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ABSTRAeT

Oead wood plays a substantial role in several ecological processes in forest ecosystems.
Decaying 1095 and snags provide habitat for many organisms and participate in biogeochemical
element fluxes within the forest ecosystem. Because of their large mass and slow decay rates,
they may al50 playa significant role in the global carbon cycle. For these reasons. it is important
lo undersland the dynamics of coarse woody debris (CWD) during foresl suceession and
estimate the carbon content in snags and logs components

A two-slep model for predicting snags and lags in conifer plantalions and oak stands
in northern Spain is presented jalnt a carbon sequestration model in arder to improve long­
lerm eslimalion of stand condition. A two-slep approach was used, which allow to eslimale lhe
probability af CWD occurrence and quantify snags in terms af basal area and logs in term af
volume. Logistic and linear regressions were used. A good performance of the joint model was
observed.
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CARBON SeOUESTRATlON IN COARSE WQOOY DEBRIS IN PINE PLANTATIONSANO OAK STANOS IN NOHfHERN SPA1N

SECUESTRO DE CARBONO EN NECROMASA EN
PLANTACIONES DE PINO Y RODALES DE ENCINOS EN EL

NORTE DE ESPAÑA

RESUMEN

La necromasa desempeña un papel fundamental en los ecosistemas forestales. Tanto
los árboles muertos en pie como los caidos son componentes importantes de la dinámica de
los bosques, suministrando habitat a muchísimos organismos, contribuyendo a la cantidad de
materia orgánica de los suelos forestales. participando en numerosos flujos biogeoquimicos
y en el ciclo de nutrientes, entre otras muchas funciones, todas de vital importancia para el
mantenimiento de la biodiversidad.

Se presenta un modelo en dos pasos que predice la probabilidad de presencia de
necromasa en pinares de repoblación y rebollares del Norte de España y cuantifica el area
basimétrica de los arboles muertos en pie y el volumen los árboles caidos. Por otra parte.
se presenta un modelo lineal que cuantifica la fijación de carbono en la necromasa caida en
el suelo. Para este proceso se han utilizado regresiones logísticas y lineales que presentan
buenos parámetros de ajuste.

Palabras clave: Secuestro de carbono. necromasa. árbol muerto en pie. árbol caído. logistica,
Pinus, Quercus pyrenaica.
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INTRODUCTlON

Dead wood plays an important role in ecological processes in torest ecosystems. Although,
decaying logs and snags are recognised as an important component ot forest dynamics Iinked
to biodiversity (Harmon el al., 1986, Esseen el al.. , 1992, MeComn el al., 1999), there is a laek 01
knowledge of dead woocl dynamics in Mediterranean forest, where externalities as biodiversity
maintenance has a great importance.

Coarse woody debris significantly contributes to the total amount ot organic material on
Ihe foresl noor, thereby affeeting carbon storage, energy flow and nutnent cycles (Hanmon et al"
1986; Hanmon et al" 1991). Brown-rot residues can make up a considerable part 01 the organic
layer in fcrests ecosystems and increase the water-holding capacity of the sotl (Larsen el al..
1980).

In managed forest under sustainable yield paradigm, dead trees have been minimised lo
avoid pest problems and hazards. Thus, trees killed by inseets, diseases and fire are commonly
harvested immediately if eeonomics and aeeessibility permit (De Bell el al., 1997).

Also, short-rotation silviculture truncates this development before large-diameter
dead Irees slart lo accumulale (Hansen el al., 1991). Currently, Ihe increasing importance of
biodiversity and carbon poollead Ihe manager to maintain and promote dead wood in managed
(orests. Forest and wildlife managers have suggested 5 to 10 snags per hectare are adequate
(Hunter, 1990) to maintain the biodiversity.

Coarse woody debris and their relative contribution to total ecosystem biomass varies
greatly in the landscape, depending on forest Iypes, disturbance regimes, topography, and
stand eharaclenstics (Spies el al., 1988, Harmon el al., 1991).

