed area   10 m × 50 m   1282 41663  77  
NFI6 Angle count BAF=2 or 1d   6139 24560 4307 903 160 
NFI11 Angle count  

BAF= 1.5 and rmax = 12.45 m 
  7500 51873 5895 789 93 

       
a) County of Åland 
b) Southern Finland 
c) Northern Finland 
d) Northernmost Finland (Enontekiö, Inari and Utsjoki), data from NFI7 in 1978 

 

Estimation 235 

 236 

Calculation of tree densities,the total number of trees and mean ages 237 

 238 

We estimated tree densities (trees per hectare) and the total numbers of trees (millions of 239 

stems) for the biogeographical subzones. The estimates were derived for living trees by tree 240 

species groups, dbh classes (NFI1-NFI11) and dbh × tree age (NFI6-NFI11) classes. The 241 



mean ages of trees by dbh classes were calculated for NFI6 and NFI11. The 2 cm odd dbh 242 

classes employed in NFI1 were used. The minimum dbh in all calculations was 4 cm. For the 243 

high dbh classes we combined the dbhs ≥40 cm (“large trees”). We also provide the densities 244 

of trees ≥30 cm, ≥35 cm, ≥45 cm, ≥50 cm and ≥60 cm. To characterize old trees, tree 245 

densities and the total numbers of trees were estimated for trees ≥150 years. Some results are 246 

presented also for trees ≥100 years. 247 

 248 

Sampling errors were derived for the estimates in each tree species group and dbh class in 249 

NFI1 and NFI11 using the estimation methods of the Finnish NFIs (detailed description in 250 

Supporting material 1). These methods are presented in Lindeberg (1924) (NFI1, line survey 251 

sampling errors), Ilvessalo (1927) (NFI1, line survey) and Tomppo et al. (2011) (angle count 252 

plot inventory). The sampling errors in NFI6–NFI11 presented in Figures 3-6 were estimated 253 

for different sampling designs using the SURVEYMEANS procedure in SAS/STAT 14.1 254 

software (SAS Institute Inc., 2015). The comparison of sampling variance estimates for 255 

NFI11 showed that the estimates using SURVEYMEANS were slightly higher than the 256 

estimates derived using the method presented in Tomppo et al. (2011). 257 

 258 

Three tree species groups were employed in the estimation: Scots pine (50% of growing stock 259 

in Finland, includes also the other conifers except for Norway spruce), Norway spruce (30%) 260 

and broadleaved tree species (Korhonen et al., 2017). In Finland, broadleaves consist mainly 261 

of two birch species, aspen and two alder species, with a combined share of 20 % of the 262 

growing stock (Korhonen et al., 2017): Betula pubescens Ehrh. (12%), Betula pendula Roth 263 

(5%), Populus tremula L. (2%) and Alnus incana (L.) Moench and Alnus glutinosa (L.) 264 

Gaertn. (1%).  265 

 266 



Retention trees are left to regeneration areas to maintain biodiversity of forests. The status of 267 

a tree being a retention tree has been registered for all trees measured on sample plots in 268 

NFI11 (2009-2013). We estimated the numbers of large and old retention trees separately in 269 

NFI11. All trees left in clear cut areas were considered retention trees in the estimation. 270 

 271 

We estimated the densities of large and old trees separately for protected areas. These include 272 

areas, where forest use is restricted by the Nature Conservation Act, areas which belong to 273 

EU’s Natura 2000 network 274 

(http://ec.europa.eu/environment/nature/natura2000/index_en.htm) and areas which have 275 

been reserved for nature conservation programmes by the Ministry of Environment 276 

(http://www.ym.fi/en-US/Nature/Biodiversity/Protection_of_habitats ).  277 

 278 

A special feature of the forests in Finland is the abundance of peatlands, particularly in the 279 

middle and northern parts of the country, totaling as much as 29% of the area of forest land 280 

and poorly productive forest land (Korhonen et al., 2017). To study how peatland forests 281 

differ from those on mineral soils, we calculated densities of old trees per dbh classes also for 282 

peatland forests.  283 

 284 

For 1971-2013, we used data from two land use categories: forest land and poorly productive 285 

forest land (Tomppo et al., 2011). For forest land, the potential productivity over a rotation is 286 

over 1 m3ha-1year-1, and for poorly productive forest land between 0.1 and 1.0 m3ha-1year-1. 287 

Forest sites not included in these two categories are unlikely to produce trees larger than 40 288 

cm, although trees older than 150 years can be found on them.  289 

 290 



In the 1920s, the terms productive forest land and forest land of poor growth were in use, and 291 

the definitions for both categories were different from the current definitions (Ilvessalo, 1927, 292 

