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ABSTRACT

Growth responses of laboratory-germinated seedlings 
of Larrea divaricata Cav- from ten sample populations in 
the Chihuahuan, Sonoran, and Mojave deserts were studied 
under a uniform growth’-room environment.

Stem lengths, nodes, internodes, and axillary 
structures were measured a.t 30 and 60 days. Leaf fall was 
observed at 50 and 80 days. The results corroborate the 
existence of three major population complexes or geographical 
races in North America,

Chihuahuan Desert plants show the most rapid growth; 
Sonoran Desert plants show less rapid development; Mojave 
Desert plants show the slowest growth. Chihuahuan Desert 
populations are more uniform in general growth than the- 
populations of the other two races.

Secondary ecotypic differences were observed within 
each major race and also along a broad east’-west environ^ 
mental gradient.

The diversity of adaptive responses of the three 
major races and their ecotypic groups is a result of 
interaction between a changing and fluctuating desert 
environment and the genotypic diversity of the species.

-X



INTRODUCTION

Larrea divaricata Cav., a member of ZYGOPHYULACEAE, 
is the dominant woody shrub in the warm deserts of the New 
World. In South America, this plant is known as "Jarilla" 
but it is called "Creosotebush" in the United States and 
"Gobernadora" in Mexico, The distribution of this species 
extends from South America to North America with a major 
disjunction in the tropics (Fig, 1), In South America, it 
has a comparatively narrow east-west range but a more 
extensive north-south range in Argentina, occurring from 
Salta in the north all the way to Chubut in the south. It 
is also represented by a number of isolated populations ±h 
Bolivia, Chile, and Peru, In North America, it extends from 
central Mexico to. southwestern United States, where it is 
found in portions of Texas, New Mexico, Arizona, California, 
Nevada, and Utah, The disjunction in this bihemispheric 
distribution is approximately 4000 km. Despite the disjunct 
amphitropical distribution, Larrea divaricata in both North 
and South America is considered by many to belong to a 
single species (Benson and Darrow, 1954; Yang, 1970b;
Felger and Lowe, 1970; Hunziker et al., 1972).

Because of its ecological importance and its 
versatility and adaptability to an extremely hot and dry 
environment, a great deal of research on this plant has been

1



2

Fig. 1. The generalized distribution of Larrea divaricata 
Cav. in North and South America —  Adapted partly 
from Garcia, Soto, and Miranda (1960) and Yang (1970a).



carried on over the past several decades. Beginning with 
the early works of Spalding (1904), Cannon (1905), 
Livingston (1910), Shantz and Piemeisel (1924), and Shreve 
(1931), subsequent investigators covered a wide variety of 
areas. These included physiological studies by Mallery 
(1935), Runyon (1936), and Morello (1955b, 1956, 1958); 
anatomical and morphological studies by Runyon (1934), 
Shellhorn (1955), and Morello (1955a); biochemical studies 
by Duisberg (1952), Page (1955), and Hunziker et al, (1972) 
genecological studies by Yang (1967a, 1968, 1970a, 1970b)f 
Barbour (1969a), Hunziker (1971), Hunziker, Palacios, and 
Soriano (1969), Hunziker et al, (1972), and Palacios and 
Hunziker (1972); general ecological studies by Morello 
(1958), Dalton (1961), and Wallace and Romney (1972); 
ecological-edaphic studies by Yang (1950, 1957), Yang and 
Lowe (1956), Gardner (1959), and Johnson (1961); a study 
in geographical variability by Saunier (1967); studies on 
geographical distribution by Rzedowski and Medellin Leal
(1958) and Garcia et al. (1960); studies on spatial dis^ 
tribution by Went (1955), Barbour (1969b), and Woodell, 
Moony, and Hill (1969); studies in productivity by Chew 
and Chew (1965); studies in community dynamics and popula
tion expansion by Gardner (1951), Morello and Saravia
(1959) , and Yang (1961).

The wide geographical distribution of Larrea 
divaricata poses some special ecological problems through
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long-term interaction between the species and its broad 
range of environmental gradients. Despite the use of the 
term "warm desert" to describe the general habitat of 
Larrea, the warm desert itself is a very diverse and complex 
habitat. Moreover, the range of this plant covers extensive 
areas extremely variable in latitude, longitude, and 
altitude and under widely different temperature- 
precipitation regimes. An awareness of the adaptive 
responses of Larrea to this broad spectrum of environmental 
conditions inevitably led to an investigation of the 
phenomenon of ecotypic differentiation and the study of 
ecotypes.

