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Abstract
& Key message The adoption of new silvicultural methods and approaches requires an understanding of the differences
between those and “old” or “conventional” approaches, along with extensive training to break previous knowledge bias.
& Context Forestry is in transition towards ecosystem-based management, and new silvicultural approaches are appearing
worldwide. However, the adoption of an alternative silvicultural approach is difficult in practice.
& Aims We analyzed the effect of forestry background and demographic variables (gender and age) of 24 raters on the application of the
systemic approach (SA) and the conventional approach (CA) in the Northern Apennines (Italy) and compared this with tree marking
performed by experts.
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& Methods Data were analyzed as raters’ departures from experts’ selections at the stand and the individual tree level. The
probability of tree selection was also calculated.
& Results At the stand level, raters with forestry background performed the SA as if they were marking for crown thinning,
whereas the CA was less intense than experts’ crown thinning. Non-foresters differentiated poorly between the SA and the CA. At
the individual tree level, background and gender affected tree selection.
& Conclusion The adoption of the SA as a silvicultural system may be conditioned by previous knowledge. The difference
between SA and CA remains unclear when it comes to non-foresters. Gender was a more important variable than age in selecting
which trees would be harvested.

Keywords Applied forest ecology . Alternative forestry . Stand structure . Thinning .Marteloscope

1 Introduction

Forestry is facing a changing paradigm of concepts and
procedures. Guidelines about forest management and sil-
viculture emphasize the role of social and ecological
values as well as the economic outcomes of forests
(Angelstam et al. 2011; FOREST EUROPE 2015).
Examples of such transition include changes in the orien-
tation of traditional forest management textbooks that
move from the regulation and valuation of timber to the
sustainment of ecological, economic, and social values
(e.g., Davis et al. 1951, 2001). A similar pathway is
followed by silviculturists who claim that the practice of
silviculture must be considered as applied forest ecology
(Smith et al. 1996; Ashton and Kelty 2018). The reasons
behind this conceptual change encompass the global en-
vironmental change and loss of biodiversity (Cardinale
et al. 2012; Marchetti et al. 2014; FOREST EUROPE
2015)

There are economic, cultural, administrative, and educa-
tional challenges that impede the implementation of new par-
adigms in operational forestry. Studies documenting the long-
term response to alternative silvicultural treatments in terms of
the full suite of ecosystem goods and services are relatively
scarce (Puettmann et al. 2015).

Stocking control is one of the main operational tools used
to achieve silvicultural objectives, where harvestable trees are
selected and marked on the field. Behind the process of tree
selection underlie interpretations that depend on educational
background, professional expertise, personal choices, and
training of people who make and implement decisions
(Spinelli et al. 2016; Vítková et al. 2016; Pommerening
et al. 2018).

Gender and age are seen as important factors that in-
fluence differences in forestry management activities
(Lidestav and Ekström 2000; Eggers et al. 2014). Eggers
et al. (2014) claim that “older owners were less likely to
harvest or actively manage their forests than younger
owners” (p. 1696). Other studies show that gender, as a
sociocultural and structural category factor sensu Harding
(1986), can affect the self-evaluation of forestry

competence and perceptions about the use of forest prod-
ucts (Lidestav and Ekström 2000; Sunderland et al. 2014;
Follo et al. 2017). Studying male and female forest
owners, Lidestav and Ekström (2000) found that the latter
consider their own knowledge in forestry management
considerably lower, whereas according to Umaerus et al.
(2019), males focus more on production and females on
preservation. Despite these differences, there is still a lack
in the literature on how gender can influence decision-
making in forestry.

Experimental layouts used to disentangle gender per-
ceptions about forestry-related issues have been carried
out based on questionnaires (e.g., Eggers et al. 2014;
Sunderland et al. 2014; Villamor et al. 2014), but opera-
tional experiments on the field where decisions are made
based on previous experience or training are scarce.

Marteloscopes are training areas where forestry students
and practitioners mark trees according to silvicultural objec-
tives (Schuck et al. 2015). They are promising tools for com-
plex forest management systems (Pretzsch and Zenner 2017)
and have been used to analyze the inter-rater agreement when
new silvicultural methods are applied (Pommerening et al.
2018). Vítková et al. (2016) tested the agreement in tree mark-
ing among raters with different levels of expertise, ranging
from experienced foresters to non-foresters. Their findings
suggested that the degree of expertise is an obstacle to learning
and applying new silvicultural methods. Inter-rater agreement
informs us to what extent a group of trainees agrees to perform
a particular task; however, it does not tell us if there is an
agreement with the expected outcome proposed by an expert
or trainer.

Expertise is usually gained by practicing one particular
task through time along with a combination of training,
ability, and effort (Bourne et al. 2014). We hypothesized
that differences in educational background or training
may affect the degree of expertise within a professional
group. This means that the changes in the academic par-
adigm of forestry, as described above, would affect the
performance of foresters.

