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In the context of global climate change, water availability is an essential factor for geographical
distribution and abundance of plant species. Pseudotsuga menziesii has been reported as a highly
sensitive species to climatic variation and is regarded as a genetic resource of invaluable importance.
The objective of this paper was to evaluate the specific effect of precipitation on radial growth
throughout year for this species. From historical climate records and tree ring cores collected in
Mexican northern forests, growth was correlated with monthly precipitation by standard statistical
techniques. Results showed that P. menziesii was more susceptible to winter precipitation prior to the
growing season. Low precipitation in winter makes the survival of these individuals vulnerable. In light
of our results, direct implications for management strategies of P. menziesi, are discussed.
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INTRODUCTION

Interest in studying the influence of climate to predict the
distribution and abundance of plant species has grown
considerably (Yen and Wensel, 2000; Manthey and Box,
2007). In the context of global climate change, the
possibilities for study offered by the rings of conifers are
exceptional because they are permanent, periodic, and
continuous records. This means that data may be
available for extended periods, as well as for species
lifespan (Stahle et al., 2011). Diameter annual growth
makes possible to establish a chronological
correspondence of age with natural variables along time
periods e.g. climate variables. Several authors report that
the causes of these behaviours are climatic variations on
which the dynamics of growth depend (Manrique and

Fernandez, 1999; Cerano et al., 2010).

The effect of climatic variables in natural systems is
usually modelled at regional scales by functional groups
of vegetation (Retuerto and Carballeira, 2004). However,
the consideration of climatic parameters will produce
changes not only at the ecosystem level, but also of the
species in situ (Gomez et al, 2008). This implies that
variation of physiological mechanisms within and among
species allows the identification of their climatic tolerance
(Laurent and Vila, 2003).

Several studies have reported that P. menziesii is one
of the most sensitive species to climatic variations with
emphasis on precipitation (Villanueva-Diaz et al., 2009;
Cerano et al., 2011). According to Seager et al. (2009),
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Figure 1. Location of the study area.

global warming has led to a drought in the ecosystems of
the northern region of Mexico. Moreover, Durango state
forests have become critical from a hydrological point of
view. They have a direct impact on the regional economy
because they supply water for large cities and vast
agricultural areas (Cleaveland et al.,, 2003), so the
species’ response to water availability is of particular
importance. Besides, analyzing the hydroclimatic effect at
species level remains poorly understood. lts current
tolerance can be compared with future scenarios to
evaluate its vulnerability to changes in precipitation.
Therefore, the aim of this study was to evaluate the
specific sensitivity of monthly precipitation on the radial
growth of P. menziesii.

METHODS
Description of the study area

The study sites were located in the Ejido “El Cécono”, Guanacevi
municipality, Durango state (25.549° N, 106.324° W; 1950m)
(Figure 1). The vegetation of the site corresponded to a mixed
forest with a dominant tree layer of Pinus duranguensis (Martinez),
P. arizonica (Engelmann), P. ayacahuite (Ehrenb), P. menziesii
(Mirb.) Franco, fir (Abies durangensis Martinez), strawberry tree
(Arbutus xalepensis) and several species of oak (Quercus spp). In
the understory, a presence of a variety of shrub and herbaceous
species is seen (Gonzdlez et al., 2007). Climate is Cb '(w2)x' type
(Pompa et al., 2012).

Data

Sites located in different bioclimatic belts were selected, looking for
representative trees. From at least ten trees selected, two or three
ring cores were taken with the support of increment borers of
different dimensions (Haglof, Sweden). Likewise, cross-sections
were obtained using a chainsaw from stumps, dead trees or wood
partially buried in the forest floor. Sites were characterized in poor-
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quality conditions all with the same slope and exposure to reduce
their effect on growth. We avoided injured or deformed trees, as
well as those whose growth may have been influenced by
competition for light or soil nutrients. In order to serve as
comparison to sampled trees and make easier dating of cores,
rings from tree-stumps and young trees were collected.

