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Desert Plants 

A journal devoted to broadening knowledge of plants 
indigenous or adapted to arid and sub-arid regions and to 
encouraging the appreciation of these plants. 

Margaret Norem, Editor 

Desert Plants 
2120 E. Allen Road 
Tucson, Arizona 85719 
mnorem@ag.arizona.edu 
( 520) 318-7046 

From the Editor . .. This issue of Desert Plants marks my 
15th year as editor and the 29th issue, a milestone that makes 
me reminesce. As many of you know, this journal is a one 
woman operation; I am responsible for all of the mistakes 
and my authors are responsible for all of the glory. I have 
worked closely with many of the authors over the years, 
learned so much along the way and consider many of the 
contributors as friends as well as colleagues. 

I practically know my database by heart and know that many 
of you have subscribed and sent generous contributions 
since the beginning of my tenure (and before). This loyal 
group of subscribers is not taken lightly. I do my best to 
keep the database updated, the thank yous mailed, and of 
course the issue delivered in a timely fashion. As many of 
you know, I slip up on occasion and my apologies for that. 

The changes in the printing and publishing industry have 
been profound. Color has gone from being a luxury allotted 
to four precious pages to a very integral part of each issue. 
Trying to keep up with these changes continues to be a 
challenge. Although it won't be evident to the reader, I have 
converted to a new and better program called In Design 3. I 
have always been an advocate of keeping up with software 
changes but to be honest, the learning curve gets steeper. 
Many a time I just want to hand things over to my two teen
age daughters who seem to learn new programs through 
osmosis. 

This issue is also the first produced on my new computer. 
Thanks to the director of the Boyce Thompson Arboretum, 
Mark Bierner, I have a new laptop and carry my office back 
and forth with me on my bicycle. I will never go back to a 
desktop! Also, thanks to Mark, I will be working from the 
deck of a beautiful mountain home in Pattee Canyon near 
Missoula, Montana this summer. After more than 40 desert 
summers this is a change I hope to implement every summer. 
You may get treated to a non-desert photo on occasion. 
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While I am reminiscing it is appropriate to acknowledge the 
assistance provided by several people. My colleagues Matt 
Johnson and Ken Coppola have supported every aspect of 
every issue. Matt has proofed every issue and I can't thank 
him enough. Ken has assisted with just about every aspect of 
keeping my office going, including making the coffee every 
day. Michelle Bonito and Arizona Litho have produced 
wonderful journals, year after year and provided excellent 
help along the way. During the first five years Robert Casler 
helped me send each issue to the printer. It is appropriate to 
once again acknowledge his contribution. 
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Mechanisms of Niche 
Differentiation for Three Sky 
Island Oaks in Relation to 
Light and Temperature 

Helen M. Poulos 
Graeme P. Berlyn 
Uromi M. Goodale 

School of Forestry and Environmental Studies 
Yale University, 370 Prospect St. 
New Haven, CT 06511, USA. 
helen.mills@yale.edu, (860) 426-0266, 
fax: (203) 432-3929 

ABSTRACT 
In an effort to identify the influence oflight and temperature 
on the physiology and leaf structural characteristics of three 
species of Quercus from Coahuila, Mexico, we measured 
a comprehensive suite of plant traits as functions of light 
and temperature intensity. We tested the hypotheses that 1) 
species' physiological responses to light and temperature 
were related to their distributions in their native habitats; 
and 2) that species' physiological responses corresponded 
to similar variation in leaf anatomical and morphological 
traits. Quercus sideroxyla was adapted to high elevation 
forest overstories as evidenced by its high photosynthetic 
rate, transpiration rate, relative water content (RWC), leaf 
density (LD), and thick palisade and spongy parenchyma. 
Quercus rugosa displayed typical characteristics of a for
est understory species including a low photosynthetic rate 
and light saturation point, thick spongy parenchyma tissue 
and high RWC, leaf density, and leaf mass per unit area. 
Quercus laceyi was adapted to hot, dry sites based on its 
lower RWC and LD, intermediate photosynthetic rate, thick 
cuticle and upper epidermis, and low transpiration rates at 
high temperatures. Our results suggest that the physiologi
cal and structural adaptations of Mexican oaks to changing 
environmental conditions across resource gradients are key 
regulators of plant community structure. 

Keywords: Quercus, Mexico, ecophysiological response, 
temperature response, light response, photosynthesis 

INTRODUCTION 
Interspecific differences in seedling functional traits are 
closely associated with light, temperature, and moisture 
gradients (Bazazz, 1991; Ackerly et al., 2000; Ackerly, 
2003; Fittter and Hay, 2002; Larcher, 2003). The distribu
tion patterns of the genus Quercus (Fagaceae) in response to 
environmental heterogeneity has been extensively studied 
in the United States (Neilson and Wullstein, 1987; Abrams, 
1990; Cavender-Bares et al., 2004). While Mexico is con
sidered the source of oak diversification for North America 
and harbors the highest oak species richness in the world 
(Rzedowski, 1978; Gonzalez, 1993; Nixon, 1993), virtually 
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no information exists that characterizes the mechanisms 
that underscore the diversification and spatial distribution 
patterns of Quercus to the south of the United States (but 
see Alvarez Moctezuma et al., 1999; Martinez Cabrera, 
2003; Poulos et al., 2007). 

The majority of Quercus ecophysiological research in North 
America has been devoted to understanding how differenc
es in species' drought tolerances influence their specializa
tion across landscapes (Abrams, 1990, 1996; Kubiske and 
Abrams, 1992; Dickson and Tomlinson, 1996; Ehleringer 
and Phillips, 1996; Cavender-Bares and Bazazz, 2000; 
Cavender-Bares et al., 2004; Poulos et al., 2007). While 
limited information suggests that Mexican oak drought tol
erance is an important influence on species' distributions 
(Poulos et al., 2007), other abiotic factors including light 
and temperature intensity also influence vegetation mosaics 
across landscapes (Berry and Bjorkman, 1980; Seemann et 
al., 1984; Ninemets and Tenhunen, 1997; Fitter and Hay, 
2002). Interspecific differences in oak anatomy, morphol
ogy, and physiology in response to high light or deep shade 
environments (Callaway, 1992; Knapp, 1992; Ashton and 
Berlyn, 1994; Balaguer et al., 2001; Gardiner and Krauss, 
2001) and low or high temperature regimes (Hamerlynck 
and Knapp, 1994; Hammerlynck and Knapp, 1996; Bol
stad et al., 2003; Haldimann and Feller, 2004) are closely 
associated with species' dominance across environmental 
gradients and forest strata. However, no information ex
ists regarding the light and temperature responses of oaks 
in Mexico. Nor has any prior research investigated oak leaf 
anatomical and morphological variability in relation to both 
light and temperature in this region. 

Our goal was to investigate the relationships between the 
physiology (water status, temperature, and heat tolerance) 
and the leaf anatomy and morphology of three species of 
Quercus from northern Mexico including Quercus laceyi 
Small-subgenus Leucobalanus-Fagaceae, Q. sideroxyla 
Humb. et Bonpl. -subgenus Erythrobalanus-Fagaceae, and 
Q. rugosa Nee-subgenus Leucobalanus-Fagaceae. We em
ployed a common garden experiment to test the following 
hypotheses: 1) Each species' physiological responses to in
stantaneous changes in temperature and light levels would 
correspond to its distribution in high elevation forest over
stories (Q. sideroxyla), high elevation understories (Q. ru
gosa), or low elevation savannas (Q. laceyi), and 2) The 
physiological responses of each species to light and tem
perature variability would correspond to similar variation 
in leaf structural characteristics. 

MATERIALS AND METHODS 
Species distribution patterns 
The three species of Quercus in this study dominate uplands 
of the Sierra del Carmen of the Sierra Madre Oriental in 
northern Coahuila, Mexico. The high-elevation forests of 
the Sierra Madre Oriental are post-Pleistocene relicts that 
are bound at lower elevations by deserts dominated by 
shrub and succulent desert flora, where tree establishment 
and growth is inhibited due to high temperatures and mois
ture-limited conditions. No climatic data exist for the Si
erra del Carmen, however mean annual precipitation ranges 
from 20 to 180 em in the uplands of the Sierra La Encantada 
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and Sierra Santa Rosa, which abut the Sierra del Carmen to 
the south. Mean annual temperature in these two mountains 
ranges from 12 to 32.6 °C (CONABIO, 2006). The soils of 
the natural habitats of the three species are generally shal
low to moderately deep and are volcanic in origin. The un
derlying rocks are predominantly extrusives, consisting of 
lavas and pyroclastics. 

Quercus laceyi is distributed across Texas and northern 
Mexico, and is a low elevation tree species that is distrib
uted across dry, hot habitats (Correll and Johnston, 1970). 
Quercus sideroxyla inhabits cooler, wetter habitats at high 
elevations (Poulos, 2007), and is entirely endemic to north
em Mexico (Encina Dominguez and Villarreal Quintanilla, 
2002). It exists as an understory seedling or overstory co
dominant in closed canopy forests that are approximately 
30 min height. Quercus rugosa coexists with Q. sideroxyla, 
but it dominates high elevation forest understories in the Si
erra del Carmen (Poulos, 2007). Quercus rugosa has a wide 
distribution in comparison to Q. laceyi and Q. sideroxyla, in 
that it ranges from Arizona and Texas in the United States 
to Guatemala. Taxonomy and distributional ranges follow 
Corell and Johnston (1970) for the United States and Encina 
Dominguez and Villarreal Quintanilla (2002) for Mexico. 

Experimental conditions and experimental design 
Ripe acorns were collected from 20 mature trees of each 
species in the Sierra del Carmen in Coahuila, Mexico in 
November 2004. While stratification is necessary for the 
germination of some oaks of the subsection Erythrobal
anus, oaks in the southwestern United States and Mexico 
germinate readily after maturation (Nyandiga and McPher
son, 1992). Acorns were submerged in water and placed 
in a 5°C refrigerator for 24 hours to promote germination. 
Acorns were planted in a Metromix seedbed (Scott's Co., 
Marysville, Ohio) inside a greenhouse in New Haven, 
Connecticut on March 22, 2005 (lat. 41 °16' N, long.72° 
55' W) coincident with typical seedling germination times 
under field conditions. The daily temperature and relative 
humidity were recorded at 30-minute intervals during the 
experiment using a HOBO Micro Station Data Logger (On
set Computer, Bourne, MA). Temperatures and relative hu
midity in the greenhouse were similar to those experienced 
by seedlings in the field (Poulos, unpublished data), with 
temperature ranging from 18 to 42°C and mean relative hu
midity of 12-45 % over the course of the experiment. Pho
tosynthetically active radiation (PAR) was also measured 
at 30-minute intervals across the greenhouse bench used in 
the experiment with a HOBO Photosynthetic Light Smart 
Sensor attachment to a HOBO Microstation Data Logger 
(Onset Corporation, Bourne, Massachusetts). The mid-day 
peak in PAR varied from 1100 to 1561 J..tmol m-2 s-1. 

After three weeks, when the radical was 3 em long, ger
minants were transplanted to 1 0 em plastic pots. Seedlings 
were transplanted again to 18 em plastic pots that were 
filled to the rims with Metromix growing medium on Sep
tember 18th, 2005. A modified Hoagland's nutrient solution 
(Hoagland and Amon, 1950) was applied monthly to all 
plants prior to the onset of the experiment. Metromix grow
ing medium was chosen for this study as it a commercially 
available medium that drains well. 

Light response measurements 
Photosynthetic light response curves were measured on 10 
seedlings of each species (N = 30) on intact, fully mature 
leaves using a LI-6400 Portable Photosynthesis system (LI
COR, Lincoln, Nebraska, USA) between April 23 and 26, 
2006. We used a standard broadleaf chamber with a built
in red + blue light-emitting diode light source (LI-COR 
6400-02B). The C02 level in the reference chamber was 
held constant at 400 J.lmol/mol air, and relative humidity in 
the sample chamber was held above 50%. Leaves were giv
en 10 minutes in the chamber to reach equilibrium, which 
was assessed visually by graphing photosynthesis and sto
matal conductance over time. Light curves were construct
ed by measuring photosynthesis at light levels of 50, 200, 
400, 600, 800, 1000, 1500, 1800, and 2000 J.lmol PAR m-2 
s-1. A minimum wait time of 90 sec was used at each light 
level, and each measurement was taken after photosynthesis 
and stomatal conductance stabilized according to visual in
terpretation of the photosynthesis and stomatal conductance 
graphs. 

Photosynthetic parameters were derived from the light re
sponse curve data to approximate the maximum photosyn
thesis (Amax), the light saturation level (PARsat), and the 
quantum efficiency (QE) for each species using Photosyn 
Assistant software (Dundee Scientific, Scotland, UK). The 
highest stomatal conductance logged for each species' light 
response curve was used as the maximal stomatal conduc
tance (gmax). 

Temperature response measurements 
Photosynthetic temperature and transpiration response 
curves were measured on 1 0 seedlings of each species (N 
= 30) on intact, fully mature leaves using the same LI-6400 
Portable Photosynthesis system (LI-COR, Lincoln, Nebras
ka, USA) used for constructing the light response curves. 
Photosynthesis, transpiration, and stomatal conductance 
were measured at 18, 25, 32, 37, and 40°C on each leaf. The 
leaf temperatures used in this study were chosen based on 
the range of temperatures experienced by the three species 
in the field and common temperatures used in similar stud
ies as reported by Medlyn et al. (2002). The highest pho
tosynthesis logged for each species' temperature response 
curve was used as Tmax. Each leaf was given a minimum 
of 1 0 minutes in the chamber at each temperature to reach 
equilibrium, which was assessed visually by plotting pho
tosynthesis and stomatal conductance using the same meth
ods employed in the light response curve measurements. 