The research objective of this study was to analyze the
resulting forest structure after marking candidate trees to be
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removed, while following two different silvicultural alterna-
tives: systemic silviculture (Ciancio and Nocentini 2011;
Nocentini et al. 2017) and the conventional or “business as
usual” approach. The influence of sociodemographic factors
(forest background, age, and gender) in the process was taken
into account. The main working assumption was that the
higher the agreement and the lower the difference between
the selection of trees by raters and experts, the higher the
likelihood of the practical implementation of a new silvicul-
tural approach would be. We tested the validity of the follow-
ing statements:

1. Raters with forestry background should distinguish be-
tween the two silvicultural methods better than markers
without forestry background. Agreement in tree selection
will be different between the two silvicultural approaches
but not within raters with the same background.

2. Sociodemographic features, such as gender and age, mod-
ulate marking intensity, tree selection, and agreement.

2 Materials and methods

2.1 Marteloscope description and marker selection

A marteloscope is a training area located in a forest where
foresters may practice virtual tree marking. The marteloscope
used in our study was located in the Appennino Pistoiese
(Fig. 1) covering an area of 6400 m2 and divided in 16 20 ×

20 m quadrants (Q1–Q16) to facilitate the marking procedure
(Bravo-Oviedo et al. 2020). The stem density in the
marteloscope was 1278 stems ha−1, ranging from 775 to
2525 stems ha−1 within the 16 quadrants. The standing timber
volume was 332.1 m3 ha−1, ranging between 94.3 and
975.2 m3 ha−1 within quadrants (Table 1).

Two different forest types (FT), based on stand compo-
sition and structural stages, were selected to test the con-
ventional and systemic approach (CA and SA, respective-
ly). The first FT (FT-1) was a 50-year-old afforestation of
Norway spruce (Picea abies L.) mixed with other
broadleaved trees, mainly European beech (Fagus
sylvatica L.), in quadrants 10, 11, 13, 14, and 15. The
second FT (FT-2) was a broadleaved-mixed and
broadleaved-conifer mixture in the understory re-
initiation phase (Oliver and Larsson 1990), dominated
by beech, sycamore (Acer pseudoplatanus L.), goat wil-
low (Salix caprea L.), and silver fir (Abies alba Mill.)
located in quadrants 1, 2, 4, 5, 6, 7, 8, 9, 12, and 16.

The selection of participants was based on educational back-
ground (forestry vs. non-forestry), age (above and below
40 years old), and gender (female and male) (3 raters × 2 back-
grounds × 2 age classes × 2 genders = 24 participants). The 40-
year-old age threshold was selected because we considered that
foresters who obtained their degree in the last 20 years would be
more familiar with terms related to sustainable forest manage-
ment, global change, and biodiversity loss. These participants
started their forestry studies after the Rio Conference (average
starting year of forestry studies in participants < 40 years of age
was 2003), whereas older foresters started their studies before

Fig. 1 Stem map and DBH
histogram of the Abetone
marteloscope. The circle’s size is
proportional to tree DBH
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Table 1 Abetone marteloscope stand-level variables by quadrants and tree species

Quadrant Species Number BA V Quadrant Species Number BA V

1 Abies alba 200 47.9 711.2 9 Acer pseudoplatanus 500 9.2 54.1
Acer pseudoplatanus 300 4.5 15.9 Salix caprea 400 6.1 34.6
Fagus sylvatica 275 3.4 22.5 Picea abies 250 5.8 31.4
Laburnum anagyroides 100 0.8 2.7 Fagus sylvatica 350 4.0 21.8

Fraxinus excelsior 100 2.1 13.4
Sorbus aucuparia 75 0.6 2.6
Larix decidua 25 0.2 0.9

Total quadrant 1 875 56.7 752.3 Total quadrant 9 1700 27.9 158.8
Abies alba 75 20.8 98.3 10 Picea abies 350 8.2 41.7

2 Acer pseudoplatanus 75 10.1 11.3 Acer pseudoplatanus 300 4.2 21.7
Fagus sylvatica 600 1.6 173.7 Salix caprea 350 4.0 20.1
Laburnum anagyroides 25 0.2 0.8 Fraxinus excelsior 75 2.5 14.8

Fagus sylvatica 225 2.3 11.9
Larix decidua 50 1.9 12.1

Total quadrant 775 32.7 284.1 Prunus avium 25 0.2 0.7
3 Fagus sylvatica 975 41.5 403.0 Total quadrant 10 1375 23.3 123.0

Sorbus aucuparia 75 4.1 29.1 11 Picea abies 400 13.5 77.6
Acer pseudoplatanus 25 2.5 26.0 Fagus sylvatica 350 4.0 18.6
Abies alba 25 0.4 1.2 Fraxinus excelsior 75 3.5 23.1

Acer pseudoplatanus 100 2.3 12.0
Laburnum anagyroides 50 0.8 2.9
Prunus avium 25 0.3 1.0

Total quadrant 3 1100 48.5 459.4 Total quadrant 11 1000 24.4 135.3
4 Fagus sylvatica 1075 30.1 280.8 12 Fagus sylvatica 775 25.7 226.7

