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1. METHODS 

 

The implementation actions aimed at comparing the selective thinning, the traditional thinning and no treatment 

(control). Trees have been selected in the different treatments according to the following silvicultural guidelines: 

 In the traditional silvicultural treatments mainly the dead, bad formed, damaged and intermediate -  

suppressed trees of the overstory have been cut. Also, thinning of broadleaves was made aiming to a 

more or less uniform distribution of broadleaves in the understorey.  

 In the selective (innovative) silvicultural treatments, intense cuttings of overstory pines for the 

release of broadleaved trees, and innovative thinning of the understory, took place. In the cuttings of 

the overstorey, the bad formed trees have primarily been removed, while the best formed trees have 

been retained. These cuttings have been more intense over dense areas with broadleaves. The 

innovative thinnings of the understorey resemble “positive selection” thinnings, where the 

competitors of the best broadleaved trees are removed. 

 

Cutting activities have been performed in September 2016. 

 

Eighteen circular subplots, with a radius of 13 m and an area of 0.0531 ha were placed in the study area (six 

subplots were traditional thinning was applied, six subplots were innovative thinning was applied and six control 

subplots). Measurements were done before thinning. The following variables were measured: 

 diameter at breast height (d) of each tree, with caliper, in cm, with one decimal place of accuracy 

 total height (h) and bole height (hb) of the trees with h≥1.3 cm, with Haglöf Vertex laser hypsometer, in 

m, with one decimal place of accuracy 

 form height (fh) of the trees with d≥15 cm, with Bitterlich's Spiegel relaskop (first measurement with the 

relaskop at breast height) 

 social rank and health (visual assessment). 

 
 

2. RESULTS 
 
 

Summary statistics of individual tree variables are given in Table 1 (before cuttings) and Table 2 (after cuttings). 
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Table 1. Summary statistics for individual tree variables before thinning. 

 

Treatment Species Variable Mean 
Standard 

deviation 
Min Max  Count% 

Traditional 

conifers 

(Pinus brutia) 

d (cm) 
29.63 8.26 6.20 57.40  

h (m) 
19.27 5.20 3.10 28.90  

bole height (m) 
9.11 2.87 .00 15.50  

form factor = fh/h  
.3231 .1423 .0317 .7802  

social rank 

(living trees) 

Codominant     25.5% 

Dominant     54.0% 

Dominated     0.0% 

Intermediate     19.3% 

Suppressed(overtopped)     0.0% 

health 

Dead     1.2% 

Live and undamaged     92.5% 

Live with heavy damages     0.6% 

Live with light damages     3.1% 

Live with moderate damages     2.5% 

broadleaves 

d (cm) 
5.24 1.80 3.00 10.60  

h (m) 
5.99 2.11 1.60 13.40  

bole height (m) 
1.63 .93 .30 6.10  

form factor = fh/h 
. . . .  

social rank 

(living trees) 

Codominant     38.2% 

Dominant     25.3% 

Dominated     1.1% 

Intermediate     31.2% 

Suppressed(overtopped)     4.3% 

health 

Dead     0.0% 

Live and undamaged     49.5% 

Live with heavy damages     4.8% 

Live with light damages     21.5% 

Live with moderate damages     24.2% 

Innovative 
conifers 

(Pinus brutia) 

d (cm) 
32.76 8.64 10.20 57.30  

h (m) 
19.11 4.17 2.80 27.40  

bole height (m) 
8.58 2.74 .00 15.80  

form factor = fh/h 
.2878 .1043 .0739 .7481  

social rank Codominant     22.8% 
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(living trees) Dominant     55.9% 

Dominated     0.0% 

Intermediate     18.9% 

Suppressed(overtopped)     0.8% 

health 

Dead     2.4% 

Live and undamaged     92.9% 

Live with heavy damages     0.0% 

Live with light damages     3.1% 

Live with moderate damages     1.6% 

broadleaves 

d (cm) 
5.00 2.52 3.00 17.50  

h (m) 
5.91 2.36 1.90 18.50  

bole height (m) 
1.58 1.15 .00 6.90  

form factor = fh/h 
.1516 .0889 .0314 .2807  

social rank 

(living trees) 