Samples were processed using standard dendrochronological
techniques. Dating and measurement accuracies of growth ring
were estimated using the program COFECHA, which is part of
dendrochronological programs known as the Dendrochronology
Program Library (Stokes and Smiley, 1968; Holmes, 1983).
Biological and geometric trends not related to climate effect were
removed by the ARSTAN program (Cook and Holmes, 1984). A
cubic smoothing spline was fitted to the ring-width series and then
dividing each annual value of measurement between the value
obtained from the curve; the standard index series with mean 1.0
and variance 0 were generated (Cook, 1987).

In order to facilitate the study of correlation between tree growth
and average monthly precipitation (mm), sampling sites were
located as close as possible to the area of influence of the weather
station in the locality of Tarahumar, municipality of Tepehuanes,
State of Durango (25°37'12" N and 106° 19'12" W; 2435 masl) with
records from 1922 to 1987. Most rainfall occurred during the
summer period, when 76% of the total annual precipitation was
accumulated, and the rest (24%) was recorded during the winter
(Figure 2).

To determine the degree of influence of precipitation on the
growth of the species, the ring-width index (RWI) was correlated
with the monthly climate data of the study period, using the Pearson
coefficient through the statistical software SAS/STAT® (SAS
Institute Inc., 2004). Its expression is:

_ Cov(x,y)
o, 0,

X y

Py . .
Where” *Yis the correlation, Cov(x, y)is the covariance, and

O _,0 o
*?7Y are the standard deviations between two random

variables x and y, respectively (RWI and precipitation, in this case).
Furthermore, the results of the monthly correlations were plotted
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Figure 2. Historical monthly precipitation from 1922 to 1987 for weather station in the
locality of Tarahumar, Tepehuanes municipality, Durango (25°17'30" N, 106°39'5" W).
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Figure 3. Correlation of monthly precipitation with the ring-width index of

P. menziesii from 1992 to 1987.

graphically with the index of a standard ring to detect whether the
growth of previous years had an influence on the current year
(Fritts, 1976). Furthermore multiple regressions between RWI and
monthly precipitation were conducted. The multiple regression
variables were selected from those climatic variables significantly
correlated with RWI. A stepwise regression was then carried out
with a level of significance at 0.10 for a variable to enter into the
final model. This method looks at all the variables already included
in the model and deletes any variable that does not produce an F
statistic at the required level of significance (SAS, 2004).

RESULTS AND DISCUSSION

The Pearson’s coefficients (significance at the 0.05 level)

described that precipitation were held in positive which
was common in current January, February, March, April,
May, Jun, and July, whereas current December showed
negative values. The patterns of 1 year before current
growth were positive in previous October, November and
December. In contrast, an inconsistent pattern was
observed for 2 years before current growth. The
strongest correlations were found in previous December
and current January and February (Figure 3). This shows
that tree growth is regulated by the initial conditions of the
year of growth and the final conditions of the previous
year, but not with 2 years before the growing season. The
positive coefficients account for a direct relationship
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Table 1. Model for RW1 and monthly precipitation selected by stepwise regression. Sub index denotes previous month of

the year before current growth.

Variable Parameter estimate Standard error Mean square error R? Pr>F
Intercept 0.62407 0.05120 <.0001
March 0.00777 0.00220 0.00008
Jun 0.00193 0.00055 0.03291 0.6081 0.0008
Oct 1 0.00328 0.00097 0.0013
Dic 4 0.00497 0.00497 <.0001

-1 Denotes previous year growing season to the current-year one.

between the climate variable or previous growth with ring
width; while a negative coefficient indicates an inverse
relationship.

The Person’s coefficient analysis showed that the
winter season was the most influential period on the
growth of trees. Summer rains did not appear to
significantly affect growth, even when they were
abundant. Cerano et al. (2011) reports that cell division in
the tree had already ceased during this period. They also
suggested considering the soil infiltration capacity,
because the amount of water often exceeds the soil
infiltration capacity and causes runoff as overland flow.
This observation is relevant, particularly in shallow soils
that do not store much water during the growth phase.

