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Abstract

Aim of study: 1) To characterize the species composition and stand variables in a Green Tree Retention (GTR) structure obtained as result
of applying an uneven aged silviculture system based on the BDq method; ii) to conduct a biometric study of these components of the GTR.

Study area: Asturias (northern Spain).

Materials and methods: The GTR system included three groups of trees: non-commercial species, trees destined for production of edible
fruits (Castanea sativa) and veteran trees (with DBH>52.5 cm, established by the BDq method) in 6 strata of the fourth Spanish National
Forest Inventory (SNFI4). The method was applied to trees up to DBH at which are then classified as veteran. The other groups are excluded
from management. A biometric study of these components was conducted by analysis of the extreme value distributions of maximum and
minimum diameters by fitting the Gumbel Cumulative Distribution Function (CDF). The goodness of fit was evaluated with the Kolmogo-
rov-Smirnov statistic (D,), the Cramér von Mises criterion (7?), the bias and the mean squared error (MSE).

Main results: The Gumbel CDF generally produced good results, and the best fits were obtained for maximum diameters. The D, values
were generally low or normal. The values of /2 and the MSE are consistent with the D,. As the mean value of the biases is always positive,
the Gumbel CDF tends to underestimate the real distributions.

Research highlights: The values obtained for the parameters can help in determining several aspects of the structure of the GTR and thus
help in forest management decision-making.
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Abbreviations used: CCF (continuous cover forestry); CDF (cumulative distribution function); DBH (diameter at breast height); G
(basal area); GEV (generalized extreme value); GTR (green tree retention); IAVC (annual increment in volume with bark); KS (Kolmo-
gorov Smirnov); MSE (mean square error); N (number of trees per hectare); PDF (probability density function); VLE (firewood volume).
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Introduction the region of Asturias (northern Spain), the lack of silvi-

cultural treatments during the last few decades has led to

Continuous cover forestry (CCF), commonly referred
to as “close to nature” forestry, is an approach to the sus-
tainable management of forests whereby forest stands are
maintained in a permanently irregular structure, which is
created and sustained by selecting and harvesting indivi-
dual trees (Gadow, 2001). In unmanaged mixed stands in

the general abandonment of these stands, in which timber
harvesting is not currently carried out. Unmanaged mixed
forest stands in Asturias are predominated by slowly
growing deciduous hardwoods including species of the
genus Quercus and other species with intermediate grow-
th patterns, such as Castanea sativa. Natural deciduous
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forests generally occur in temperate climate zones, al-
though this encompasses a wide diversity of microclima-
tes and bioclimatic types, and 28 different types of forest
have been identified (Diaz-Gonzalez, 2014). Application
of CCF systems is recommended in the region because
of the steeply sloping topography of the area (which fa-
vours erosion) and the extensive protected areas where
the stands are of high ecological, recreational and aesthe-
tic value (Gorgoso-Varela et al., 2019). The Green Tree
Retention (GTR) system, a concept sometimes included
in CCF, proposes maintaining trees or small groups of
trees in the stand after clear cutting, to act as wildlife re-
fuges and to help preserve and increase the biodiversity in
forest areas (see e.g. Rose & Muir, 1997; Vanha-Majamaa
& Jalonen, 2001; Valkonen et al., 2002). The economic
viability of this silvicultural method has been demons-
trated for Scots pine forest in northern Spain (Bravo &
Diaz-Balteiro, 2004).