Codominant     24.0% 

Dominant     24.9% 

Dominated     0.0% 

Intermediate     29.8% 

Suppressed(overtopped)     20.3% 

health 

Dead     0.9% 

Live and undamaged     35.6% 

Live with heavy damages     14.8% 

Live with light damages     9.9% 

Live with moderate damages     38.8% 

Control 

conifers 

(Pinus brutia) 

d (cm) 
34.85 7.57 10.00 49.50  

h (m) 
20.95 4.09 11.00 31.40  

bole height (m) 
10.57 3.11 .00 19.30  

form factor = fh/h 
.3456 .1407 .0147 .6416  

social rank 

(living trees) 

Codominant     
21.4% 

Dominant     
38.5% 

Dominated     
0.0% 

Intermediate     
39.3% 

Suppressed(overtopped)     
0.0% 

health 

Dead     
0.9% 

Live and undamaged     
97.4% 

Live with heavy damages     
0.0% 

Live with light damages     
0.0% 

Live with moderate damages     
1.7% 

broadleaves d (cm) 
4.83 1.89 3.00 12.80 

 



DELIVERABLE D.1 

 

FoResMit  project 5 

 

 

h (m) 
5.38 1.78 1.30 12.30 

 

bole height (m) 
1.35 .98 .00 6.30 

 

form factor = fh/h 
.0367 . .0367 .0367 

 

social rank 

(living trees) 

Codominant     
31.2% 

Dominant     
15.6% 

Dominated     
0.0% 

Intermediate     
36.8% 

Suppressed(overtopped)     
16.0% 

health 

Dead     
0.4% 

Live and undamaged     
0.0% 

Live with heavy damages     
6.5% 

Live with light damages     
0.4% 

Live with moderate damages     
92.6% 
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Table 2. Summary statistics for individual tree variables after thinning. 

 

Treatment Species Variable Mean 
Standard 

deviation 
Min Max  Count% 

Traditional 

conifers 

(Pinus brutia) 

d (cm) 
29.94 7.90 6.20 57.40  

h (m) 
19.48 5.19 3.10 28.90  

bole height (m) 
9.06 2.89 .00 14.70  

form factor = fh/h 
.3258 .1443 .0402 .7802  

social rank 

(living trees) 

Codominant     28.6% 

Dominant     55.6% 

Dominated     0.0% 

Intermediate     14.3% 

Suppressed(overtopped)     0.0% 

health 

Dead     1.6% 

Live and undamaged     93.7% 

Live with heavy damages     0.8% 

Live with light damages     3.2% 

Live with moderate damages     0.8% 

broadleaves 

d (cm) 
5.36 1.84 3.00 10.60  

h (m) 
6.12 2.14 1.60 13.40  

bole height (m) 
1.67 .98 .30 6.10  

form factor = fh/h 
. . . .  

social_rank 

(living trees) 

Codominant     39.5% 

Dominant     29.0% 

Dominated     1.2% 

Intermediate     25.9% 

Suppressed(overtopped)     4.3% 

health 

Dead     0.0% 

Live and undamaged     48.1% 

Live with heavy damages     4.3% 

Live with light damages     21.0% 

Live with moderate damages     26.5% 

Innovative 
conifers 

(Pinus brutia) 

d (cm) 
33.04 9.09 10.20 57.30  

h (m) 
19.28 4.42 2.80 27.40  

bole height (m) 
8.52 2.88 .00 15.80  

form factor = fh/h 
.2973 .1192 .0739 .7481  

social rank Codominant     21.6% 
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(living trees) Dominant     58.1% 

