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Variability in needle morphology and water status of Pinus
cembroides across an elevational gradient in the Davis
Mountains of west Texas, USA'
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Poutros, H. M. anp G. P. BErLyN (Yale School of Forestry and Environmental Studies, Yale University,
Greeley Memorial Laboratory, 370 Prospect St., New Haven, CT 06511, USA). Variability in needle
morphology and water status of Pinus cembroides across an elevational gradient in the Davis Mountains of
west Texas, USA. I. Torrey Bot. Soc. 134: 281-288. 2007.—The pinyon pines (Pinaceae, Pinus subsections
Cembroides and Rzedowskianae) are a widely distributed group of site generalist species that dominate
many of the middle to upper elevation semi-arid regions of North America. We investigated the
physiological and morphological response of Pinus cembroides var. bicolor Little across an elevational
gradient in the Davis Mountains of west Texas to test the hypothesis that variability in needle morphology,
relative water content, and transpiration allow this species to exist across a range of elevations and local site
conditions. Results from our study showed significant increases in P. cembroides needle length, mass, and
area and plant water status (relative water content and transpiration) with elevation. Our findings suggested
that this species is able to adapt to changes in local environment over short distances, which is an important
factor responsible for the wide distribution of pinyon pines in North America.
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Pinyon pines (Pinaceae, Pinus subsections
Cembroides and Rzedowskianae) are some of
the most widely distributed trees in the semi-
arid regions of the northern hemisphere
(Fig. 1). They dominate over 325,000 square
kilometers in North America. Their latitudinal
range spans from southern Idaho in the
United States (42°N) to southern Puebla,
Mexico (18°N), and their longitudinal distri-
bution covers a similarly large portion of
North America from Puebla (97°W) to Cali-
fornia (120°W) (Fig. 1) (Aldon and Springfield
1973, Barger and Ffolliot 1972, Little 1999).
The biogeographic range of the pinyon pines is
large compared to many other pine species in
southwestern North America (i.e., Pinus stro-
biformis Englem., P. arizonica Englem., P.
Sflexilis James, P. leiophylla Schltdl. & Cham.,
P. engelmannii Carriere, P. ayacahuite Ehrenb.
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ex Schltdl.), which are generally more re-
stricted in their geographic and elevational
distributions (Hanawalt and Whittaker 1976,
Neiring and Lowe 1984, Bailey and Hawsk-
worth 1987, Allen et al. 1991, Poulos et al. in
press).

Water availability is the most limiting factor
to tree growth in the Southwest (Meko et al.
1995, Hidalgo et al. 2001, Adams and Kolb
2005), and the drought tolerance of pinyon
pines in this region is considered the primary
factor regulating their distributions across
climatic and soil moisture gradients (Barton
1993, Barton and Teeri 1993, Lajtha and Getz
1993, Linton et al. 1998). Moisture and
temperature can vary more than twofold over
clevational gradients inhabited by Southwest-
ern pinyon pines (West 1988), with a generally
increasing trend in moisture and decreasing
trend in temperature with elevation (Barry
1992). These changes in local environmental
conditions with elevation are presumed to
increase water availability to plants, allowing
for increased carbons sequestration and
growth (Barnes 1986, Padien and Lajtha
1992, Lajtha and Getz 1993).

The wide distribution of pinyon pines across
the elevational gradients of southwestern
North America has been quantified in a range
of studies (St. Andre et al. 1965, Whittaker
and Niering 1965, 1968, 1975, Niering and
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weight of needles excised from mature twigs of Pinus
cembroides. Each point represents a mean rate for
that time interval and was plotted at the center of
that interval. Means were calculated from 15
individuals from 1820 m, 2113 m, and 2513 m
elevation.

Their location in between the hot, dry condi-
tions of low elevations and the cooler, wetter
environments of upper elevations in DMTNC
may mean that these individuals were exposed
to a wider range of environmental conditions
than Mexican pinyon pines at other elevations,
and their low transpiration rates during the
experiment may have reflected this adaptation.

Middle elevations in DMTNC also proba-
bly provided more optimum conditions for
photosynthesis. The cuticles and total cuticu-
lar layer are laid down after the upper cell wall
1s developed (see Berlyn et al. 1993). This is
a secondary allocation and requiring addition-
al carbon. Optimal allocation to the total
cuticular layer requires adequate carbon re-
serves that stressed foliage at low elevations
may not provide, which potentially explains
the high cuticular transpiration by low-eleva-
tion relative to mid-elevation needles.

REeLaTive WATER CONTENT AND NEEDLE
MorrHOLOGY. For pines, differences in needle
morphology have been suggested as adapta-
tions to water stress (Haller 1965, Neilson
1987, Tausch and West 1987, Jaindl et al
1995). The trend of increasing needle length,
area, and mass with elevation changed in
accord with local environmental variability
across the elevational gradient. The environ-
mental lapse rate causes lower temperatures
and higher relative humidity at higher eleva-
tions in montane ecosystems (Barry 1992),
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resulting in ameliorated growing conditions at
high elevations in southwestern North Amer-
ica. Low elevations in the Davis Mountains
are hot and dry most of the year. In contrast,
high elevations of the Davis Mountains have
a more varied climate, with cooler and wetter
summer weather, and intermittent below
freezing conditions in winter.

Temperature and water availability have
major effects on plant growth and carbon
assimilation (Taiz and Zeiger 2006). Leaves
that develop under conditions of low water
supply are usually correspondingly smaller and
have a smaller surface area (Billings and
Mooney 1968, Larcher 2003, Fitter and Hay
2002). The ameliorated climatic conditions
at middle and upper elevations during the
growing season in DMTNC were probably
responsible for the greater RWC, needle length,
needle mass and needle area of Mexican pinyon
pine at high elevations. Likewise, the hot, dry
environments of low elevations in DMTNC
probably similarly limited carbon assimilation.

The relationship between needle morpholo-
gy and elevation that we observed in Pinus
cembroides was consistent with other work on
conifers in semi-arid regions, although the
opposite trend has been observed in montane
conifers at higher latitudes. Callaway et al.
(1994) found a similar trend of increasing
biomass allocation in high versus low eleva-
tion P. ponderosa var. scopulorum Engelm. in
another semi-arid locale in Nevada. Leaf
mass, sapwood mass, and total tree height
increased with elevation and precipitation, and
decreased with temperature, suggesting a gen-
eral trend of increased plant growth with
elevation in semi-arid regions of western
North America. Yet, the opposite trend has
been documented in other alpine regions of
North America, where needle area, length,
mass, LMA, and epicuticular wax content
showed decreasing trends with elevation (De-
Lucia and Berlyn 1984, Berlyn et al. 1993,
Richardson et al. 2001) in response to harsher
winter climatic conditions than those in the
Davis Mountains, suggesting that these pat-
terns vary with latitude and the length of the
elevational gradient

TrAaNsPIRATION. The low transpiration of
middle elevation branches relative to low
elevation branches is surprising in light of
the smaller needle size of low elevation versus
middle elevation Mexican pinyon pines. How-
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