Tiihonen, 1968). However, despite of the changes in definitions, the combined area of the 293 

two categories has remained highly similar in each biogeographical subzone (Figure 2). We 294 

therefore conclude that it is reasonable to compare these two former land use categories with 295 

the present ones. 296 

 297 

 298 
Figure 2. Forest area in the boreal subzones from the 1920s to the 2010s. SOUTH=southern 299 

boreal (incl. hemiboreal zone), MIDDLE=middle boreal, NORTH=northern boreal. 300 

 301 

Harmonizing diameter classification 302 

 303 

We used 2 cm dbh classes applied in NFI1 and harmonized the data from later inventories 304 

accordingly. For that part of data, where dbh was registered in 1 cm classes (1971-1994), the 305 

number of trees and their cumulative sum was first estimated for each 1 cm dbh class. The 306 

number of trees in even 1 cm dbh classes (e.g., 6 cm = 5.5 -6.5 cm) was then divided between 307 

the adjacent odd dbh classes. The monotone spline regression functions for the cumulative 308 

sums of the numbers of trees were fitted using the TRANSREG procedure in SAS/STAT 309 



14.1 software (SAS Institute Inc., 2015) and the values predicted with 0.5 cm intervals were 310 

summed to define the proportions for each dbh class. 311 

 312 

For the data measured since 1996, where dbh was registered in 1 mm classes, the trees with 313 

dbhs at the borders of the 2 cm classes (e.g., dbh 60 mm = 59.5-60.5 mm) and with an odd 314 

sample tree number were classified to the upper dbh class.  315 

 316 

Plot-level frequencies of large trees 317 

 318 

In order to describe how evenly large trees are distributed, we calculated plot-level 319 

frequencies of trees with a dbh≥40 cm for the 1920s (NFI1), 1990s (NFI9) and 2010s 320 

(NFI11). In NFI1, the plots were mainly 10 m × 50 m (500 m2) rectangles. In NFI9 and 321 

NFI11, trees with a dbh >35.4 (southern Finland) and >30.5 cm (northern Finland) were 322 

measured from fixed area circular plots of 492.4 and 487.0 m2 in southern and northern 323 

Finland, respectively. 324 

 325 

In estimating the plot-level frequencies, only plots which were entirely within one forest 326 

stand were included from the NFI9 and NFI11 data. Plots smaller than 500 m2 were excluded 327 

from the NFI1 data, because we aimed at comparing plots of similar size between inventories 328 

in calculating plot-level frequencies of large trees. 329 

 330 

Results 331 

  332 



Large trees 333 

 334 

The densities of large trees have changed in similar fashion regardless of the threshold 335 

applied in defining “large”, if the threshold is at least 40 cm (Figure 3 a-f). There are roughly 336 

ten times as many large trees in the southern boreal subzone as in the 1920s (Figure 3 c-f). 337 

The increase has been less intense for the middle and northern boreal subzones, but 338 

nevertheless very clear. Unlike today, in the 1920s the density of large trees was higher in the 339 

northern boreal subzone than in the other subzones. Today their density is more than two 340 

times higher in the south. Increasing the threshold to ≥45 cm reduces the densities of large 341 

trees by roughly two thirds in all subzones (Figure 3 c,d), and further increasing it to ≥50 cm 342 

has a similar effect (Figure 3c,e). Applying the threshold of ≥60 cm results in a large random 343 

variation between the successive inventories due to the low number of such trees (Figure 3f). 344 

 345 

From here on, we will apply the threshold dbh ≥40 cm for large trees in each subzone. These 346 

trees increased from 16.6 million (1921-1924) to 26.6 million (1971-1976) and to today’s 347 

(2009-2013) 70.6 million (Table 2). This equals a 325% increase in 90 years, calculated as 348 

(N2-N1)/N1.  349 

 350 



 351 

Figure 3. Tree densities (stems per ha) using different dbh thresholds. SOUTH=southern 352 

boreal (incl. hemiboreal zone), MIDDLE=middle boreal, NORTH=northern boreal. Error 353 

bars indicate 2×sampling errors. 354 

  355 



 356 

Table 2. Total number of trees (million stems) with a dbh ≥40 cm and the changes from the 357 

1920s, 1970s and 2010s in the boreal subzones. Sampling errors in parenthesis.  358 