Leaf anatomy 
Fully mature leaves from four seedlings were randomly se
lected from each species (N = 12) to identify anatomical 
traits that could relate to the physiology of each species. 
Measurements in this study were designed to investigate 
species-level variability in stomatal characteristics (density, 
size, and distribution), upper epidermal features (cuticle, 
epidermal, and upper cell wall thickness), and the dimen
sions of the leafblade, palisade parenchyma, spongy paren
chyma, and lower epidermis. Mature sample leaves were 
randomly selected from fully expanded, undamaged leaves 
with no signs of scarring, disease, or herbivory. 



Stomate density, size, and distribution were measured by 
taking leaf peels of the abaxial side of a randomly selected 
leaf on four plants of each species. Only the abaxial sides of 
the leaves were sampled based on the absence of stomates 
on the adaxial sides of the leaves of the three species. Leaf 
peels were taken using clear nail polish that was applied 
at 10 a.m. on April 27, 2006 to ensure that stomates were 
fully open. Polish was applied in a thin coat and allowed to 
dry for two days prior to removal. Each peel was placed on 
a slide with a No. 1 ~cover slip (0.15-0.19 mm) that was 
affixed with clear nail polish and observed at x 200. Digital 
images of each specimen were taken using a Sony digital 
camera (model no. MVC-CD500), and the anatomical mea
surements were taken using ImageJ digital image analy
sis software (Version 1.36b, National Institutes of Health, 
USA). Each image was calibrated using a micrometer prior 
to taking the anatomical measurements. The stomata were 
counted and the lengths of 10 stomata were measured for 
each leaf peel. Five different fields of view were counted 
and the mean stomate density and length was recorded for 
each individual plant. The stomate data were combined into 
a Stomate Area Index (SAl) that was used as a measure of 
stomate area per unit area of leaf for each species. SAl was 
calculated by taking the product of the mean stomate length 
and the stomate density per unit area for each individual 
plant in five fields of view (N = 12). 

Leaves were randomly selected from four individuals of 
each species (N = 12) for analyzing the thickness of the cu
ticle, upper epidermis, upper cell wall, palisade parenchy
ma, spongy parenchyma, and leaf blade. Each individual 
seedling was sampled by cutting a 0.5 x 1.0 em strip from 
the middle portion of the lamina across the midrib, which 
was immediately fixed in FAA (formalin: acetic acid: alco
hol, formula of Berlyn and Miksche, 1976), dehydrated in 
ethanol, immersed in a Tertiary Butyl Alcohol series, and 
embedded in wax. Tissue sections were cut on a microtome 
at a thickness of l2!J.m, and ribbons were mounted on slides 
prepared with a gelatin-chrome alum adhesive, with each 
slide representing a different leaf strip (Berlyn and Miksche 
1976). Slides were stained in Safranin 0 and fast green 
FCF, and then dehydrated and mounted with synthetic resin 
using No. 1 ~cover slips following a modified procedure of 
Berlyn and Miksche (1976). 

The leaf anatomical sections were examined for each spe
cies using objectives of 2 x, 3.5 x, 6 x, and 40 x that were 
combined with oculars of 5 x and 6 x, depending on the 
cellular or histological attributes to be measured. For each 
slide, five measurements of the thickness of the palisade pa
renchyma, spongy parenchyma, and lower epidermis were 
taken and the mean for each anatomical measurement was 
recorded for each individual plant. Measurements were 
taken in portions of the slide that did not include the leaf 
midrib. Cuticle, upper epidermal, upper cell wall, and total 
leaf blade thickness were measured in the same manner on 
separate sections of the slide, and in different places within 
each section around the leaf midrib. 

Leaf morphology 
Leaf area, leaf dry mass, leaf mass per unit area (LMA), and 
the number ofleaves per plant were used as measures of the 
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leaf morphological characteristics of each species. The total 
leaf area of 20 plants per species (N = 60) were measured 
using a CI-202 portable leaf area meter (CID Inc., Vancou
ver, Washington). Leaves were dried in a 70°C oven until 
a constant mass was reached. Leaf mass was recorded for 
each leaf using a digital balance (A & D Systems, Milpitas, 
California), and LMA (g/cm2) was calculated as the ratio 
between leaf mass and area. 

Water relations 
Relative water content (RWC) and leaf density (LD) were 
calculated as measures of plant water status and water hold
ing capacity for each species. RWC was measured on one 
randomly selected leaf on 30 plants of each species (N = 
60). Leaves were collected and immediately weighed to de
termine their fresh mass (FM). Leaves were then saturated 
in water to full turgor by immersing them in distilled water 
and leaving them in the dark for 24 hours at constant tem
perature. Leaves were reweighed to obtain their turgid mass 
(TM) and put into an oven at 70° C for 3 days to obtain 
their dry mass (DM). RWC was calculated as: RWC = (FM 
- DM)/(TM- DM) x 100. LD (mg/j.lm3) was calculated by 
dividing leaf dry mass by leaf volume (leaf thickness x leaf 
area) for four individuals of each species (N = 12). 

Statistical analyses 
Species-level differences in light and temperature responses 
were analyzed using ANOVA by a mixed model procedure 
with species as a fixed effect and light and temperature as 
random effects. Mixed models were used to account for the 
repeated measures nature of the light and temperature data. 
Mixed models were chosen for analysis rather than repeated 
measures general linear models (GLMs) to account for the 
covariance structures of the repeated measures data. Differ
ences among species' water status and leaf anatomical and 
morphological characteristics were analyzed usingANOVA 
by a GLM procedure. Pairwise differences between species 
were identified using Tukey's pairwise comparisons. All 
statistical analyses were conducted using the R Statistical 
Language (R Core Development Team, 2007). 

RESULTS 
Light response curves 
The three species demonstrated significantly different re
sponses to light (P < 0.001). Quercus sideroxyla had the 
highest photosynthetic rate across all light levels above 200 
!J.mol PAR m-2 s-1, followed by Q. laceyi, and Q. rugosa, 
respectively (Table 1; Fig. 1 ). Quercus rugosa had the high
est photosynthetic rate below 200 ~J.mol PAR m-2 s-1, but 
was light stressed at higher light intensities. Maximum pho
tosynthesis (Amax), and PARsat showed the same trend, 
with Q. sideroxyla having the highest Amax and PARsat 
followed in order by Q. laceyi and Q. rugosa. Quantum ef
ficiency (QE) was highest for Q. rugosa, followed succes
sively by Q. laceyi and Q. sideroxla. Maximum stomatal 
conductance (gmax) differed significantly by species, oc
curring at 50 ~J.mol PAR m-2 s-1 for Q. rugosa, 2000 ~J.mol 
PAR m-2 s-1 for Q. laceyi, and 1800 ~J.mol PAR m-2 s-1 for 
Q. sideroxyla (P < 0.001). Transpiration rates did not differ 
significantly among the three species. 
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Temperature response curves 
Quercus sideroxyla, Q. laceyi, and Q. rugosa differed sig
nificantly in their responses to temperature (P < 0.001) (Fig. 
2). Photosynthesis and transpiration were highest for Q. si
deroxyla, intermediate for Q. laceyi, and lowest for Q. rugo
sa. Tmax occurred at 32°C for Q. laceyi and Q. rugosa, and 
at 37°C for Q. sideroxyla. While photosynthesis declined at 
high temperatures for all species, Q. sideroxyla maintained 
high transpiration rates at high temperatures relative to the 
other two species. 

Leaf anatomy 
Leaf anatomical characteristics differed significantly among 
species (P < 0.05) (Table 2, Figs. 3 and 4). Total leaf blade 
thickness was highest for Q. sideroxyla, followed by Q. ru
gosa and Q. laceyi, respectively. Quercus laceyi leaves were 
thinner than Q. rugosa and Q. sideroxyla, but had greater 
cuticle and upper epidermal thickness. Quercus rugosa had 
intermediate leaf blade thickness, and was distinguished 
from the other two species by its thinner palisade paren
chyma and thicker spongy parenchyma tissue. Quercus si
deroxyla had the thickest leaf blades, which were primarily 
composed of palisade and spongy parenchyma tissue. The 
mean stomate length, density, and SAl also differed among 
species (P < 0.05), and Q. rugosa had significantly fewer 
and smaller stomates than Q. laceyi and Q. sideroxyla. 

Leaf morphology 
The three Quercus species demonstrated significant differ
ences in leaf morphology (P < 0.05) (Table 3). Quercus ru
gosa had fewer, but larger and heavier leaves than the other 
two species, and had high LMA. Quercus laceyi leaves were 
intermediate in leaf mass and area, but had lower LMA. 
Quercus sideroxyla had the smallest and lightest leaves, al
though this species bore more leaves per plant. LMA values 
for Q. sideroxyla were similar to its understory counterpart, 
Q. rugosa. 

Water relations 
Leaf density and RWC differed significantly among species 
(P < 0.05) (Fig. 5). Leaf density and RWC were highest for 
Q. rugosa, intermediate for Q. sideroxyla, and lowest for 
Q. laceyi. 

DISCUSSION 
Our results suggest that while seedlings of all three Quercus 
species were well adapted to the hot temperatures that com
monly occur in uplands of the Chihuahuan Desert, they dif
fered significantly in their physiological and leaf structural 
characteristics. Oak species sorting across the Sierra del 
Carmen was consequently related to each species' ability to 
partition resources across light, temperature, and moisture 
gradients. The topographically dissected landscape of the 
native habitat of these species provided spatial variation in 
local environmental conditions which are known to con
tribute strongly to landscape- and regional-scale differences 
in woody plant distribution and diversity in southwestern 
North America (Whittaker, 1965; Allen et al., 1991; Urban 
et al., 2000). 

While other prior ecophysiological research on oak distri
butions in North America demonstrated clear physiologi-

cal and anatomical differences in species according to lo
cal growing conditions (i.e. Neilson and Wullstein, 1987; 
Abrams, 1990, 1996; Kubiske and Abrams, 1992; Dickson 
and Tomlinson, 1996; Ehleringer and Phillips, 1996; Cav
ender-Bares and Bazazz, 2000; Donovan et al., 2000; Cav
ender-Bares et al., 2004; Poulos et al., 2007), our work is 
the first to examine instantaneous oak light and temperature 
responses in the context ofleafhistological variation. More
over, this research represents the first attempt to identify the 
functional and structural mechanisms responsible for the 
differentiation and diversification of the oaks Mexico. 

The physiological response and the anatomical and mor
phological characteristics of Q. sideroxyla were consistent 
with its distribution in high elevation, forest canopies. Up
per elevations of the Sierra del Carmen are cooler and wet
ter than lower elevations according to adiabatic cooling and 
increased cloud cover with elevation (Barry, 1992; Poulos, 
unpublished data). The higher overall photosynthetic rate 
of Q. sideroxyla and its higher PARsat and Tmax values, 
number of leaves, blade area, LMA, and leaf thickness 
(comprised mostly of the palisade and spongy parenchyma 
tissues responsible for carbon fixation) suggested that this 
species was the most efficient light energy harvesting spe
cies in this study (Taiz and Zeiger, 2002; Larcher, 2003). 

While the distribution of Q. rugosa overlapped with Q. si
deroxyla, Q. rugosa displayed structural and physiological 
characteristics that were typical of an understory, shade tol
erant species. The low Amax and PARsat, high QE, larger 
leaves, and thicker spongy parenchyma tissue of Q. rugosa 
were typical adaptations of species to the low light condi
tions often found in closed canopy forest understories (Bas
sow and Bazzaz, 1997). The lower light response curve of 
Q. rugosa suggested that it was well adapted to harvesting 
light energy under low light conditions, where increases in 
photon flux above PARsat no longer increased photosyn
thetic rates due to other limiting factors to photosynthesis 
including electron transport rate, rubisco activity, or triose 
phosphate metabolism (Taiz and Zeiger, 2002). Photon flux 
densities above PARsat probably resulted in decreased ef
ficiency of the reaction center of photosystem II (PSII), and 
the increased dissipation of excess light energy through 
chlorophyll fluorescence, heat release, the xanthophyll 
cycle, or photorespiration (Bjorkman and Deming-Adams, 
1995; Taiz and Zeiger, 2002; Larcher, 2003). 

In comparison to Q. sideroxyla and Q. rugosa, Q. laceyi 
demonstrated characteristics typical of plants adapted to 
hot, dry, low elevations. The intermediate Amax, PARsat, 
and Tmax of this species relative to the two others indicated 
that this species had high photosynthetic potential, but that 
carbon fixation may have been limited in the hot, high light 
intensity growing conditions that are typical of the low ele
vation savanna woodlands of southwestern North America. 
The lower photosynthetic rate of Q. laceyi relative to Q. 
sideroxyla was most likely an adaptation to prevent pho
todamage to the photosynthetic pigments and thylakoid 
structures under high photon flux (Bjorkman and Demmig
Adams, 1995; Larcher, 2003). 



The leaf anatomy of Q. laceyi was the strongest indicator 
of this species' adaptation to hot, high light intensity condi
tions. The thicker cuticle, upper cell wall, and upper epider
mis of Q. laceyi were typical oak adaptations to high light 
environments (Abrams, 1990, 1996; Ashton and Berlyn, 
1994), as was the high percentage of the total leaf blade 
thickness being occupied by the palisade parenchyma layer. 
The cuticle and upper epidermis absorb UV radiation by 
epicuticular waxes, carotenoids and flavonoids dissolved in 
the cell sap, thus protecting the lower leaf from radiation 
injury (DeLucia and Berlyn, 1984; Day et al., 1992; Day, 
1993; Larcher, 2003). Likewise, the high percentage of pali
sade parenchyma tissue also probably facilitated photosyn
thesis at high light levels. 

