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Pinus edulls (pifion) supports hundreds of vertebrate, arthropod, and
microbial species as a co-dominant tree in pifion-juniper woodlands.
Pifion mortality has skyrocketed under a global-change-type drought
beginning in the mid-1930s".

During global-change-type drought, high temperatures increase pifion
respiration while moisture levels are so low that stomata do not open 1o

allow in CO,. Trees eventually use up energy stores and die — starved of
carbon?.

Elevated [CO,] has increased water use efficiency (WUE) in some pifion?.
WUE increases are caused by increased photosynthetic rates or lower
transpiration. So, when water stress is low, pifion growth may be
accelerated, but when water stress is high, [CO,] could increase drought
survival by relieving carbon limitation.

We used ring widths of pifion growing prior to* and after large [CO,]
increases to determine [CO,]'s influence on growth. Only one high [CO,]
site is included in this analysis, though at least two other northermn AZ
locations show similar results.

Trees and sites:

251 low [CO,] trees  growing when [CO,] at 13 sites  with rings from
was <270ppm across AL 1380 to 1749

78 high [CO,] trees  growing when [CO,] at1sitein  with rings from
was between ~298 and northern AZ 1906 to 2006
382ppm

Growing season length and summer water stress have little correlation
with growth. Other climate variables are similar.

, however, has a strong association with growth.
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growth. High [CO,] trees have a strong positive

Low [CO,] trees have a flat or slightly negative growth trend in the first 60 years n’f\"'

Pifion pine growth is steadily increasing through time. This plot shows ring width
for 10 year old trees rising over time. The same trend holds for all ages.

growth trend over the same ages.
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A linear model of ring width with only [CO.] as an explanatory variable successfully
predicts growth. The same model with soil moisture as an explanatory variable is

|

unsuccessful.
\

Summary of evidence for [CO,] caused growth increases:

» Other factors do not have a steadily increasing trend through time
» [CO,) is the best predictor of growth.

* Pifion pine spanning 4 centuries of climate pre-[CO,] increase do not have
similar growth trends.
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While [CO,] seems to have the strongest relationship with recent growth, other climate variables are [CO,], winter precipitation, summer water stress, and growing season
undoubtedly important and must be considered in models of pifion pine growth. We investigated how well we length have significant and positive parameter values in the model.
could predict growth with [CO,], winter precipitation, summer water stress, and growing season length as Observed and predicted increments and diameters are in close agreement.

covariates in a hierarchical Bayesian state-space model adapted from Clark ef al. 2007%.

This is unsurprising as the data is heavily weighted in the model. Predicted
growth where data is missing Is realistic and will be tested against new
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differ from the population. The size effect adjusts
for the narrowing of ring widths as trees increase
in size.

Information is shared within a year for all trees
and within an individual tree over all years.
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We can predict yearly growth of pifion pine. This model is easily adapted
Process error. £ and could be a useful tool for understanding climate-growth relationships in
' | other tree species.
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tree cores.
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