In practice foreslry, snag and lag dynamics are important to define adequate abundanee
ordensity, size (both diamelerand heighl), dislribution and slate 01 decay, different sile eondilions
and forest Iypes (Hart, 1999, Woldendorp el al., 2004, Chnstensen el al" 2005, Stephens el al.,
2005).

Managing this important carbon store, requires knowledge on \he amount 01 CWD
as a tunction of stand conditions and silviculture. Studies tocus on modelling snags and logs
abundanee in Mediterranean type forest ecosyslems are scaree (Monles el al., 2006).

Binary events sueh as presenee 01 slruclural leatures in Ihe stands (Iags, snags, nest
trees, ... ), ingrowth or natural non-catastrophic mortality show a high stochasticity and are
key components in long-term forest lorecasl syslems (Bravo el al" 2006). Two slep models
method has been used successlully for predict this type 01 evenls, probability 01 mortality stand
(Woollons, 1998; Álvarez el al., 2004) or ingrowth stand (Bravo el al., 2006).
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OBJECTIVES

lo develop a snags and logs abundance model for Mediterranean pine plantations
compased by Pinus sylvestris L., Pinus pinaster Ait., Pinus nigra Am., and tor Oak stands,
Quercus pyrenaica Wild. in northem Spain.

To estimate a carbon sequestration equation for coarse woody debris on the ground
(Io,}s) in these lype 01 ecosystems.

The first model, snags and lags abundance, was developed accarding to a two-step
approach. Finally, a carbon sequeslralion equation can serve to better understand the process
of sna9s and logs abundance in order lo improve long-term estimation of stand condition.

MATERIALS ANO METHOOS

Study Area

The study area, situated in the north 01 Caslile and Lean (Spain), represents a
homogeneous transitional with altitudes ranging from 800 to 1000 mas!. This region is located
unevenly between the following UTM coardinales 342.000 lo 4.685.000, and 398.000 to
4.741.000 (Figure W 1). and its area is about 186.617.4 hectares. The climate is Mediterranean
with a slight Atlantic influence.

Figure N° 1
LOCALlZATION OF STUOY AREA

Forests cover is 59,471.1 hectares (31.9 % of total area), and is characterised by
extensive stands of pyreneen oak (Ouercus pyrenaica Wild.), joing holm-oak (Ouercus ¡fex L.)
and scrub oaks (Ouercus faginea Lam.). As a result of an extensive pine plantation program
carried out during the 60's, Pinus stands caver 49.4% of the total forest surface of thjs region.
On the other hand, Oak stands caver 38%. The three main species of Pine plantations are Pinus
sy/vestrls L. (23%), Plnus nigraAm. (21%) and Pinus plnasterAit. (5%). In the clearings, there
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are mosaies 01 heathers (Eriea sp.) and rock roses (Cistus sp.). The soil in lhis region is mainly
acidic, allhough il is possible to find limestone and neutral soils (Ona de Rueda el al., 1996).

Database

Ninety five study plots were installed in the study area. Database contains 67 plots lrom
Pinus spp. planled slands (34 dominaled by Pinus sy/vestns L., 25 dominated by Pinus nigra
Arn., al1d 8 by Pinus pinaster Ai!.) and 28 plots trom natural Oak (Quercus pyrenaiea Wild.)
stands. Dates are shown in Table 1. Measurations were conducted during the year of 2005.