The thinner leaves of Q. laceyi relative to Q. rugosa and 
Q. sideroxyla is an atypical trend for North American oaks. 
While oaks on exposed sites in the northeastern United 
States have been shown to have thicker leaves than those 
that dominate valley bottoms or midslopes (i.e. Ashton and 
Berlyn, 1994; Abrams, 1990, 1996), all previous studies 
were conducted on species from regions that were much 
less water limited than our study area. Water availability is 
the most limiting factor to tree growth in the southwestern 
United States (Meko et al., 1995; Hidalgo et al. 2001; Ad
ams and Kolb, 2005). The thinner leaves of Q. laceyi may 
have been an adaptation of this species to the hotter, much 
dryer growing conditions that predominated in the low el
evations of its native habitat. Alternatively, thinner leaves 
dissipate heat at faster rates than thicker leaves, which may 
also be an adaptation to high temperature growing condi
tions. 

The temperature and transpiration data for Q. sideroxyla 
and Q. laceyi suggest that the two species adopted differ
ent strategies for tolerating heat stress. The temperature re
sponse of plants is a function of the thermal stability of the 
photosynthetic apparatus at the chloroplast level (Berry and 
Bjorkman, 1980). High temperatures reduce the stability of 
the thylakoid membranes and key photosynthetic enzymes, 
disrupt electron transport in PS II, or cause photoinhibition 
(Pearcy, 1977; Armond et al., 1978; Smillie, 1979; Smillie 
and Nott, 1979; Berry and Bjorkman, 1980; Bjorkman et al., 
1980; Seemann et al., 1984; Havaux, 1993, 1994; Hikosaka 
et al., 2005). Such damage can result in a dramatic decline 
in photosynthesis at high temperatures, even for plants that 
are well adapted to hot growing conditions. Prior research 
has shown that the ability of plants to maintain high rates of 
photosynthesis at high temperatures is correlated with the 
increased stability and rate of photosynthetic electron trans
port at high temperatures (Bjorkman et al., 1976; Pearcy, 
1977; Bjorkman et al., 1978). The higher Tmax and tran
spiration rates of Q.sideroxyla at high temperatures suggest 
that while this species is distributed across less extreme sites 
relative to Q. laceyi, it maintains high quantum efficiency at 
high temperatures. This indicates that this species may allo
cate resources to stabilize PS II, protect against photoinhibi
tion, or maintain higher enzymatic activity than Q. laceyi. 
Quercus sideroxyla also maintained high transpiration rates 
at high temperatures, while transpiration rates declined 
above 32°C in Q. laceyi. Q. sideroxyla probably dissipated 
heat through evaporative cooling in the mesic conditions 
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that predominate in the high elevations of its native habitat. 
In contrast, the decline in transpiration by Q. laceyi at high 
temperatures through stomatal closure was probably a prod
uct of its adaptation to hotter, drier growing conditions at 
lower elevations. The thicker cuticle of Q. laceyi may have 
also played an important role in reducing water loss through 
transpiration in addition to providing protection from high 
intensity light. 

The temperature response data also suggest that all three 
of the species in this study were well adapted to high tem
perature growing conditions. The temperature tolerances 
of these species were most likely related to the location of 
their native distributions in the middle of the Chihuahuan 
Desert, where July mean maximum temperatures are 3 7°C. 
All three species may have adapted to hot growing condi
tions through the previously described mechanisms for heat 
tolerance or through the development of heat shock proteins 
that ensure the conformational structure of photosynthetic 
enzymes for increased thermotolerance (Taiz and Zeiger, 
2002; Larcher, 2003). 

The leaf structural characteristics corresponded closely with 
our plant water status and light and temperature response 
data. Light intensity, temperature, and water relations are 
closely related (Hamerlynk and Knapp, 1994; Holmgren, 
2000; Sack and Grubb, 2002; Sack, 2004; Aranda et al., 
2005; Quero et al., 2006), with high light and temperature 
intensity often corresponding to xeric conditions. The high
er LMA, leaf density, and RWC of the two high elevation 
species relative to Q. laceyi suggest that harsher growing 
conditions at low elevations may limit carbon fixation. Up
per elevations are cooler and wetter, and upland oaks (Q. 
sideroxyla and Q. rugosa) appeared to be adapted to these 
growing conditions through greater water holding capacity 
and higher leaf densities, whereas lowland oaks (Q. laceyi) 
probably developed strategies for conserving water under 
hot, dry, high light conditions. Hence, the niche partition
ing of Q. sideroxyla and Q. laceyi according to moisture 
regime, as identified by Poulos et al. (2007), may also trans
late to similar differentiation according to light and tem
perature gradients in a pattern similar to that observed in 
oaks from other regions ofNorthAmerica (i.e. Hamerlynck 
and Knapp, 1994, 1996). 

APPLICATION OF GREENHOUSE RESULTS TO 
FIELD CONDITIONS 
The application of greenhouse experiments to field condi
tions warrants discussion (e.g., Harper, 1977), because the 
field environment can differ dramatically from controlled 
greenhouse conditions. We addressed this by mimicking 
natural patterns of spring oak germination in the southwest
em United States and northern Mexico and by taking our 
measurements in the late spring when these plants experi
ence a pronounced fore-summer drought in the field. Rela
tive humidity and temperatures within the greenhouse were 
also similar to field conditions during the experiment (Pou
los, unpublished data) to minimize differences between 
field and greenhouse growing conditions. 

Results from this study corresponded to other field-based 
studies of plant anatomy and water relations in the south-
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western United States (i.e., Lajtha and Barnes, 1991; Lajtha 
and Getz, 1993; Linton et al., 1998), which suggests that 
our experiment approximated field conditions. 

CONCLUSION 
Our results suggest that the physiological and structural 
adaptations of Mexican oaks to changing environmental 
conditions across resource gradients are important influ
ences on plant community structure. We identified a close 
association between oak physiology, leaf structural charac
teristics and species dominance. Moreover, our results sug
gested that drought, light, and temperature tolerance were 
important influences on oak spatial distribution patterns at 
the landscape scale. Future research that investigates the 
physiological ecology of other oaks in Mexico is warranted 
to gain a more complete understanding of the factors influ
encing oak dominance and diversity patterns. 
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Figure 1: Photosynthetic light response curves for (A) Q. sideroxyla, ( o) Q. laceyi, and ~ Q. rugosa. Light curves of 
each species were significantly different according to a mixed model procedure (P < 0.001). Each point represents the 
mean of 10 leaves sampled for each species (N =30) with error bars representing ± 1 SE. Best fit curves are modified 
hyperbolas fit to the mean values for each species. 
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Figure 2: Temperature response curves of A) photosynthesis and B) transpiration for (A) Q. sideroxyla, ( o) Q. laceyi, and 
(._) Q. rugosa. Temperature curves were significantly different among species according to a mixed model procedure (P < 
0.001). Each point represents the mean of 10 leaves sampled for each species (N = 30) and error bars indicate± 1 SE. 
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Figure 3: Photomicrographs of leaf sections for A) Q. sideroxyla, B) Q. rugosa, and C) Q. laceyi. 
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Figure 5: Means (± 1 SE) of A) leaf density and B) leaf relative water content (RWC) for each of the three species of 
Quercus (N = 30). 
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Visitors to the Boyce Thompson Arboretum are truly im
pressed by the numerous desert plants, trees and specialty 
gardens. A fantastic setting. "It is all so natural " An "Ari
zona paradise" are comments frequently made 'by visitors. 
Whether a few hours or a day, the time enjoyed at the Ar
boretum ~s never long enough. Sit down at any one of nu
~erous s1tes along the many pathways, relax and you will 
hkely not want to leave. That is how the founder of the 
Arboretum, Colonel William Boyce Thompson felt when 
he first visited the area. ' 

William Boyce Thompson was an extremely wealthy man. 
He had made his millions in mining and investments. Two 
mines from his worldwide portfolio, the Magma and the 
Inspiration, brought him to this part of Arizona. Follow
~ng hi~ first view of Picket Post Mountain and the adjoin
mg wtde expanse, Thompson knew he would build a home 
nearby. The house that he had constructed was located on a 
cliff near the foot of Picket Post. It came to be called Picket 
Post House. It was more than a modest home, it was an 
8,000 square foot mansion. From his Arizona residence he 
viewed the beauty of his neighbor, Picket Post Mount~in, 
the majesty of Apache Leap, Weaver's Needle the Supersti
tion Mountains and the thousands of desert a~res surround
ing his Arizona estate. 

Colonel Thompson established the Boyce Thompson Insti
tute for Pl~n~ Re.search in Yonkers, New York in September, 
1924. Thts mstltute had proven of invaluable aid to farm
ers, florists and horticulturists of the country. 

Thompson envisioned a research arboretum in the South
west, an institution to preserve the trees and plants of Ari
zona, and as his dream unfolded, the desert plants of the 
arid regions of the world. Thompson's dream was about to 
come to fruition. 

Colonel Boyce Thompson's arboretum was located at the 
base of Picket Post Mountain in full view from his Arizona 
home. The dedication of the Arboretum took place on April 
~' 1929. The local newspaper, the Silver Belt proclaimed, 
Crowds at Thompson Arboretum Dedication." Invitations 

had been sent "to all parts of the world where desert growth 
prevails." The event was attended by dignitaries, scientists 
and many of the clubs from the Globe and Miami area. It 
was Thompson's last triumph, but perhaps his greatest and 
most enduring. Although in his early sixties, he endured 
poor health. He died the following year on Friday evening, 
June 27, 1930. In announcing his passing, the Associated 
Press reported that Colonel William Boyce Thompson "was 
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interested in anything and everything that came out of the 
ground." Last rites were held at his home in Yonkers, New 
Y ~rk. Altho~gh ~olonel William Boyce Thompson was 
latd to rest, hts Artzona dream would live on. 

Colonel Thompson had been a very wealthy man. while 
many others were poor, very poor. It was the Depression 
era and many others were very poor and jobless. 12 mil
lion were unemployed. One of every four individuals able 
to work, wasn't employed. President Franklin Delano 
Roosevelt, shortly after taking the oath of office as the 32nd 
President of the United States, initiated The Civilian Con
servation Corps, a New Deal program that would have last
~ng effects. It was Senate Bill 598 that the President signed 
mto law.on March 31, 1933. The Corps quickly received 
the momker, the CCC. Other nicknames were the "CCC 
~oys," the "Three C boys," "CCCers," "the Triple C" or 
stmply the "Cs." 

Those considered for enrollment were young, unmarried 
and unemployed men between 18 and 25 years old. The age 
was later lowered to 17. The average age of the youths was 
18-19 years and the height was 5' 8". The average weight 
was a little less than 150 pounds. Yes, they were mere boys. 
One youth lied about his age and enlisted at 15 years, re
marked Perry H. Merrill in the book, "Roosevelt's Forest 
Army, A History of the Civilian Conservation Corps". Un
der aged boys are known to have served in Globe, as well as 
at Safford, Arizona. 

The wages the boys received was $30 a month. They were 
allowed to keep $5, but the rest of the amount was sent 
home to their families. For most of the youths, that was 
more than agreeable. They were thankful for what they 
~ailed "tJ:ree hots and a cot." And that is what they received 
m. most mstances, a warm meal, a tent for a home along 
wtth a cot and blanket for sleeping. Those remaining in 
the permanent camps would eventually have barracks for 
quarters. Jobs and job training was their goal. The President 
was interested in their "employment and worthwhile leisure 
act~vity," noted ~he Phoenix Gazette in a 1983 report. The 
Arizona Repubhc commented in a 1990 issue that the boys 
could "learn honest skills for an honest wage." Enlistment 
was f~r 6 mon~hs. They were also given first opportunity 
when 1t came tlme to re-enroll. 

Senate Bill598 was launched by President Roosevelt on 
April 5, 1933; the first young man enrolled in the nation
wide pr?gram the following day. The nation's first camp, 
appropnately named Camp Roosevelt, opened on April 17, 
1933. Luray, Virginia was home to the nation's first CCC 
camp. The first enrollment call nationwide was for 250 000 
recruits. ' 

The obj:ctive of President Roosevelt's new program was 
a peacetime force of energetic youth, civilian youth dedi
cated to conservation. They were youths willing to work on 
th~ land and water, in the forests and on the mountain top. 
Hts goal was 250,000 enlistees by the first of July, 1933. 
When that date was reached, there were 275,000 enrolled 
and 1,302 camps in the United States. By 1935 there were 
2,650 camps and over 600,000 enrolled. 
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The State of Arizona, like its counterpart States, was quick 
to meet the challenge. The first Arizona youth enrolled on 
May 9, 1933. Not only did the State enroll many of its 
own recruits, it also received a large contingent from out 
of State. Arizona and New Mexico made up Region 3, the 
Southwestern Region, in the national program. Between the 
two states, 14 national forests were supervised. 

The Arizona Daily Star released an announcement on April 
26, 1933, in Tucson, Arizona, stating that the Civilian Con
servation Corps would have 28 camps in Arizona. Nine 
were to be established immediately. One would be located 
along Russell Gulch, six miles south of Globe in the foot
hills of the Pinal Mountains. That camp and another one in 
Arizona near Safford, were the first two CCC sites in Re
gion 3. Arizona's initial call was for 4,800 recruits. Be
tween 1933 and 1942, the state would have 50 camps and 
enroll 41,362 young men. With recruits from out of state 
included in the Arizona work force, the number would swell 
to 52,905 youths. 