The structural complexity of forest stands has traditio-
nally been equated with the distribution of trees among
diameter classes (Palahi ez al., 2007), their arrangement in
different canopy layers and variation in species composi-
tion (Smith, 1986). Variation in tree sizes, both vertically
and horizontally, contributes to diversity in microhabitats
(Spies & Franklin, 1991). Measures such as GTR, sui-
table rotations, variable thinning regimes (in relation to
time and intensity) and uneven aged management have
been proposed in order to create, restore and maintain
structural complexity (Hansen er al., 1995; Tappeiner
et al, 1997). GTR is aimed at producing larger trees, a
greater variability in tree sizes and multi-storey canopies
(FEMAT, 1993). Preservation and increased biodiversity
in forest areas and maintenance of a stock of old trees and
dead wood can also be included as objectives of GTR.
Previous studies on GTR have focused on the relationship
between levels of GTR and reduction in growth of the
young cohort (Rose & Muir, 1997; Zenner et al., 1998)
or the relationship between GTR levels and structural
complexity (Zenner, 2000). However, biometric study of
the specific aspects of the GTR structure has not yet been
conducted in field studies.

Inuneven aged silviculture, Graz & Gadow (2005) con-
sidered trees or species grouped in three classes: principal
timber species, non-commercial species (including trees
that produce edible fruit and non-commercial trees) and
dead trees. We suggest distinguishing four groups in the
uneven aged silviculture scheme proposed for the unma-
naged mixed forests in Asturias: principal timber species,
non-commercial species, trees that produce edible fruits
(C. sativa) and veteran trees (trees of diameter larger than
the maximum cuttable diameter). Dead trees that have
not fallen are included in the groups considered. Thus, in
the same forests, the GTR ecological system will include
trees or species that are not managed under the proposed
uneven aged silviculture system, i.e. all non-commercial
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tree species, all sweet chestnut (C. sativa) and all veteran
trees (DBH>52.5 cm).

Biometric study of the diameter structure of these
groups in each plot is complex and inaccurate due the
small number of trees included. However, specific aspects
of the diameter structure of the different groups can be
studied, such as the distribution of the maximum and mi-
nimum values by using an extreme value distribution such
as the Gumbel distribution (CDF). This approach has pre-
viously been used to model the extreme value of diame-
ters and height distributions in forest stands, for different
applications (Gorgoso-Varela & Rojo-Alboreca, 2014a;
Gorgoso-Varela et al., 2015). The diameters of the vete-
ran trees in the GTR system are important because they
determine different types of microhabitats (Larrieu &
Cabanettes, 2012). The diameters of sweet chestnut trees
influence fruit production, and the diameters of all groups
of trees, including the non-commercial trees, affect the
structural complexity of the stands. Thus, biometric study
of this small component of unmanaged mixed stands in
Asturias is of great interest.

The objectives of the present study were to describe
the species composition in the GTR system in six strata
(1, 2, 3, 21, 24 and 27) of unmanaged mixed forests in
Asturias (northern Spain), as defined in the fourth Spanish
National Forest Inventory (SNFI4) (MAGRAMA, 2012)
and proposed for management under an uneven aged sil-
viculture scheme, and also to study specific aspects of the
diameter structure, such as the distribution of maximum
and minimum diameters with an extreme value distribu-
tion (Fisher & Tippet, 1928), i.e. the Gumbel function, for
the different groups in the GTR structure (non-commer-
cial species, trees that produce edible fruits and veteran
trees).

Material and methods
Data, stand variables and GTR composition

The SNFI4 (MAGRAMA, 2012) is a systematic com-
bined sample of circular sample plots (Loetsch et al.,
1973) distributed on a square grid of side 1 km (Table
S1 [suppl]). In each plot and for each species, diameters
and heights were measured for each sample tree of DBH
greater than 7.5 cm, and tree quality, shape and other va-
riables were also recorded. Total number of plots in strata
1 (320 plots), 2 (139 plots), 3 (72 plots), 21 (58 plots), 24
(42 plots) and 27 (40 plots) were considered in the present
study.