The plots were lormed lor lour subplot joined by two perpendicular lransecls. The snags
inventory was realized in the tour subplots and the 109 inventory was realized in the transects.
Snags invenlory was carried out sampling in spiral 20 trees. Slarting by lhe trees thal were
doser to the plot's center, and moving progressively away from it, il was measure if each tree
was alive or death. In lally dead trees (diameter at breasl height 2 7.5 cm dbh), the variables
recorded were speeies, snag's heighl, diameler breasl height (DBH), deeomposition status,
presence of excavated cavities, azimuth and distance (taking as a reference the center of the
plet). Invenlory 01 lags with diameter grealer than 7.5 cm and longitude greater than 1 m was
carried out in a two perpendicular transects 01 50 m 01 length eaeh one, that joined lhe lour
subplols. Intensive inventory 01 lags with diameter bigger \han 1 cm was carried out in 47 plots
01 lhe total ninety five study plots. Ten meters nearest 01 the intersecl point 01 the transeets
were inventaried. The variables species, diamelar on the interception point, length, weight,
decomposition status and wildlife chamcteristics were measured in each 109. Dates are shown
in Télble 2. Total carbon contents of samples of woody residues from each plot was measured by
instantaneous combustion of fragment samples to 550 oC oven.
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Table 1
OATABAsE CHARACTERlsTICs USEO TO OEVELOP THE sNAG ANO LOG MOOELs

FOR PINUs PLANTATIONs ANO OAK sTANOs IN NORTHERN sPAIN

9

r lI8tIIlIoI -. MInImum Maxtmum - "-Pinus stand In =67 olots)
N (treeS/ha) 802.8 25.5 1584.5 341.3
BA(m'lha) 23.2 5.6 39.3 8.2
aMO (cm) 222.1 131.7 582.7 62.9

BA _ (m'lha) 1.7 0.2 14.9 3.6
V _(m'lha) 3.3 1.4 11.8 3.9

Pinus svlvestris In - 34 o/ots
N ltreeslha 807.4 1584.5 187.4 351.4
BA m2lha 24.8 39.3 9.1 7.8
aMO cm 219.7 283.5 147.1 31.9

Pinus niara In =2S olots)
N (treeslha) 914.9 1400.6 541.1 268.5
BA(m'lha) 21.5 36.1 6 8.0
QMO(cm) 195 308 132 42.6

Pinus oinaster (n =8010tsl
N ltreeslha 433.3 817.0 25.5 261.1
BA m2lha 21.9 32 5.6 10.4
aMO cm 317.0 582.7 213.7 115.6

Quercus ovrenaica In =28, lotsl
N ftreeslha) 456.9 1479.9 O 501
BA m'/ha) 6.6 28.8 O 8.4
aMO (cm) 116.1 243.0 O 81.2

BA _(m'lha) 0.26 0.33 0.97 0.02
V _(m'lha) O O O O

N: Trees per ha, eA: basal area, QMD: Quadratríc mean diameter and BA : sna s expressed
as basal area. V'>9': logs expressed as volume

Table 2
OATABAsE CHARACTERlsTICs UsEO TO OEVELOP THE CARBON CONTENT MOOEL

FOR LOGs IN PINUS PLANTATIONs ANO OAK sTANOS IN NORTHERN SPAIN

Variable Mean Minimum Maximum Standard
deviation

Intensive /nventorv with Dresence o( loas In ; 30 DlotsJ
N (traes/ha) 787.2 187.4 1585.0 347.1

BA(ml/ha) 20.8 5.6 34.8 8.0

QMD(mm) 211.6 131.7 334.2 47.9

mlogDiam (cm) 1.7 1.2 2.8 0.4

mlO9Length (m) 0.7 0.2 2.1 0.5

mlO9Weight (g) 141.3 11.8 1038 201.4
N. Trees per ha. BA. basal area. QMO. Quadratnc mean dlameter. mlO9Dlam. mean dlameter I09S.
mlengthlog: mean length I09s, rnWeightlO9: mean weightlO9s.
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Snag basal area (m') and log volume (m') were calculaled for each snag and lag lree
wilh diameler bigger lhan 7.5 cm. Log volume was estimaled lrough the equalion (Lolrolh.
1995):

Where:
V: log volume (m'/ha)
d: diameter 01 each log (cm)
L: transect's length, in our case 50 m.

These individual basal area and valumes fer each tree were totalled fer each plat and
plot values, scaled up to give a basal area and volume per hectare.

Mean diameter of logs. mean length, mean weight and mean decompasition status of
Iogs measured in intensive inventory also were calculated.