Although the suggestion of variation in the North 
American populations of Larrea divaricata was made as early 
as 1954 (Benson and Darrow) and the mention of ecotypes in 
two species of South American Larrea was made by Morello 
(1955a), it was not until recent years that there has been 
convincing evidence of ecotypic differentiation,

The first confirmation of ecotypic variation in 
Larrea divaricata was reported by Yang (1967b) for four 
North American populations along an east-west environmental 
gradient. Three of these were from the Chihuahuan Desert; 
the other from the Sonoran Desert. In this study Yang 
presented differences in seed germination and seedling 
growth rates, data on temperature-moisture responses, and 
on morphological dissimilarities between the Chihuahuan
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Desert and Sonoran Desert populations. From these results, 
he concluded that there were at least two major population 
systems or ecotypes in the North American warm desert.

At approximately the same time, Yang (1967a, 1968.) 
also published chromosome counts of several populations in 
both ecotypes, showing the diploid number (n =■ 13) to be 
characteristic of the Chihuahuan Desert populations and the 
tetraploid condition (n - 26) to be characteristic of the 
Sonoran Desert populations. The tetraploid count for the 
Sonoran Desert populations confirmed the chromosome number 
which Covas (1949) had reported earlier as 2n = 52, using 
root-tip squashes from seeds collected from the Sonoran 
Desert near Superior, Arizona, Although there were no 
previously published chromosome counts of any of the 
Chihuahuan Desert populations, Powell and his students had 
apparently made the first count, which was cited by Yang 
(1967a),

Barbour (1968) studied the germination requirements 
of Larrea seeds collected at 34 sites in the Chihuahuan, 
Sonoran, and Mojave desert regions, He examined the effect 
of several factors on germination, such as mericarp via
bility , light, temperature, osmotic pressure, pH, NaCl 
concentration, mericarp storage temperature, and the effect 
of alternate soaking and drying of mericarps, However, the 
data showed no significant regional differences in germina*- 
tion behavior,
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Yang (.1968) extended his chromosome investigation

from the Chihuahuan and Sonoran desert regions into the
)Moj.ave Desert and found the hexaploid number (n = 39) in 

northwestern Arizona and the southeastern corner of Nevada. 
The Mojave Desert ecotype is distinguished by intermediate 
phenotypes between the Sonoran and Chihuahuan Desert 
ecotypes as well as by a greater variability in certain 
physiological responses, As a result of this study, Yang 
offered the following hypothesis: "the Mojave Desert Larrea 
could have evolved as an autoallohexaploid from naturally 
derived triploid hybrids between the more ancestral tetra- 
ploid from the Sonoran Desert and the even more ancestral 
diploid from the Chihuahuan Desert" (p. 2).

Barbour (1969b) made a comparison of North and South 
American Larrea divaricata with germination and growth 
experiments of North American and South American seeds and 
seedlings. He measured many characteristics of the seedlings 
which were grouped according to their geographical distribu
tion. From this study, which included chromosome counts, he 
agreed with the earlier results of Yang and corroborated 
the existence of three major ecotypes of Larrea in North 
America. In addition, he stressed the similarity of the 
Chihuahuan Desert populations and the Argentine populations 
and suggested that "they may represent short evolutionary 
steps from a common prototype and that this prototype was 
trans-tropic in range" (p. 65).
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As a result of additional chromosome studies, Yang 

(197 Oa) formally equated the three chromosome races of 
North American creosotebush to the three major ecotypes of 
the Chihuahuan, Sonoran, and Mojave Deserts, His distribu
tional map of chromosome numbers shows the general dis
tribution of the three major ecotypes or chromosome races 
and the two ecotone areas (Fig. 2). He also pointed out 
that there is a disjunct diploid population in central 
Arizona and the general absence of natural triploids and 
pentaploids, In conclusion, he re-emphasizes the rela
tionships between the three major ecotypes in North 
America and extended his earlier hypothesis (.Yang, 1968) 
to suggest that "the North American tetraploid of the 
Sonoran Desert coul4 have evolved as an alloploid from 
hybridization between the Chihuahuan Desert diploid and 
another diploid very similar to the contemporary South 
American diploid from Tucuman, northern Argentina" Clang, 
1970a, p. 43).