The first CCC camp at Globe was part of the National Forest 
project and designated F-16-A. The "F" was for National 
Forest as opposed to State Fore st. At the time, it was called 
the Crook National Forest. Today it is known as the Tonto 
National Forest. The first companies organized were num
bered 804 and 806. On Tuesday, May 23, 1933, the first of 
the CCC boys arrived at camp. Between the Globe camp 
and the one in the Coronado National Forest near Safford, 
there were 525 enrollees. The newspaper for Miami and 
Globe, The Silver Belt, on May 26th carried an announce
ment of the local recruiting office. It was headquartered at 
the Maurel Hotel in Globe. The two Arizona communities 
would supply many recruits as the years rolled by. 

The following year, the Mesa Tribune announced that a 
chaplain, headquartered in Phoenix, would look after the 
young men in the Phoenix and Globe camps. The Tonto 
Wrangler, a camp newspaper, reported in its second issue 
that one chaplain brought along musicians from time to 
time. It stated that there were Mexican as well as Filipino 
musicians. The boys at most camps played harmonicas. 

The Pinal Mountain camp would have a long life. From 
May, 1933, down to its abandonment in March, 1942, it 
was home to many a boy and completed a number of proj
ects. The work assignments included road construction, 
fire towers, soil erosion, revegetation and recreational sites. 
The first recruits at Arizona's Pinal Mountain camp arrived 
from Houston, Texas. The boys traveled from Texas on a 
special train provided by the Southern Pacific Railroad. It 
transported them to Safford, Arizona. The train and its 
unique cargo arrived at Safford on May 23, 1933. Of the 
525 youths on board, 173 were immediately sent by truck 
to Treasure Park on Mount Graham near Safford. The rest 
were delivered by truck to Globe. From Globe the Texans 
were disbursed to various Gila County locations. A number 
of the boys were transported to the Grand Canyon and a 
special work detail. 

Recruits poured in to the various recruiting offices from all 
over the state. As mentioned earlier, Globe and Miami sup-

plied their share of recruits. By mid July, 1933, most of 
the camps were in full operation. At first, the boys lived in 
canvas tents until barracks were constructed. At the tem
porary camps away from the main camp, they always lived 
in tents. The boys at Pinal Mountain camp south of Globe 
along Russell Gulch eventually built four suitable barracks 
with materials purchased in-state, reported the Silver Belt 
on October 13, 1933. They also constructed a flagpole with 
a rock walk leading to it stated their camp newspaper, the 
Pinal Mt. Echo, on October 24, 1935. Each of the barracks 
was usually home for about 50 young men. The Strukan 
Store in Globe was one of the camp suppliers. The only 
indication today that a CCC camp had been in the foothills 
of the Pinal Mountains is the remaining erosion controls 
the boys placed near their camp site. A series of drainage 
ditches with dry laid cobble check dams is all that is vis
ible. Nearby would have been their barracks. Now all is 
long gone. 

Some issues of the camp newspaper remain. They are to be 
found in various libraries and collections. The small news
paper was printed on a mimeograph machine, thanks to the 
Globe Junior Chamber of Commerce. The camp newspa
per, first named the Pinal Mt. Echo, later changed its' name 
to The Globe. Most all of the C. C. C. Camps, and some of 
the fly camps, had their own newspaper. 

Two other camps were located in the Miami area. One at 
the J. K. Ranch and the other at the Schultz Ranch. The 
camp at the J. K. Ranch was simply called the J-K camp, 
whereas the Schultz Ranch camp was called Airport Camp. 
The J- K was northwest of Miami and Airport was several 
miles southwest of Miami along U.S. Highway 60. It was 
adjacent to Bloody Tanks Wash. Both locations worked pri
marily in erosion control and revegetation. They also built 
check dams and worked on recreation projects. The camps 
were in operation between 1933 and 1935. The Silver Belt 
reported on November 17, 1933, that 200 boys had arrived 
in the county and were assigned to Airport Camp. The fol
lowing year on October 5th, it again mentioned the camps 
at the J. K. Ranch and the Schultz Ranch. 

The Boyce Thompson Arboretum was another site privi
leged to be on the roster for a number of recruits. On July 
12, 1933, twenty young men were reported as being at the 
Arboretum. They traveled there by truck. The site was 
some 3 7 miles from their main camp in the foothills south 
of Globe. As the location wasn't one of the regular camps, 
it was considered a side camp, some called it a spur or spike 
camp. The Arboretum camp was considered a fly camp. 
This was true for a number of other side camps in the na
tional system. By late 1935, the number of the boys at the 
Arboretum had been reduced to twelve. The Pinal Mt. Ech6 
reported, in its issue ofNovember 7, 1935, that LeonardA. 
Prichard was in charge of the fly camp. 

Following arrival at Superior, Arizona, the boys had looked 
for the largest level site near the vicinity of the Arboretum 
and Picket Post Mountain. The decision was to set up camp 
along Arnett Creek, noted James E. Ayers in his manuscript 
"An Archeological Reconnaissance of the Boyce Thomp
son Southwestern Arboretum." Once the camp site was es-



tablished, the boys began setting up their quarters. No, not 
barracks, but canvas tents. A half dozen or so tents were set 
up, the majority of them for sleeping and personal quarters. 
The tents would sleep four to six recruits to each tent. The 
other tents were for the commissary and other camp needs. 
The first cots the boys used were ones they had stuffed 
themselves with straw. A 55 gallon steel drum in a sand box 
served as their wood stove. Picks, shovels and axes were 
their principal tools. 

The restroom facilities were meager. Heated water in a 
pan served for shaving and washing purposes, as did the 
nearby creek. The commode was a trench some distance 
away. It was about 10' by 18' in length. The boys called it 
a "straddle trench." Along with daily duties, all shared at 
one time or another assisting in cooking, camp cleaning and 
various fatigue duties. Each man washed his own clothing 
and bedding. 

The recruits were there to work and work they did. Their 
day, typical of most camps, had a wake up call at 6 am. 
Breakfast was at 6:30am. After a busy morning, they ate 
lunch at 1 pm and were soon back on the job. The work day 
concluded at 4 pm and supper was at 5 or 5:30pm. The eve
ning was theirs for study, leisurely reading or some type of 
recreation. At 10 or no later than 10:30 pm, it was lights out. 
None objected. They were tired and exhausted and ready 
for a good night's sleep. Stan Cohen, in his publication 
"The Tree Army," revealed what was the unofficial motto of 
the CCC boys. It was simply "we can take it." 

Some of the boys were busy with pick and shovel making 
pathways which needed leveled and smoothed. The ex
cess dirt was relocated to other demanding areas. Seeds 
and grasses, along with many plants and flowers, were to 
be set in place. The same was true of trees and shrubs. All 
the existing plants were to be saved, relocated if necessary, 
but more often then not, it was the path that was moved. A 
number of native plants were for revegetation projects. The 
boys put both their hands and heart into the work assigned. 
The CCC designated that particular character of their work 
as "nursery." 

The Pinal Mt. Echo on November 7, 1935, reported that the 
boys at the "Superior Spur Camp," the one at the Arbore
tum, planted over 40,000 plants, 26 different types of trees 
and about 50 different shrubs. The young men had been 
very busy. 

The boys at the nursery also worked closely with those at 
the Miami J-K camp. Due to activities by the mines, the 
area there was devoid of any growth. With the help of man 
and thousands of plants and grasses, the goal was to reveg
etate the area. By December, 1935, the nursery at the Arbo
retum had stocked 91,000 potted and 142,000 bare rooted 
plants. Many of these were assigned for planting by the J-K 
boys in the Bloody Tanks area, reported the December 5, 
1935 issue of the Pinal Mt. Echo. 

The camp newspaper pointed back to the previous summer 
of 1935 when some 15,000 plants had been put in place by 
the CCC boys. Happily six months later, the report was a 
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survival rate of 95%. It was estimated that over 300,000 
native range plants were raised each year at the nursery and 
used extensively in revegetation of range land and erosion 
projects. 

Today, thanks to those boys and the many volunteers that 
followed, the Arboretum's 323 acres has nearly 2 miles of 
trails and walkways and over 3,200 different types of living 
plants and trees. The boys themselves considered the Arbo
retum as "one of the best in the world." Following the death 
of Colonel Thompson, the Arboretum has been carefully 
looked after, allowing his dream to reveal to all onlookers 
the beauty of Arizona and the arid deserts of the world. 

Grateful thanks are extended, from the first worker to the 
current staff and the many entities involved. To the boys 
of the CCC, there will always be a warm feeling and an ex
tended hand for their time and loving interest in the plants, 
trees and pathways of the Boyce Thompson Arboretum. 
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Abstract 
The approximately 1 OOO-km2 Las Vegas Valley contains a 
rich assemblage of unique plant communities in the eastern 
Mojave Desert. Yet, there is little published documentation 
of this vegetation as its destruction continues with proceeding 
urban development. Development has intensified after 
the 1998 Southern Nevada Public Land Management Act 
mandated the disposal of federal lands. We document 
plant communities at four unique grassy remnants, some 
of which have since been destroyed, in the southwestern 
Las Vegas Valley. Sample plots of 0.25 or 0.09 ha at each 
site contained washes (supporting catclaw [Acacia greggii] 
at three sites) and associated uplands. Native perennial 
grasses comprised 12% of plant species richness/100 
m2 and 5% of total relative cover on average. A total of 
8 native perennial grasses were detected at the four sites, 
with predominant species including fluff grass (Dasyochloa 
pulchella), purple three-awn (Aristida purpurea), big galleta 
(Pleuraphis rigida), red grama (Bouteloua trifida), and slim 
tridens (Tridens muticus). These communities appeared as 
grass-shrublands, rather than the widespread shrublands 
commonly described for the Mojave Desert. Of large 
shrubs at the three sites containing catclaw, catclaw density 
ranged from 52-124/ha, Mojave yucca (Yucca schidigera) 
from 8-32/ha, and creosote bush (Larrea tridentata) from 
168-456/ha. We also obtained permission to salvage native 
plants from one site prior to land development. Overall 
survival of salvaged plants of eight species exceeded 
76% after one year of greenhouse/outdoor storage. We 
suggest that while many opportunities have already been 
lost, collecting and documenting information on the rich 
vegetation of the Las Vegas Valley and salvaging native 
plants or seed for use in desert landscaping, parks~ and 
habitat improvement in protected areas would leave a future 
legacy of this ecologically unique region. 

Introduction 
Las Vegas means "the meadows" in Spanish, a name given 
by Spanish travelers in the earlyl800s to what is now the 
largest city in Nevada. The approximately 1 OOO-km2 Las 
Vegas Valley is a different place now than the landscape 

encountered by its namers. Between 1990 and 2000, Las 
Vegas experienced the largest population growth (83%) of 
any U.S. metropolitan area during that time period (Perry 
and Mackun 2001 ). Growth and development was further 
propelled by the 1998 Southern Nevada Public Land 
Management Act, where congress directed the Bureau of 
Land Management (BLM) to dispose of public BLM land for 
private development in the Las Vegas Valley. Through 2007, 
13,944 hectares had been sold by BLM (BLM 2008). By 
2006, Las Vegas already contained an estimated 1.8 million 
people (Southern Nevada Regional Planning Coalition 
2006). A consequence of this explosive development is that 
rich ecological communities in the Las Vegas Valley have 
been quickly and irreversibly destroyed. 

The Las Vegas Valley supports diverse vegetation, such as 
springs, wetlands, washes, mesquite (Prosopis glandulosa) 
and catclaw (Acacia greggii) woodlands, and creosote
bursage (Larrea tridentata-Ambrosia dumosa) shrub 
communities; along with communities on unique soil types 
such as gypsum (Stave 2001). Published documentation 
of current vegetation is virtually nonexistent, leaving 
no quantitative records of what this valley contained as 
development and vegetation destruction proceeds. In this 
study, we document plant communities at four unique 
grassy sites in the Las Vegas Valley. Some of the sites have 
been cleared since our study, so these data are a valuable 
vegetation record that can no longer be obtained. We also 
conducted a salvage project with eight native species and 
assessed greenhouse survival of transplants. Benefits of 
understanding plant communities in Las Vegas include 
using the information for habitat restoration or creation 
(establishing a community where it did not previously occur) 
in Las Vegas or on adjacent protected land, understanding 
how plant communities in Las Vegas relate to or might affect 
(through their loss) communities in the broader Mojave 
Desert (e.g., Hickerson and Wolf 1998), and for providing a 
cultural and educational reference. 

Site Descriptions 
We sampled four privately held sites in the southwestern 
Las Vegas Valley that contained unique assemblages of 
native grasses and that we were able to obtain permission 
to sample (Figure 1, 2). Land area of the study sites 
ranged from 0.2-15 ha. Three of the sites were within 1 
km of each other, while the fourth site was 5 km to the 
east. All of the sites were surrounded by roads, housing 
developments typically constructed within the past five 
years, and businesses. Soils at the three western sites are 
derived from alluvium and limestone and are mapped as 
Goodsprings and Cave gravelly fine sandy loams (Typic 
Paleorthids; Speck and Mckay 1985). These sites included 
washes (approximately 10-20 m wide and 0.5-3 m deep) 
and adjacent uplands. The fourth site occupied a sandy 
wash less than 1 m deep, with soils derived from sandy 
alluvium. These soils are iJlapped as Jean gravelly loamy 
fine sand (Typic Torriortherits). Washes at all sites had been 



severed by developments prior to reaching the site, so the 
washes may no longer receive periodic flows. Elevations of 
the sites ranged from 720-790 m. 