On the other hand, different tree and stand variables were calculated. including species.
total basal area fer each species. trees per ha, quadratic mean diameter, daminant height. basal
area and number af trees of dominant plat's species, numberof small stems (trees with diameter<
7.5 cm), site condilions (soil lex1ure, soil organic matter, pH, soil type, altilude, slonyness,
slope, exposure and radiation), dimate characteristics (rainfall, maximum temperature, mean
temperature, minimum temperature, dry months' rainfalls; (obtained using a digital c1imatic atlas
lar lberian Peninsula (Ninyerola el al., 2005), and managemenl foresl condilions (harvesl and
lhinning in lhe pasl15 years).

Stalislic.1 Melhods

Firslly. a lwo slep regression approach was used lo model the presence 01 CWD. In the
firsl slep, an logislic model to predicllhe probability of presence 01 CWD in a specific plol was
fitted lo Pine and Oak stand, and in a second slep, a linear model makes possible lo quantify
!he snags in basal area (m'/ha) lerms and lhe logs in volume (m'lha) terms. Secondly, a linear
model lo eslimale the cartxm contenl for coarse woody debris on lhe ground (Iogs) was fitted
with data from plots where intensive inventory was carried out.

Before oblalning lhe best loglslic model of CWD and lhe rest of lhe linear models, a
previous study of the variables was carried out. Correlation process, Principal Component
Analysis, Discriminant Analysis, the Score variable selection in logistic regression and the
stepwise variable selection in linear regression (probability of 0.05) became to prove the main
characteristics of the variables and the main correlations. A similar set of independent variables,
transformations and combinations were used for the two stands in the modelling process. Input
parameters for lhis model were lhe variables lhal describe lhe developmenl 01 lhe stand, sile
oonditions variables, dimate characteristics and management forest conditions. Species, soil
lexture, soll organic matter, pH, soil type, slonyness, slope and harvesl and lhinning in lhe
past 15 years were considered categorical variables. The information obtained from applying
the score and stepwise variable selection method was combined with an understanding of the
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blological mean of selected paramelers. In the case of lhe linear model carbon conlenl new
variables were inlroduced. Mean diameter of I09s, mean length, mean weight, decomposition
dasses of I09s, species variable and its interactions with stand parameters were also tested.

The loglstie model Is 01 the lomn 01 Eq. 1, where P Is the probabillty 01 the event modelled,
in lhls case, lhe presence 01 coarse woody debris, that js bound belween 1 (presence) and O
(absence), a lhe Intercepl temn, rb,X" lhe linear combinatlon 01 parameters b, and independent
variables X" and e Is the base 01 nalurallogarithm.

{Eq.1]

Independent variables in the resulting logistic regression equations were used if
slgnificantly different from zero (P SO.OS). The goodness 01 fit was studied lhrough the Hosmer
and Lemeshow tesl (Hosmer et al., 1989) and lhe Akaike inlomnation criterion (Zhang el al.,
1997). PROC LOGISTIC lo SAS 8.1. statistical program was used in Ihe process (SAS Institute
Ine., 2001). The ROC curves 01 eaeh model were used to compare the accuracy 01 diflerent
I09istic regression models.

The linear componenl 01 Ihis model allows to quantify snags and logs abundance (in
basal area and volurna terms respectively) in those stands in which, on the basis of the logistic
component, it is determinad that there is snags or logs. The linear component tested is as
lollows (Eq. 2):

y=ao+La,X,

Where:

[Eq.2]

y: BA...., (basal area 01 snags in m'/ha) or
Vol.... (volume 01 logs In m'/ha).

Tested X are OMD, the quadratie mean diameter (m), Ha, dominant height (m), N
number 01 trees ~f stand (tresslha), BA, basal area 01 stand (m'/ha), BA_msp, basal area 01
dominan! plo!'s species (m'lha), N_msp the number 01 trees of dominant plo!'s species (treesl
ha), n, number of small stems (trees wilh diameter< 7.Scm) (treeslha), S, slope ('lo), Alt, a~itude
(m), Exp, exposure, R, ralnfall (mm), Rjune, Rjuly, R_august, rainlall of june's, july's, augus!'s
month respectively (mm), MaxT, maximum temperature (OC), MeanT, mean temperature, ('C),
MinT, minimum temperature, (OC) and Rad, radiation (10 kJ/(m'·day·~m). ao and a, are
parameters.