Dominated     0.0% 

Intermediate     16.2% 

Suppressed(overtopped)     1.4% 

health 

Dead     4.1% 

Live and undamaged     90.5% 

Live with heavy damages     0.0% 

Live with light damages     4.1% 

Live with moderate damages     1.4% 

broadleaves 

d (cm) 
5.02 2.59 3.00 17.50  

h (m) 
5.93 2.39 1.90 18.50  

bole height (m) 
1.60 1.15 .00 6.90  

form factor = fh/h 
.1516 .0889 .0314 .2807  

social rank 

(living trees) 

Codominant     25.5% 

Dominant     25.8% 

Dominated     0.0% 

Intermediate     30.2% 

Suppressed(overtopped)     17.4% 

health 

Dead     1.1% 

Live and undamaged     37.0% 

Live with heavy damages     14.7% 

Live with light damages     10.9% 

Live with moderate damages     36.4% 
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Basal areas of the subplots, in m
2
, are given in Table 3. In Figure 1, a comparison between basal area before and 

after thinning, for each treatment, in m
2
/ha, is illustrated. In traditional thinning, basal area was decreased by 

20.68%, while in innovative thinning basal area was decreased by 39.19% (reference: control plots). 

 

Table 3. Basal area (m
2
) for each subplot. 

 

Replication 1 Replication 2 Replication 3 

before after before after before after 

Traditional 
Subplot 1 2.4942 1.9161 2.0885 1.6851 1.3500 1.0939 

Subplot 2 2.3793 1.7316 2.1943 1.7428 1.9050 1.7237 

Innovative 
Subplot 1 2.4119 1.5189 2.2292 1.3524 1.8203 1.0648 

Subplot 2 2.0976 1.5374 2.0624 1.1421 1.8885 1.1238 

Control 
Subplot 1 2.3253 2.3253 1.9154 1.9154 2.4432 2.4432 

Subplot 2 1.9619 1.9619 1.7414 1.7414 1.7869 1.7869 

 

 

Figure 1. Basal area (m
2
/ha) for each treatment. 

 

The traditional, innovative and control subplots didn't differ statistically significantly, regarding basal area, before 

thinning (Kruskal-Wallis test, p=0.834). After thinning, traditional treatment differed statistically significantly 

from control (Mann-Whitney test, p=0.025), innovative treatment differ statistically significantly from control 

(Mann-Whitney test, p=0.004), and traditional treatment differ statistically significantly from innovative 

treatment (Mann-Whitney test, p=0.037). 

 

The total volume v (m
3
) of each living tree with d≥15 cm was calculated using the formula: 

2 21,3
4 4

v d d fh
 

  .  

For each living tree with d<15 cm its volume was calculated as a cylinder: 
2

4
v d h


 . 
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Conifers volumes of the subplots, in m
3
, are given in Table 4. In Figure 2, a comparison between conifers volume 

before and after thinning, for each treatment, in m
3
/ha, is illustrated. In traditional thinning, conifers volume was 

decreased by 18.82%, while in innovative thinning conifers volume was decreased by 28.10% (reference: control 

plots). 

 

Table 4. Conifers volume (m
3
) for each subplot. 

 

Replication 1 Replication 2 Replication 3 

before after before after before after 

Traditional 
Subplot 1 11.7939 8.8440 14.2103 11.6347 12.0611 9.2101 

Subplot 2 26.3214 17.9713 16.9028 13.7851 17.4462 16.0081 

Innovative 
Subplot 1 20.2252 13.4708 9.4733 5.5220 14.9777 9.1103 

Subplot 2 19.3820 16.1336 10.3461 4.5753 14.6442 8.4616 

Control 
Subplot 1 29.9210 29.9210 11.1275 11.1275 23.7958 23.7958 

Subplot 2 23.6897 23.6897 8.0990 8.0990 16.4325 16.4325 

 

 

 

Figure 2. Conifers volume (m
3
/ha) for each treatment. 