Acer pseudoplatanus 75 11.9 112.0 Picea abies 325 6.6 35.8
Abies alba 75 11.0 138.2 Salix caprea 50 3.0 25.1
Sorbus aucuparia 25 0.5 3.2 Sorbus aucuparia 50 0.8 4.7

Abies alba 25 0.7 3.8
Fraxinus excelsior 50 0.6 4.4
Larix decidua 25 0.3 1.9

Total quadrant 1250 53.5 534.2 Total quadrant 12 1300 37.7 302.3
5 Fagus sylvatica 800 30.3 281.8 13 Picea abies 1025 22.5 124.8

Abies alba 75 8.2 92.6 Fagus sylvatica 1350 14.4 75.7
Larix decidua 75 1.6 9.9
Fraxinus excelsior 25 1.0 5.7
Salix caprea 50 0.6 3.4

Total quadrant 5 875 38.5 374.4 Total quadrant 13 2525 40.1 219.6
6 Fagus sylvatica 725 25.8 241.2 14 Picea abies 1050 25.4 145.3

Acer pseudoplatanus 50 8.2 85.0 Larix decidua 200 9.6 66.6
Picea abies 75 1.4 6.8 Fagus sylvatica 575 6.8 43.8
Laburnum anagyroides 25 0.2 0.7 Fraxinus excelsior 75 1.8 11.3
Sorbus aucuparia 25 0.1 0.4 Acer pseudoplatanus 25 0.4 2.6

Salix caprea 25 0.4 1.9
Total quadrant 6 900 35.8 334.1 Total quadrant 14 1950 44.4 271.5

7 Fagus sylvatica 300 12.6 112.0 15 Picea abies 300 7.0 39.9
Acer pseudoplatanus 425 5.6 28.9 Fagus sylvatica 475 4.4 20.3
Picea abies 200 2.9 10.8 Acer pseudoplatanus 250 4.3 22.6
Salix caprea 125 1.8 8.2 Salix caprea 150 1.8 9.9
Laburnum anagyroides 100 1.3 5.6 Sambucus nigra 25 0.3 0.9
Fraxinus excelsior 75 1.1 6.6 Fraxinus excelsior 25 0.2 0.8
Total quadrant 7 1225 25.2 172.1 Total quadrant 15 1225 18.0 94.3

8 Acer pseudoplatanus 1175 18.5 103.6 16 Abies alba 150 54.3 880.4
Fagus sylvatica 50 2.8 1.6 Fagus sylvatica 475 10.0 73.1
Fraxinus excelsior 50 0.7 3.3 Acer pseudoplatanus 200 2.6 16.1
Salix caprea 175 0.4 14.5 Picea abies 75 0.8 3.7

Salix caprea 25 0.3 1.9
Total quadrant 8 1450 22.3 123.1 Total quadrant 16 925 68.0 975.2

Number stems ha−1 , BA basal area (m2 ha−1 ), V volume (m3 ha−1 )
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the Rio Conference (average starting year was 1987). The num-
ber of participants per group combination (gender-background
and age-background) was kept low (6 participants × 4 groups)
in order to avoid interferences among raters working in the
same quadrant (Vítková et al. 2016).

Before the marking, participants were asked to fill a
questionnaire that would allow us to characterize the
groups according to the level of studies, their relation to
the forestry sector, and their level of familiarity with
marking trees or the SA (supp. information). In the rest
of the paper, participants will be referred to as raters in
order to be consistent with previous forestry and statistical
studies (Tanner and Young 1985; Fleiss et al. 2013;
Pommerening et al. 2018).

2.2 Marking procedure

2.2.1 Experts

We obtained a benchmark against which we compared the
raters’ tree selection by asking four foresters with expertise
in SA and CA to mark trees following formal academic pre-
scriptions. Experts were also asked to mark trees according to
two traditional thinning methods (Piussi 1994): crown and
low thinning. The aim was to elucidate if the performance of
raters with forestry background was affected by previous
knowledge. A full description of all methods can be found
in Table 4 in the annex section.

2.2.2 Raters

CA and SA were taught and performed independently. Raters
were asked to start the marking exercise without contact with
other participants to avoid selecting a tree already chosen by
another participant. Raters started in different quadrants to
avoid “memory” bias caused by remembering previously se-
lected trees. All raters were equipped with a portable version
of Smartelo® software (Rodriguez de Prado et al. 2017), load-
ed on their smartphone or tablet, in order to record the trees
selected for harvest.

2.3 Silvicultural approaches

2.3.1 CA

The CA, as described in the current forest management plan,
aims to improve the growing conditions and stimulate the
growth of selected “crop trees” that are valuable from a tech-
nological point of view or important for increasing biodiver-
sity (e.g., fruit bearing trees for bird diversity, etc.).
Additionally, this approach involves stand tending activities
so as to reduce the trees’ susceptibility to pest outbreaks and/
or reduce the fuel load.