The joint model's adequacy lwo step regression approaeh was analyzed using the
determination coefficient (Eq. 3), through the adjustment of a straight line between real value
and predicted values (Eq. 4) and by calculating bias 01 lhe model (Eqs. S and 6) to detemnine
lhe accuracy of the joint lwo-step model (Huang el al., 2003).



R' = 100*(1- ~.; J
SH'

,~

Where:
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[Eq.3]

S2 and S~A are, respectively. the sample's variance of errors
r 'R~

eommitled and Ihe sample's varianee in Ihe dependenl variable (basal
area 01 snags).

actual = ('10 + e11 predicled

¿ (actl/al - predicled)
bias =

11

'" (ae/llal- predicled) n
bias% = 100* L... ¿ predicted n

Where:

(Eq.41

(Eq.5J

[Eq.6J

N: number of observations
Actual: value 01 snags (basal area) or logs (volume) abundanee

observed, predieled is the value oblained by using Ihe abundanee linear
model 01 snags (basal area) or logs (volume)

e" and e,,: paramelers lo adjusl whieh, il equal lo O and 1,
respeelively, demonslrate that lhe model is unbiased.

Again a linear model allows us lo quantify carbon contenl 01 lags in those stands

)'=a +Ia.Xo I i

Where:

[Eq.2]

Y: C"", (carbon eontent in lags in 'lo).

Tested Xi are Speeies as dummy variable (1 =Pine and O=Oak), mean diameler 01
lags, mean length, mean weight and mean deeomposilion classes ollogs, OMO, Ihe quadralie
mean diameter (m), Ho, dominanl height (m), N number 01 trees 01 sland (tress/ha), BA, basal
area 01 sland (m'/ha), BA_msp, basal area 01 dominant plors speeies (m'/ha), N_msp Ihe
number 01 Irees 01 dominanl plors speeies (Irees/ha), n, number 01 small slems (trees wilh
diameler< 7.5em) (Irees/ha), S, slope ('lo), A11, allilude (m), Exp, exposure, R, rainlall (mm),
Rjune, Rjuly, R_augusl, rainlall 01 june's, july's, augusrs monlh respeclively (mm), MaxT,
maximum lemperalure ('C), MeanT, mean temperature, ('C), MinT, minimum temperalure, ('C)
and Rad, radialion (10 kJ/(m'·day·~m). Also, Xi are interaction between speeies and main
stand variables. (/u and ai are parameters.
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Carbon model's adequacy was analysed using the determination coefficient and model
goodness of fit was assessed using graphic and numeric analysis of the residuals (e) to assure
assumptions of normality and homogeneity of variance.

RESULTS ANO OISCUSSION

Tw J-slep Modello Predicl CWO Abundance

A two-step model to predict CWD, snag and lag, abundance has been developed. The
proposed two-step model allows to reach a join! model adequacy equal to 27.06% and 63.04%
for snag and 109 in Pinus stand, respectively, and to 44.27 % for snag in Oak stands. Logs in
Oak stands could not be developed.