Survey and Salvage Techniques 
We established one sample plot in the center of each site 
to reduce edge effects on these small sites as much as 
possible. Plots were 50 m x 50 m (0.25 ha) at sites 1-3 and 
30m x 30m (0.09 ha) at the smaller site 4 that would not 
accommodate a larger plot. We divided plots into 10 x 10m 
(0.01 ha) cells, with 25 cells on each plot at sites 1-3 and 9 
cells at site 4. We mapped individuals of three native shrub 
species (catclaw, creosote, and Mojave yucca) to the nearest 
meter using x, y coordinates within plots. We sampled 
sites 1-3 in December 2006 or January 2007, and site 4 in 
February 2008. Our sampling time period was not designed 
to detect live annuals, but we did record dead annuals and 
included them in vegetation measures such as species 
richness. In each cell, we recorded species rooted in the cell 
and categorized their cover using Peet et al.'s (1998) cover 
classes. One plant specimen did not have sufficient material 
for identification to genus, so we deleted this unknown from 
the data set. Five plants could only be identified to genera, 
they were included in richness and life form analyses. Plant 
nomenclature follows NRCS (2008). From the plot data, we 
calculated species richness (the number of species present 
on average per 0.01 ha and in whole plots) and relative 
cover of each species (the proportion of the total cover of 
all species that was contributed by each focal species). We 
also calculated frequency, the proportion of 0.01-ha cells a 
species occupied per site. 

In a trial to test the feasibility of salvaging native plant 
material, we obtained permission to salvage plants in 
February 2007 from site 1. We used hand shovels to dig out 
as much root as possible and salvaged plants bare-root by 
wrapping them in moist paper towels and transporting them 
in plastic bags. We salvaged 10 individuals of each of eight 
species: purple three-awn (Aristida purpurea), fluff grass 
(Dasyochloa pulchella), red grama (Bouteloua tri.fida), 
deergrass (Muhlenbergia rigens), Virgin River brittlebush 
(Encelia virginensis), desert trumpet (Eriogonum inflatum), 
broom snakeweed ( Gutierrezia sarothrae ), and globemallow 
(Sphaeralcea ambigua). Within three hours of salvage, we 
planted individuals with potting soil in 1-gallon (4-liter) 
pots. We kept samples in a greenhouse at the Lake Mead 
National Recreation Area plant nursery, (approximately 30 
km east of the Las Vegas Valley), for six months before 
placing the pots outdoors for another six months. 

Plant Community Characteristics 
Based on the results of our site surveys, density of the three 
mapped shrubs at sites 1-3 ranged from 52-124/ha (average 
= 85) for catclaw, 8-32/ha (average= 20) for Mojave yucca, 
and 168-456/ha (average = 291) for creosote. Catclaw 
probably has higher moisture requirements and tended to 
occupy the washes, but scattered individuals also occurred 

17 

on adjacent uplands (Figure 3). The fourth site had 578 
creosote/ha, but did not contain catclaw or Mojave yucca. 

Richness of native species per 0.01 ha ranged from 5-22 
species, with natives comprising 62-94% of the total 
richness per 0.01 ha (Figure 4). Richness tended to be 
higher in washes, but several sections of the uplands 
contained richness equal or greater to the washes (Figure 
3). The total number of species occurring on 0.25-ha plots 
at sites 1-3 was 38, 39, and 42, and 28 species occurred 
on the 0.09-ha plot at site 4. We found a grand total of 73 
species on all plots. 

All four sites were dominated by native shrubs and perennial 
grasses, with smaller components of cacti and native and 
exotic forbs and annual grasses (Appendix 1 ). White 
bursage, Nevada jointfir (Ephedra nevadensis), creosote, 
and littleleaf ratany (Krameria erecta) overall were the 
most frequently occurring shrubs, with catclaw also 
occurring at ~ 40% frequency at three sites. Two to four 
cactus species occurred per site, although these occurrences 
were scattered typically at < 10% frequency. Perennial 
forbs were not abundant overall, with desert trumpet 
being the most frequent species at all four sites followed 
by broom snakeweed exhibiting 60-80% frequency at two 
sites. Perennial grasses were sharply more abundant than is 
typically described for Mojave Desert shrub communities 
(Vasek and Barbour 1977). 

Description of the Perennial Grasses 
At least three native perennial grass species occurred at 
each site (Appendix 1 ). Purple three-awn was frequent at 
sites 1-3 and was principally concentrated in the washes. 
Red grama, listed as a rare species in California in different 
rarity classifications (California Native Plant Society 
2008), occurred with purple three-awn at two sites and also 
inhabited washes. The short-statured fluff grass occurred 
at greater than 50% frequencies at all four sites, although 
at low relative cover (<1 %). Scratchgrass (Muhlenbergia 
asperifolia ), whose habitat Baldwin et al. (2002) list as moist, 
often alkaline meadows, seeps, or hot springs, occurred 
at 100% frequency in the sandy wash site 4. Blue grama 
(Bouteloua gracilis) was another major grass co-occurring 
with scratchgrass at site 4. Occurring only at site 3, bush 
muhly (Muhlenbergia porteri) occurred in two 0.01-ha cells 
only in the wash. There was one patch of approximately 3 
m2 of 100% ground cover of bush muhly directly below a 
mesquite tree. Big galleta grass (Pleuraphis rigida) was 
most abundant at site 3, where it formed grassland-like 
stands that had more than 10% relative cover in some cells. 
Although it occurred just to the west of the sample plot at site 
1 and not on the plot, deergrass formed a nearly pure dense 
stand of several hectares in a shallow, fiat part of the wash 
(Figure 2). This species is sometimes used for landscaping 
in Las Vegas, and it is unclear whether the species is native to 
this site or results from escaped landscape plants. Baldwin 
et al. (2002) indicate that deergrass is native to the Mojave 
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Desert and occupies sandy to gravelly soils, canyons, and 
stream bottoms. Grasses are unique components of desert 
ecosystems (Bock and Bock 1986), and factors affecting 
their past and present distribution and abundance warrant 
additional study (Abella 2008). 

Salvage Project 
After one year of storage, 7 6% of overall salvaged plants were 
alive. This is similar to a previous study at these sites that 
found 82% greenhouse survival for salvaged globemallow 
(Abella 2007). Salvaging plants can be particularly useful for 
species that have seeds difficult to germinate or are difficult 
to propagate. Given its potential for success suggested by 
this study, more controlled experiments could be undertaken 
to include additional species (those with different rooting 
habits and other characteristics) and to more rigorously test 
methods to improve efficiency and feasibility of salvage. 
Obtaining good survival of transplants in field plantings is 
difficult in the Mojave, as it is in other deserts, due to limited 
water, herbivory by animals, and other factors (Lovich and 
Bainbridge 1999). Nevertheless, there are many examples 
of successful desert plantings. For instance, Newton (200 1) 
achieved 92% survival for creosote and 100% survival for 
beavertail pricklypear (Opuntia basilaris) after two years at 
Lake Mead National Recreation Area in the eastern Mojave 
Desert. Plantings for urban desert landscaping may have 
higher survival. The potential for salvaging seed from sites, 
as well as harvesting seed from salvaged plants themselves, 
also should not be overlooked. 

Conclusion 
The grass and catclaw-mesquite commumttes described 
in this study are rare and do not occupy extensive areas 
of the Mojave Desert. For example, Crampton et al. 
(2006) estimated that catclaw and mesquite occupy only 
approximately 14,000 ha (0.7%) within the total land 
area (20,950-km2) encompassed by Clark County. Native 
perennial grasses and other species in these and other 
native Mojave Desert communities may be suitable for 
establishment in areas such as urban parks, golf courses, 
and those benefitting from desert landscaping. Attempts 
could be made to create elsewhere habitats that have been 
lost in Las Vegas Valley, although creation of communities 
where they did not exist before may raise ethical issues 
and may not be fully ecologically feasible. Nevertheless, 
it should be recognized that much of the diverse vegetation 
of the Las Vegas Valley has been destroyed (Hickerson 
and Wolf 1998), so protecting or restoring similar habitat 
outside the valley and conducting habitat creation may be 
appropriate conservation goals. Salvaging plant material 
and possibly other material (e.g., soil crusts) from sites to 
be developed requires labor, facilities to store the material, 
and mechanisms for using the material. Although not as 
ecologically beneficial as protecting the habitat, salvage 
may offer the only opportunity for preserving local genetics 
and populations of many species of the Las Vegas Valley. 
In our view, great opportunities exist for at least partly 

maintaining the legacy of rich Las Vegas vegetation through 
strategic protection of remnants or incorporating remnants 
into developments, salvaging material, and conducting 
documented studies of past and present vegetation to record 
this unique resource. 
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Figure 1. Views of (a) dense mat of deergrass that occurred just west of site 1, (b) the proximity of sites to development, 
disconnecting washes from natural drainage ways, (c) the strong presence of grasses at site 4, (d) theN evada Conservation 
Corps assisting with plant salvage on site 1. 
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Figure 2. Location of surveyed sites in the southwestern Las Vegas Valley, Clark County, southern Nevada. Sites 1-3 were 
near the intersection of Warm Springs and Buffalo Roads, and site 4 was south of the intersection of Warm Springs and 
Decatur Roads. 
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Appendix 1. Species percent frequency in 25, 0.01-ha cells at sites 1-3 and in 9, 0.01-ha cells at site 4, Las Vegas Valley, 
southern Nevada. Lifeform and exotic/native classifications follow NRCS (2008). 

SPECIES Site 1 Site 2 Site 3 Site 4 

EXOTIC 
Brassica tournefortii 20 56 56 100 
Bromus madritensis 100 96 84 100 
Eragrostis cilianensis 11 
Erodium cicutarium 68 64 36 33 
Sa/sola paulsenii 66 
Sa/sola tragus 20 4 
Schismus spp. 48 64 76 77 
Sisymbrium irio 11 
Sisymbrium orientale 32 8 
Tamarix ramosissima 20 

NATIVE 
Annual forb 

Abronia villosa 11 
Camissonia boothii 8 
Chamaesyce spp. 33 
Chorizanthe rigida 32 48 68 
Cordylanthus ramosus 8 
Cryptantha spp. 24 
Datura wrightii 11 
Eriogonum deflexum 11 
Eriogonum spp. 20 4 
Guillenia lasiophylla 24 4 12 
Lepidium lasiocarpum 48 72 52 
Mentzelia albicaulis 4 
Pectocarya spp. 4 
Phacelia crenulata 4 
Plantago ovata 88 92 92 67 

Perennial forb 
Amsonia tomentosa 24 
Cuscuta californica 44 
Eriogonum inflatum 88 80 76 89 
Gutierrezia sarothrae 80 60 16 
Porophyllum gracile 12 48 
Sphaeralcea ambigua 32 52 32 
Stephanomeria pauciflora 4 4 4 56 
Thymophylla pentachaeta 36 20 
Tidestromia oblongifolia 11 

Perennial grass 
Aristida purpurea 60 48 20 
Bouteloua gracilis 89 
Bouteloua trifida 12 44 
Dasyochloa pulchella 56 60 56 67 
Muhlenbergia asperifolia 100 
Muhlenbergia porteri 8 
Pleuraphis rigida 4 24 44 
Tridens muticus 20 16 

Cactus 
Cylindropuntia acanthocarpa 11 
Cylindropuntia echinocarpa 4 8 8 
Cylindropuntia ramosissima 8 4 33 
Echinocactus polycephalus 4 
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Echinocereus engelmannii 4 
Ferocactus cylindraceus 4 
Opuntia basilaris 8 11 

Shrub 
Ambrosia dumosa 100 92 100 89 
Chrysothamnus spp. 8 
Encelia virginensis 32 84 40 
Ephedra nevadensis 80 100 60 100 
Eriodictyon trichocalyx 44 
Eriogonum fasciculatum 48 72 44 
Krameria erecta 64 92 60 89 
Krascheninnikovia lanata 44 
Larrea tridentata 88 72 92 89 
Lepidium fremontii 8 12 
Lyciumspp. 16 32 
Menodora spinescens 4 16 44 
Psorothamnus fremontii 12 20 52 
Salazaria mexicana 8 4 
Thamnosma montana 16 
Yucca schidigera 16 28 8 

Tree 
Acacia greggii 64 52 40 
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The Canary Islands: 
Continents in Miniature, 
Lands of Myth 

Jeffrey M. "Pete" Petrie 
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(Horticultural Specialist, retired 
Boyce Thompson Arboretum) 
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Blessed as they are with one of the mildest climates on earth, 
the ancient Greeks and Romans well knew the Canaries as 
the "Fortunate Islands". Local legend has it that this was 
the location of the Garden of the Hesperides, from which 
Hercules stole the golden apples on the same voyage which 
gave the name "Pillars ofHercules" to the Strait of Gibraltar. 
The name "Canary", according to Pliny the Elder, came not 
from the bird, but from the sighting by a second century 
BCE Roman expedition of a large number of wild dogs 
(canes in Latin). Plato believed that these seven submarine 
peaks, peopled by tall light-skinned peoples, many with 
blue eyes and blond hair, were all that remained of Atlantis. 
The geographer Ptolemy fixed the 0 meridian (the "end of 
the world") at the western tip of Hierro, where it remained 
until it was moved to Greenwich in 1833. Columbus made 
his last landfalls here during each of his four voyages to 
discover the New World, and is said to have been in love 
with a local noblewoman, the Countess Beatriz de Bobadilla. 
I made my two voyages to Gran Canaria and Tenerife by air 
during the first and last weeks of 2007. 