Porter (1963) made a taxonomic comparison of Larrea 
diyaricata from North and South America, He differentiated 
the South'American populations as Larrea diyaricata and the 
North American populations as Larrea tridentata. However, a 
more recent viewpoint formally treats each major population 
complex as a subspecies and its ecotypes; Larrea diyaricata 
Cav. subsp. diyaricata for the South American populations 
and Larrea diyaricata Cav, subsp. tridentata for the North
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Fig, 2. Chromosome numbers of creosotebush populations in 
North America —  Diploid populations 1-17 occur in 
the Chihuahuan Desert and adjacent desert grass
land. Tetraploid populations 19-33 are situated 
in the Sonoran Desert. Hexaploid populations 35-41 
are located in the Mojave Desert. Shaded area 
shows the contemporary distribution of Larrea 
divaricata in North America. Reproduced from Yang 
(1970a) by permission of the author.



American populations (Felger and Lowe, 1970). The authors 
of this viewpoint offered no supportive data of their own 
but relied principally on the published information of Yang 
(1967b, 1970a, 1970b), Barbour (1969b), and personal 
communications from Hunziker and Yang in 1969^1970 (Yang, 
1974b)„

In the meantime, studies of Larrea were being 
carried on in South America. It is known that there are 
four species of Larrea in South America, These are Larrea 
divaricata Cav,, Larrea nitida Cav,, Larrea cuneifolia Cav. 
and Larrea ameghinoi Speg, Larrea cuneifolia is the only 
polyploid, a tetraploid with n = 26; the others are all 
diploid, Hunziker and his co-workers (1969) studied the 
phenomenon of natural hybridization of these four species 
in Rio Negro, Argentina, They extended this work into a 
broad phylogenetic investigation of the genus through 
taxonomic, cytogenetic, and biochemical studies (Hunziker, 
1971; Hunziker et al., 1972), leading to the development of 
a hypothesis cm the evolutionary relationships of the four 
American species, including the three major North American 
races (Hunziker et^al,, 3.972),

The hypothesis of Hunziker and his collaborators 
raised some salient points on the evolutionary history of 
Larrea divaricata. They believed that Larrea divaricata in 
South America was older than the one in North America on 
the basis of certain identifiable relationships of the four
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South American species which suggested a pattern of migra
tion from South America to North America. Since their data 
on protein analysis showed slight differences between North 
end South American plants as well as among the three major 
North American groups, there was strong indication that 
autoploidy had been involved in the origin, differentiation, 
and northwesterly migration of the principal races in North 
America.

As compared to the studies on major ecotypes and 
chromosome races, there have been only two recent works on 
variations within major ecotypes of Larrea. gaunier [1967) 
examined the responses of amino acid contents in leaves to 
moisture and temperature stresses, using specimens collected 
from three different populations in the Chihuahuan Desert. 
Comparing the results obtained from each population to the 
temperature and moisture characteristics of each climate, he 
found ecotypic differences in response to water stress and 
clinal differences in response to soil temperature, Yang 
[1974a) later noted significant differences in vegetative 
responses of seedlings grown under short-day [8-hour) and 
long-day [16-hour) photoperiods among Chihuahuan Desert 
populations distributed over a latitudinal range from north 
of 22° N to north of 33° N, Sonoran Desert populations from 
28° N to south of 33° N, and Mojave Desert populations from 
north of 34° N to north of 37° N „



11
The concept of ecotype has been interpreted in 

various ways by different individuals. Turesson (1922) und 
Gregor and Watson (1961), however, define it as "an intra
specific product of environmental selection arising as a 
result of genotypic response to a particular habitat" 
(Gregor and Watson, 1961, p, 166). Since the three major . 
subdivisions of the North American warm desert mentioned 
above are known to have unique characteristic climates and 
vegetation types (Shreve, 1942, 1951; bowe, 1964) and since 
Larrea in each desert subdivision appears to possess a 
distinct growth form and a fairly distinct set of 
morphological and physiological attributes (Yang, 1967a, 
1967b, 1968, 1970a; Barbour, 1969b), it seems appropriate 
to recognize the existence of three major ecotypes in North 
America, each associated with a specific desert subdivision 
(Chihuahuan, Sonoran, op Mojave) and each characterized by 
a distinct chromosome number (diploid, tetraploid, or 
hexaploid).