The species composition was determined and the main
stand variables were calculated for the stands conforming
the GTR system in the unmanaged mixed forest in As-
turias (northern Spain) (Table S2 [suppl]), in accordan-
ce with the structure (uneven-aged plots accounted for
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between 34.7-62.5% of the plots, two-aged plots between
14.4-27.6% and even-aged plots between 5-19%) and the
composition of the main stand (see Table S3 [suppl]). The
number of trees per hectare (N,), the stand basal area (G))
and the quadratic mean diameter (dg;) were calculated
with all trees in the jth plot. The stand volume per hecta-
re (V;) was calculated as the sum of each individual tree
volume (v;) obtained from the SNFI4 equations for each
species. Furthermore, the total values of IAVC (annual
increment in volume with bark: m*-ha"!-year'), total volu-
me without bark V.: m*-ha'and VLE (firewood volume:
m?-ha'') for all strata are also shown in Table S2 [suppl].

The Gumbel CDF was fitted to maximum and mi-
nimum diameter data from the GTR system (non-com-
mercial tree species, C. sativa and veteran trees). The
non-commercial species present in each stratum are listed
in Table S4 [suppl]. Sweet chestnut (C. sativa) and vete-
ran trees are included in two different groups (Tables S5
and S6 [suppl]).

Model fitting
The Gumbel distribution

The Gumbel distribution is an extreme value distribu-
tion derived from the Generalized Extreme Value (GEV)
distribution. Extreme Value Distributions were first deri-
ved by Fisher & Tippet (1928) to describe forms of the
frequency distribution of the largest or smallest member
of'a sample. The GEV distribution has the following CDF
for a random variable x (Eq. 1):

Foumo e = exp{=[1+¢ (| Th for1ee ()0 [1]

where u is the location parameter, o is the scale parameter
and & is the shape parameter. The ¢ governs the tail be-
haviour of the distribution. The sub-families defined by
¢=0,& 0 and &< 0 correspond to the Gumbel (type 1),
Fréchet (type 1) and Weibull (type III) families respecti-
vely, although the reversed Weibull is the model used to
link the three distributions in the GEV.

The probability density function (PDF, Eq. 2) and the
cumulative distribution function (CDF, Eq. 3) (Gumbel,
1954) are formulated for a random variable x, as follows:

PDF: f(x,u, B) = %exp[—(z + exp(—2))]

x—p
—; —co < x < o
I

(2]

where z =

CDF: F(x; u,B) = exp [—exp (—x— ]:

;” —oo<x<oo[3]

where u is the location parameter, f is the scale parameter
estimated with equation [4], and the standard deviation
(o) is calculated as

o=Br/\6 [4]
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The function corresponding to the Gumbel distribution
(type I) with £ =0, was fitted using the location parameter
(1) recovered from the experimental mean (d) and stan-
dard deviation (o) of the distributions. Thus, the method
of moments using the first and the second moments of the
distributions (mean d and variance ¢?) were applied, by
using the following expression (Eq. 5):

d=p+ By [5]

where f is the scale parameter obtained from o by solving
Eq. [4], y is the Euler-Mascheroni constant, and Eq. 5 is
solved by .
y = lim (Zriz—mm) =" (ﬁ —2)dx ~ 0577215 [6]
The Gumbel CDF was used to describe the distribu-
tions of maximum and minimum diameters of the trees
in each plot included into the three groups considered in
the GTR scheme: non-commercial species, C. sativa and
veteran trees (DBH>52.5 cm).

Goodness of fit evaluation

The consistency of the Gumbel CDF was evalua-
ted using the Kolmogorov-Smirnov (KS) statistic (D,),
Cramér von Mises criterion (7#7), bias and mean squared
error (MSE).

For a given cumulative distribution function F(x), D,=
sup, |F,(x) — Fo(x)|, where supx is the supremum of the set
of distances. This value was calculated as follows (Cao,
2004: Eq. 7):

D,, = max{max; cjen,[Fn(x;) [7]
— Fo(x))], maxycizn, [Fo ;) — Fu(xi-)]}

where the cumulative observed frequency F (x,) is com-
pared with the cumulative estimated frequency F' o(x).