Tree species 
group 

Inventory years Change from 
1921-1924  to 

2009-2013               1921-1924 1971 -1976, 1978 2009-2013 
 million stems 
 SOUTH (Hemiboreal + Southern boreal subzone) 
Scots pine 2.2  (0.79)   4.5  18.5 (0.56) 16.3  (0.97) 
Norway spruce 1.0 (0.31) 5.2  20.2 (0.64) 19.2 (0.71) 
Broadleaved sp. 1.3 (0.47) 1.5  7.0 (0.29) 5.7 (0.55) 
All species 4.6 (1.03) 11.3  45.7 (1.03) 41.1 (1.46) 
 MIDDLE (Middle boreal subzone) 
Scots pine 2.8 (0.85) 2.8  4.1 (0.26) 1.3 (0.89) 
Norway spruce 0.3 (0.28) 1.2  4.5 (0.31) 4.2 (0.41) 
Broadleaved sp. 0.3 (0.16) 0.5  1.0 (0.11) 0.7 (0.19) 
All species 3.4 (0.90) 4.5  9.6 (0.45) 6.2 (1.00) 
 NORTH (Northern boreal subzone) 
Scots pine 6.1 (0.87) 8.9  11.6 (0.74) 5.5 (1.14) 
Norway spruce 2.2 (0.64) 1.7  3.3 (0.38) 1.1 (0.74) 
Broadleaved sp. 0.3 (0.42) 0.2  0.3 (0.08) 0.0 (0.43) 
All species 8.6 (1.19) 10.9  15.3 (0.85) 6.7 (1.46) 
 Total 
Scots pine 11.1 (1.45) 16.2  34.2 (0.96) 23.1 (1.74) 
Norway spruce 3.5 (0.76) 8.1  28.0 (0.80) 24.5 (1.11) 
Broadleaved sp. 2.0 (0.65) 2.2  8.3 (0.32) 6.4 (0.73) 
All species 16.6 (1.81) 26.6  70.6 (1.40) 54.0 (2.29) 
 359 

Large trees are less useful for biodiversity, if they are concentrated on a small number of 360 

sites, as the gaps between these sites limit movement and gene exchange of species. Forest 361 

sites with large trees are scattered in Finland, but less so than in the 1920s. During 1921-362 

1924, 98% of the sample plots in southern boreal subzone did not contain a tree with a dbh 363 

≥40 cm (Table 3). In 2009-2013, the percentage had dropped to 87% in the south. In the 364 

northern boreal subzone, a smaller share (95%) of the plots did not include trees ≥40 cm in 365 

the 1920s, but in 2009-2013 the reverse was true as 90% of sample plot did not include a tree 366 

≥40 cm). In the middle boreal subzone the change has been smaller still (98% to 97%). In the 367 

1920s, less than 0.5% of the plots in the southern boreal zone contained more than three trees 368 

≥40 cm, today about 2% do.  369 



 370 

Table 3. The proportion of plots with n = 0, 1, 2, 3, and >3 trees of dbh ≥40 cm. Only plots in 371 

forest and within one forest stand are included. Plot size was 500 m2 in 1921-1924, and since 372 

1992 492 m2 and 487 m2 in southern and northern Finland, respectively. 373 

Inventory 
years 

Proportion of plots with n trees of dbh ≥40 cm 

 n=0 n=1 n=2 n=3 n >3 
 SOUTH (Hemiboreal + Southern boreal) 
1921-1924 0.976 0.019 <0.005 <0.005 <0.005 
1996-2000 0.879 0.070 0.028 0.011 0.012 
2009-2013 0.872 0.069 0.028 0.015 0.017 
 MIDDLE (Middle boreal) 
1921-1924 0.978 0.017 <0.005 <0.005 <0.005 
1996-2002 0.969 0.022 0.006 <0.005 <0.005 
2009-2013 0.968 0.022 0.007 <0.005 <0.005 
 NORTH (Northern boreal) 
1921-1924 0.949 0.043 0.009 <0.005 <0.005 
2001-2003 0.919 0.061 0.016 <0.005 <0.005 
2009-2013 0.901 0.075 0.018 <0.005 <0.005 

 374 

Old trees 375 

 376 

Using large trees as a proxy for old trees assumes that large trees represent a similar range of 377 

tree ages over time. This has not been the case in Finland. Small and medium-sized trees up 378 

to 25 cm were on average much older in the 1970s than they were during 2009-2013 (Figure 379 

4). The pattern is similar for all three subzones. For example, trees of dbh 15 cm were on 380 

average 25-39% (12.5-35 years) older in the early 1970s than today and both absolute and 381 

relative differences of mean age were largest in the northern boreal subzone. For trees larger 382 

than 35 cm, the reverse has been true in most cases, but the results are less consistent. Trees 383 

≥40 cm were older during 2009-2013 than in the 1970s in the southern and northern boreal 384 

subzones. In the middle boreal subzone, the mean age of trees ≥40 cm was roughly the same 385 

during 1971-1976 and 2009-2013. Figure S1 in Supporting material 2 provides boxplots for 386 

tree age in 2 cm dbh classes during 1971-1976 and 2009-2013. 387 



 388 

Figure 4. The mean age of trees in 2 cm dbh classes. SOUTH=southern boreal (incl. 389 

hemiboreal zone), MIDDLE=middle boreal, NORTH=northern boreal. Error bars indicate 390 