However, it is not a simple task to make- a positive 
identification of an ecotype in the field, especially where 
two ecotypes occur symmetrically. As stated by Gregor and 
Watson (1961): "because the characteristics which are most 
ecotypically responsive are quantitative ones, demonstrable 
ecotypic differentiation related to a particular environ
mental gradient is comparatively seldom discontinuously
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partitioned into discrete ecotypes, but instead, it is 
commonly found to be arranged more or less continuously"
(p. 166).

The complex appearance of ecotypes seems to be 
caused by the mixed occurrence of two important phases of 
the species: its genotype and phenotype. As Harberd (1957) 
suggested, if the phenotypic phases were by far the 
strongest, then all the individuals within a population 
would be more uniform, and hence the differences between 
each population would be more clear-cut. If, on the other 
hand, the genotypic, phases were far more important than the 
phenotypic phases, then any overlap between the populations 
is likely to be genetic. However, these two extreme 
situations usually do not occur under natural conditions. 
Especially wheri a species has a wide distribution, such as 
that of the creosotebush, the problem becomes more compli
cated because of phenotypic variations among ecotypes and 
also because of local variations within an ecotype, which 
responds to each macro- and micro-environment. It is, 
therefore, aptly said that "ecotypes can be identified and 
understood only through experimental study" (Lawrence,
1945, p. 300),

As has been pointed out earlier, the study of 
ecotypic differentiation in Larrea divaricata has been 
carried on through different experimental approaches for 
nearly ten years. The efforts devoted to this study have
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resulted in more detailed information on the subject, 
particularly on the differences between the three major 
ecotypes. A further logical step in any continuing 
investigation should be to elucidate the range of variation 
within each major ecotype and the probable causes for such 
variations,

The objective of this study, therefore, is to obtain 
more quantitative data on differences in the three major 
ecotypes of Larrea divarjcata in North America and at the 
same time to explore the secondary variations within each 
of the major ecotypes.

To implement this objective, Larrea seeds from ten 
different populations representing the three major North 
American ecotypes were obtained. The seeds were germinated 
and the seedlings grown in a uniform experimental environ^ 
ment. At regular intervals, the growth and other physio
logical responses of these seedlings were studied and the 
results analyzed.



MATERIALS and methods

Growth experiments of ten sample populations of 
Larrea divaricata in North America were carried out in the 
Desert Ecology Laboratories of the Department of Biological 
Science, The University of Arizona, Tucson, in the spring 
of 1972, ' ‘ '

Seed Collection
Seeds of seven of the ten populations of creosote- 

bush were obtained from Dr. Tien Wei Yang and seeds of the 
two Baja California populations came from Dr, Robert R, 
Humphrey. Those of the Nevada population were collected 
jointly by Dp. Juan H, Hunziker, Dr. Federico Vervoorst, and 
Dr. Tien Wei Yang,

Three of. the populations were from the Chihuahuan 
Desert: T“M (Texas-Maverick Co.), NM-C (New Mexico-Chavez
Co.), and A-Y (Arizona-Yavapai Co,). From the Sonoran 
Desert, two populations originated in Baja California, 
Mexico: M-BC-BLA (west of Bahia de Los Angeles) and M-BC-PA 
(east of Punta Abreojos); two from Arizona: A-P (Pima Co.) 
and A-M (Maricopa Co.), The three Mojave Desert popula
tions came from California, San Bernardino Co, (C-SB), 
Nevada, Clark Co, (N-C); and Arizona, Mohave Co. (A-MO),

14
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Detailed localities of the ten populations are given in 
Table 1 and illustrated in Fig. 3,

All the seeds were collected between 1968 and 1971. 
Except for the two Baja California samples, each collection 
consisted of several thousand mericarps which came from 12 
to 24 randomly selected plants at each population site.
The mericarps were stored under room temperature conditions 
before germination.

