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In June of 2001 Tree-Ring Lab staff and friends went 1ple '
estimated 960 trees, 1920 increment cores. For each of . #1, .
: : Low, Medium, and High elevation site was selected. ) W
Among the expected impacts of elevated atmospheric CO2 on tree illustration of the elevational distribution of all the s study.
growth is an increase in the efficiency of water use by trees as part . ‘%’3 ;
of the photosynthetic process. This increase in water-use efficiency Cvation : | » '
(WUE) comes about through the effect of CO2 on stomatal feet meter .
aperture and resulting water loss through transpiration. With e
higher atmospheric concentrations of CO2 available for photo-
synthesis, the stomates of trees do not have to open as wide to

maintain a sufficient concentration of internal leaf CO2 for a given
rate of carbon fixation.

Introduction:

Since transpiration rate is related in a major way to the degree of b Im% r

stomatal opening, less water is lost through transpiration per unit ﬁQ ey

carbon fixed. This interaction between external CO2 concentration, B . Pl

stomatal aperture, and transpiration rate is known to exist it

experimentally, and it ought to result in increased growth (i.e. &

wider ring widths) in trees photosynthesizing in moisture-limited

environments. Yet, this latter effect has been extremely hard to adh AW s ? ¢ : X . : ; .

document in tree rings through ring-width analyses alone. Some L S A If a'suspected WUE signal is identified in any of the tree-ring series, we will

success has been made in detecting a WUE signal in the d13C ratios T & attempt to validate this 1.nter]iretatlpp.through d13C analyses of the wood. This §

of tree rings from arid-site conifers in western North America. lower tree-line ' _, can be done at LDEO using the facilities of Kevin Griffin. The d13C analyses will

However, this is an expensive and time-consuming process, which _ f. be a rigorous test of our interpretation of the statistical analyses.

necessarily limits its application across space and time. s oS q{"‘ iy " |
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Pinyon pine, withiit's speciz ied and un eedle adaptation to
dry conditions, dc nates r for g”'ﬁ’“ 11 the park at 6550 ft.

.
— Mh treeline limit is inhabited by
‘probably the most famous trees in the
orld! The Bristlecone pine, Pinus
- RO R N _ longaeva, of The Wheeler Peak massif
We have proposed to collect our tree-ring samples from the Great Basin National "8 BN S " @ e, o arelegendary for it was here that in 1966
Park located in east-central Nevada (see the inset map and http://www.nps.goy/ss 88 = g IR St oo the oldest known living tree (4900 years)
grba/). It is one of many island mountain massifs in the arid (lgreat Basingwitha = B YN\ ¥ e~ wascut.
ximum elevation of 13,063 feet at the summit of Wheeler Peak. B | YiYe L, Wi .4 : -
3 I . The tree was named '"Prometheus" and
* recognized by many, prior to 1966,as
possibly older than its California cousins
In 1966 a young graduate student from
North Carolina, Stﬁdyi«geast central
Nevada's, Snake Range for long climate
records from trees, cut down Prometheus.
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- Some say, he got his borer stuck in the
tree and couldn't remove it, some say he
just wanted to get the tree's total age?

atever the reason, the lesson learned,
. from this sad moment in dendrochro-
" nology's history, is regrettable. Today
~ dendrochronologists rarely use a chain-

saw to collect samplesunless the trees they are sampling are already dead. Below
are two recent phdt‘o%raphs,_.taken from the site on which Prometheus stood, On

e | .| theleftis a portion of an internal scar left from some early sampling with an incre-
& - - ment borer. On the right, is a photograph of what is left of.the world's once oldest,

he Gre D argest U.'S. desert, covers an ari bl living, inhabitant. .- |
190,000 squ r.e es and is bordered by the Si ".'Nﬁ??ﬂi}?l et h e SrhQita - ngl i R # 1) Coring Pinyon pine at the lower forest border and taking a GPS reading :
e Rocky Mountains on the east, the olum'b_i" ’lateau to the north and t * L e Y A | . to rc'ecord the samp es'%ocatl.o'n. 2.)-Coring Engelman' spruce at 9400 ft. 3.) "This
Moj aveand S oran deserts to the south. This is a cool or "cold desert" due toh o T s e . T e el | one's real.ly old?" 4.) "OK, it s.]uﬂe 10th right? What's with the snow? and who
more northern latitude, as well as higher'elevations (at least.3,000 feet, but more M G . y LT left the kitchen door open again? n®
commonly from 4,000 to 6,500 feet). Precipitation, generally 7-12 inches annually, Pt o B S g .
is more evenly distributed throughout the year than in the other three North R S e\ SN Wi, A _ | .
American deserts. Winter precipitation often falls as snow. o g £SO 3 . o

Playas are a conspicuous pa of this desert, due to its recent geological activity. In
notable contrasisto the other three deserts, Great Basin vegetation is low and homo-

geneous, often with a single dominant speciesofibushifor miles. Typical shrubs are
Bi . B _SQqumon-tmdg;easewood. There are
only Occasional yuccasand very few cactus. * o .
| - | - h "3 " . S = - | ". o - p
- he_ﬁ&)log‘domeﬁ, ered in nor tern %Vl ona, and including'th ;ij!cent.; "
. ur Corners region %,C ‘New Mexigoy timesincludedin
L 1’“G eat Basin Desert, s m&‘on idered Mhe Navajoan - and
¥
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~ w»Beca e ’parkigomst covers a large ranige, from lower-fc , 1pper-"
« . timberline, it supports eight arid-site conifer species at a number ¢ " iofs'(see
| |' (] (] r

able 1) becies ain rough sed on a routine basis. “This *
- "Sdiversity of'spec | s will allow us to de 1nelfcerta;n ,
L e S atestine AWETE conal W :
. e 5 AWUE sig a
i . . L) ° . 1 . -
Nt befound i eries anywhere, it ouglikto be found in some ﬁ
f theselarid-site ' aias'  Nation: i | .
e
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Table 1. Arid-site conifers growing in Great Basin National Park, with elevation
ranges indicated (see http: www.nﬁ)s.gov rba/treesshrubs.htm). These eight tree
species have proven dendrochronological (i.e. cross-dating) potential, with Utah
juniper probably being the most difficult species to cross-date in the group (see
http://www.valdosta.edu/~grissino/species.htm).