2.3.2 SA

The SA adheres to the five silvicultural principles for alterna-
tive management systems described in Puettmann et al.
(2015): partial harvest, natural regeneration, structural hetero-
geneity, increased tree species richness, and avoidance of in-
tensive operations. From a tree marking point of view, the SA
does not prescribe a predetermined post-harvest composition
or stand structure. The only prescription is that the volume of a
stand should never fall below a minimum standing growing
stock ranging from 100 to 150 m3 ha−1 for forests with dom-
inant light-demanding species, to 300–350 m3 ha−1 for dom-
inant shade-tolerant species, as in the case of our study. In the
presence of uniform stands, marking should aim at creating
the conditions for the establishment of natural regeneration by
gradually opening small gaps in the canopy, based on the
principle of increasing structural and compositional
complexity.

2.4 Data analyses

2.4.1 Post-harvest stand characterization

The ratio of the percentage of the basal area removed to the
percentage of the number of stems removed was used to de-
termine the type of marking (TT, Eq. 1) following the logic
proposed by Kerr and Haufe (2011):

TT ¼ %BAremoved

%Nremoved
ð1Þ

where %BAremoved is the percentage of basal area removed
and %Nremoved is the percentage of number of stems removed.
Values higher than or equal to 1.1 indicated tree marking that
could be assimilated to crown thinning, while values lower
than or equal to 0.9 indicated low thinning (Kerr and Haufe
2011). This index is the inverse of that proposed by Kassier
(1993) and used elsewhere. We prefer Kerr and Haufe’s for-
mulation because higher values of the index indicate higher
marking intensity.

2.4.2 Stand level analyses

The marking performance ratio (TTPx, y) was calculated for all
silvicultural approaches and raters grouped by background
alone, background and gender, and background and age class.
Raters’ performance was analyzed in terms of departure from
the experts’ marking by using the ratio of the marking type
index, obtained after the raters’ selection, to the marking type
index obtained after expert marking (Eq. 3).

TPCA;SA ¼ TTrater CA; SAð Þ
TTexpert CA;SAð Þ

ð3Þ
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where TPCA, SA is the marking performance, TTrater(CA, SA) is
the marking type performed by raters, and TTexpert(CA, SA) is
the marking type obtained after expert marking by the con-
ventional or systemic approaches, SA and CA, respectively. A
non-parametric Wilcoxon signed rank test was used to test if
any of the ratios would differ significantly from one. As the
forest types were identified before the harvest (FT-1 and FT-
2), analyses at the stand level were performed both for the
entire marteloscope and by forest types.

Information about the factors influencing the marking type
was assessed using a nested linear model. Marking intensity, or
the log-transformed value of marking intensity, was fitted with
the silvicultural method, the type of marker (expert vs. rater),

the background of raters (foresters vs. non-foresters), the gender
and age cohort of participants, and the interaction between the
method and the participant as factors. Background, age, and
gender were nested within the rater. We fitted several models
including background as a nested factor alone, a demographic
model with gender and age as nested factors, and a full model
with all nested effects including the initial basal area of each
quadrant as a covariate (Eq. 4).

yij;sab ið Þ ¼ β0 þ β1xi þ β2x j þ β3xij þ β4xs ið Þ þ β5xa ið Þ

þ β6xb ið Þ þ εij ð4Þ

where xi is marker type (expert vs. rater), xj is the silvicultural
approach applied (SA vs. CA), xs is the gender group each
participant belonged to, xa is the age effect for each participant,
and xb is the background group each participant belonged to.

2.4.3 Individual tree level

Probability of tree selection The probability of a tree to be
marked with the SA and the CA was assessed by comparing
the odds ratio from a logistic model that accounted for the
main factors associated with the selection process, including
tree size (diameter at breast height). A linearized main effects
logit model was used (Eq. 5):

Fig. 2 Rater-expert ratio by background after performing SA (upper panel) and CA (bottom panel). The red line represents FT-1, the green line is FT-2,
and the blue line represents all quadrants

Table 2 Generic structure of a 2 × 2 table used to calculate the
agreement in tree selection between the expert and the kth rater

Rater k
Marked Not marked

Expert Marked p11 p12 p1+
Not marked p21 p22 p2+

p+1 p+2 1

Notice that the expert should be always placed in the row of the m pos-
sible tables (Bishop et al. 2007) where j = 1,…., m and pij is the observed
proportion
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log
pk

1−pk

� �
¼ αþ β0xk þ β1xik þ β2xm þ β3xb þ β4xs

þ β5xa ð5Þ

Equation 5 is the log odds of selection versus non-selection
in method m of the kth tree of the ith species, when the mth
method was applied by people of the bth background group,
sth gender, and ath age. Then, we fitted and expanded the

Fig. 3 Rater-expert ratio by background and gender after performing SA (upper panel) and CA (bottom panel). The red line represents FT-1, the green
line is FT-2, and the blue line represents all quadrants

Fig. 4 Rater-expert ratio by background and age after performing SA (upper panel) and CA (bottom panel). The red line represents FT-1, the green line is
FT-2, and the blue line represents all quadrants
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model with background, gender and background, and age
interactions.