The Cramér von Mises criterion (77) is a measure of
the square of the distance between the empirical distri-
bution and the cumulative theoretical distribution (Wang,
2005; Eq. 8):

. 2
wi=> {P"(xi) _u ‘no's)} o 8]

i=1

where F(x;) is the cumulative theoretical distribution in the

diameter class i and n is the number of diameter classes.
The bias and the MSE were also used as goodness-of-

fits measures and were expressed as follows (Egs. 9, 10):

Bias = 2=t R [9]
it (Vi=P0)?
MSE — l=11\; i [10]

where Y is the relative frequency of trees observed value
in each diameter class, Y; is the theoretical value predicted
by the model, and N is the number of diameter classes.
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The bias and MSE values were calculated for each fit as
the mean relative frequency of trees.

Results

The species (trees and shrubs) composition and the
main stand variables for the non-commercial group of
species in the GTR structure, for each stratum of the
SNFI4 studied (Table S4 [suppl]) showed that Stratum 1
included 8 species, the most abundant of which was the
shrub common hazel (C. avellana), with 138.79 trees-ha’!
(42.8% of the basal area (G) of the non-commercial spe-
cies). Stratum 2 included 8 species, the most abundant of
which were common hazel, with 37.06 trees-ha! (12.1%
of G), and holly (llex aquifolium), with 32.08 trees-ha’!
(20.1% of G). Stratum 3 also included 8 species, the
most abundant of which were common hazel, with 38.33
trees-ha! (18.9% of G), rowan (Sorbus aucuparia), with
31.42 trees-ha! (18.2% of G), and holly, with 30.57
trees-ha! (24.5% of G). Stratum 21 included 6 species, of
which rowan was the most abundant, with 23.30 trees-ha’!
(49.3% of G). Stratum 24 (5 species) included common
hazel, with 97.41 trees-ha' (26.7% of G), and pussy

willow (Salix caprea), with 82.04 trees-ha™! (51.2% of G),
and stratum 27 (7 species) included common hazel, with
214.70 trees-ha! (51.5% of G).

The main stand variables for the second group in the
GTR structure, i.e. sweet chestnut (C. sativa) trees des-
tined for fruit production (Table S5 [suppl]) showed that
sweet chestnut was the most abundant tree in stratum
1, with 174.80 trees-ha™! (30% of the total G of the stra-
tum), followed by stratum 2, with 94.16 trees-ha™! (23.7%
of G). C. sativa was least abundant in stratum 24, with
14.34 trees-ha! (4.8% of G), and stratum 27, with 15.71
trees-ha! (9.6% of G). The stand variables (N, G and d,)
for the third group in the GTR structure, i.e. the veteran
trees (DBH>52.5 cm) including all species in the strata ex-
cept C. sativa (veteran trees of which were included in the
previous group), are shown in Table S6 [suppl]. The largest
number of veteran trees were present in stratum 1, with
6.09 trees-ha! and G=2.51 m?-ha’!, while the lowest num-
ber occurred in stratum 21, with 1.14 trees-ha™! and G=0.32
m?-ha!. The quadratic mean diameters varied between 58.8
cm in stratum 21 and 81.17 cm in stratum 3. The descripti-
ve statistics (mean, standard deviation, maximum and mi-
nimum) of the samples of diameters used in the fits with the
Gumbel CDF are shown in Table 1.

Table 1. Main descriptive statistics of the distributions studied for the three groups in the GTR

