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Abstract

e Coarse woody debris (CWD) plays a substantial role in several ecological processes in forest
ecosystems, providing a habitat for many organisms and participating in biogeochemical fluxes. Un-
derstanding CWD dynamics is important to classify adequate density, size and amount into different
decay classes and to make decisions that include biodiversity and the carbon budget in practical
forestry.

o A two-step model has been developed to quantify CWD in Pinus spp. plantations in Northern Spain.
The two-step approach was composed of a logistic model to predict the probability of CWD occur-
rence and linear models to quantify the two components considered, basal area of snags and volume
of logs.

e Site conditions, and climatic and stand variables were included in the models as independent vari-
ables. Good performance of the two-step model (R*>snag = 39.9%, R*log = 62.8%) was observed.

e Modelling CWD is a useful tool for simulating future scenarios in the current context of climate
change. Models inform stakeholders properly about defining the best silvicultural options for the

distribution of CWD under sustainable forest management.

1. INTRODUCTION

Dead wood plays an important role in the ecological pro-
cesses of forest ecosystems. Although it is recognised that
logs and snags are important components of forest dynam-
ics linked to biodiversity (Harmon et al., 1986; McComn and
Lindenmayer, 1999), little is known about dead wood dynam-
ics in Mediterranean forests, where factors such as biodiversity
conservation and carbon sequestration are of great importance.

Coarse woody debris (CWD) contributes to the total
amount of organic matter in the forest soil, thereby affecting
energy flow (McComn and Lindenmayer, 1999), soil develop-
ment and nutrient cycles (Harmon and Chen, 1991; Harmon
et al., 1986). Furthermore, dead wood is considered as a sub-
stratum for many processes, such as humification, nursery sit-
ting for seedling establishment (Kdster et al., 2005) and struc-
tural habitat features for a wide variety of micro-organisms,
vascular and non-vascular plants, and animals (Harmon et al.,
1986).

In managed forests, under sustainable wood production,
dead trees are minimised to avoid pest problems and hazards.
Thus, trees killed by insects, diseases and fire are commonly
harvested immediately if economics and accessibility allow.
By enhancing the presence of dead wood in managed forests,
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managers try to respond to the increasing societal demands on
biodiversity and carbon pool services.

According to Spies et al. (1988) and Harmon and Chen
(1991), CWD and its relative contribution to total ecosystem
biomass varies greatly in the landscape, depending on forest
types, disturbance regimes, topography and stand character-
istics. CWD dynamics studies show that it depends on the
competition index (Barclay and Layton, 1990), forest type,
forest age (Spies et al., 1988), successional stage, species,
standing volume, management practices (Linder et al., 1997;
Siitonen et al., 2000), climate characteristics (Harmon et al.,
1986; Linder et al., 1997), site conditions, such as exposure
or slope (Linder et al., 1997), physical and chemical agents
(Montes and Cadellas, 2006), the activity of decaying organ-
isms (Linder et al., 1997), and natural and human disturbances
(Krankina et al., 2001; Siitonen et al., 2000).

Different CWD dynamics models have predicted the gen-
eral rate of fall and decay of snags and logs over several years:
i.e., the dynamics of snags and logs over time (Brin et al.,
2008; Mellen and Ager, 2002). However, the possibility of
predicting the presence or absence of CWD by means of forest
characteristics has not been sufficiently studied. Binary events,
such as the presence of structural features in the stands (logs,
snags, etc.), ingrowth and natural non-catastrophic mortality,
show a high stochasticity and are key components in long-term
forest forecast systems. A two-step model method, suggested
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Table I. Main database characteristics used to develop the CWD models in the studied Pinus spp. plantations in Northern Spain.