Today, the archipelago is Spain's farthest overseas 
community, a two-hour flight south along Africa's west 
coast between latitudes 27 and 29 degrees north. The 
eastern islands of Fuerteventura and Lanzarote, being only 
115 kilometers from the Saharan Desert, are mostly arid. 
The central and western islands, more influenced by the 
prevailing humid vientos alisios (westerly winds), are at 
least partly tropical paradises. La Palma is known as the 
"Garden Island" and Santa Cruz deTenerife has an annual 
relative humidity of 63% (AEMET, 2008). Botanically 
the archipelago, along with Portuguese Madeira, Azores, 
Cape Verde and other Atlantic island groups, comprise 
the Macaronesian Floristic Province, which is closely 
related to both the Saharo-Arabian and the Mediterranean. 
The Canaries share species in common with Ethiopia and 
the Arabian Peninsula, but the total of 511 endemisms, 
25% of the total of 1,995 species (Gobiemo de Canarias, 
2004) makes it one of the world's most unique botanical 
treasure houses. In recognition of this, 40.4% of the 7,450 
square kilometers of total land area is protected in national 
parks and preserves, one of the highest ratios in the world 
(Gobiemo de Canarias, 1995). 

History and People 
The origin of the native inhabitants, Amazigh-speaking 
ancestors of the modem Berbers of North Africa known 
as the Guanches, has always been a mystery. It was long 
thought that they arrived in primitive boats from the 
mainland during the first millenium BCE. However, the 
first modem European re-discoverers, the Genoese in 1312 
and the Portuguese in 1335, found no boats and no sign of 
any communication between the islands. The Stone-Age 
inhabitants of each seemed to speak a different language, 
but were observed to fall into two general groupings: naked 
cave-dwelling hunters and gatherers and agrarian societies 
wearing tailored skin clothing, living in villages of round 
stone houses. The first conqueror and colonist, the French 
Norman Bethancourt in 1402, quickly subdued the natives 
of Lanzarote and Fuerteventura and converted them to 
Christianity. Both he and the later Spanish invaders met 
with limited success against the warlike and well-organized 
tribes of the larger islands. It was not until after the fall of 
Moorish Granada in 1492 that the Spanish were finally able 
to concentrate enough military force to succeed. After a 
struggle lasting 94 years the last mencey (king) ofTenerife, 
Ben tor, threw himself off a cliff on July 25, 1496 rather than 
become a Spanish slave. Many of the surviving Canarians 
were eventually rounded up and exiled as colonists to the 
New World. The rest were absorbed into the European 
population. 

There are still many descendants of Bethancourt and the 
original Spanish and Portuguese settlers, but many modem 
Canarians are ethnically Venezuelans, Cubans and other Latin 
Americans, whether of Canarian origin or not, who arrived 
in a sort of reverse migration. The islands' popularity with 
vacationing Europeans, and the many expatriate Germans, 
Brits, Finns and Swedes who have retired there gives them 
a distinctly cosmopolitan flavor. The aboriginal Guanche 
culture has all but vanished, except what has been preserved 
for instance at the pottery making centers on Gran Canaria 
and the reconstructed Guanche village on Tenerife. The 800 
place names and 300 words and phrases recorded by Sabin 
Berthelot in 1845 are all that have been preserved of their 
language (Wendt, 1962), but there are quite a few excellent 
ethnological museums. Just as earthquakes, volcanism, 
storms and fire have shaped the physical environment of the 
islands, the influx of people continues to shape the society. 

Climate and Naturalllistory 
In addition to the humidity gradient from east to west across 
the archipelago, another exists from north to south on each 
island. Due to the influence of the humid vientos alisios 
the northern windward side of each island is much wette; 
Clouds tend to pile up against the slopes, condensing almost 
daily into dense fogs which obscure the peaks from below 
and form a sea of clouds when seen from above. Each of 
the western islands has a wet and a dry side and on a clear 
day, one can see from island to island. There is an additional 
altitudinal gradient. The first 600 meters or so above sea level 



is arid, with 150-250 mm of annual precipitation (AEMET, 
ibid) and dominated by succulents and xerophytic woody 
plants, the tabaibal-cardonal (Fig. 1 ). Climbing into the fog 
belt from about 600 to 1,600 meters the vegetation becomes 
increasingly lush, and is known as the monteverde (Fig. 2) 
Mixed shrubby woodlands, including the fayal-brezal or 
Macaronesian heath, distinguished by fayas ("firetree", 
Myrica Java, Myricaceae )_ and brezos ("tree heath", Erica 
arborea, Ericaceae) dominate the slopes up to about 1200 
meters. Above that great forests mostly composed of 
endemic Canary Island pine (Pinus canariensis, Pinaceae) 
comprise the corona forestal or "forest crown" (Fig. 3). The 
mass of leaves favors the condensation of the mists, which 
falls as droplets at the foot of each plant, the phenomenon 
known as "horizontal rain". 

Figure 1. Tabaibal-cardonal, near Tamaimo 

Above 1,600 meters there are fewer clouds and another 
drying trend exists. There are only two peaks in the Canaries 
that are higher than the limit at which forests can form, 
about 2,300 meters (Fig. 4). El Teide on Tenerife, at 3,718 
meters (12,198 feet), is higher than any peak in peninsular 
Spain. Average annual temperatures at sea level (Santa 
Cruz de Tenerife) range from minimum 18C to maximum 
24C (AEMET, ibid). On El Teide the top 1400 meters is 
hot and dry from May to September and can be freezing 
cold at night from October to April. Snow accumulation 
is common from December through February. In fact, the 
locals have a saying that unless there is snow up on El 
Teide, there can be no Christmas, but as long as anyone 
can remember there has always been snow on December 
25th (Fig. 5). This harsh environment is home to its own 
unique endemic vegetation, the "high mountain coenosis". 
This term, popular with European ecologists is defined as "a 
community of organisms interconnected by mutual relations 
and inhabiting a certain area" (CHU CR 2, no date). 
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The amazing richness and variety of the Canarian flora, 
while clearly . the result of this combination of unique 
climatic factors, has also been shaped by recent volcanism. 
The last eruption on Tenerife was in 1909, but the 26 
eruptions of the first few decades of the 18th century were 
far more significant. A total of 11 towns including the major 
port of Tenerife at the time, Garachico, were completely 
destroyed and most of the island was devastated. The 
Drago Milenario, thought to be the world's oldest dragon 
tree, narrowly escaped destruction by the Garachico lava 
flow. El Teide is estimated.'·to have once been nearly 5,000 
meters tall before its central cone collapsed forming the 12 
by 17 kilometer Caldera de Las Caiiadas, a National Park. 
Subsequent eruptions created the new volcanoes ofEl Teide 
and Pico Viejo in the center of the caldera and a ring of 
smaller volcanoes around the periphery (Fig. 6). Each of the 
other islands has experie§ced similar volcanic events which 
altered their physicallan:dscapes forever. 

The Laurisilva 
Another significant botanical treasure of the Canary 
Islands is the subtropical paleo-forest known as the 
Laurisilva, which 20 million years ago covered the entire 
Mediterranean basin. As' a result of cycles of glaciation 
together with the gradual dessication of the region over the 
past 10,000 years this fossil forest has retreated south and 
west to the few Atlantic island groups where sufficiently 
high moisture still exists. In the Canaries only the island 
of La Gomera, west of 'Penerife, and isolated canyons on 
a few other islands preserve undisturbed examples of the 
surviving flora, estimated at no more than 6. 7% of the 
total land area and only 1% of Gran Canaria (EEA/EBM, 
no date). It is characterized by woody evergreen plants 
with dark green, mostly lanceolate and coriaceous leaves. 
Typical species include laurel de Canarias or /oro (Laurus 
novocanariensis, once known as L.azorica) and barbusano 
(Appollonias barbujana), both large trees of the family 
Lauraceae. Numerous vines, such as Canarian ivy (Hedera 
canariensis, Araliaceae) and gibalbera (Semele androgyna, 
Convallariaceae) form an interconnected and sometimes 
impenetrable understory, with associated mosses, ferns and 
lichens. Remnants of the Laurisilva in a degraded form 
can still be found scattered on north slopes throughout the 
monteverde, except on Lanzarote and Fuerteventura where 
it has apparently disappeared (WWF, 2001 ). 

The Subtropical Wet Side 
The Canaries in general and Tenerife in particular are a palm 
tree paradise. The endemic Canary Island date palm (Phoenix 
canariensis, Arecaceae) is found widely in cultivation on 
all seven main islands up to 1,000 meters, but in the wild 
is increasingly restricted to a dwindling number of canyon 
bottoms. The Guanches in pre-Hispanic times used the 
leaves for roofing and basketry and the hollow trunks as 
beehives. The natives of la Gomera learned to extract the 
sap from the trunks for the manufacture of guarapo , which 
is still used as honey (Haynes & McLaughlin, 2000). 
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Figure 6. Pico Viejo in the center of the caldera and a ring 
of smaller volcanos around the periphery. 

Date palms (Phoenix dactylifera), Mediterranean fan palms 
(Chaemerops humilis) and dozens of other introduced 
palm species thrive. The many outstanding palm gardens 
include Loro Parque in Puerto de la Cruz, Tenerife. Famous 
for having the biggest penguinarium and largest collection 
of parrots on earth ( 4,000 birds of over 350 species and 
subspecies), its living collection of8,000 palm trees includes 
a grove of750 Kentia palms (Howieaforsteriana) from Lord 
Howe Island east of Australia (Loro Parque, 2007). Another 
interesting tropical garden under glass, the Mariposario del 
Drago in Icod de los Vinos, is home to the world's largest 
exotic collection of living butterflies (Mariposario, 2007). 

El Jardin de Aclimatacion de La Orotava, also in Puerto de 
la Cruz, was established by King Charles III in 1788-92 to 
receive the palms and other tropical plants being brought 
back by explorers such as Captain Cook and Alexander 
Von Humboldt. Together with its nearby XIX century sister 
garden La Hijuela it holds nearly 4,000 living species and 
37,000 dried specimens (JAO, 2007). Many of the original 
two century old plants have been preserved here, such as a 
magnificent Moreton Bay fig or Australian banyan (Fig. 7). 
Most ofthe islands' arable wet side land was long ago terraced 
with volcanic stone and planted in grape vines and other 
crops. Beginning in the 1870's bananas were introduced, 
and are now the most important economic activity after 
tourism. Such is the mildness of the climate and the fertility 
of the soil that many decorative species from the New 
and Old Worlds alike have escaped from cultivation and 
become widespread. The problem of invasiveness has long 
been recognized as an ecological catastrophe particularly 
on Gran Canaria. The problem is less acute on Tenerife and 
the smaller islands (EUROPARC, 2002). 

Dragons and Troglodytes 
The Jardin Canario, established in 1952-59 in a canyon 
alongside Tafiro Alto, Gran Canarias holds one of the 
world's most important collections of endemic Canarian 
plants, (Jardin Botanico, 2008). The Swedish botanist Eric 
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Figure 7. 200 year old Moreton Bay Fig, El Botanico, TN 

Ragnor Sventenius lived here for 20 years while supervising 
its development, which at 27 hectares makes it the largest 
botanical garden in Spain. After a tragic auto accident in 
1973 he was buried at the foot of the waterfall that bears 
his name, surrounded by the reproduction of the Laurisilva 
that he planted in 1964. Besides the endemic Macaronesian 
plantings, there are lovely taxonomic gardens (Fig. 8 and 9) 
as well as artificial forests of endemic Canary Island pine 
and dragon tree (Dracaena draco, Asparagaceae ). 

I was surprised to learn that the natural habit of the dragon 
is always solitary. Venerable individuals occur on several 
of the islands, either in the wild or planted as street trees, 
with the largest individuals reportedly occuring on Tenerife. 
The largest dragon tree on Gran Canaria, located on a cliff 
on a private finca in the Barranco Alonso near Arucas, is 
historically dated at 500+ years. Although I photographed 
other giants during my explorations, I made a special trip 
to the Parque del Drago in Icod de los Vinos, Tenerife 
to locate the reputedly oldest specimen in the world, the 
Drago Milenario. It is 17 meters tall, weighs 80 tons and 
has almost 300 branches. The actual age is controversial, 
as it existed when the town was founded in 1496. Popular 
estimates have ranged from 1,000 to nearly 2,000 years old, 
although 800 is probably more realistic (Drago Milenario, 
2004)(Fig. 10 and 11). 
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Figures 8 and 9. Endemic succulents Jardin Canarias, GC 
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Figure 10. Plaza de los Nenufares, Jardin Canarias, GC 

Figure 11. Dragons and Canary Island pines, Jardin Carnarias, GC 
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Figures 10 & 11. Drago Milenario, Icod de los Vinos, TN 

The Parque del Drago, located adjacent to the main plaza 
of the town, is an ethnobotanist's dream. Paths wandering 
through well-labeled interpretive gardens lead the visitor 
to a small, hidden canyon below. Within is a carefully 
reconstructed Guanche village complete with life-sized 
models of the inhabitants engaged in everyday activities. 
The highlight is an authentic Guanche cave containing a 
spring and multiple rooms. Whether hunters and gatherers, 
pastoral herders, or settled agriculturists, the use of metal 
was unknown. Their material culture was limited to stone, 
clay, animal skins and wood. The larger islands had the most 
elaborate societies, with a hereditary monarch (guanarteme 
on Gran Canaria, mencey on Tenerife) and nobility, priests, 
a council of elders and a rigid caste system. The smaller 
islands had one or more tribal chiefs, each with a carefully 
delineated territory. They mummified their dead and 
reverently kept them in special caves (Wendt, 1962). 