system.
DBH Str Mean SD Max Min Str Mean SD Max Min
Non-commercial species
Max 1 20.70 10.86 69.10 7.50 21 20.88 11.20 47.00 7.65
2 22.63 11.84 72.60 7.55 24 2747 1733 80.90 7.70
3 20.53 10.11 51.90 8.90 27 21.72 1256 67.40 7.80
Min 1 1093 4.66 31.85 7.50 21 13.67 948 47.00 7.65
2 13.42  8.64 4325 7.50 24 15.11 1225 61.70 7.50
3 10.66 490 25.15 7.50 27 11.09 6.11  29.65 7.50
Castanea sativa
Max 1 59.18 38.48 21990 7.70 21 3971 3192 113.60 7.80
2 55.88 37.18 187.80 12.30 24 4149 2127 9580 2275
3 59.92 3571 148.80 17.40 27 56.70 4424 149.60 15.40
Min 1 20.31 16.31 104.40 7.55 21 26.83 2878 113.60 7.55
2 22.08 15.58 89.10 7.50 24 31.10 21.23 93.60 8.35
3 33.57 27.72 11140 7.80 27 4750 48.12 149.60 12.60
Veteran trees
Max 1 75.15 23.18 166.20 52.80 21 6045 535 70.00 53.65
2 75.92 18.72 142.20 53.45 24  69.01 2091 141.90 52.75
3 7591 19.23 120.90 53.60 27 7725 1695 11230 55.35
Min 1 62.18 13.23 144.20 52.50 21 57.66 3.03 62.85 53.65
2 63.56 14.93 142.20 52.55 24 5896 7.78 83.10 52.60
3 63.43 1529 120.90 52.60 27 67.70 1544 11230 53.45
DBH: diameter at breast height. Str: stratum.
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Table 2. Parameters of the Gumbel function obtained and number of data used in each fit (in brackets).

DBH Str u /] Str U /] Str u /]
Non-commercial species

Max 1(176) 15.813 8.468 3(34) 15985 7.888 24 (31) 19.676 13.513
2(72) 17309 9.231 21 (18) 15.843 8.733 27(28) 16.072 9.797
Min 1(176) 8831 3.641 3(34) 8462 3.821 24 (31) 9.599  9.555
2(72)  9.539  6.738 21(18) 9.411 17.392 27 (28) 8344  4.765

Castanea sativa
Max 1(197) 41.860 30.008 3(34) 43.850 27.844 24 (15) 31918 16.589
2(65)  39.147 28.989 21 (20) 25.341 24.895 27 (10) 36.792 34.499
Min 1(197) 12964 12.722 3(34) 21.101 21.617 24 (15) 21.550 16.551
2(65)  15.065 12.154 21(20) 13.879 22.442 27 (10) 25.850 37.517

Veteran trees
Max 1(164) 64.724 18.076 3Q24) 67.261 14.996 24 (19) 59.604 16.306
2(52)  67.497 14.599 21(8) 58.047 4.174 27 (16) 69.629 13.219
Min 1(164) 56229 10314 3(24) 56.546 11.928 24 (19) 55.459  6.066
2(52) 56.841 11.646 21(8) 56.298 2.363 27 (16) 60.751 12.039

DBH: diameter at breast height. Str: stratum. . location parameter. : scale parameter.

The parameters obtained for the Gumbel CDF and
the number of data in each fit (in brackets), which is less
than the total number of plots of the strata because many
plots do not have trees in the three groups of the GTR,
are shown in Table 2. Logically, the location parameter
(1) yielded the lowest values for non-commercial species,
in accordance with the small dimensions of the trees (see
Table 1), and the greatest for veteran trees, in accordan-
ce with their larger dimensions (see Table 1). The scale
parameter () was related to the range of diameters and
it had the largest values for the group of C. sativa. The
values of the statistics used to test the goodness of fits
of the Gumbel CDF to the extreme values of diameters
(maximum and minimum) were calculated (Table 3): Kol-
mogorov-Smirnov (KS) statistic (D,), Cramér von Mises
criterion (W?), bias and mean squared error (MSE). The
D, values were generally low or normal. Low values with
D,<0.150 occurred in 15 out of 36 cases, normal values
(0.150<D,<0.200) occurred in 10 cases and high values of
D, (D,>0.200) occurred in 11 cases. The values of W2 and
the MSE are consistent with the D,. As the mean value
of the biases is always positive, the Gumbel CDF tends
to underestimate the real distributions (i.e. it produces
positive biases) (see Table 3 and Fig. 1). However, bias
may be less useful than other statistics because errors with
different signs can be compensated. In general, the best
fits were obtained for the distributions of maximum dia-
meters and the worst fits for the distributions of minimum
diameters. There were no great differences in the fits for
the three groups considered: non-commercial species, C.
sativa and veteran trees.
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Figure 1 shows the observed distributions and the distri-
butions fitted by the Gumbel CDFs for maximum and mini-
mum diameters in non-commercial species (stratum 2), C.
sativa (stratum 3) and veteran trees (stratum 27). The best
fits for the maximum diameters are shown in the figure, and
the tendency of the Gumbel to underestimate the observed
extreme distributions can be observed.