Ratios of the probability of selection by species to signifi-
cant factors from Eq. 5 in the SA versus the CA were calcu-
lated. This analysis allowed inferring changes in the selection
of species when SA and CA were used.

Agreement between the expert and the raters Inter-rater
agreement among m raters, when m > 2, is usually calcu-
lated using the kappa statistic proposed by Fleiss (1971) or
the exact kappa proposed by Conger (1980). Both kappa
values are highly correlated and the selection of either or
both depends on the research objectives. Bishop et al.
(2007) proposed a method of conditional agreement, to
measure the agreement of observers for one item that one
of the observers classified in one of the categories tested.
We applied this method to evaluate the agreement between
m raters conditional to the expert tree selection.

We started by calculating the general agreement betweenm
raters and the expert for CA and SA using the exact Fleiss’
kappa [Eq. 6] by background, background and sex, and back-
ground and age for the each of m possible 2 × 2 tables.

K ¼
∑
i
pii−∑

i
piþpþi

1−∑
i
piþpþi

¼ θ1−θ2
1−θ2

ð6Þ

where pii, p+i, and pi+ are the main diagonal and marginal
proportions shown in Table 2.

Afterwards, we computed the agreement ofm raters condi-
tional to the expert tree selection using Eq. 6 and averaging the
resulting m Ki values.

Ki ¼
pii
piþ

−pþi

� �

1−pþi
¼ pii−piþpþi

piþ−piþpþi
ð7Þ

The linear nested model and logistic function were fitted
using SAS® V. 9.4 PROC MIXED and PROC LOGISTIC,
respectively. General and conditional Fleiss’ kappa were cal-
culated in R (R Core Team 2018) using the irr package
(Gamer et al. 2019).

3 Results

3.1 Stand level

3.1.1 Forestry background

Raters with forestry background performed SA with an inten-
sity compatible with crown thinning. The marking intensity of
the SA performed by raters was slightly lower than that

Fig. 5 Mean BA ratio value by
type of participant and
silvicultural approach. Letters
indicate significant differences of
least square means between
groups
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Fig. 6 Ratio of probability of tree
selection between raters and
experts. Values greater than 1
indicate that the probability of tree
selection is higher in the rater than
in the expert group. Solid line for
male participants and dashed line
for female participants

Table 3 Exact Fleiss’ kappa values for within group agreement in each of the groups considered in the analyses

Method Group of raters

Foresters Female foresters Male foresters Foresters > 40 years Foresters < 40 years

Conventional 0.244 0.192 0.309 0.212 0.266

Systemic 0.062 0.054 0.045 0.074 0.041

Non-forester Female non-foresters Male non-foresters Non-foresters > 40 years Non-foresters < 40 years

Conventional 0.235 0.249 0.228 0.266 0.213

Systemic 0.182 0.215 0.128 0.195 0.171
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Fig. 7 Inter-rater agreement
(upper panels) and conditional
agreement of marked trees
(bottom panels) by background
and gender

Fig. 8 Inter-rater agreement
(upper panels) and conditional
agreement of marked trees
(bottom panels) by background
and age
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performed by experts in forest type FT-2 and for the entire
marteloscope, while it was 1.9 times higher in forest type FT-
1. The intensity of the SA performed by foresters in FT-2 was
more than three times higher than that reached by experts in
the CA and low thinning approaches (Fig. 2, upper panel).
Non-foresters applied the SA and crown thinning less inten-
sively than the experts, while the opposite was true for the CA
and low thinning.

Raters with forestry background deviated from the expert’s
marking but showed low differences across forest types. The
variability of marking intensities was also reduced compared
with the application of the SA (Fig. 2, left panels). Non-
foresters replicated in the CA the same pattern observed when
they performed the SA, suggesting that they did not differen-
tiate between the SA and the CA (Fig. 2, right panels). It is
remarkable that raters from both backgrounds applied the CA
in a similar manner as the experts.

3.1.2 Gender and age effects

Both female and male foresters applied a similar mark-
ing intensity in the SA compared with the SA and
crown thinning marking intensity performed by experts.
On the other hand, both gender groups applied a higher
marking intensity in the CA compared with the CA and
low thinning performed by experts (Fig. 3, upper panel).
CA thinning was performed by male foresters in a sim-
ilar manner that experts performed CA and low thinning
marking (Fig. 3, right and bottom panel). Female for-
esters performed a more intense CA marking compared
with the CA and low thinning performed by experts.
This was more evident in quadrants dominated by na-
tive mixed-species (Fig. 3, bottom panels, FT-2).
Female non-foresters applied the CA less intensively
than the experts applied SA, whereas male non-
foresters applied a more intense marking (Fig. 9 in the
annex section, bottom panels).