In 1873 a farmer digging in his field at Galdar, the ancient 
capital of Gran Canaria, accidentally discovered what 
could have been the center of the Guanche universe. La 
Cueva Pintada is an artificial cave complex preserving 
the best known examples of Guanche geometrical cave 
painting. It was probably concealed prior to the final 
Spanish victory, and contains unmistakable evidence that 
important religious rituals were conducted inside. Closed 
for years for excavation and data recovery, the site has 
recently been opened to the public housed in an impressive 
modem building (Cueva Pintada, 2007). (Unfortunately no 
photography is allowed.) A few meters away in the plaza of 
modem Galdar, a stone statue preserves the memory of the 
last guanarteme, Tenorio Semidan, who was baptized and 
made peace with the Spanish (Fig. 12). 

Figure 12. Tenoria Semidan 

Most Guanches were troglodytes, either living in existing 
lava tubes or excavating and enlarging their own caves in 
soft rock. Over the centuries these have been improved and 
added onto and are found throughout the islands. Some of 
the most famous are the hundreds in the troglodyte barrio 
of La Atalaya de Santa Brigida, Gran Canaria (Fig. 13- 19). 
This is one of the few places in Europe where the tenuous 
thread of direct transmission of an ancient technology can 
still be appreciated. 

Before the invention of the potter's wheel, pottery was 
made by hand usually by women where high quality clay 
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Figures 13-16. The troglodyte barrio of La Atalaya de Santa Brigida, Gran Canaria. 
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Figures 17, 18, 19. La Atayla de Santa 
Brigada, Gran Canaria 

Desert Plants 

Figure 20. Original wood fired stone kiln, La Atalaya, GC Figure 21. Centro Locero,La Atalaya,GC 



deposits could be found. In 1907 the remarkable Francisco 
Rodriguez Santana ("Panchito") was born. He learned the 
craft from his mother and grandmother, and in tum passed 
his skills on to his daughter Antonia ("La Rubia") and a 
small group of apprentices. Upon the death of first one and 
then the other an association was formed to perpetuate the 
tradition. Panchito's cave workshop and original wood-fired 
stone kiln (Fig. 20) are still there. The three young artisans 
at the Centro Locero de La Atalaya have built a replica kiln, 
and continue to produce the same sturdy vessels using the 
ancient methods (Centro Locero, 2008)(Fig. 21). 

Coastal and Arid Communities of Gran Canarias 
As seen from the air on approach to the airport on Gran 
Canaria, the verdant city of Las Palmas contrasts starkly 
with the adjacent Isleta Peninsula at the island's northern 
tip. Formed by the most recent volcanic eruption, it is set 
aside as the Paraje Natural La Isleta. A few hours later I was 
walking north anticipating my first close look at the pristine 
native flora. I was shocked at encountering instead familiar 
old friends. The rugged volcanic slopes are covered almost 
in their entirety by prickly pears, in this case a pure stand 
of the introduced Mexican species Opuntia dillenii, known 
locally as tunera salvaje (back cover). Overnight camping 
is prohibited in the reserve, but signs of centuries of human 
impact include enigmatic stone ruins, pieces of ceramic tile, 
rusty nails and old bones. 

After hours of searching I discovered an apparently ancient 
footpath dug out along a cliff. At last in soil pockets and 
cracks in the rocks I found examples of natives competing 
for existence against the aggressive invader. Verode (Kleinia 
neriifolia, Fig. 22), a succulent composite at the lower limit 
of its arid range occurs together with salt-tolerant acelga del 
mar (Astydamia latifolia, Apiaceae) at the upper limit of its 
coastal range. Aulaga (Launeaea arborescens), (Fig. 23) a 
handsome composite subshrub adapted to extreme aridity, 
was in full bloom. The narrow strip of coastal habitat 
influenced by the sea spray is supposed to be dominated 
by the halophytic succulent Zygophyllum fontanesii, 
Prankenia and Limonium. At this location I found only 
t1ative rnargarza(Argyranthemum frutescens, Asteraceae) 
(Fig. 24) growing among the rocks and naturalized South 
African Hottentots' fig (Carpobrotus edulis, Aizoaceae) on 
the sands. 

Seeking a less disturbed environment, I traveled next to 
Puerto de las Nieves, a small fishing village on the island's 
west side. It is home to one of the geological wonders of 
the world, what is considered to be the largest active cliff 
on earth at 2,000 meters in elevation. On the long bus ride 
across the "roof' of Gran Canaria the extent of the prickly 
pear invasion became apparent. The same species of tunera 
mlvaje dominates the visual landscape. As a result the 
habitat for key species of the tabaibal-cardonal, the giant 
succulent Euphorbias, has become increasingly restricted. 
The physical environment of the west side in general and 
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Figure 22. Kleinia neriifolia and Opuntia dillenii 

Figure 23. Launaia aborescens, La Isleta, GC 

Puerto de Las Nieves in particular is truly breathtaking. 
The fabled Dedo de Dios, the rock formation known as the 
"Finger of God", was blown over by 125 kilometer per hour 
winds in late November 2005 during Tropical Storm Delta, 
one of the most powerful storms to strike within human 
memory. The towering cliffs which continue deep below 
the sea appear to be almost devoid of life except high up on 
their tops, which in any case appear inaccessible (Fig. 25). 
Again I was disappointed in finding undegraded examples 
of native arid communities. 

Bandama Caldera 
Bandama Caldera, a 574 meter cinder cone volcano 
south of Las Palmas, is at the interface between the 
upper limit of the arid flora and the lower limit of the 
monteverde. Characterized as the bosque termoescler6filo 
("thermophillous woodlands"), it is the natural habitat of 
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Figure 24. Argyranthemum frutescens, La Atalaya, GC 

Figure 25. Towering cliffs of Puerto de Las Nieves 
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Figure 26. Bosque Escler6filo, Jardin Canarias, GC 

the dragon tree and Canary Island palm. Other key species 
include acebuche ("Canarian olive", Olea europaea ssp. 
cerasiformis), almacigo (Pistacia atlantica), lentisco (P. 
lentiscus ), guaydil (Convolvulus floridus ), palo de sangre 
(Marcetella moquiniana) and numerous leafy shrubs. 
Specimens of each can be found here, but this formation 
has practically vanished on the island, since it lies in the 
most favorable zone for agriculture and human settlement. 
Sventenius realized that the nearby Jardin Canario had 
potential for its reestablishment, and 35 years ago planted 
an excellent reproduction along the cliff below the Visitor's 
Center (Fig. 26). 

The access road from the bus stop to the top spirals 
around the almost symmetrical cone, affording spectacular 
360-degree views of the island as well as of the interior 
of the 200 meter deep by 800 meter wide crater (Fig. 27). 
The road cuts reveal layers of cinders ejected during the 
eruption, which are piled up on the west side to form the 
Pico de Bandama. Here at last I was delighted to encounter 
in the wild the familiar succulents I had grown under glass 
for years at the Boyce-Thompson Arboretum. 

Meter-high thickets of hierba puntera (Aeonium arboreum, 
Crassulaceae) flourish wherever the slope stability 
permits (Fig. 28). Taginaste blanco (Echium decaisnei, 
Boraginaceae) was in full bloom, perched dramatically 
even on the steepest slopes (Fig. 29 and 30). 

The composite genus Sonchus exhibits adaptive radiation 
with 13 species, several of which are arborescent. It is 

represented here by hanging gardens of cerraj6n (Sonchus 
acaulis) and filiform-leafed baillo (Sonchus leptocephalus) 
(Fig. 31 ). Numerous miniature Crassulas such as Umbilicus 
gaditanus (Fig. 32) and Aeonium haworthii grow in rock 
cracks or sheltered volcanic cliff faces together with the 
orchid Habenaria tridactyla ides (Fig. 33). 

Figure 27. Bando Caldera, GC 
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Figure 28. Aeonium & Echium, Bandama Caldera, GC 

Figure 29. Echium decaisnei, Bandama Caldera, GC 

Figure 30. Echium decaisnei in full bloom 

Figure 31. Hanging gardens of Sonchus acaulis, S. lepto
cephalus and Pistacia lentiscus, Bandama Caldera, GC 

I 

Figure 32. Umbilicus gaditanus, Bandama Caldera, GC 

Fig. 33. Aeonium hawarthii & Habenaria tridactyloides 



Bandama Caldera, although also a protected natural area, 
is another excellent location to observe the spread of 
invasive species. These include various prickly pears, South 
African jade plant and gazania, Argentine tree tobacco, 
bougainvillea, geranium, and many others. By far the most 
prominent invasive is the century plant (Agave americana), 
which exists in the thousands (back cover). The reverse 
phenomenon of the colonization by natives of the urban 
environment is also common. Aeonium urbicum (named for 
its affinity for cities and towns) thrives along with Echium 
and Sonchus atop an abandoned storehouse near the bus 
stop. 

Figure 34. Euphorbia lamarckii, "taibaba anarga', Puerto 
Santiago, TN 

Figure 35. Euphorbia canariensis, "cardon" 

Arid Environment of Tenerife 
The difference in the integrity of the natural arid plant 
communities of Tenerife compared to Gran Canaria is 
immediately apparent. I repeated my bus trip across the 
verdant north part of the island to the drier west side at 
Puerto Santiago, which is overshadowed by the towering 
Acantilado de los Gigantes, the "Cliff of the Giants". As on 
Gran Canaria prickly pears (in this case, Opuntia maxima) 
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Puerto Santiago is a well known tourist resort, but particular 
care has apparently been taken to preserve and incorporate 
the native vegetation. 

Figure 36. Euphorbia lamarckii blooms 

are widespread, but occur at much lower overall densities. Figure 37. Large Kleinia neriifolia, Puerto Santiago, TN 



38 Desert Plants 

After a short climb into the nearby hills I was at last in 
the ·undisturbed tabaibal-cardonal. This characteristic 
plant community of the arid lower slopes takes its name 
from the giant euphorbias tabaiba amarga (Euphorbia 
lamarckii, Fig. 34) and cardon (E. canariensis, Fig. 35). 
The first, previously known as Euphorbia obtusifolia, 
is also commonly known as higuerilla ("little fig") in 
reference to its distinctive fruits. At this time of year it 
was just beginning to bloom (Fig. 36). Even here on the 
dry hillsides volcanic stone terraces of indeterminate age 
are evident. Quite old specimens of Kleinia neriifolia are 
common, and their persistent skeletons litter the hillsides 
(Fig. 37). Their stubby trunks and compact rounded forms 
show adaptive convergence with Euphorbia lamarckii and 
its counterpart tabaiba dulce (Euphorbia balsamifera). 

Important shrubby composites include madarna 
(Allagopappus dichotomus, Fig. 38), salado or dama en 
mayo (Schizogyne sericea, Fig. 39) and magarza gracil 
(Argyranthemum gracile, Fig. 40). Matorrisco tinerfeno 
(Lavandula bruchii, Lamiaceae) has medicinal uses and 
was also beginning to bloom (Fig. 41 ). Balo (Plocama 
pendula, Rubiaceae) is an attractive common tree with 
a pendulous habit and irritating sap (Fig. 42). Ratonera 
(Forsskaolea angustifolia, Urticaceae) and Atriplex 
halimus, Chenopodiaceae were also common shrubs at 
this location. On returning to the port, I discovered a 
cardoncillo ( Ceropegia dichotoma, Asclepiadaceae ), a salt
tolerant plant of the coastal zone, blooming at the base of a 
cultivated cactus (Fig. 43). 

High Mountain Coenosis 
The Parque Nacional de Las Cafiadas del Teide can only 
be reached by narrow switchback roads with hairpin turns. 
As most visitors prefer to rent cars to make the hour-long 
ascent, there is only one bus per day from Puerto de Ia Cruz. 
It leaves at 9:00 AM sharp, stops only at the El Portillo 
Visitor's Center, the Teleferico and the Parador Nacional, 
and returns at 4:00PM. The ascent through the monteverde 
and crown forest is breathtaking. Thousands of Aeonium 
tabulaeforme grow on the road cuts and cliffs along the 
way. Up on top at El Portillo the road levels out, and the bus 
driver stops for a break. My traveling companions, Quechua 
Indians from Bolivia, assured me that the landscape was 
very much like their home in Cochabamba. 

From the parking lot at the Teleferico there are two options to 
reach the top of the Teide volcano, either climb or wait in the 
long line and pay 24 Euros to take the cable lift. The actual 
summit, Pico Blanco, because of its ecological sensitivity is 
restricted to no more than 200 people per day. The special 
permit can only be obtained at the park offices in Santa 
Cruz, by mail or on line, in which case you are informed in 
advance of the day you will be allowed to ascend. Having 
only six hours to spend and anxious to get to botanizing, 
I skipped the peak, home to the violeta del Teide (Viola 
cheiranthifolia, Violaceae ). Described by Alexander Von 

Humboldt, it is the only plant which grows on the highest 
part of the peak, so is the highest flowering plant in Spain. 
I set off on one of many trails that cross the vast caldera, 
which with its alien treeless landscape and cloudless cobalt 
blue sky was like exploring another planet. 

Besides the challenges of heat, cold and drought, the native 
plants within the caldera have also had to adapt to volcanism. 
The fantastically colored new lava is infertile, and it takes 
many years for soils to form from it. In the Caldera de Las 
Caiiadas the first plant to colonize new lava is a crucifer, 
hierba pajonera ("flixweed" ,Descurainia bourgeauana, Fig. 
44). The next is a new composite species, Argyranthemum 
teneriffae, which has appeared since the latest eruption and 
seems to grow only on the newest flows. 