Step 1. Logistic Component

In the case 01 the Pinus stands (Table 3, Eq. 7), the final model showed a value lor the
Akaike inlormation criterion equal to 79.832, and the Hosmer and Lemeshow test (Pr >0.5913)
shows that there is no lack 01 fil. On the other hand, lar Ouercus stands (Table 3, Eq. 8), the
Akaike infonnation criterion value is equal to 28.390 whereas the Hosmer and Lemeshow test
also shows that there is no lack 01 fit (Pr >0.8058). The independent variables tested were
the altitude, minimum temperature, soil texture (clay, silt, sandy) and presence of harvest and
thinning operations in Pinus stands. Soil texture and presence of harvest and thinning operations
variables were placed in the model using a variable dummy (clay text:= 1 if texture soil is c1ay, O
othelWise: silt text := 1 if texture soil is silt, OothelWise: and harvesting := 1 if there is presence of
harvest and thinning operations in Pinus stands, Ootherwise). Basal area of dominant species
was tested in Quercus stands. The threshold value, maximum percentage of correctly classified
plots, were 0.60 for the two cases, Pinus and Ouercus stands. These Ihreshold vaiues allow
to c1assify correctly 68.7 % of Pinus plots (sensitivity equal to 52.9 % and specificity equal to
84.8%) and 82.1 % of Quercus stands (sensitivity equal to 84.6% and specificity equal to 80.0
%). The area under ROe curve in CWD modellogistic to Pinus stand is 0.7152 and 0.7640 to
Quercus stands.
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Table 3
LOGISTIC ANO LINEAL COMPONENTS OF THE SNAG MOOELS FOR PINUS STANDS

AND Quercus pyrenaica WILLD. STANDS IN NORTHERN SPAIN

Pinus stand

EIIIs..... ..........
Independent term

Altitude

Minimum temperature

Clay Soil Texture

Silt Soil Texture

Sandy Soil Texture

Harvest and thinning operations

Harvest and thinning operations

L09i.stlc ComPOntlnt

43.9984

2.5969

0.4001

4.6954

2.4785

O

2.5391

O

16.7061

1.0269

0.1696

1.9376

0.9836

0.7768

0.0084

0.0114

0.0183

0.0154

0.0117

0.0011

Lineal Componenl lor snag
............ .. .

Independenllerm

BA_main species

8.60775

-0.08549

3.41676

0.04119

0.0199

0.0504

Lineal Component lor 109

Independent term

BA

Ho

Oak slands

tndependent lerm

BA

Independent term

1.52226

0.40998

-0.77458

~e>glstlc ComllO""llt

-3.5843

0.0479

Uneal Component for snag

1.98078

2.83827

0.10137

0.30349

1.6198

0.0187

0.85502

0.5976

0.0006

0.0190

0.0269

0.0103

0.0390

July rainfall -0.00623 0.00308 0.0664

Altltuda (masl). Mlmmum temperatura (OC). Clay 5011 Texture, 5111 5011 Texture, Sandy 5011 Texture,

Harvest and thinning operalions. BA_main species: basal area of dominant species in lhe plot. mJ/ha.

BA: basal area, m2/ha. Ho: dominant heighl, m, July rainfall in mm.
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Carbon model's adequaey was analysed using the determination eoeffieient and macel
goodness of fit was assessed using graphic and numeric analysis of the residuals (e) to assure
assumptions of normality and homogeneity of variance.

RESULTS ANO OISeUSSION

Tw J-slep Model lo Predicl ewo Abundance

A two-step model to prediet CWD, snag and lag, abundanee has been developed. The
proposed two-step model allows to reaeh a joint model adequaey equal to 27.06% and 63.04%
far snag and lag in Pinus stand, respectively, and to 44.27 % far snag in Oak stands. Logs in
Oak stands eould not be developed.