Regarding age class, foresters with more experience
matched the SA with crown thinning and SA performed
by the experts, whereas the CA deviated from experts’
marking (Fig. 4, left panels). However, young foresters
performed in a reverse way as they marked the CA more
closely to expert decisions, whereas the SA was loosely
related to experts’ decisions (Fig. 5, right panels). Both
age groups of non-experts showed the same pattern when
their performance was compared with that of experts, with
low variability between approaches (Fig. 9 in the annex
section).

3.1.3 Stand-level nested model

The best model included the silvicultural approach, the
type of participant (rater or expert), interaction between
criteria, and type of participant as main effects and gender
and background as nested effects (Table 5 in the annex
section). There were strong differences between silvicul-
tural approaches and participant types. Experts performed
a more intense marking than raters did, and the SA was
significantly more intense than the CA. Raters performed
a more intense marking when they were requested to ap-
ply the SA than the CA. However, both methods were
similar to the CA used by experts. The highest intensity
was recorded when experts applied the SA (Fig. 5).
Female raters marked in a similar manner to experts, but
slightly more intense than male raters. The background
analyses showed that foresters and experts marked in a
similar manner in terms of intensity, whereas non-
foresters marked with a significantly lower intensity
(Fig. 11 in the annex section).

3.2 Individual-tree level

3.2.1 Probability of selection

The probability of selection of a tree in the SA and CA
was a function of the interaction between gender and
group; the gender effect was stronger in the CA, whereas
the group effect was more important in the SA (Table 6 in
the annex section, best models). Age was not significant
for the selection of trees in either silvicultural approach,
neither as a main factor nor in interaction with the back-
ground. In general, the probability of selecting a tree was
higher for small trees. Nonetheless, in the SA, female
foresters were more prone than male foresters to select
trees with DBH larger than 45 cm. Those without forestry
background showed the opposite pattern; there was an
increased probability of selecting beech trees with DBH
higher than 25 cm in the SA (Fig. 6, upper panel). The
probability of marking Norway spruce individuals was
higher in the CA for both males and females. The proba-
bility of marking individuals with DBH larger than 25 cm
was higher for non-foresters (Fig. 6, middle panel). The
probability of selecting silver fir trees was higher in the
SA, if trees had diameters larger than 55 cm, as was the
case for the rest of the species. This probability was
higher for females than for males. In the SA, this proba-
bility was clearly higher for male non-foresters (Fig. 6,
bottom panel).
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3.2.2 Internal consistency and conditional agreement

According to the classification proposed by Stoyan et al. (2018),
the tree marking agreement within each group was slight in the
CA for both educational backgrounds (kappa values between
0.10 and 0.33). The greatest agreement was withinmale foresters
in the CA (K= 0.30), which contrasts the low agreement detected
within female foresters (Table 3). Separation by age groups in the
forester category showed similar agreement. Non-foresters had
similar agreement irrespective of age and gender. Agreement in
the SA was very poor for those with forestry background across
genders and ages (Table 3).

The agreement between the raters’ groups and the
expert varied from poor to slight. In the CA, the agree-
ment between the expert and the male foresters was
significantly higher than the agreement between the ex-
pert and the female foresters. The rest of the compari-
sons between raters with different backgrounds and
sociodemographic characteristics and the expert were
non-significant (Figs. 7 and 8, upper panels). There
was slight conditional agreement between the expert
and the group in terms of the trees that were marked,
with higher values in the CA. There were non-
significant differences in the agreement between the ex-
pert and the raters in terms of the raters’ background,
gender, or age (Figs. 7 and 8, upper panels).

4 Discussion

Existing experimental works show that the implementation
and adoption of new forestry approaches are highly dependent
on the clear definition of objectives and prescriptions as well
as the previous experience of practitioners (O’Hara et al.
2012; Vítková et al. 2016).

The adoption of a new silvicultural method depends on
the human behavior associated with understanding the
method. There are few studies analyzing human behavior
in forestry operations. Vítková et al. (2016) tested the judg-
ment of forestry experts and novices in marking trees fol-
lowing the continuous cover forestry approach (CCF),
which is considered an alternative to conventional forestry
(Pommerening and Murphy 2004; Pukkala and von Gadow
2012). Contrary to Vítková et al. (2016), our intention was
to test if learned methods during formal studies influenced
marking decisions and if sociodemographic variables (gen-
der and age) of raters would exert some influence. The
inclusion of a non-forester group was based on the assump-
tion that they represent the final forestry decision makers.
If the non-forester group differed from foresters, this

would mean that the perception of the former is clearly
different from the professional perception of the latter
when it comes to the alternative system. Many studies are
examining stakeholders’ perceptions and decision-making
based on their social positions at communities or their roles
in forest management (Fig. 10). Other studies are exploring
how gender affects land use decisions and forest gover-
nance (Agarwal 2017; Follo et al. 2017; Sunderland
et al., 2014; Villamor et al., 2014). Few studies are taking
into account how gender and age influence decision-
making and behavior in forestry.

