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ABSTRACT

Knowing carbon (C) content variations in forests, provides information relevant to assess-
ing climate change. Traditionally, methods for calculating C content are destructive and
do not consider variation in wood density (p). In this study, temporal variation in C content
of Pinus cooperi Blanco was determined at a site in the Sierra Madre Occidental, Durango,
Mexico. Chronologies of carbon capture in this species were obtained using dendrochro-
nology to date growth rings and allometric relationships to estimate biomass, including p.
Our results indicate that temporal variation in C is related to temporal variation in p. Such
variation likely depends on environmental and spatial conditions at site. Comparison of our
results with those obtained without taking into account p shows that neglecting p under-
estimates C capture by more than 50%, representing a variation of up to 266.51 mg at this
site. Our more accurate C estimates are relevant to establishing effects of climate change
on C flows in ecosystems. This is the first study to use such methodology to estimate C
capture in Mexico, providing important information on C flows and forest productivity for
this region.

RESUMEN

Conocer la variaciéon del contenido de carbono (C) en los bosques representa informaciéon
que contribuye a disminuir el cambio climatico. Los métodos tradicionales para calculo de
C son destructivos y excluyen la variacion de la densidad de la madera (p). Se determiné
la variacién temporal del contenido de C para Pinus cooperi Blanco en un sitio de la Sierra
Madre Occidental. Mediante dendrocronologia y relaciones alométricas, se obtuvieron cro-
nologias temporales de captura de C. Se compar6 con los resultados del mismo sitio sin la
p. Dicha comparacion confirma que omitir la p subestima la captura de C mas de un 50%
del contenido de C real, lo que representa una variaciéon de 266.51 mg para el sitio. Este
trabajo adquiere mayor relevancia, ya que no existe, segiin nuestro conocimiento, un estudio
en México que utilice esta metodologia, y tiene implicaciéon en el conocimiento sobre flujos de
C y productividad forestal.

INTRODUCTION

Greenhouse gas emissions continue to increase on a worldwide scale and
world’s forests have been well documented as providing an extensive carbon
sink. Clearly, action must be taken to reduce CO, emissions (De la Vega-
Meneses & Rivero-Villar, 2014; Valdés-Ramirez, 2011). However, global es-
timates of nature of that carbon (C) sink may be biased if they use only
limited data on carbon amount stored in different forests. While forests of
Mexico may provide a massive carbon sink, assessing variability of that car-
bon sink across the various ecosystems of Mexico will help researcher refine
accuracy of their models of carbon sequestration.

Knowing how C content in forest ecosystems has changed over recent
years can provide important information on its climate response. Such infor-
mation can be used to understand climate change behavior and help identify
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actions to mitigate it. This information can be obtained
through dendrochronological study. This technique
provides historical information on environmental con-
ditions of a given place, and is used to study changes
in ecology, climatology, environmental chemistry, and
geomorphology (Giraldo-Jiménez, 2011).

Current methods for estimating C capture in for-
ests regularly use destructive methods for chemical
analysis, having a negative impact on their ecosys-
tems. Hence, it has become important to develop a
methodology that does not involve destruction of the
tree, without compromising reliability of results. Sev-
eral studies involving calculation of C in forests have
been conducted (Herrero de Aza, Turrién, Pando &
Bravo, 2011; Jones & O’Hara, 2012; Martin, Thomas
& Zhao, 2013; Martin & Thomas, 2013). However, few
studies use dendrochronology for this purpose (Lam-
lom & Savidge, 2006).

Background for this study is presented in Pimienta,
Dominguez-Cabrera, Aguirre-Calderén, Hernandez &
Jiménez-Pérez (2007), where estimates of biomass (B)
and C content for Pinus cooperi Blanco were carried
out in forests in the municipality of Pueblo Nuevo, Du-
rango. Martinez-Barréon (2014) models C dynamics in
forests of this region.

A practical way to calculate C is by estimating B.
Navar (2009) proposes an allometric equation for this
purpose. This equation uses normal diameter (D) and
average density (p) to obtain an accurate estimate of C
content for an individual tree.

The value most widely used for C concentration in
B of trees is 50% (Lamlom & Savidge, 2006; Yerena-
Yamallel, Jiménez-Pérez, Aguirre-Calderén, Trevifio-
Garza & Alanis-Rodriguez, 2012). When using estimates
of B in such studies, it is assumed that there is a uni-
form distribution among all trees, ie., that p is con-
stant. This does not take into account that it varies
dependent upon weather conditions and age of tree
(Babst et al., 2014). The main implication of accept-
ing this premise is that results are not accurate because
temporal variations in p reflect on B, and thus on the C
of a tree. Because width of ring (RW) and its average
ring density (p) varies according to spatial and environ-
mental conditions, it is necessary to consider these two
variables to obtain more accurate estimates of C flows
in ecosystems.

Briffa et al. (2001) used data on p to make a re-
construction of temperature changes over the past
600 years for a region that accounts for nearly the
entire northern hemisphere.
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azlrzgt'eristics of the sampling site at Las Rusias, Durango, Mexico.
Attribute Las Rusias
Location (Long., Lat. °) 105.534944, 23.747306
Average altitude (m) 2905

No. of trees sampled 10

No. of series dated 29

Average normal diameter (cm) 47.2

Average height (m) 18

Source: Gonzalez-Casares, Pompa-Garcia, Meléndez-Soto & Solis-Moreno. (2015).