Discussion

The GTR system proposes maintaining individual trees
or small groups of trees in the stand after felling as wildli-
fe refuges and to help preserve or even increase the biodi-
versity in forest areas (Rose & Muir, 1997; Vanha-Maja-
maa & Jalonen, 2001). In accordance with the silviculture
scheme proposed for the unmanaged mixed stands in As-
turias (northern Spain) (Gorgoso-Varela ef al., 2019), the
GTR system is formed by three different groups of trees:
non-commercial species, trees that produce edible fruit
(C. sativa) and veteran trees. The system was characteri-
zed in regard to species composition and stand variables
for the non-commercial tree species. Sweet chestnut (C.
sativa) trees are currently present as coppice, and a sui-
table management scheme is required to yield large trees
suitable for producing good quality fruit and for applying
the GTR system to produce wildlife refuges with a variety
of microhabitats. Use of the BDq method (Guldin, 1991;
Brzeziecki & Kornat, 2011) is proposed here as an uneven
aged management method in which consideration of the
factor D (maximum cuttable diameter) enables selection
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Table 3. Statistics used for testing the goodness of fits of the Gumbel distribution.

DBH Str D, w2 bias MSE Str D, w2 bias MSE
Non-commercial species
Max 1 0082 0.049 0.0086 0.0007 21 0.174 0.153 0.0105 0.0036
2 0.109 0.041 0.0078 0.0006 24 0.116 0.101 0.0087 0.0013
3 0155 0.095 0.0142 0.0021 27 0.153 0.122 0.0108 0.0019
Min 1 0211 0.128 0.0333 0.0049 21 0.284 0.400 0.0328 0.0097
2 0.160 0226 0.0313 0.0060 24 0.163 0.296 0.0320 0.0053
3 0305 0212 0.0447 0.0109 27 0.263 0.249 0.0473 0.0106
Castanea sativa
Max 1 0.076 0.165 0.0033 0.0007 21 0.200 0.589 0.0087 0.0054
2 0.081 0.144 0.0052 0.0008 24 0.143 0314 0.0152 0.0042
3 0.123 0.249 0.0031 0.0018 27 0.146 0.424 0.0097 0.0031
Min 1 0165 0.335 0.0160 0.0034 21 0.264 1.150 0.0294 0.0107
2 0.102 0.122 0.0134 0.0014 24 0.190 0.380 0.0099 0.0044
3 0142 0296 0.0128 0.0028 27 0304 1341 0.0225 0.0097
Veteran trees
Max 1 0.131 0.170 0.0106 0.0014 21 0.146 0.065 0.0169 0.0033
2 0.095 0.075 0.0066 0.0008 24 0.181 0.308 0.0194 0.0034
3 0103 0.092 0.0055 0.0013 27 0.120 0.100 0.0020 0.0016
Min 1 0211 0307 0.0161 0.0032 21 0274 0.108 0.0284 0.0099
20206 0.259 0.0175 0.0028 24 0.216 0.140 0.0246 0.0042
3 0220 0.450 0.0249 0.0065 27 0.168 0.197 0.0160 0.0032

DBH: diameter at breast height. Str: stratum. D,: Kolmogorov-Smirnov statistic. #2: Cramér von

Mises criterion. MSE: mean squared error.