2×standard errors of the means. 391 

 392 

Large trees of all species groups showed a sizable increase from the 1970s to present (Table 393 

2), but, contrary to that, old trees did not increase at the country level during the same period. 394 

Trees ≥150 years showed a small reduction from 829 million to 800 million trees (-3%) 395 

(Table 4). Compared to the sampling errors (Figure 5b), this change is, however, small. Trees 396 

≥100 years decreased more, from 3330 million to 2924 million (-12 %, results not shown). 397 



Unlike to the other subzones, old trees in each tree species group have increased in the 398 

southern boreal subzone. 399 

 400 

Table 4. Total number of trees age ≥150 years (million stems) in NFI6a) (1971-1976, 1978) 401 

and NFI11 (2009-2013) in the boreal subzones. Minimum dbh of a tree was 4 cm. 402 

Tree species  Inventory years Change 
group   

1971-1978 
 

2009-2013 
  million stems 
 SOUTH (Hemiboreal + southern boreal) 
Scots pine  15.4 37.8 22.5 
Norway spruce    4.5 10.7   6.3 
Broadleaved sp.    1.9   4.6   2.7 
All species  21.7 53.2 31.4 
 MIDDLE (Middle boreal subzone) 
Scots pine  81.2 97.3 16.2 
Norway spruce  91.0 104.0 13.0 
Broadleaved sp.  24.5 17.6 -6.8 
All species  196.6 218.9 22.3 
 NORTH (Northern boreal subzone) 
Scots pine  293.4 231.9 -61.6 
Norway spruce  185.3 216.2 30.9 
Broadleaved sp.  131.6 80.1 -51.5 
All species  610.4 528.2 -82.2 
 Total 
Scots pine  390.0 367.0 -22.9 
Norway spruce  280.8 330.9 50.1 
Broadleaved sp.  157.9 102.3 -55.6 
All species  828.7 800.3 -28.4 
     

a) Data for northernmost Finland from NFI7 (1978) 
 403 

Old trees (≥150 years) are distributed in a very unbalanced manner between the three 404 

biogeographical subzones (Figure 5b): 7% of old trees were in the southern, 27% in the 405 

middle and 66% in the northern boreal subzone (Table 4). Contrary to that, densities of large 406 

trees were clearly higher in the southern boreal subzone. 407 

 408 

  409 



 410 

Figure 5. Tree densities (stems per ha) of (a) large trees (dbh ≥40 cm), (b) old trees (tree age 411 

≥150 years), (c) trees that are both large and old and (d) trees small (dbh ≤14 cm) but old in 412 

the boreal subzones. SOUTH=southern boreal (incl. hemiboreal zone), MIDDLE=middle 413 

boreal, NORTH=northern boreal. Error bars indicate 2×sampling errors. 414 

 415 

The number of old trees was very low in the southern boreal subzone during the 1970s 416 

(Figure 5b, Table 4). Since then, the number of old pines has increased 146%, spruces 140% 417 

and broadleaves 142%. Respective percentages for the same taxa in the middle boreal (20%, 418 

14% and -28%) and the northern boreal subzones (-21%, 17% and -39%) show that the 419 

development has not been uniform between species groups and biogeographical subzones. 420 

Broadleaves ≥150 years are common in the north, but their estimated densities show 421 

especially large variation over time (results not shown). The most recent estimate is well 422 

below all prior ones.  423 



 424 

Large and old trees 425 

 426 

Trees that are both large (≥40 cm) and old (≥150 years) form 32% of all large trees, but only 427 

2.8% of all old trees (Figure 6). The density of large trees is currently 3.1 trees per ha, for old 428 

trees 35.2 trees per ha, but for large and old trees only 1.0 tree per ha. 429 

 430 

Large old trees have been much more common in the northern boreal subzone than in the 431 

other two subzones (Figure 5c). In fact, in the 2010s nearly all (95%) large trees of the 432 

northern boreal subzone (Figure 5a) were also old (Figure 5c). In the middle boreal subzone, 433 

less than half (36%) of the large trees were ≥150 years old, and in the south only 11%.   434 

 435 

The density of large old trees increased from the 1970s to present in each subzone (Figure 436 