Our results suggested that foresters in our study did
not distinguish between the SA and crown thinning, a
type of thinning that is usually taught at the university
and is consistent with the CCF. This evidence suggests
that professionals associated the SA with previously
known alternative silvicultural methods. However, the
CCF and the SA differ in the manner trees are selected.
In the CCF, trees are selected in such a manner that soil
is never exposed, thus maintaining a continuous canopy
cover (Pommerening and Murphy 2004). The typical
silvicultural regime for the CCF is single tree selection
resulting in an uneven-aged or multi-aged stand struc-
ture, which is considered more resistant and resilient
(OHara and Ramage, 2013). Unevenness requires a final
equilibrium size distribution (O’Hara 2004). Instead, in
the case of the SA, no final distribution is pre-
conceived; harvest is guided by the objective of favor-
ing natural regeneration as a means of increasing diver-
sity and complexity of forest stands, with the only limit
being the minimum standing growing stock required
(Nocentini et al. 2017).

Conventional forest management is strongly based on de-
sired future conditions (DFCs) and predictable outcomes in
homogenous forests, such as FT-1 in the marteloscope used in
our study; however, it results in variable decisions in more
complex situations (FT-2). The lack of a target diameter dis-
tribution in the SA or a more holistic framework of DFC could
be a hurdle for the adoption of the method, owing to the
general preference of foresters for clear and simple marking
rules. However, the DFC concept in ecosystem management
is being questioned because of the unpredictability of natural
events and social preferences towards ecosystems in a chang-
ing environment (Matonis et al. 2016), which are in line with
the conceptual bases of the SA (Nocentini et al. 2017).

Our findings expand results found by Vítková et al.
(2016) who concluded that foresters faced with thinning
operations without specific instructions performed the
method more familiar to them. In our study, even with
instructions on how to apply the SA, foresters biased their
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decisions towards a well-known marking method. This
suggests that extensive training is required when a new
forestry method is developed.

Our study showed that some tree sizes and species
were preferred more over others by markers; this prefer-
ence was dependent on the silvicultural method used and
modulated by gender. The discrepancies in individual tree
selection did not lead to differences at the stand level but
they could compromise the multifunctionality of the for-
ests if certain species that promote specific ecosystem
services are extensively removed (Isbell et al. 2011),
pointing out the need to link quantitatively the minimum
stand growing stock concept to multifunctionality and tree
species diversity.

At the stand level, the raters’ consistency and intensity
of marking was more similar to those of the experts in the
CA; this similarity was higher in quadrants with fewer
species (FT-1) indicating that foresters, non-foresters,
and experts reached the stand-level objective more easily
in simplified structures. This shows how all groups are
more prone and somehow more comfortable in making
decisions in homogenous stands, an issue that is behind
the silvicultural tendency to simplify forest structures
(Puettmann et al. 2008). However, at the tree level, the
consistency and agreement was very low compared to
other studies on other forest ecosystems (Vítková et al.
2016; Pommerening et al. 2018). The poor to slight agree-
ment within groups and between the expert and the raters
indicated that individual tree choices are rather “personal”
and that the same silvicultural goal at the stand level can
be reached by different individual pathways.

Studies involving marteloscopes have several caveats.
First, experts’ choices are not unbiased, as their back-
ground and sociodemographic features may condition
their decisions. We partially compensated for this issue
by inviting two experts (one female and one male) per
silvicultural approach. In the case of age, the experts
may have been conditioned by their long professional ca-
reers, as experts were over 40 years old. Second, the
number of people who act as raters should be kept low.
From a logistics point of view, it is very costly to trans-
port and train people and conduct the marking experiment
in a single day or in consecutive days. Additionally, the
forest condition and perceptions on how the forest looks
like may change due to weather conditions if marking is
conducted in separate days. We kept the number of
markers low (12 by background type and 6 by back-
ground and age or gender) to reduce the duration of the
experiment and the influence of environmental conditions
on the selection of trees. We recognized that this implies a
trade-off between the generality and interpretability of

results. In our case, the interpretability was straightfor-
ward, whereas generality should be contemplated with
caution. In this perspective, the large number of
marteloscopes in Europe and elsewhere (Schuck et al.
2015; Pommerening et al., 2018) offers the possibility to
replicate and expand our investigation, and increase the
confidence and the power of the analyses proposed in the
present study.