Germination
Since many mericarps were empty or contained 

defective seeds, several hundred mericarps were examined.
The percentage of mericarps with good seeds was calculated 
for each population. Fifty of the good seeds were taken at 
random from each population for germination.

The seeds were placed in a small germination chamber 
consisting of a petri dish with double-layer filter paper 
saturated with distilled water. The individual germination 
chambers were kept in the dark and undep a temperature 
environment ranging from 22°C to 25°C, After 4 8 hours, 
approximately 15% of the seeds germinated. Those which did 
not were subjected to the instant germination treatment 
developed by Yang (1974a). This technique involved the 
careful removal of a small portion of the seed coat at the 
radicle end of the seed by means of a single-edge razor 
blade. Using this method the protracted period normally
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Table 1. Localities of ten sample populations of 

Larrea divaricata Cay. in North America•

Site Localities

t-m

Chihuahuan Desert

N of Eagle Pass at US 27, Maverick County, 
Texas.

NM-C Ca. 7.5 miles NE of Pecos River at US 70, 
Chaves County, New Mexico.

A-Y Montezuma National Monument turnoff at Ariz. 
79, Yavapai County, Arizona.

A-M '
Sonoran Desert

2.3 miles N of New River at Int. 17, Maricopa 
County, Arizona

A-P Tucson, Pima County, Arizona,
M-BC
-PA

Ca- 25 miles E of Punta Abreojos, Baja 
California, Mexico,

M-BC
-BLA

IQ miles W of Bahia de Los Angeles, Baja 
California, Mexico.

C-SB

Mojave Desert

26.3 miles N of Vidal Junction at US 95, San 
Bernardino County, California.

A-MO Ca, 12,4 miles SE of Hoover Dam at US 93, 
Mohave County, Arizona,

N-C 2.3 miles N of Nev, 40 at US 93, Clark County, 
Nevada,
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Fig. 3. Localities of the ten sample populations of Larrea 
divaricata Cav. in North America —  Chihuahuan 
Desert populations are T-M, NM-C, and A-Y; Sonoran 
Desert populations are A-M, A-P, M-BC-PA, and 
M-BC-BLA; Mojave Desert populations are C-SB,
A-MO, and N-C.
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encountered in the initiation Of germination was drastically 
reduced.

Germinated seeds were immediately returned to the 
petri dish and maintained under the same temperature- 
moisture regime until the radicles attained sufficient 
length for transplanting.

Transplanting
Seedlings were transplanted into 10-oz plastic cups 

containing desert top soil (rock-gravel 23%, sand 54%, 
silt 15%, and clay-colloids 8%), The soil was collected in 
Tucson, Arizona, at a Lower Desert site, where creosotebush 
is the dominant species. The soil was first screened 
through, a 2 mm sieve in order to remove the coarser 
fractions. Only the finer fractions were used. As each 
seedling developed a radicle of 10 mm or longer it was 
transplanted. The plastic container was given a number and 
identified with a number and label bearing the name of the 
population and the date of transplanting. After trans
planting seedlings were left in the laboratory for 24 hours 
at room temperature, then transferred to growth chambers„ 
This procedure was repeated once every day until all the 
transplanted seedlings were moved to the chambers.

Growth Environment
A uniform experimental environment was set up in 

the growth chambers where all the transplanted seedlings
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were eventually housed. Because of the technical limita
tions inherent in the chambers, only temperature and light 
were controlled. The temperature was set for a constant 
30°C, with a 16-hour photoperiod under Gro-lux illumination 
of ca. 500 foot candles. Because of the daily watering 
schedule which provided the plants with an abundance of 
soil moisture, the seedlings developed rapidly, much as 
though they were under the influence of summer precipita
tion. As a result of the abundant water and moderately 
high temperature, the relative humidity in the chambers 
fluctuated between 50% and 75% during the entire experi
mental period.

Measurements
Thirty days after transplanting, total stem length, 

the number of nodes, the length of internodes, and the 
number of axillary structures were measured. Thirty days 
later, at 60 days, the same measurements were repeated.
Dead individuals were noted and the date of death Recorded. 
The number of fallen leaves was recorded at 50-day and 80- 
day intervals.

Total stem length was determined as the sum of all 
the internodal measurements, The interval between the 
cotyledons and the first node, where the first pair of true 
leaves originated, was regarded as the first internode 
(Yang, 1967b). The newest or youngest node was located at
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the point where the latest leaf initiation occurred near the 
apex of the stem.