5c). In the south the relative increase was particularly large, from 0.06 to 0.61 trees per ha, 437 

which is more than relative increase of large trees in the same subzone and the same time 438 

period (from 1.38 to 5.71 trees per ha). In the middle and northern boreal subzones, the 439 

change in densities of large old trees has followed a pattern more similar to the change in the 440 

densities of large (dbh ≥40 cm) trees (Figure 5a).  441 

 442 



 443 

 444 

Figure 6 Tree densities (stems per ha) of old trees (≥150 years) in the boreal subzones by dbh 445 

classes and tree species groups in 1971-1978 and 2009-2013. SOUTH=southern boreal (incl. 446 

hemiboreal zone), MIDDLE=middle boreal, NORTH=northern boreal. 447 

 448 

Small and old trees 449 

 450 

The differences between biogeographical subzones are even more pronounced for trees that 451 

are small (dbh 4−14 cm) but old (age ≥150 years). They are very uncommon in the south, but 452 

in the northern boreal subzone their densities ranged between 27-42 trees per hectare during 453 

1971-2013 (Figure 5d). Trees ≥150 years in any individual 2 cm dbh class below 30 cm were 454 

actually much more common than large old trees in the northern and middle boreal subzones 455 

(Figure 6).  456 

 457 



The density estimates of small old trees today are lower than they were in the 1970s (Figure 458 

5d), but their sampling errors are large compared to the change. The change in densities 459 

shows no consistent pattern, when estimates from the 1980s and 1990s are also considered. 460 

These small old trees are mostly spruces and broadleaves (Figure 6). The share of pines 461 

increases towards the larger dbh classes. For comparison, we present results similar to those 462 

in Figure 6, but applying the age threshold of 100 years in Supporting material 3. 463 

 464 

Peatlands  465 

 466 

The mean density of old trees (≥150 years) on peatlands is 41 trees per ha, somewhat more 467 

than the 33 trees per ha observed for mineral soils. However, small (dbh 4-14 cm) old trees 468 

are much more common and large old trees much less common on peatlands than on minerals 469 

soils (Figure S3 in Supporting material 4). Only 0.8 million (3.6%) of the 22.8 million large 470 

(≥40 cm) and old (≥150 years) trees are on peatlands.  471 

 472 

Protected areas 473 

 474 

Protected areas as defined in “Materials and methods” cover 10% of the area of productive 475 

and poorly productive forest land in Finland, but account for a much larger share of large 476 

trees (17%), old trees (34%) and of trees both large and old (43%) (Table 5). These areas are 477 

more common in the north, and, consequently, they account for a larger share of large and/or 478 

old trees in the northern boreal subzone. In the southern boreal subzone, however, large trees 479 

are equally common in protected and other types of forests. 480 

  481 



Table 5. The total number of trees with a dbh ≥40 cm and a tree age ≥150 years in protected 482 

areas and their share (%) of the total number of trees with a dbh ≥40 cm and a tree age ≥150 483 

years. SOUTH=southern boreal (incl. hemiboreal zone), MIDDLE=middle boreal, 484 

NORTH=northern boreal. 485 

Subzone Trees (dbh ≥40 cm)  Trees (age ≥150 
yearsa)) 

Trees (dbh ≥40 cm) and 
(age ≥150 years) 

 million 
    stems 

%  million 
    stems 

% million 
       stems 

% 

SOUTH 2.5             5  6.4 12  0.6 12 
MIDDLE 1.3 14  54.2 25  1.1 33 
NORTH 8.2 53  209.4 40  8.2 56 
Total 11.9 17  270.0 34  9.9 43 
 
a) Minimum dbh of a tree 4 cm. 

 
 486 

Retention trees 487 

 488 

Another form of nature conservation affecting the amount of large and old trees are the 489 

retention trees left on regeneration areas. Today 6% of large trees belong to this group (Table 490 

6). Their share of old trees is only 1.4 %, but 1.5 (6 %) million of the 22.8 million trees in 491 

Finland that are both large and old are retention trees.  492 

  493 



 494 

Table 6. The total number of retention trees with a dbh ≥40 cm and a tree age ≥150 years and 495 

the share (%) of retention trees of the total number of trees with a dbh ≥40 cm and a tree age 496 

≥150 years. SOUTH=southern boreal (incl. hemiboreal zone), MIDDLE=middle boreal, 497 

NORTH=northern boreal. 498 

Subzone Trees (dbh ≥40 cm)  Trees (age ≥150 
yearsa)) 

Trees (dbh ≥40 cm) and 
(age ≥150 years) 

 million 
    stems 

%  million 
    stems 

% million 
        stems 

% 

SOUTH 2.2 5 1.9 4 0.1 2 
MIDDLE 0.5 5 1.9 1 0.3 9 
NORTH 1.4 9 7.5 1 1.0 7 
Total 4.2 6 11.4 1 1.5 6 

 
a) Minimum dbh of a tree 4 cm. 

