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Introduction

Recently a new method to reconstruct paleoel evation has been devel oped, based on the adjustment in number of stomata on leavesto the predictable decrease in CO, partial pressure with altitude (McElwain, 2004). Thefirst time
application of this method focuses on determining the altitude of growth of early Miocene Quercus pseudolyrata leaves from the northern SierraNevada. Calibration of thefossil stomatal numbersto altitude is based on the stomatal
response of themodernday Californiablack oak (Quercuskelloggi), whoseleavesareindistinguishablefrom Q. pseudol yrata and growsin the sameregion.

The clear correlation between increasing stomatal density and index vs. increasing altitude of growth found in Quercus kelloggii can for alarge part be attributed to the predictable decrease in CO, partial pressure. Many plants,
among which several Quercusspecies, show thisincreasein stomatal frequency withdecreasing CO, and CO, isthe Ironmental parameter that globally and predictably changeswith elevation.

However, several other climatic variables can also change with el evation and potentially influence stomat e most Important two are light intensity and temperature. In anatural setting, the relative influence of all
environmental parameterson the stomatal changeover altitudetransect isextremely difficult to pry apart. Theref f Quercuskelloggl weregrown under controlled conditionsin growth chambers, varying thelevel sof light
and temperature. Wewill present preliminary dataontheeffect of both light level sand temperatureregi epidermal cell morphology of Quercuskelloggii leaves.

Material and methods

In the temperature experiment, two-year old sapling of Quercus kelloggi were grown in the spring/summer of 2004 in two growth chambers where light intensity, CO, level and temperature were

controlled. Plantsin both chambersweresubjected to the same manual watering regime. Temperaturefollowed a24-hr cycle, where under thelow temperature regimeit ranged from 20°C (day) to 15°C

(night). The hightemperatureswere 27°C (day) and 22°C (night). Light i ntensity wasset at arelatively low |evel to mimicthenatural understorey habitat of Q. kelloggii.
The light experiment was conducted on a different batch of Q. kelloggi saplings in four growth chambers during the spring/summer of 2006 (with controlled light, temperature and CO2, under
relatively low light levelsin two chambers and relatively higher light levelsin the other two. Temperature in all chambers was set to resemble atypical 24-hr cycle in the northern Californian habitat

(22°C duringtheday and 17°C at night). Watering occurred two timesaweek using anirrigation system. All chamberscontainabout 15 plantsin separate pots.

L eaf samplesweretaken fromtwo leavesper plant inthetemperature experiment, and threetofiveleavesper plant inthelight experiment. Small |eaf diskswere cut out using aholepunch, and thedisks :

were treated with either 4% sodium hypochloride or a 50/50 mixture of concentrated glacial acetic acid and 30% hydrogen peroxide (both at ~50 °C for one to two days). After removal of the
mesophy!l, the cuticle was stained with saffranin, mounted in glycerin jelly on aslide and analysed using a Leica DML B epifluorescence microscope (using transmitted light). Imagesweredigitally =
captured usingaSPOT cameraand SPOT image analysissoftware.
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Figure 1 (left): Means of stomatal density, stomatal index and epidermal cell
density of Quercus kelloggii leaves from low and high light treatments.
Stomatal index was calculated as (SD/(SD+ED)*100). Error bars indicate the
standard error of the mean.

Figure 5: Means of stomatal density, stomatal index and epidermal cell density of Quercus
kelloggii leaves from low and high temperature treatments. Stomatal index was calculated
as (SD/(SD+ED)*100). Error bars indicate the standard error of the mean.

In Quercus kelloggl stomatal density did not increase significantly with light intensity (but was slightly
higher), epidermal cell density did not change significantly, but stomatal index increased by a small, but
significant amount. This pattern can be found to varying degrees in most plant species, where light
Intensity during leaf growth results in adjustments in leaf anatomy and epidermal morphology, either in
experimental or natural settings. In general, shade leaves are thinner and larger, show lower stomatal
Initiation (stomatal index) and due to larger epidermal cells have lower stomatal and epidermal cell
densities (see Royer et al., 2001). This has also been reported for Quercus petraea, where typical shade
|leaves have lower stomatal densities and index and are also characterized by more undulating epidermal
cellswalls(Kurschner, 1997).

Therelatively modest increasein stomatal index (and thevery small changein density) could indicate that

In this study, realistic changesin growth temperature did not have a significant effect on stomatal density
and index or epidermal cell density of Quercus kelloggi leaves (Table 2; Figure 5). In other controlled
growth experiments increased temperature has been shown to positively influence stomatal densities
(Ferriset al., 1996; Reddy et al., 1998; Wagner et al., 1998) and stomatal initiation (Wagner et al., 1998).

- Other experimental studies, however, also show no influence of temperature on stomatal frequency

(Appleetal., 2000). Evenif thereisaresponsein experimental settings, innatural habitats, theinfluence of
temperature on stomatal initiation may be of no consequence, since most plants compensate for
fluctuating temperatures by adjusting the timing of leaf development (Wagner, 1998). At higher altitudes
leaf development will likely start [ater inthe year assoon assimilar temperatures arereached asthe earlier
growing season at lower altitudes.

the high light settings in this experiment were still relatively low compared to the natural variation. The
prominent undulation of the epidermal cellsunder the high light treatment (Figure 3), whichistypical for
shade |eaves, suggests that the experimental light difference iswell within the natural range, since more
typical, straight-walled, sunleavesof Quercuskelloggi areencounteredin natural populations.

Implications for paleoelevation reconstruction

Thefirst resultsfrom growing Quercus kelloggi saplings under controlled light intensity and temperature in this study, indicate that stomatal density and index in this speciesdo not respond to realistic temperature changes, and only
sightly (stomatal index) to light intensity. The potential influence of light intensity might be underestimated in this study, as epidermal cell shape indicates that the high light treatment did not produce typical sun leaves. Future
experiments may be performed under more enhanced light intensity. However, currently the stomatal density response to altitude that is used for pal eoelevation reconstruction is based on shade |leaves, so the light experiment does
suggest convincingly that changesinlight intensity with altitude should not beamain interferencein the presently reconstructed pal eoel evation estimatesfor the Miocene SierraNevada.

The lack of response of stomatal density and index to temperature suggests that under different climatic conditions in the past (such as the Miocene) the stomatal frequency-altitude relation was probably not significantly different
because of temperature.

Light intensity and temperature are the main environmental factors, apart from CO, partial pressure, that change strongly with elevati on. Thereported changein stomatal density and index in Quercuskelloggi with altitude, that isnow
applied to reconstruct Miocene pal eoelevation of the Sierra Nevada, may therefore reasonably be attributed to changesin CO, partial “pr'e&sure with altitude. Since this decreasein CO, partial pressureis highly predictable, the lack of
Interference of light and temperature in determining stomatal density strengthens the accuracy of this new paleoelevation tool. Future experl ments growing Quercus kelloggii under lowered CO, partial pressure (by ether decreasethe
CO, mixingratioor theair pressure) may confirmthedomination of the CO, effect in stomatal responseto altitude. | W
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