 

The traditional, innovative and control subplots didn't differ statistically significantly, regarding conifers volume, 

before thinning (Kruskal-Wallis test, p=0.717). After thinning, traditional treatment didn't differ statistically 

significantly from control (Mann-Whitney test, p=0.262), innovative treatment didn't differ statistically 

significantly from control (Mann-Whitney test, p=0.055), and traditional treatment didn't differ statistically 

significantly from innovative treatment (Mann-Whitney test, p=0.150). 

 

Broadleaves volumes of the subplots, in m
3
, are given in Table 5. In Figure 3, a comparison between broadleaves 

volume before and after thinning, for each treatment, in m
3
/ha, is illustrated. In traditional thinning, broadleaves 

volume was decreased by 7.61%, while in innovative thinning broadleaves volume was decreased by 33.43% 

(reference: control plots). 

 

Table 5. Broadleaves volume (m
3
) for each subplot. 
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Replication 1 Replication 2 Replication 3 

before after before after before after 

Traditional 
Subplot 1 0.2295 0.2207 0.3244 0.3127 1.0153 0.9613 

Subplot 2 0.7713 0.6714 0.3380 0.3145 0.3444 0.3167 

Innovative 
Subplot 1 0.9058 0.7655 1.7054 1.6197 0.4566 0.3971 

Subplot 2 1.3492 0.8319 1.5414 1.4675 1.1474 1.0322 

Control 
Subplot 1 0.4117 0.4117 0.4892 0.4892 0.1724 0.1724 

Subplot 2 0.8922 0.8922 0.5936 0.5936 0.4078 0.4078 

 

 

Figure 3. Broadleaves volume (m
3
/ha) for each treatment. 

 

The traditional, innovative and control subplots didn't differ statistically significantly, regarding broadleaves 

volume, before thinning (Kruskal-Wallis test, p=0.069). After thinning, traditional treatment didn't differ 

statistically significantly from control (Mann-Whitney test, p=0.522), innovative treatment didn't differ 

statistically significantly from control (Mann-Whitney test, p=0.200), and traditional treatment didn't differ 

statistically significantly from innovative treatment (Mann-Whitney test, p=0.055). 
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In order to have a diagram of trees position related to the center of the subplot, we measured the distance (with 

Haglöf Vertex laser hypsometer, in m, with one decimal place of accuracy) and bearing (with compass, in 

degrees) between each tree and the center of the subplot. Polar plots are given in Figure 4, where standing trees, 

cut trees and dead trees are represented with different colors. 

 

Traditional treatment 

Replication 1 

Subplot 1 Subplot 2 

  

Traditional treatment 

Replication 2 

Subplot 1 Subplot 2 

  
Traditional treatment 

Replication 3 

Subplot 1 Subplot 2 
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Innovative treatment 

Replication 1 

Subplot 1 Subplot 2 

  
Innovative treatment 

Replication 2 

Subplot 1 Subplot 2 

  
Innovative treatment 

Replication 3 

Subplot 1 Subplot 2 

  
Control 

Replication 1 

Subplot 1 Subplot 2 
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Control 

Replication 2 

Subplot 1 Subplot 2 

  
Control 

Replication 2 

Subplot 1 Subplot 2 

  

Figure 4. Polar plots of each subplot (pink squares: standing trees, black squares: cut trees, blue square: 

dead trees). 

 

Having the latitude and longitude of the centers of the subplots, we plotted the trees of all subplots, with their 

ID's, on Google Earth. One can navigate through subplots by opening the *.kmz file uploaded at < 

https://drive.google.com/file/d/0B7G-QvSNxhpjdUxGWkxGM1BZcm8/view?usp=sharing >. A screen shot for a 

subplot is given in Figure 5. 
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Figure 5. Subplot 1.1.2 (traditional treatment, replication 1, subplot 2) with trees plotted on Google Earth. 

 

Also, the database with measurements on individual trees are uploaded at <https://drive.google.com/file/d/0B7G-

QvSNxhpjRGNmaEVYa3QzcHM/view?usp=sharing>. 

 