 499 

Discussion  500 

 501 

In Finland, there are today 70.6 million large trees with a dbh ≥40 cm, 800.3 million trees 502 

with an age of ≥150 years and 22.8 million trees that are both large (≥40 cm) and old (≥150 503 

years). These numbers demonstrate that one should be specific about which group is being 504 

discussed, when addressing large and/or old trees. The fact that large and old trees are far 505 

from synonymous (Cecile et al., 2013) is further emphasized by the finding that in Finland 506 

small (dbh ≤14 cm) old trees are far more common than large old trees.  507 

 508 

We observed heavily increased densities of large trees (≥40 cm) during 1921-2013, while old 509 

trees (≥150 years) showed no change during 1971-2013, considering the sampling error. The 510 

first finding is in line with the general trend of increasing forest resources, in particular 511 

growing stock volumes, in countries with a high income level (Kauppi et al., 2015, Kauppi et 512 

al., 2018), but the second one suggests that many of these new large trees may not provide 513 



suitable microhabitats for species dependent on large old trees. On the other hand, trees that 514 

are both large and old increased heavily, particularly in southern Finland. 515 

 516 

Different criteria for large trees have been applied in scientific literature depending on the 517 

studied climatic zone. Kauppi et al. (2015) used the threshold of 30 cm for Finland. Our 518 

focus is on the value of large trees for biodiversity, and as 30 cm is well below the typical 519 

size of dominant trees is old-growth forests, it would probably be too small for the purpose. 520 

Clearly, the selection of thresholds for “large” and “old” will affect the numbers. Roughly 521 

two thirds of trees with a dbh ≥40 cm have a dbh ≤45 cm. Selecting a very high threshold for 522 

“large” will lead to situation, where large trees and large old trees consist of virtually the 523 

same group of trees. This, in fact, is the case for northern boreal subzone in Finland, using the 524 

thresholds 40 cm for “large” and 150 years for “old”.  525 

 526 

We applied the same definition for “large” (40 cm) and “old” (150 years) trees in each 527 

subzone of the boreal biogeographical zone. One might argue that different thresholds for 528 

large trees would be appropriate in each subzone, as they represent different climatic 529 

conditions and these differences are reflected in the growth rate of trees and forests. On the 530 

other hand, many species are dependent on large old trees, but the precise requirements of 531 

each species differ. It is difficult to determine a compromise that would optimally meet these 532 

requirements in each zone. Also, thresholds much higher than 40 cm would lead to large 533 

sampling errors. 534 

 535 

A total of 332 species were classified as regionally extinct in the Red list of species for 536 

Finland, most of these having become extinct a long time ago (Rassi et al., 2010). Of these, 537 

108 species lived primarily in forests. Organism groups with many with endangered or 538 



regionally extinct species depending on forest environment include lichens, bryophytes, 539 

butterflies, sawflies,  parasitoid wasps, true flies and beetles (Rassi et al., 2010). Changes in 540 

forest environment were estimated to be the primary cause of extinction for 17.8% of the 541 

species regionally extinct in Finland (Rassi et al., 2010). Several types of changes were 542 

included under the term, the first of the list being a reduction of old-growth forests and the 543 

decreasing number of large trees. While the former are bound to include old trees, the relative 544 

usefulness of large and old trees, or trees that qualify for both categories, was not elaborated.  545 

 546 

The relative importance of tree size and age for conserving biodiversity is not trivial to 547 

analyze, as they are often correlated with each other. Bryant et al. (1983) discussed the age-548 

related browsing resistance of boreal trees. They observed that juvenile birch twigs contain 549 

more resin than twigs of mature birches, indicating a higher defense level against browsing 550 

herbivores. The better nutritive quality makes old birches a more useful resource for many 551 

herbivores. Niemelä et al. (1980) discovered an age-specific degree of defoliation of larch 552 

(Larix laricina (Du Roi) K. Koch) during an outbreak of the larch bud moth (Zeiraphera 553 

improbana Walker) in northern Quebec. Danell et al. (1991) observed that Scots pines from a 554 

site with low growth potential in Sweden were more heavily affected by moose browsing 555 

than ones from a fast-growing site. They did, however, find evidence for a better nutritional 556 

value of pine twigs from the fast-growing site, and concluded that the more severe damage 557 

observed in pines from the low-growth site was probably explained by their slow early 558 

development and longer exposure to moose feeding. Old trees also are more likely to develop 559 

decay and hollows, vital for many species. On the other hand, large stem surface and a large 560 

number of branches increase the likelihood of colonization by species such as epiphytic 561 

lichens. Lie et al. (2009) analyzed two old-growth Norway spruce forests from Norway, in 562 



which tree diameter and tree age were not correlated. Both variables showed a weak positive 563 