of veteran GTR trees. This method always establishes the
D value, and a value of 52.5 cm was considered for the-
se stands on the basis of similar studies in conifers (Br-
zeziecki & Kornat, 2011; Drozdowski et al., 2014). Thus,
veteran trees were considered those trees of diameter lar-
ger than 52.5 cm. However, the distribution of the maxi-
mum (DBH) can guide silvicultural operations aimed at
complying with the BDq method, as managers will have
an estimation of the probability that trees will exceed the
maximum DBH established. Live veteran trees are very
important for the presence of different microhabitats in
Fagus sylvatica (Larrieu & Cabanettes, 2012): cavities
with mould (DBH>41 cm), empty cavities (DBH>41
cm), saproxylic fungi (DBH=100 cm), dendrothelms
(DBH>43 cm), missing bark (DBH=110 c¢m) and cracks
(DBH=72 cm). These diameter values were generally sur-
passed in the stands under study (Table 1). On the other
hand, dead wood is also an important component of the
GTR (WWF, 2004). However, no specific group of dead
wood was considered, and these trees were included in
the three groups formed because the SNFI14 provides little
information about them.

Specific aspects of the structure of the GTR were des-
cribed for each group (non-commercial, C. sativa and
veteran trees). The distributions of the minimum and

Forest Systems

maximum diameters were described using an extreme va-
lue distribution, i.e. the Gumbel function. Parameters of
the Gumbel function provide information about the distri-
bution of these specific aspects. High values of the loca-
tion parameter (1) indicate displacement of the PDF to the
right, and higher values of the scale parameter (/5) indicate
a larger range and flattening of the PDF. It is important
clarifying that the estimators for the maximum and the
minimum diameters are not unbiased and depend on the
plot size in the SNFI4. For larger plots, more data would
also have been used to obtain the parameters of the dis-
tribution. The distributions themselves would have been
different and the modelled distributions would inevitably
underestimate the maximum and the minimum values,
although this is not the same as the bias observed when
fitting the distributions.

The values of D, obtained were usually below 0.20,
within the range of results obtained in fits of diameter
distributions of trees in previous studies (Cao, 2004; Gor-
goso-Varela & Rojo-Alboreca, 2014b). The latter authors
introduced the extreme value distributions in the field of
forestry fitting the Gumbel and the Weibull functions to
extreme value of diameter distributions (Gorgoso-Varela
& Rojo-Alboreca, 2014a) and the Gumbel, Weibull and
Fréchet functions to extreme value of heights distributions
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Figure 1. Observed distributions and distributions fitted by the Gumbel CDFs of
maximum and minimum diameters in non-commercial species — stratum 2 (a),
Castanea sativa — stratum 3 (b) and veteran trees — stratum 27 (¢).

(Gorgoso-Varela et al., 2015). The results for the Gumbel
function are consistent with those of previous studies, and
this function provided better fits for the extreme maxi-
mum diameters than for minimum diameters. For the dis-
tributions of maximum diameters, these authors always
obtained values of D, lower than 0.10 and the values
were generally lower than in the present study for both
the Gumbel and Weibull distributions. However, for ex-
treme value of heights distributions (Gorgoso-Varela et
al., 2015) similar values were obtained with the Gumbel
function for the distributions of maximum and minimum
tree heights.

In conclusion, the species composition of the GTR
system formed by applying the management method
proposed (Gorgoso-Varela, unpublished) for uneven
aged, unmanaged mixed stands in Asturias (northern
Spain) is described. The GTR was composed by three
different groups of trees: non-commercial species, trees
that produce edible fruit (Castanea sativa) and veteran
trees (DBH>52.5 c¢cm). Owing to the small number of
trees included in the GTR system, specific aspects of the

Forest Systems

structure of these three groups (distributions of maximum
and minimum diameters) were characterized by the extre-
me value Gumbel CDF. The parameters obtained by the
function provide information that can help in making ma-
nagement decisions for these stands.
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