Mean Minimum Maximum Standard deviation

Pinus spp. stands (n = 66 plots)

QMD (cm) 222 13.2 58.3 6.3
H, (m) 10.6 4.5 16.7 2.7
N (trees/ha) 803 26 1585 344
BA (m?/ha) 23.2 5.6 39.3 8.3
Altitude (m asl) 973 800 1100 81
pH 5.4 4.1 6.4 0.6
Rainfall (mm) 688 518 944 118
R]unc (l’IlHl) 50 43 59 3
Ryury (mm) 27 23 32 2
Raugust (mm) 25 20 28 2
MinT (°C) 3.8 2.8 4.7 0.5
MeanT (°C) 9.9 9.0 11.0 0.5
MaxT (°C) 16.0 15.0 17.4 0.5
Radiation (10 kJ/(m? day um) 2045 2027 2111 15.1
BAsnags (m?/ha) 0.2 0 1.2 0.3
Viogs (m*/ha) 1.5 0 5.9 1.9

QMD: Quadratic mean diameter in cm, H,: dominant height in m, N: trees per ha, BA: stand basal area in m?/ha, Altitude in m asl, Rype, Ryuy and
Raugust are rainfall for the months of June, July and August, in mm, Min7, MeanT" and MaxT are minimum, mean and maximum temperature in °C,

BAgnags: basal area of snags in m?/ha and Viogs: volume of logs in m?/ha.

by Woollons (1998), has been used successfully in cases such
as the probability of mortality or survival (Bravo and Montero,
2001; Woollons, 1998), or ingrowth (Bravo et al., 2008). This
method is similar to one frequently applied in Decision Theory
(Hamilton and Brickell, 1983). Data from permanent sample
plots frequently show that a relatively large part of the plots
have no occurrences of the event even over periods of several
years. This means that if all plots are included in model devel-
opment it would probably be difficult to select an adequate set
of significant variables. In addition, statistical problems due to
the binomial nature of the event would be present. In contrast,
if only plots where the event occurred are used in the model, it
may overestimate the event rate for a large-scale forestry sce-
nario (Eid and Oyen, 2003). The two-step model method is
tested as a way of resolving specific problems in binary event
modelling.

The objective of this study is to develop a snag and log
abundance model for Mediterranean pine plantations, com-
posed of Scots pine (Pinus sylvestris L.), Maritime pine (Pinus
pinaster Ait.) and Black pine (Pinus nigra Arn.) in Northern
Spain, through a two-step approach. The results of this em-
pirical study can provide better knowledge of the dynamics of
snags and logs in Mediterranean forest ecosystems.

2. MATERIALS AND METHODS
2.1. Study area

The study area (186 642 ha) is located in Northern Spain (Fig. 1.
The altitude ranges from 800 to 1000 m asl. The climate is Mediter-
ranean, with a long, cold winter and a warm, dry summer. January
temperatures range between —2 °C and 6 °C, July temperatures be-
tween 9 °C and 21 °C, and mean annual rainfall is 630 mm. Forests

cover 61570.5 ha (33% of the total area). The main natural forest
types are dominated by Pyrenean oak (Quercus pyrenaica Willd.),
holm oak (Quercus ilex L.) and small-leafed oak (Quercus faginea
Lam.). However, as a result of an extensive pine plantation pro-
gramme carried out mostly during the 1960s, Pinus spp. stands cover
41.5% of the total forest area. The three main species used in plan-
tations are Scots pine (P. sylvestris L.) (43.6%), Black pine (P. nigra
Arn.) (43.9%) and Maritime pine (P. pinaster Ait.) (12.5%). Scat-
tered patches of heather (Erica spp.) and rock roses (Cistus spp.) can
be found. Soils are mainly acidic, although it is possible to find lime-
stone and neutral soils.

2.2. Database

Sixty-six plots were installed in Pinus spp. planted stands in the
study area. 34 of these plots presented predominance of P. sylvestris,
24 of P. nigra and 8 of P. pinaster. The main data characteristics are
shown in Table I. The plots were composed of four subplots (r =
15 m) joined by two perpendicular transects (L = 50 m for both).
One of these subplots was a national forest inventory (NFI) plot. The
Spanish National Forest Inventory has a spatial sampling intensity
of approximately one plot per km, and each plot has four concentric
radii. The plots were selected on the systematic grid with an intensity
of one plot per 2 km joining dominant species composition and stand
minimum diameter criteria. The other three subplots were located at
the three vacant extremes of the two transects. Snags were tallied
in the four subplots and the logs were inventoried on the transects
(Forsee, 2005).