correlation with species diversity of epiphytic lichens. 564 

 565 

Our results provide time perspective on the purported reduction of large trees, emphasized in 566 

the Red list of species for Finland (Rassi et al., 2010). Studies assessing old-growth forests in 567 

the Scandinavian region indicate that large trees were much more common before the era of 568 

intensive utilization of forests. Nilsson et al. (2002) and Jönsson et al. (2009) both suggested 569 

historical densities around 20 trees per hectare for trees ≥40cm in Scandinavia. We observed 570 

current tree densities of 5.7 such trees per hectare for the southern boreal subzone, and 571 

considerably smaller values for the other two subzones (1.2 and 2.3 trees per ha). On the 572 

other hand, our results show that large trees are much more common today than they were a 573 

century ago. It is probably impossible to determine the previous time period when large trees 574 

were more common than today. As the total number of large trees increased by 325% 575 

between 1921-2013, it is safe to conclude, that the situation existed quite some time further 576 

back in history than the beginning of our study period. If a large majority of trees ≥40 cm 577 

would have been harvested in a couple of decades prior to NFI1 (1921-1924), such harvesting 578 

rate would have led to an exhaustion of large trees in Finland during the decades that 579 

followed NFI1. It is also worth noting, that he use of industrial roundwood roughly doubled 580 

in the 1920s (Myllyntaus & Mattila 2002). 581 

 582 

From the perspective of preserving biodiversity, the development of old trees has not been 583 

equally positive since the 1970s. They have shown no measurable change. The differences 584 

between tree species groups and subzones are large, however, as old trees in fact show an 585 

increase both in the southern boreal zone.  586 

 587 



Large and old trees have become more common in each subzone since the 1970s. In the 588 

south, there were ten times as many large old trees during 2009-2013 as in 1971-1976. A 589 

change of this magnitude should definitely be vital for species dependent on them.  590 

 591 

Small and old trees have reduced, partially because today’s forest regeneration removes even 592 

those small trees with no commercial value. Limited quantitative information exists about the 593 

ecological role of small old trees. As small old trees are presently common in the northern 594 

and middle boreal zones in Finland, but becoming rarer, perhaps more research on their 595 

ecological role is called for. Lindenmayer et al. (2013) argued that large old trees play a 596 

range of key roles (e.g., as wildlife habitat and carbon storage) that are not played by small 597 

old trees. On the other hand, the finding by Bryant et al. (1983) that old birches have better 598 

nutritional value for many herbivores suggests that some species may benefit specifically 599 

from small old trees, either because they are quite common or because small size makes them 600 

accessible. Small old trees growing near the edge of their ranges could also have value in 601 

preserving genetic structures within species (see, Hewitt, 2000, McLachlan et al., 2005, 602 

Cecile et al., 2013). A special feature of Finland is the abundance of peatland forests and the 603 

small old trees are especially common on peatlands, where tree growth is often slow due to 604 

excessive moisture. 605 

 606 

A disproportionate share of large (17% of trees ≥40 cm) and old (34% of trees ≥150 years) 607 

trees are located on protected areas. Their share of large old trees is as much as 43%. 608 

Protected areas have slowly expanded in Finland during recent decades, but their area is still 609 

low in the southern boreal subzone (where protected areas − as defined in “Materials and 610 

methods” − cover 3% of forest land and poorly productive forest land). As many protected 611 

areas in Finland have been established during the past 50 years, and did not entirely consist of 612 



old-growth forests at the time of establishment, the frequency of large and old trees on them 613 

will increase in time. However, their small areal coverage threatens the gene exchange of 614 

some species. As noted by Kouki et al. (2004), maturation of forests on conservation areas 615 

may also reduce light demanding tree species like aspen, which are vital for many 616 

endangered species. 617 

 618 

As much as 6% of trees that are both large (≥40 cm) and old (≥150 years) consist of retention 619 

trees left on regeneration areas, suggesting that the practice has proved effective. As the 620 

practice was initiated in the 1990s (Metsätalouden …, 1994), many current retention trees 621 

will continue to develop for a long time and as new regeneration areas are added every year, 622 

retention trees will further increase. Their ecological value is emphasized by the fact that 623 

regeneration areas are distributed over the country, reducing the risk of isolated populations. 624 

 625 

The changes in the forests of Finland since the 1920s, illustrated by the development of size 626 

distributions of trees can be traced back to two factors. The first is the low initial growing 627 

stock due to former land use practices and the second one is the intensified forest 628 

management. Historical forms of land use, such as slash and burn cultivation and cattle 629 

grazing in forests had a stronger influence on the state of forests in the southern and middle 630 

boreal zones due to higher human population densities (Ilvessalo 1927). Both growing stock 631 

and annual growth of the forests of Finland began to increase rapidly during the early 1970s 632 