Linear regression conducted between WRI against
precipitation showed significant contributions to the
models. Table 1 encompass those variables specific to
different months. Precipitation was mainly related with
current March and June and previous October and
December. This results suggested correspondences with
Figure 2. The stepwise regression explained 60% of the
total variance. The highest parameter estimates obtained
for previous month, indicated that winter precipitation had
higher contribution in the model and also were significant.
It is noteworthy that according to historical data, only one-
third of the annual precipitation is recorded in the winter,
while the rest occurs in the summer, revealing that more
radial growth does not necessarily occur at higher
precipitation levels. Winter rains are usually low-intensity,
increase water infiliration and diminish evapotranspira-
tion, producing a positive water balance (Constante et al.,
2009). Another important aspect is when tree begins to
grow in its vegetative period, usually in the spring, it has
soil moisture availability. By other way, summer rains, are
not fully available by trees because they have only 2 or 3
months to develop their growth before becoming
dormant. The radial growth of P. menziesii was mainly
influenced by winter precipitation. Table 1, and Figure 3
evidenced that water storage during tree dormancy
period, is useful as reserve for next growing season.
These studies are coincident with paleoclimatic ones
developed in nearby regions (Diaz et al.,, 2002;
Cleaveland et al., 2003; Villanueva-Diaz et al., 2007;
Arreola and Navar, 2010). These similarities suggest that
P.menziesil Growth is influenced by regional climate
signals. Precipitation in previous winters was particularly

important.

P. menziesii is a reliable species for dendrochrono-
logical studies (Cerano et al.,, 2010), showing good
correlation between the growth index and the monthly
precipitation. Statistical tests give evidence of the
response that the species has to the availability of water
over time. The correlation coefficient explained a
satisfactory relationship between monthly precipitation
and the growth index of P. menziesii, since Bogino et al.
(2009) stated that these values rarely covered more than
60% of the variance. The species is sensitive to winter
rain, as values of Pearson correlation coefficients of
0.36, 0.32, and 0.39 were detected for the months of
December, January, and February, respectively, which
was similar to previous studies in Pinus sylvestris L.
(Bogino et al., 2009), Abies alba Mill. Picea abies Karst.
(Lebourgeois, 2007), which showed high correlations of
radial growth between individuals of different environ-
mental conditions in France.

Although, there are many factors that influence the
growth of the species in addition to their genetic potential,
the importance of precipitation has been reported for P.
sylvestris L., P. nigra Arnold, and P. pinea L. (Campelo et
al., 2006; Andreu et al., 2007), as well as for Northern
California conifers. These studies conclude that
precipitation has a high association with the growth of the
species (Yen and Wensel, 2000; Bogino and Bravo,
2008). That is, the radial growth of P. menziessi is
strongly associated with the availability of water in winter,
which means it is an indicator species that can be used to
reconstruct historical conditions of precipitation in forest.
This finding supports the hypothesis that wet winters
contributed to photosynthesis and, therefore to tree
growth (Chen et al., 2010). Winter precipitation increases
water stored in soil, which finally surpasses critical levels
required to break bud dormancy and hence start tree
growth. In addition, its study is especially useful for the
analysis of temporary fluctuations in precipitation, as well
as for the evaluation of global changes of climate effect
on the growth of trees.Sensivity modeling of radial growth
of P. menziesii to precipitation contributes to the
knowledge on adaptation and response of vegetation to
climate change at a species level. The results of this
study can help define strategies for the protection and
management of the species based on water availability.
For instance, the reforestation season should be done in
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winter season, rather in summer as is usually practiced.
Higher water availability will likely result in growth
beginning several weeks earlier in the spring than at
summer, allowing forests to take advantage of increased
winter precipitation for early growth. Thus, P. menziesii
will be less vulnerable to drought stress. Positive
relationships between growth and previous winter rainfall
support these inferences. Although the current drought
has not been as critical as that of 1950 reported by
Villanueva-Diaz et al. (2007), these results may have
impact on the region socially and economically. The main
agricultural activities in the area require an intensive use
of water, which when added to its indiscriminate use,
affects water availability in these ecosystems (CNA,
2006).

Conclusion

The radial growth of P. menziesii showed a statistically
significant sensitivity to winter precipitation, rather than
the summer rainfall. The rain in the winter before the
growing season is a decisive factor in the development of
the species. In fact, it has implications for the manage-
ment regimes of this species. A drastically dry winter will
make the permanence of these individuals vulnerable to
pests and diseases.
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