The snag inventory was carried out through the “plotless sampling
method”. In this sampling method the attributes of interest are mea-
sured on the k-trees closest to a sample location (Magnussen et al.,
2008). The k-trees constitute the set of sample objects for a particular
sample plot. All sample plots contain the same number of & trees; for
this reason, it is also called the fixed-count distance method. In our
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Figure 1. Location of the Pinus spp. plantations and sampled plots in the study area in Northern Spain.

case, the plotless method involved measuring the characteristics for a
sample of 20 trees per subplot. Starting with the trees that were clos-
est to the centre of the plot and moving progressively away, the con-
dition of the trees was recorded, i.e. whether they were alive or dead.
For standing dead trees (diameter at breast height (dbh) > 7.5 cm),
the following variables were recorded: species, snag height, dbh, de-
cay class, presence of excavated cavities, and azimuth and distance
to plot centre. Five decay classes were considered, from nearly sound
wood (1) to the most advanced decomposition stages (5), following
the criteria described by Goodburn and Lorimer (1998). The log in-
ventory was carried out in the two perpendicular transects of 50 m in
length that joined the four subplots. “Line intersect sampling” (LIS)
was used for estimating the amount of logs. The fundamental concept
of LIS is that sampling of downed woody debris occurs along tran-
sect lines. Warren and Olsen (1964) introduced the first application
of the LIS technique for estimating logging residue in New Zealand.
Each log is reduced to its centreline axis. A piece is included in the
sample if its centreline is intersected by the transect and the num-
ber of intersections is recorded. In this inventory, logs were defined
as fallen dead trees with diameter greater than 7.5 cm, downed on
the ground or suspended by one of their extremes, but with an incli-
nation greater than 45° from vertical. The following variables were
measured: species, diameter at the interception point, length, decay
class, inclination above the floor and signs of wildlife characteristics
such as hollows or bird nests (Forsee, 2005). Five decay classes were
considered following the criteria of Sollins (1982).

Snag basal area (m?) and log volume (m*) were calculated for each
plot. The individual basal area for each tree was totalled for each plot
and the values scaled up to give a basal area per hectare. Log volume
was estimated through equation (1) (Warren and Olsen, 1964):

ey

where V; is the estimated log volume in the ith plot (m3/ha); d; ; the
intersection diameter of the jth log in the ith plot (cm); and L transect
length, in our case 100 m.

Data from the third NFI (conducted in 2003) were used to calcu-
late different tree and stand variables, site conditions (soil texture, soil
organic matter, pH, soil type, altitude, stoniness, slope, exposure and
radiation) and forest management history (harvest and thinning over
the previous 15 y). Climate characteristics (rainfall, and maximum,
mean and minimum temperature) were obtained through a digital cli-
matic atlas (Ninyerola et al., 2005). The site index (SI) was consid-
ered by a linear combination of variables describing site productivity
as dominant height (H,), soil texture, soil organic matter, pH, soil
type, altitude, stoniness, maximum slope and exposure (Bravo and
Montero, 2001). The data set (Tab. I) covers a wide basal area situa-
tion of Pinus spp. stands ranging from 5.6 m?/ha to 39.3 m?/ha. Snags
were present in 20 plots, logs in 25 plots and CWD (snags and logs)
was present in 33 plots.