(Ihalainen et al., 2017). Our results show that the development of young trees has been faster 633 

in recent decades than before the 1970s. The change can be mainly attributed to intensified 634 

silviculture initiated during the 1950s and 1960s (Kuuluvainen et al., 2012), although 635 

warming of climate has also played a role (Henttonen et al., 2017).  636 

 637 



Forest inventories have been launched in many countries during recent decades, and time 638 

series on large trees and, less frequently, also old trees will accumulate. However, in several 639 

countries tree ages are not monitored. Also, the procedures used for determining tree age and 640 

the sampling intensities are varying. Chirici et al. (2011) elaborated the possibility of using 641 

other variables, including tree diameter as a proxy for tree age, when ages of individual 642 

sample trees are not measured. As most old trees are quite small, but most small trees are 643 

young in Finland, our results cast a shadow over this approach. In addition, our results show 644 

that the functional form of the dependence between tree dbh and age has changed over time 645 

since the 1970s. It should be noted that small old trees were especially abundant in the 646 

northern boreal zone. In Finland, small old trees are especially common on peatland forests, 647 

which are rare in many forested regions. It is possible that the balance tilts more towards old 648 

trees being also large in more temperate regions. Also, as pointed out by Chirici et al. (2011), 649 

additional variables describing site and stand conditions (e.g., regeneration method) can 650 

improve the predictive power of such models. 651 

 652 

Densities of large and large old trees have, however, developed in a similar fashion in 653 

Finland, suggesting that large trees might serve as a useful indicator for large old trees. The 654 

relationship between large and large old trees may not remain unchanged over time, however. 655 

A forest owner aiming to maximize his profit from forestry is likely to produce higher 656 

densities of large trees in future as well, aided by the combination of efficient silviculture and 657 

warming climate. The profit-seeking forest owner will produce very few large old trees, 658 

however. In southern Finland, the rotation ages determined on economic grounds are 659 

generally 60-80 years. To reach an age of 150 years, the owner – almost always several 660 

successive owners − will have to postpone the final harvest by another 70-90 years. This 661 

involves economic sacrifices: old forests grow slowly (Assmann 1961), damage risks 662 



increase with aging (Schelhaas et al., 2003) and very large opportunity cost are involved (the 663 

costs of not being able to reinvest the harvest revenues). There are forest owners valuing the 664 

non-monetary benefits from forests and willing to follow this path. It is hard to predict how 665 

the balance between these two owner groups will develop in future. 666 

 667 

The design of each of the inventories involves potential problems for assessing the 668 

distribution of large trees. In NFI1, fixed-size 10 m × 50 m sample plots were used. As 669 

measuring such large sample plots was expensive, the number of plots was rather low, which 670 

affects the reliability of the estimates. From the 1960s to the 1980s, angle count plots (basal 671 

area factors 1-2) were used. In dense forests, large trees located far from the plot center can 672 

be missed due to poor visibility. Therefore, plots with a maximum plot radius have been used 673 

since 1992. For large trees, the maximum radius eliminates the errors caused by possibly 674 

unobserved trees, but detracts very little from the reliability of the estimates (Tomppo et al., 675 

2010). 676 

 677 

Our study interval for old trees started from the early 1970s. The number of tree rings was 678 

determined visually in the field in NFI6 (1971-1976), though it was possible to send tricky 679 

cores to be measured in a laboratory. For slow-growing trees, counting rings in the field may 680 

have led to not noticing very narrow rings and consequent underestimation. Obviously, 681 

missing or double rings cannot be determined via cross-dating in field conditions. Data from 682 

NFI1 (1921-1924) included some cored tree ages, but detailed documentation about the 683 

sampling procedure was lacking. In future, it is possible to extend the study period for tree 684 

age, as field data from NFI2 (1936-1938) are in the process of being digitized.  685 

 686 



The described development of large and old trees has occurred simultaneously with the 687 

transformation of the country from an agriculture-based society to an industrialized urban 688 

nation. In developed countries, forest resources, in particular growing stock volumes, have 689 

generally increased in recent decades. In Finland, the dependence of the national economy on 690 

forest industries has involved pressure for increasing wood production via intensive 691 

silvicultural measures. As a consequence, both the growing stock and the density of large 692 

trees have increased substantially, but no increase of old trees was observed, which suggests 693 

that additional measures are needed to preserve biodiversity. Our findings suggest that while 694 

the recent increase of growing stock, generally observed in developed countries is usually 695 

coupled with an increase of large trees, one should not automatically infer that a simultaneous 696 

increase of old trees has occurred. If sample-based data on tree ages are not available, a vital 697 

piece of the puzzle is missing. 698 
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