Step 1. Logistie Component

In the case 01 the Pinus stands (Tabie 3, Eq. 7), the final model showed a value lar the
Akaike inlomnation eriterion equal to 79.832, and the Hosmer and Lemeshow test (Pr >0.5913)
shows lhat there is no laek 01 fit. On the other hand, lar Ouereus stands (Table 3, Eq. 81, the
Akaike information criterion value is aqual to 28.390 whereas the Hosmer and Lemeshow test
also shows that there is no laek 01 fit (Pr >0.8058). The independent variables tested were
the altitude, minimum temperature, soil texture (clay, silt, sandy) and presence of harvest and
thinning operations in Pinus stands. Soil texture and presence of harvest and thinning operations
variables were placed in the model using a variable dummy (c1ay text = 1 if texture soil is clay. O
othelWise; silt text = 1 if texture soil is silt, OothelWise; and harvesting = 1 if there is presence of
harvest and thinning operations in Pinus stands, Ootherwise). Basal area of dominant species
was tested in Ouercus stands. The threshold value, maximum pereentage 01 correetly elassified
plots, were 0.60 lar the two cases, Pinus and Ouercus stands. These threshold values allow
to elassity correetly 68.7 % 01 Pinus plots (sensitivity equal to 52.9 % and speeifieity equal to
84.8%) and 82.1 % 01 Quereus stands (sensitivity equal to 84.6% and specifieity equal to 80.0
%). The area under ROe curve in CWD modellogistie to Pinus stand is 0.7152 and 0.7640 to
Quercus stands.
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Table 3
LOGISTIC ANO LINEAL COMPONENTS OF THE SNAG MOOELS FOR PINUS STANOS

ANO Quercus pyrenaica WILLO. STANOS IN NORTHERN SPAIN

v.t1ll'11
Plnus stand

.......
Independent term

Altitude

Minimum temperature

Clay Soil Texture

Sílt Sod Texture

Sandy $oíl Texture

Harvest and thinning operations

Harvest and thinning operations

LC)tJI.stlc. l:CIItlIlO.ft4l"l.
-43.9984 16.7061

2.5969 1.0269

04001 0.1696

4.6954 1.9376

24785 0.9836

O

2.5391 0.7768

o

UIlll8I COmponent tor SMlI............................................. , .... , ..

0.0084

0.0114

0.0183

0.0154

0.0117

0.0011

Independent term 8.80775

-0.08549

3.41676

0.04119

0.0199

0.0504

UIlll8I CompOllllnt tor Iog

Independent term

BA

Ha

1.52226

0.4099B

-0.77458

2.83827

0.10137

0.30349

0.5976

0.0006

0.0190

BA 0.0479 0.0187

Oak stands

Independent lerm
~.C:CIftlI"."llIl1t ..

-3.5843 1.6198

.

0.0269

0.0103

1:. .
Independent term

LJneeI Coi i iplli i8i~ Ior snag. , , , , .
1.98078 0.85502 0.0390

July raintall -0.00623 0.00308 0.0664
Altllude (masl), Mlnlmum temperalure (oC). Clay 5011 Textura, Sllt SOII Texture, Sandy Soll Texture,

Harvesl and thinning operations. BA_main species: basal area of dominant species in the plol, m2/ha.

BA: basal area, m2/ha. Ho: dominanl height. m, Juty rainfall in mm.
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p::;; (1 + e j-Hst3~O.().I7Q8A' 1

Slep 11. Linear Componen!.

Eq. 7

Eq.8

For the two type 01 stands studied, a linear componentthal allows lo estimate snag basal
area and 109 volume in the stand was fitted.

For Pinus stands, the final model lar snags obtained (Eq. 9) shows an adjusted
determination coeffieient equalto 17.02%, and lhe final model lor logs (Eq. 10), an adjusted
deterrnjnation coefficient equal to 45.09%. In the first case, BA of snags increases with decreases
the BA af main species. In the second case, the valume of I09s increases with increases the
basal area af stand and when decreases the dominant height.

For Ouereus stands, the snag's model (Eq. 11) shows an adjusled detennination
coefficient equal to 25.36%. In this case, BA ot snag increases when decreases the rainfall in
the manth less favourable. It was impossible to fit a 109 model ter Quercus stand, because the
sample size (n=2) was too smalllo develop i!.

Pinusstand

Vol,,,., ="o + a, BA - a, Ho

Quercus stand

BA"mK' ="o - a, R_ JII/1'

[Eq. g]

[Eq. 10}

[Eq. 11J

In which BAsnag is the basal area af snags jn m2/ha and Val
lo95

is the valume ot logs in mJ
/

ha. BA_msp is the basal area af main species in m2/ha, BAis the basal area of stand in m2/ha,
Ho is the dominant height in m, and Rjuly is the rainlall in ¡uly's month,

Vaiidation 01 the Joint Model.