2.3. Statistical methods

A two-step regression approach was used to model the presence
of CWD. The first step of the two-step regression consisted of a
logistic model Equation (2) for predicting the probability of CWD
presence/absence in a plot, and the second step consisted of linear
models Equation (3) to quantify the basal area of snags (m?/ha) and
the volume of logs (m?/ha). Principal Component Analysis and Dis-
criminant Analysis were used as exploratory analyses to select the
continuous variables to predict CWD presence. The variables tested
were parameters that described stand development, site conditions
and climate characteristics. They were QMD (quadratic mean diam-
eter (m)), H, (dominant height (m)), N (number of trees in the stand
(trees/ha)), BA (basal area of stand (m?/ha)), S (slope (%)), Alt (al-
titude (m als)), Exp (exposure), R (rainfall (mm)), Rjupe, Rjuy and
Rygust (rainfall for the months of June, July and August, respectively
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(mm)), Max7 (maximum temperature (°C)), MeanT (mean temper-
ature (°C)), Min7' (minimum temperature (°C)), and Rad (radiation
(10 kJ/(m? day um)). In the logistic model, score variable selection
was carried out to choose the best model. All the previous variables
were considered but the resulting logistic regression equations in-
cluded only variables where the true slope associated with the vari-
able was significantly different from zero (p < 0.05). In the better
models, the categorical variables species, soil texture, soil organic
matter, pH, soil type, stoniness, slope and thinning operations in the
last 15 y were tested to improve the model. Information obtained by
applying variable selection methods was combined with the ecologi-
cal reasonability of selected parameters to get the final model.

In the logistic model equation (2), P is the probability of the pres-
ence of CWD, which is bound between 1 (presence) and 0 (absence),
o is the intercept term, £b; X, is the linear combination of parameters
b; and independent variables X; and e is the natural logarithm base

P=(1+e @y @)

The goodness of fit was evaluated using the Hosmer and Lemeshow
test (1989). The Proc Logistic procedure of the SAS 9.1 statistical
program was used in the process (SAS Institute Inc., 2009). Receiver
operating characteristic (ROC) curves for each model were used to
compare the accuracy of different logistic regression models.

To quantify the abundance of snags and logs (in terms of basal
area and volume, respectively) in those plots where CWD presence
was predicted by the logistic model (threshold value = 0.60), linear
models equation (3) were used,

§=ay+ ZaiXi 3)

where j is estimated Basal Area of snags or Volume of logs, X; are
predictor variables (i.e., stand variables, site conditions and climate
characteristics), and ay and a; are parameters to be estimated. Tested
X; were the same variables used in the logistic regression.

The adequacy of the joint model was analysed by different pa-
rameters. The simultaneous test of the equation parameters between
actual and predicted values (4) was used to know if the model was bi-
ased or not. On the other hand, the precision of the model was tested
by calculating the mean of the residuals (bias, Egs. (5) and (6)] and
the mean absolute difference (mad, Eq. (7)). Finally, the efficiency of
the model was tested by the determination coefficient of the two-step
model (Eq. (8)) and by the ratio error for the two-step model (relation
between the mean absolute difference (mad, Eq. (7)) and the mean of
actual values).

The simultaneous F-test of the equation parameters between ac-
tual and predicted values (Eq. (4)) (c;o = 0 and ¢;; = 1) is a good in-
tuitive and reasonable test. Presumably, the intuition underlying this
test is that if the model is a good one, the regression should be a 45°
line and demonstrate that the model is unbiased (Huang et al., 2003).

actual = cyg + cyy predicted @)

where actual is the value of snag (basal area) or log (volume) abun-
dance observed and predicted is the value obtained by using the two-
step model, while ¢y and ¢y, are the parameters to be adjusted.

The precision parameter equations are:

_ X (actual — predicted)
n

bias (5)
Y(actual — predicted)/n

bias% = 100 x
s >, predicted/n

(6)

C. Herrero et al.

mad = > |(actual — predicted)| o
n

where 7 is the number of observations.
The determination coefficient presents the following expression:

> S:
RX=100x[1-=¢ ®)
3

where §% and § fl are, respectively, the sample variance of residuals
committed and the sample’s variance in the dependent variable (basal
area of snags or volume of logs).