Common Name Scientific Name Elevation (ft)
Utah juniper Juniperus osteosperma 3,000-8,000

Single leaf pinyon pine Pinus monophylla 5,000-9,000 d . |

Ponderosa pine Pinus ponderosa 7,000-8,500 ey P o ' o -
Douglas fir Pseudotsuga menziesii 6,500-9,000 - X - o " '

White fir Abies concolor 7,000-9,500 - 4" o * - - Aside from the great collection of arid-site conifers to sample,

Englemann spruce Picea engelmannii 7,500-timberline i - o | . Great Basin National Park would appear to be ideal for this project

W oy

Limber pine Pinus flexilis 8,000-timberline A o 0 0 in another way. There has been much debate about the possible
Bristlecone pine Pinus longaeva 9,000-11,500 — - " — — ' - fertilization of tree growth by chronic nitrogen deposition (NO3- ‘
-wTe _ ‘and NH4+ in particular) from anthropogenic sources. If this effect ‘
. _ . were present in the ring widths, then it would be a devastating
If the WUE signal were obvious in tree-ring widths, it would have been easily o P],Epc)se of this Study; P confounding variable to disentangle from the putative WUE signal.
found before. Therefore, a very methodical sampling approach will be necessary. — -~ Great Basin National Park has been a National Atmospheric

This will involve sampling trees of a given species, with a 5mm diameter increment " ‘ Deposition Program/National Trends Network (NADP/NTN)
borer, at three points along the species’ elevation range: lower-limit, mid-range,and We expect drought sensitivity to decrease with increasing elevation for a given monitoring site since 1985 (see http://nadp.sws.uiuc.edu/nadpdata
u%aper-limit. The actual locations of the species collections were determined | species. This would occur because of adiabatic cooling, Iower transpiration [siteinfo.asp?id=NV05&net=NADP). Maps of NO3- and NH4+

att

il

er visiting the Park and mapping each of the tarﬁet species geographic distri- . demand, and increasing precipitation with elevation. However, it is unclear that - deposition across the US show that this location is near the US
bution. Care was taken to keep as many site variables (e.g. slope & aspect), constant. {UB'will'similarly decrease with'increasing elevation for a given species. This is . national minimum on an annual bz Over the period 1985-1998, [*
: : : : * because pCO2, which helps control stomatal aperture, also decreases with ?‘ the median deposition of NO3- was Onlx 3.26 and 0.7'1
At each sampling point, an estimate of stand density and composition was made elevation. So itis ible that WUE will change less with elevation. Determining "' kg/ha, respectively. S un evel of fert111zaTi’b#

using standard forest silvicultural methods. Two cohorts of trees of a given species

e correct answerto this puzzle in the tree rings would be an important outcome of | ‘Vi*(ydﬁhave a significant e in our study region.

uilt into this experimental designior detecting a WUE signal.™™

provide an adequate basis for detecting a WUE signal if it exists.

-

will be randomly sampled (20 trees/cohort) to test whether there is an age-related s_tudy. multlple tree Species is also lmportant here 1n etermining the
bias in drought sensitlvity and WUE. These cohorts will be I'Ollghly in the <100 and | iMy of our findlngs. We mlght expect that each species growing a lower % ‘
>100 year age classes, but will ultimately be selected by diameter class in the field. elevation limit will be simi ssed, even though several of the ies
This design will provide a full sample of nine tree species by elevation and cohort in Table 1 have different lwe limits. So, there is an elemént o J
for a total of 54 annual tree-ring chronologies for analysis. This collection ought to redu h o
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psistent with ™ \ h.

- We also expect the strength of the W
81950.

the non-linear, monotonic increase

it is not clear at thistime how th ,- anifest itself in the™s
1 vidths. For example, there may be a in'the relationship between

ught and ring width due'to do a general decline in the numbecmﬁ"f
physiolog Irought days (as opposed to the number of,climatological

days) per growing season. As such, ring width may incre

g diverging way from what climate predicts, with both ri
axima shg ing comparable or proportional incre

eni %p ies that the Law of Limiting Factors, as applie

R o 1 tre perating in the linear portion of its range because the full range of ring
! ~ % width 15 benefiting from increasing WUE. "Anether possibility is that the response
| an N ‘% - to WUE will manifest itself more in a one-sided sense, with its effect showing up
L " | more strongly in the drier years when%sture stress 1s most limiting to growth.
- '— g As such, wide rings may not reflect increasing WUE as much as narrow rings
® o g : F 3

implies that the Law of Limiting Factors is operating in the non-linear portion ofits
range, with ring-width minima becoming systematically larger with increasing
- WUE and little orno change in ring-width maxima. Both of these models will

- " needtobetested. e w

because wet years already provide adequate moisture for growth. This model