Babst et al. (2014) performed an evaluation of B
changes above the ground at five sites, using RW
and p. Subsequently, these estimates of B were val-
idated, and compared with monthly flow data for
CO,. However, to our knowledge, there are no such
data for Mexican forests.

In our study, chronologies of C capture in Pinus
cooperi from Durango, Mexico were obtained using a
novel combination of dendrochronology to date growth
rings and allometric relationships to estimate B, in-
corporating variations in p. Such data can easily be
incorporated into a practical and reliable model to
calculate variations in C content of a forest ecosys-
tem over a short-term basis. We hypothesized that
neglecting p miscalculate cumulative C capture.

MATERIALS AND METHODS

A population of P. cooperi located at Las Rusias in
the Sierra Madre Occidental in Durango, Mexico
(table 1) was selected for study. Deformed or dam-
aged trees were not sampled, neither were those
whose growth was influenced by competition for
light or nutrients (Pompa-Garcia, Miranda-Aragon
& Aguirre-Salado, 2014).

At sampling site, of each individual, at least two
radial wood cores were collected from a height
of 1.3 m (above ground level) by a non-destructive
method using increment borers (@ = 5.1 mm). Each
sample was processed (dried and polished), subse-
quently each year was recorded and each growth ring
was measured (um). Samples were sent to laborato-
ry of wood anatomy and growth rings at Department
of Forest Sciences at the University of Sao Paulo in
Brazil. Using densitometric techniques, (p): (g/cm?®)
was calculated for each ring. Tree-ring width annual
values (radial growth) were used to reconstruct his-
torical tree diameters D (m), assuming circularity
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in growth rings. We used allometric equation for B
estimation of northwestern Mexico forests (Navar,
2009) for P. cooperi (1). Thus, B was calculated for
the aerial part, as well as thicker roots, as follows:

y,= a(D)"'b2», (1)

where y,= biomass in components of trees 7; D = Nor-
mal diameter; p = Average ring density; a and b are
statistical parameters. For total above the ground: a =
0.2018 and b = 2.2907; while for the thick roots:
a = 0.0051 and b = 2.668.

7000 1
09
08
07
06

05

Tree ring width (jum)

04

Average density(g/cm?)

03

02

01

------- Average density

Figure 1. Average ring density (p)estimated per year and ring width (um) for 10
trees selected at the sampling site.
Source: Gonzalez-Casares et al. (2015).

Tree ring width (um)
Content of Carbon (Mg)

= === Carbon content

Tree ring width

= Carbon content including p

Figure 2. Average cumulative carbon content (mg) estimated with and whithout p
and ring width (um) for 10 trees selected at the sampling site.
Source: Gonzélez-Casares et al. (2015).
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RESULTS

Our results showed variation in RW and p per year
(figure 1). Curves of C content showed uniform
growth, related to their annual accumulation of C.
There is an increase in total content of C in our re-
sults, where p is included, compared with data ob-
tained from traditional equation, which assumes a
uniform p (Gonzalez-Casares et al., 2015). This in-
crease represents more than 50% of total C con-
tent, confirming that traditional methodologies (i.e.,
using a constant p) underestimate carbon seques-
tration, and give inaccurate estimates of C capture.
We intend to carry out study at different sites to
evaluate variation in p with respect to various envi-
ronmental conditions.

Figure 2 shows that during first years of growth,
difference between the two estimates is not so
large. However, from 1970 onwards, this differ-
ence increases markedly, resulting in a noticeable
change at present time. We found that trees at this
site accumulate more C with age. We also found a
negative correlation between total width of the ring
and contents of C, where as width decreases, C
content increases.

DISCUSSION

Results obtained in the first study conducted at
this site (Gonzalez-Casares et al., 2015) are mark-
edly lower than those obtained in this study, taking
into account p, resulting in an increase in C content
cumulative average from 497.35 mg to 763.86 mg.
However, in the early years of growth (1946-1960)
some similarity was observed between two curves of
C content. This similarity suggests consistency with
annual biomass increases and tree age. Another as-
pect to be considered when calculating C content
is wood formation processes. In this species, early-
wood (EW) represents about 82% of the RW, while
remaining 18% is latewood (LW), depending on the
site (Pompa-Garcia & Dominguez-Calleros, 2015).
These differences in growth have implications for
forest productivity, carbon cycles and other ecologi-
cal processes faced by the species. This may be one
of the most significant implications of taking into
account p in this study. Even though this species
has a higher percentage of EW compared with LW, it
is important to note that LW tissues are more com-
pact, resulting in a greater p. This explains what
happens at trunk periphery, where despite the fact
that RW decreases, C content increases because the
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LW volume is greater. Using values of p in allometric
equation, allows us to assess variations through
time, not related to growth processes (Babst et al.,
2014). To date, few studies in this area have consid-
ered differences in EW and LW properties (Pompa-
Garcia & Dominguez-Calleros, 2015). We intend to
expand our study to other sites to evaluate correla-
tions between RW and p with respect to study site
(Babst et al., 2014; Taki, Nobori & Lopez-Caceres,
2014) as well as environmental conditions. In par-
ticular, summer temperature has been shown to in-
fluence RW and p of wood (Fan, Brduning, Yang &
Cao, 2009; Grudd, 2008).

CONCLUSIONS

Our results suggest that estimating C, based on an
allometric model sustained only by D of a tree results
in inaccurate estimate of C content at a given site be-
cause variability in p that occurs in individual trees
has not been taken into account. We clearly show
that more accurate results are obtained by measuring
and incorporating p into estimates of C based on B.
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