Finally, to analyse the predictive capacity of the two-step model a
cross-validation was carried out. The values of the prediction residu-
als were used to calculate the bias and the determination coefficient
of actual-predicted values of the two components, snags and logs.

3. RESULTS

The two-step model proposed allowed us to obtain a joint
model with a determination coefficient of 39.9% and 62.8%
for snag and log models in the Pinus spp. stand, respectively.

3.1. Step L. Logistic component

The value of the Hosmer and Lemeshow test (P > 0.5817)
for the logistic model (Tab. II) showed that there was no lack
of fit. Significant independent variables were altitude (m asl),
minimum temperature (°C), soil texture (clay and silt) and the
presence of thinning operations. Variables for soil texture and
the presence of thinning operations were placed in the model
using a variable dummy (clay text = 1 if the soil texture was
clay, O otherwise; silt text = 1 if the soil texture was silt, O
otherwise; and thinning = 1 if there was presence of thinning
operations in Pinus spp. stands, 0 otherwise). Figure 2 showed
the different probabilities of CWD presence on clay soils when
thinning operations were carried out. For the given values of
altitude (m asl) and minimum temperature (°C), the probabil-
ity of CWD presence was higher in plots where thinning was
carried out. The threshold value (0.60) allowed us to classify
68.2% of Pinus spp. plots correctly (sensitivity equal to 51.5%
and specificity equal to 84.4%). The area under the ROC curve
in the CWD logistic model was 0.7087.

3.2. Step II. Linear component

The linear model component allowed us to estimate the
stand snag basal area and log volume. The pine stand lin-
ear snag component (Tab. II) showed an adjusted coefficient
of determination equal to 17.5%, and the linear log compo-
nent (Tab. II) an adjusted coefficient of determination equal to
46.1%. In the first case, the snag BA increased when June rain-
fall decreased, while log volume increased when stand basal
area increased and when the dominant height decreased.
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Table II. CWD logistic model variables and linear components of the snag and log equations for Pinus spp. plantations in Northern Spain.

Estimate Standard error
Logistic Component (n = 66) P > Chi-squared
Independent term -43.2715 16.7061 0.0084
Altitude 2.5501 1.0267 0.0114
Minimum temperature 0.3939 0.1696 0.0183
Clay Soil Texture 4.6453 1.9376 0.0154
Silt Soil Texture 2.4439 0.9836 0.0117
Thinning operations 2.5136 0.7768 0.0011
Snag Lineal Component (n = 22) p-value
Independent term 2.1846 3.4168 0.0199
Rainfall in June -0.0038 0.0412 0.0504
Log Lineal Component (n = 22) p-value
Independent term 0.8821 1.4191 0.5976
Basal Area 0.2046 0.0507 0.0006
Dominant height —-0.4028 0.1517 0.0190

Altitude (m asl), minimum temperature (°C), soil texture classes (clay, silt and sandy), thinning operations in the last 15 y, rainfall in June (mm), basal
area (m”/ha) and dominant height (m).

Table III. Simultaneous test parameters and confidence intervals of regression between observed and predicted values in snag basal area and

log volume.

Estimate Confidence Interval

Standard error

Lineal Component actual = c|o + c11 predicted snag basal area (n = 66)

c1o -2.5028710 (—0.0491, 0.0491) 0.0246
ci1 1.0000 (0.6893, 1.3107) 0.1555
Lineal Component actual = cyo + ¢y predicted log volume (n = 66)

cio 0.0070 (—0.2152, 0.2292) 0.1113
c11 1.0054 (0.8156, 1.1953) 0.0951

Logistic model
Thinned Pinus spp. plantations on clayey soils
prob=l/ (1+exp (- (~43.271542.5501*Altitude+3. 9355+MinT+4 . 645342 .5136) ) )
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Figure 2. Probability of the presence of CWD in the case of thinned
stands and clay soils.