5 Conclusions

When foresters are facing a new method, they tend to apply
the conventional method they are more familiar with. In our
study, raters with forestry backgroundmade a clear distinction
between the SA and the CA. At the stand level, they per-
formed the CA with a high degree of similarity to experts.
Non-foresters did not clearly differentiate between either
method at the stand level (statement 1 correct). Learning a
new method is highly conditioned by previously obtained
knowledge. The agreement within groups and between the
expert and the groups did not differ between the two silvicul-
tural approaches; this agreement was slight in the CA and
slight to poor in the SA (statement 2 partially correct).
Gender had a more important effect than age, affecting the
average intensity at the stand level and the agreement in the
CA (statement 2 partially correct). The individual tree selec-
tion differed between approaches and between backgrounds,
and it was based on characteristics such as belonging to a
gender group within the same background group (statement
3 partially correct).
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Annex

Table 4 Guidelines for marking according to the silvicultural approaches
tested

FT-1
50-year-old Norway spruce afforestation with broadleaves

FT-2
Mixed native broadleaves-conifers understory reinitiation phase

Conventional approach

Aims (i) Regulate spatial distribution of remaining trees to guarantee
adequate growing space

(ii) Regulate the species mixture maintaining silver fir

(i) Regulate spatial distribution of the upper-storey trees
(ii) Select future crop trees
(iii) Balance the conifer-broadleaved mixture

Marking
rules

(i) Low thinning
(ii) Eliminate all damaged, sick, and dead trees
(iii) Favor all the sporadic and fruit bearing broadleaves

(i) Thinning of the upper-storey trees favoring selected crop trees
(ii) Eliminate all damaged, sick, and dead trees
(iii) Favor all the sporadic and fruit bearing broadleaves

Intensity < 30% number of trees; < 20% timber volume < 30% of number of trees; < 20% of timber volume

Systemic approach

Aims (i) Increase stand stability by gradually reducing tree density
(ii) Where soil conditions are favorable prepare the stand for

natural regeneration of fir and local broadleaves.

(i) Favor gradual transformation towards mixed uneven aged stands
without a predefined composition or structure

(ii) Reduce species and structure simplification and regularization
(iii) Favor natural regeneration

Marking
rules

(i) Low thinning
(ii) Eliminate all damaged, sick, and dead Norway spruce trees
(iii) Favor all the sporadic broadleaves

(i) Quadrants with diversified composition and structure: eliminate all
trees that are hindering natural regeneration

(ii) Quadrants with uniform structure and composition: eliminate very
small groups of the biggest trees (2–4 trees) to create small gaps
(50–100 m2) to stimulate natural regeneration

In all cases, leave all dead standing trees with DBH> 30 cm

Intensity < 25% number of trees; < 15% timber volume < 57 m3 ha−1

Additional thinning types performed by experts

Low
thin-
ning

eliminate all suppressed and smaller trees up to the maximum
allowed intensity (< 30% number of trees; < 20% timber
volume)

Eliminate all suppressed and smaller trees up to the maximum allowed
intensity (< 30% number of trees; < 20% timber volume)

Crown
thin-
ning

Reduce density of the upper canopy by eliminating some
dominant and codominant trees but leaving all the smaller and
suppressed trees

Reduce density of the upper canopy by eliminating some dominant and
codominant trees but leaving all the smaller and suppressed trees

Table 5 Fixed-effect type III test for the mixed model and likelihood
ratio test

Effect F value Pr > F

Evaluator 8.8 0.0

Criteria 40.4 < .0001

Evaluator x criteria 13.4 0.0

Sex (evaluator) 4.7 0.0

Background (evaluator) 24.3 0.0

Likelihood ratio test Chi-squared Pr > ChiSq

57.0 < .0001

48    Page 14 of 17 Annals of Forest Science (2020) 77: 48



Table 6 Logistic fitting of the probability of selection for harvest of individual trees

Traditional Systemic

Parameter Estimate standard error Wald’s chi-
squared Pr > chi-squared

Parameter Estimate standard error Wald’s chi-
squared Pr > chi-squared

Intercept 1.6133 0.1595 102.3 < .0001 Intercept 0.5773 0.172 11.2648 0.0008

dbh − 0.0839 0.00303 765.2 < .0001 dbh − 0.0525 0.00315 277.8642 < .0001

Beech − 1.2887 0.1411 83.37 < .0001 Beech − 1.0628 0.15 50.209 < .0001

Maple − 1.6128 0.1452 123.4 < .0001 Maple − 1.3246 0.1559 72.2055 < .0001

Norway spruce − 0.9171 0.1409 42.4 < .0001 Norway spruce − 0.5757 0.1495 14.8247 0.0001

Others − 1.5632 0.1461 114.5 < .0001 Others − 1.1608 0.1563 55.1514 < .0001

Sex (female) 0.1065 0.0395 7.3 0.007 Background (forester) − 0.7279 0.0498 213.58 0.007

Background x sex (forester
female)

− 0.3456 0.0469 54.2 < .0001 Background x sex (forester
female)

− 0.1406 0.063 4.979 0.0257

Fig. 9 Sex effect on the thinning type stakeholder-expert ratio performed by non-foresters after systemic (upper panels) and conventional approaches
(bottom panels) in Abetone Pistoiese (Central Italy)
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Fig. 10 Age class effect on the thinning type stakeholder-expert ratio performed by non foresters after systemic (upper panels) and conventional
approaches (bottom panels) in Abetone Pistoiese (Central Italy)

Fig. 11 Mean BA ratio
comparisons between a sex and
type of participants and b
background and type of
participants
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