The model for snag in Pinus stands shows a joint determination coefficient equal to
27.06%, whereas the case of lag in Pinus stand is equal lo 63.04%. On the other hand, the
model for snag in Quercus stands shows a jolnt determination coefficient equal lo 44.3%.

The resull 01 the filted validation slraightlines between real and predieted values shown
lhalthe independenttenn is not significalively different lrom zero, (being C" equallo 0.02973
in Pinus Snags, 1,03845'10-15 in Pinus logs and -3.7927'10-16 in Ouereus snags) and lhe
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slope is not significatively different from one in the three cases. So, the joint model does not
show bias or lack of accuracy. The absolute bias fer the snag and lag in Pinus stand and was
very low (-0.024 m'/ha and Om'Jha respectively) and for Ouercus stand was Om'Jha. In relative
terms the snag and lag bias is low (4%) in Pinus snag and (0%) in Pinus lag and Ouercus snag.
However, additional data and validation is needed to help us reach a definitive CWD model for
Pinus stand and Quercus stand.

Carbon Content Model

The final carbon content model for lags obtained (Table 4, Eq.12) shows a determination
coefficient equal to 53.33% and an adjusted determination coeffident equal to 47.50%, Meap
diameter of the lags (cm), Basal Area of lhe stand (m'/ha) and species interaction with numt ,.'
of smaU stems (trees with diameter< 7.5 cm) (treeslha) variables were significant in the mod
The carbon content fer coarse woody debris in logs increases with increases the diametH
lhe lags, when increase the Basal Area of the stand and when there are smaU trees of Pinu.
The presence of smaU trees of Pinus sp shows the smaU development of the stand, where alo,
forest management has been yet carried out.

e,og, = ao+ a,m logdiam +a,BA - a,Sp· n [Eq. 12]

Table 4
LINEAL COMPONENTS OF THE CWD CARBON SEQUESTRATION MODEL FOR PINUS STANDS

ANO QUERCUS PYRENAICA WILLD STANDS IN NORTHERN SPAIN

Independent term

mlogOiam (an)

BA(m'lha)

Sp"n(treeaIha)

-54.57405

0.61940

0.03457

-0.00032779

0.60047

0.29964

0.01692

0.00013458

<0.0001

0.0497

0.0522

0.0227

mlogDiam: mean diameter logs (cm), BA: basal area of slaM. m1/ha. Sp"n:

Species interaetion with number of small slems (trees with diameler< 7.5cm) (trees/ha).
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CONSLUSIONS

The dynamic of ecosystem presents periods with undisturbed natural growth interrupted
by disturbances caused by natural hazards (e.g., tires, wind, ... ) or human interference
(e.g .. thinning or pruning). These disturbances, either small scale gap either small scale gap
perturbations or stand replacing catastrophic events, continuously replenish and create CWD
(Hansen el al.. 1991).

Forest management decisions are based on information about current and future forest
conditions, so it is aften necessary to project the changes of the system over time. Equations
obtained modellized the presence of CWD and quantifying snags and logs parameters in northern
of Spain. This area presents special characteristics and forest management. Pinus plantations
are 40-50 years old and are managed to wood production by thinning. In the harvesling, dead
trees have been object of cutting. maintaining only an average of 5 lo 10 snags per hectare far
the biodiversity, by the forest management normative in Castile and Lean Region (Government
Regional of Castile and Lean lnstructions. 1999). On the other hand. oak stands are a degraded
forest by flogging, tire and low vigour coppice. Firewood harvesting has been carried out to
improve the oak stands.

The two step model fitted predict aceurately both snags and logs abundance in pine
plantations and natural oak stands in Northern Spain. Results show the importanee of CWD in
Mediterranean forest ecosystems. Furthermore, although CWD of less than 10 cm in diameter
accounts far an important fraction of total CWD. there is a notable lack of infarmation on this
type of CWD (Currie el al., in press). because most studies tend to focus on the larger pieces
01 woody debris.
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