3.3. Joint model validation

The regression line between actual and predicted values
(Tab. III) showed that the independent term was not signifi-
cantly different from zero and the slope was not significantly

different from one in both cases. The simultaneous test of
the parameters of the equation between actual and predicted
values (P < 0.0001) indicated that the joint models showed
no lack of fit in snag basal area and log volume. On the
other hand, the absolute bias for snags and logs was very low
(-0.0024 m?/ha and 0 m?/ha, respectively). In relative terms,
the snag and log bias was low in all cases: 2.9% in snags and
0% in logs. Also, the mean absolute differences were 0.07 and
0.37 for snags and logs. Thus, the joint model did not show
model bias or lack of accuracy. Finally, the proposed two-
step model achieved joint model accuracy equal to 39.9% and
62.8% for snags and logs, respectively. On the other hand, the
ratio error of the two-step model (mean absolute difference di-
vided by the mean of actual values) was 91.3% for snag basal
area and 71.4% for log volume. Graphical analyses were car-
ried out to analyse this coefficient in different categories of ac-
tual values in snag basal area and log volume (Fig. 3). These
graphs showed that the ratio error for the two-step model in-
creased when the value of the actual data decreased. This situ-
ation was more important when the basal area of snags or the
volume of logs were below 0.1 m?/ha or 1 m*/ha. The high pro-
portion of zero value plots (no snags or no down woody debris
in the plot) greatly determined the final model efficiency.

The results of the cross-validation approach determined the
stability of the model. They showed good model accuracy in
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Figure 3. Error ratio of the two-step model by the different observed value categories in log and snag components.

the two components of CWD: snags (R*> = 38.7% and bias =
—0.0056) and logs (R*> = 62.0% and bias = —0.0036).

4. DISCUSSION

The pine plantations studied range from 30 to 60 y old and
are managed for wood production. Periodically, dead and de-
cayed trees have been harvested, maintaining only an average
of from 1 to 10 snags per 5 hectares, in accordance with the
forestry management guidelines in the Castilla y Leon region
(Northern Spain). To model different binary events in forest re-
search, a logistic equation has been used alone (Bravo-Oviedo
et al., 2006) or combined with a linear model in a two-step ap-
proach (Alvarez et al., 2004; Bravo et al., 2008). The equations
obtained in this study allowed us to model CWD presence and
quantify snags and logs in Mediterranean Pinus spp. planta-
tions. The Pinus spp. plantation CWD fitted model predicted
CWD presence by using altitude, minimum temperature, soil
texture and the presence of thinning operations over the last
15 y. Thinning carried out in our study area increased CWD
presence in the stand. More direct radiation, non-extraction
of logs lacking commercial value and possible damage dur-
ing the thinning operations could increase the likelihood of
snag trees, pieces of broken snag trees or snags falling over
with time that remained on the ground (logs) (Ranius et al.,
2003). The effects of management on CWD dynamics have
previously been studied (Green and Peterken, 1997; Siitonen
et al., 2000). Green and Peterken showed that conversion of
former coppices to high forest allows deadwood volume to in-
crease. In our case, the amount of CWD increased in harvested
plots. These results are consistent with findings in other man-
aged forests in Europe (Brin et al., 2008). In this sense, forest
management guidelines play an important role in the amount
of CWD in the region because, during harvesting, some of the
harvested trees could be left in the stand and because thin-
ning operations could be carried out predictably and regularly.
On the other hand, plots at high altitude or plots on clay soils
showed a higher probability of CWD presence. Higher alti-
tudes would mean worse conditions for tree growth and stand
productivity (Holmgren, 1994). Soil coarse texture may also
influence tree mortality because it could affect soil moisture
(McHugh and Kolb, 2003), root penetration, tree vigour and
site index (Bravo et al., 2001). In this area, higher clay con-
tents were found at deeper horizons of the soil profile (Forsee,

2005) because an argic horizon is present (WRB, 2006). This
fact may contribute to tree mortality in dry conditions because
it creates soil compaction and limitation of the spatial distribu-
tion of roots. Finally, minimum temperature was also selected
to explain the CWD presence probability. Mediterranean for-
est growth is constrained by drought and high temperatures
during summer. As the climate forecast for the next decades
in the Mediterranean basin indicates a higher temperature sit-
uation (IPCC, 2007), drought could increase, creating stress-
ful periods and therefore tree mortality (Bréda et al., 2006;
Martinez-Vilalta et al., 2002).