Growing mainly on the steepest slopes, the signature plant of 
the caldera, Echium wildpretii ("bugloss", Boraginaceae), 
known variously as taginaste rojo, orgullo de Tenerife 
("pride of Tenerife") and taginaste del Teide, has a most 
startling form. After two years during the spring the bloom 
stalk rises to as many as three meters from the basal rosette 
of leaves, with hundreds of tightly-packed red blooms. It 
is also a honey-producing plant. Unfortunately during my 
winter visit only the dead stalks from the previous year 
were in evidence (Fig. 45 and 46). 

The dominant shrubs and subshrubs are leguminous, with 
reduced leaves, tiny white hairs, a cushion form and deep 
roots as adaptations to the harsh conditions. Retama del 
pico or retama del Teide ("Teide broom", Spartocytisus 
supranubius) is practically leafless, grows to 2-4 meters tall 
and sprawls to many meters in diameter (Fig. 47). It often 
forms extensive pure stands (Fig. 48), and serves as a nurse 
plant for other species. It is one of the few plants on Teide 
that grows large enough to produce significant amounts of 
firewood, and the fragrant white to pinkish blooms are a good 
source of honey. Beehives are seasonally transported up the 
mountain, with signs warning hikers of their proximity. 
Codes a de cumbre ("sticky broom", Adenocarpus viscosus 
var. viscosus) is another striking common legume with 
small hairy leaves and yellow blooms (Fig. 49). 

Fifty-eight plants found in the Parque Nacional are Canar
ian or Tenerifean endemics, and 12 species occur nowhere 
else but here (Gobierno de Espana, 2004). Other key plants 
of the caldera take some work to find, unless the visit is in 
the spring when the bright colors of the flowers guide the 
uninitiated. These include purple or red-flowered hierba de 
cumbre (Scrophularia glabrata, Scrophulariaceae ), violet 
and white-flowered aheli ("Canary wall flower", Erysimum 
scoparium, Brassicaceae ), pink-flowered "shrubby scabi
ous", Pterocephalus lasiospermus (Dipsacaceae) and light 
blue to purplish-flowered neuta or hierba gatera ("Teide 
cat mint", Nepeta teydea, Lamiaceae). Happily, I never en
countered the slightest indication of invasiveness within the 
Caldera de Las Cafiadas. The environment must be too hos
tile for any exotic plant to survive. 
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Figure 38. Allagopappus dichotomus, 'madama' 

Figure 41. Lavandula bruchii, 'matorrisco tinerano' 

Figure 39. Schizogyne sericea, 'salado' 

Figure 42. Plocama pendula, 'balo', E. canariensis 

Figure 40. Argyanthemum gracile, 'margarza gracil' Figure 43. Ceropegia dichotoma, 'cardoncillo' 
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Figure 44. Descurainia bourgeanana, 'hierba pajonera' Figure 47. Pure stand of Spartocytisus supranubius 

Figure 45. Echium wildpretii, 'taginaste rojo' Figure 48. The author and Spartocytisus supranubius 

Figure 46. Echium wildpretii Figure 49. Adenocarpus viscosus, 'codeso de cumbre' 



Fire and Climate Change 
The wildfires that burned 15,000 hectares on Tenerife and 
20,000 hectares on Gran Canaria last summer destroyed 
about one-quarter and one-third respectively of the total 
forested area (about 86,000 acres). Because of its thick bark, 
abundant sap and high branching habit the Canary Island pine 
is to a certain extent fire-adapted. The brezo ("tree heath", 
Erica arborea) and some other tree species are part of the 
Mediterranean flora and thus fire-adapted, but most of the 
understory elements are not. Preliminary surveys revealed 
that out of a total of 120 species listed as endangered (Jardin 
Botanico,2008), 30 species were permanently harmed, with 
about 1 0-15 of those expected to vanish as a result (Foresta, 
2007). Although started intentionally by man, the extent of 
the blazes and degree of destruction is considered to be due 
to record high temperatures and winds coupled with low 
humidity, two more in a series of weather-related calamities 
blamed on global warming to have hit Europe in 2007 
(Gobiemo de Espafia, 2007). 

Fires in the Mediterranean basin rarely occur as a result of 
natural causes but are usually intentionally or negligently 
set by man. Over thousands of years, the Mediterranean 
flora has adapted to a periodic fire regime and to some 
extent depends on it. According to Professor Goldammer 
of the Global Fire Monitoring Center in Freiburg, Denmark 
the number of forest and scrub fires in southern Europe has 
increased significantly since the 1970's (GFMC, 2001). 
The Intergovernmental Panel on Climate Change has 
predicted an increase in the frequency of extreme weather 
conditions, average wind speeds and a decline in rainfall in 
some regions (IPCC, 2007). Spain, Portugal and the Eastern 
Mediterranean are clearly affected. Spain in early 2008 
experienced its driest trimester in 60 years, and reservoirs 
in Catalunya stood at only 27% full (AEMET, 2008). 

I did not revisit the burned-over areas I first saw on Gran 
Canaria last year, but I examined the burned area in western 
Tenerife near Santiago del Teide. This was a clearly a crown 
fire which resulted in total destruction. Five months after 
the fact, and in spite of recent rains, there was no sign of 
any survival or recovery. It is now accepted that fire is 
considered to be an ecological catastrophe that should be 
prevented in Tenerife. (Arevalo, et al., 2001) 

Islands are recognized as the "canaries" of climate change. 
Because of their isolation, species have no way to escape, 
and once lost, no natural way to reestablish themselves. 
There is no doubt that historic human impacts, including 
grazing, clearing land for agriculture and settlement, timber 
harvest, road building and invasiveness, have reduced the 
viability of native ecosystems. To date, the establishment of 
seed and germplasm banks, in-situ preservation efforts and 
botanical collections have been the response of concerned 
scientists to these challenges. The prospect of desertification 
due to climate change, the specter that now looms over these 
islands, is one that in the long term may be unavoidable. 
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As a cactophile, with a shelf load of books by Edward 
Anderson, Lyman Benson, Britton and Rose, and ParkS. 
Nobel, I have complained for years that a book was needed 
on the giant columnar cacti. I even knew who should 
write it- David Yetman. He has written extensively and 
engagingly on the plants and peoples of t~e arid southwe_st 
and Mexico. Here, finally, is the book. It IS worth the watt. 
From our ethnocentric viewpoint, Americans think of the 
saguaro ( Carnegiea gigantea) as being the large cactus par 
excellence. This is the cactus that defines the southwestern 
United States. The reality is that armies of equally large 
cactus species march to the south of the U.S. border. In 
the southern part of the Sonoran Desert, in Mexico, stands 
of saguaros fade away to be replaced by the card6n, or 
sahueso (Pachycereus pringlei). These are pro?ably the 
tallest columnars. Growing up to 25 tons wetght, they 
easily outweigh the saguaro. Further south in Mexico are 
the equally large P. grandis and P. weberi, or chico. South 
America hosts the towering Trichocereus and other genera 
of large cacti. 

This is a book about ethnobotany rather than botany per se. 
Among their many uses, the large cacti are seasonally major 
food sources in the arid regions in which they are distributed. 
Cultures such as the Tohono O'odham not only ate the fruit, 
but fermented it into an alcohol beverage. Cactus wood is 
frequently employed in construction. The cacti themselves 
are used for living fences, advantage being taken of the 
ability of many cacti to root readily from cuttings. 

Many plants have large, palatable fruit. A few months ag~, 
in La Paz, I had an ice cream of pitaya dulce, the frutt 
of Stenocereus thurberi, or the organ pipe cactus. It was 
delicious, and of a rich, deep red color speckled with bl~ck 
seeds. Yetman talks of the succulent fruit of the Peruvtan 
cereus, C. hildmannianus. Although my cultivated Peruvi~n 
cereus in Tucson must have produced thousands of frutts 
over the years, I never got to taste one, as the birds, less 
discriminating as regards ripeness, always got them first. 
The woodpeckers were needed to split the tough-skinned 
but delicately rose-colored fruits. Then the other birds would 
pile in, the smaller passerines ultima~ely d~s~ppearing ins~de 
the large fruits, which would surpnse vtsttors by shakmg 
around apparently unaided. 

One message of the book is how humans have shaped the 
evolution and distribution of cacti; the anthropogenies of 
cacti, if you will. It has been suggested that the dense stands 
of tetechos (Neobuxbaumia tetetzo) in areas ofPuebla is due 
to centuries of relentless use of rodents as food sources by 
native peoples, such use suppressing predation of vulnerable 

seedling cacti. This recruitment of young tetechos in now 
being reversed in heavily grazed areas. Som~ _years .ago, I 
heard Yetman give a talk on columnar cacti m whtch he 
discussed the impressive stands of certain species found 
near villages in central Mexico. As I remember the talk, 
he speculated that historically residents consumed the 
fruit of individual highly desirable cacti and defecated the 
seeds near the villages with the inadvertent results of both 
selecting and propagating the species. Modem technology 
prevented a similar fate for the seeds of S. thurberi ingeste_d 
in my ice cream in La Paz. Yetman suggests that the Sens 
may have gone further, and intentionally planted seeds of 
individual cacti known to produce better fruits. 

The cactus pitaya agria (Stenocer~u~ gummosus)_ is ~no~her 
example cited of humans modtfymg pla~t dt_stnbutio~. 
This cactus has one of the tastiest of all frutts. Pttaya agna 
grows primarily in Baja California, but is also found on 
Tiburon Island in the Sea of Cortez, concentrated along 
trails formerly used by the Seri Indians, and around Seri 
habitations on the mainland. Yetman surmises that the Seris 
brought this important fall food source from B~ja_Califomia 
to the mainland. He also suggests that the Sens mtroduced 
the sahueso (P. pringlei) to Sonora. The historic range of 
these Indians coincides with the Sonoran distribution of this 
species, which used to be the Seris most imp~rtant plant. 
Human influences are not limited to these species. Yetman 
argues that many of the large cacti in both M~xico and South 
America are semi-domesticated. Some species, such as the 
baboso (P. hollianus) in Puebla, are so integrated into local 
culture that the existence of unequivocally wild specimens 
is problematic. He points out that the cactus-rich Valle de 
Tehuacan in Mexico has been inhabited for more than 7,000 
years. After plants and animals have been exploited for such 
a period, determining how vegetation occurs "naturally" is 
all but impossible. 

Humans, now, however, have changed from being 
beneficent to malign influences on these autochthonous 
American species. By acts of commission, cactus forests 
are being cleared for agriculture and cattle pasture. By act~ 
of omission, peoples who used to look after and revere cacti 
as food sources now neglect them for canned food and Coca 
Cola from the market. 

It is painful to read of the destruction of these magnificent 
plants in the pursuit of marginal agriculture. O~ten, ~he 
visually most impressive stands are the ones most dtsturbmg 
to those concerned with the future of these plants, the absence 
of young cacti indicating a population that is not being 
replenished. Trampling hoofs and the remova~ of nur~ery 
trees that provide shade and protection for see~hng ca~tt are 
inimical to propagation. Cattle, goats and cacti compnse_ an 
inharmonious trio. However, it is not only the consumptiOn 
of hamburger that leads to the destruction of large cacti. 
The deliberate introduction of exotic fuel-providing plant 
species such as buffelgrass (Pennisetum cilia:e) is altering 
the ecology of cactogenic landscapes, rendenng the plants 
vulnerable to wildfire. 

Benign neglect is all these plants need to survive. One .of the 
heaviest stands of saguaros is near Casa Grande, Anzona, 



in an area that was a military base and therefore protected 
from cattle grazing and human impacts. Small islands in the 
Gulf of California, free of introduced animals and neglected 
by humans, may contain sahueso densities of 8,000 plants 
per hectare (3200 per acre). 

Yetman comments that cactus landscapes can be eerily 
otherworldly. To a northerner, these are exotic, and 
exotically armored, plants. Spines in some species can be 
a foot long. The reader is seduced by the poetry of names, 
alluring in their alien sounds: facheiro azul, chende, chicha, 
jiotilla, sinaaqui and tepamo. To the residents, however, 
large cacti are simply part of the scenery. How much longer 
they will remain so is problematic, as cultures desert their 
own ethnobotanies for the cheap attractions of the market 
economy. Peoples in the Andes use to purify water by 
dropping in bits of Armatocereus. Now they purchase 
bottled water, with all the associated environmental costs of 
transport, manufacture of plastic from petrochemicals and 
disposal the empty bottles. When the bottled water goes, 
what then? 

Much remains to be learned of these fascinating species. 
Evolutionary and phylogenetic relationships need to be 
worked out. How many large species are there? Yetman 
talks of numerous undescribed species of Stenocereus and 
other cacti, and suggests a need for taxonomic revisions. 
The saguaro, C. gigantea, for example, may one day be 
reclassified as aNeobuxbaumia. The creation of a monotypic 
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genus, Carnegiea, had more to do with buttering up the 
wealthy Andrew Carnegie that with botany. Yetman calls it 
political taxonomy. 

This is not just a book about cactus. It is a book to make 
the reader think about the relationship between humans and 
the world they so heedlessly despoil for short-term profit 
and immediate transitory satisfactions. Thoughtful readers 
may end learning as much about themselves as about these 
sentinels of the desert. 

The book is organized into three sections. The first section 
covers general topics such as ecology, ethnobotany, origins 
and taxonomy. The second section is a species-by-species 
description. A third, short section discusses "the hot 
spots", or where the great cacti are found. The book has an 
enormous number of photographs, over 300, excellent in 
themselves but lacking resolution in their reproduction. The 
numerous distribution maps are superb - clear, informative, 
and elegantly drafted. They are works of art. This is a 
handsomely produced book. 
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Opuntia dillenii, La Isleta 

Agave infestation, Bandama Caldera 