Stand variables were not significant for predicting CWD
presence in Pinus spp. plantations. These variables (Number
of trees/ha (), Basal area (BA), Site index (SI), etc.) influence
the amount of CWD because only stems >10 cm in diameter
are generated during the intermediate and later parts of the ro-
tation period in managed forest (Ranius et al., 2003). In this
sense, a limitation of this study was the strong dependence on
available studied young Pinus spp. plantations, without differ-
ent stand development stages. Pine plantation stand conditions
were so homogenous that they did not allow us to relate CWD
to stand and silviculture variables. Further studies, including
a wide array of forest stand characteristics (density, age, etc.),
may help to find a relationship between CWD and stand vari-
ables and define an appropriate forest structure to increase re-
gional CWD.

The linear model allowed us to quantify snag and log abun-
dance, showing the relationship between snag basal area and
June rainfall (R* = 17.5%) and between log volume and basal
area and dominant height (R> = 46.1%). Climatic variables
were again selected in the snag model. This is very impor-
tant in simulating different scenarios under climate change cir-
cumstances where it is suggested that there will be changes in
precipitation regimes in Western Europe. Severe precipitation
deficits may cause mortality of roots or twigs and could ulti-
mately lead to tree death, increasing snag amount (Bréda et al.,
2006). In contrast, log quantity is higher in stands with greater
basal area and low productivity, because the competition in
these sites is higher.

The two-step model emphasised the importance of forest
management in CWD presence in this region and allowed
us to combine knowledge (understanding and data) and pre-
diction of system dynamics. Unmanaged forests in Spain are
scarce because of centuries of forestry practices. Intensive
management activities have led to timber removal and woody

708p6



Coarse woody debris in Pinus spp. plantations

material loss for centuries. However, Mediterranean forests
currently present a low silviculture activity because of the har-
vest economic yield. In this sense, the two-step model can pro-
vide objective forecasts and information for exploring man-
agement options and silvicultural alternatives for sustainable
forest management. The objective of this study was to incor-
porate a new model into the understanding of CWD dynamics.
This kind of model is scarce for Mediterranean forest stands.
One reason could be the limited amount of CWD in managed
Mediterranean forest ecosystems (Brin et al., 2008; Montes
and Canellas, 2006). Another reason could be the difficulty of
modelling these stochastic variables. CWD stores in forest re-
gions are difficult to assess because they vary significantly over
succession and do not necessarily parallel the dynamics of live
biomass (Krankina et al., 2001). CWD is highly variable in
space and time. The lack of CWD in a large number of plots
determined the logistic model prediction, linear model preci-
sion and final model accuracy. For this reason, it is important
to develop further research on binary event modelling, as well
as increasing sample size and its precision to improve model
accuracy and efficiency. Data on the amount of dead wood are
available for different types of temperate forest, but modelling
is a step forward for dead wood management. Models may
help us to understand the spatial amount and temporal dynam-
ics of dead wood or the effects of various silvicultural strate-
gies, such as intermediate thinning, as in this case. Predicting
and quantifying dead wood in the ecosystems is the first step
in understanding CWD dynamics. The results of this empir-
ical study allowed us to approximate the amount of CWD in
pine plantations in a Mediterranean area in Spain and can serve
as the first milestone in developing useful tools for practical
forestry. Dead wood management (size, amount, density, de-
composition status and its distribution throughout the forest)
is currently one of the most important questions to be resolved
for forest management in the context of sustainability and bio-
diversity conservation. More detailed CWD studies can help
to establish baselines and guidelines in different forest types.
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