Since only two leaves were normally developed at 
each node, the number of fallen leaves was easily counted 
for each individual. When more than two-thirds of a leaf 
turned brown, the entire leaf was treated as a "fallen" 
leaf, even if it still persisted on the plant. Both the 
emerging leaf and the developing branchlet were included

i %as axillary structures.

Calculations and Comparisons
Statistical values of mean, standard error of the 

mean, and standard deviation were calculated for each sample 
population in all of the above described characteristics 
except axillary structures, which were treated separately. 
Six sets of values were obtained for each population, that 
is, four sets of values from measurements of total stem 
length and number of nodes at 30- and 60-day intervals and 
two for fallen leaves at 50- and 80-day intervals. In 
addition, internodal lengths were derived for the popula
tions using only the 60-day data on total stem length and 
number of nodes by dividing the former by the latter. 
Statistical values of mean, standard error of the mean, and 
standard deviation were then calculated accordingly.

Student's t-test was used to compare the ten popula
tions for each category within the measurement period. All
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possible comparisons were made among the populations, which 
are 10 x (10-1)/2 or 45 combinations. From the results of 
the t-test, the degree of significant level pf difference 
between two sample populations was obtained by the 
Probability Table (Fisher and Yates, 1953).



RESULTS

Pre-Transplanting Period
In general, the mericarpal walls of all three 

Chihuahuan Desert populations were thicker than those of 
the other two deserts.

Seed color differed according to geographical and 
ecological distribution. The seeds from the Chihuahuan 
Desert were the darkest as contrasted to the light brown 
color of the Mojave Desert seeds. Those from the Sonoran 
Desert were intermediate in color.

The percentage of what appeared to be good seeds 
from mericarps was expressed as seed percentage, and the 
percentage of potentially good seedlings from 50 randomly 
selected good seeds was expressed as seedling percentage. 
(The quality of seeds and of seedlings for each population 
is summarized in Table 2.)

The large variation in seed percentage.among the 
different populations may have been caused by climatic 

. factors which varied from site to site and from season to 
season. Natural climatic fluctuations can influence 
effective pollination by insects. Similarly, the seedling 
percentage differs from population to population regardless 
of its major desert affiliation. Seed collecting date may 
be one of the reasons for the differences. However, it is

22
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Table 2'. Seeci and seedling percentages of ten sample 

populations of Larrea divaricata Cav.

Population Seed % Seedling % Collecting date

Chihuahuan Desert

T-M 58 66 26/VTII/19 68
NM-C . 42 64 29/VIII/1970
A-y 17 42 15/ IX/1968

Sonoran Desert

A-M 60 74 23/ X/1971
A-P 58 46 20/ VII/1969
M-BC-PA 68 74 25/ XI1/1968
M-BC-BLA 24 34 1/ XI/1969

Mojave Desert

G-SB 85 80 19/ VI/1971
A—MO 83 96 4/ VII/1971
N-C 68 66 3/ VII/1971
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difficult to be certain, since one of the two Baja Cali
fornia populations (M-BC-PA) collected in 1968 showed a 
rather high value (74%) in seedling percentage as compared 
to the other Baja California population (M-BC-BLA) collected 
in 1969, which showed the lowest seedling percentage of all 
ten populations at 34%.

It also may be significant that the two populations 
with the lowest percentages of good seeds (A-Y, M-BC-BLA) 
also showed poor seedling development and that the two 
Mojave Desert populations (A-MO, C-SB) with the highest seed 
percentages also had the highest seedling development values 
or seedling percentages of all the populations studied.

Seedling Survival
In the course of this experiment, natural mortality 

took a toll of the developing seedlings from all popula
tions. The number of individuals per population trans
planted at the start of the experiment as well as the 
number of surviving individuals for each population at the 
end of 3Q- and 60-day periods are presented in Table 3, In 
general, a high mortality characterizes the initial growth 
period for all populations but only two out of a total of 
228 seedlings or less than 1% died during the second 30-day 
period or at the end of 60 days. However, it is to be noted 
that the two Sonoran Desert populations from Arizona (A-M
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Table 3» Seedling survival from ten sample populations

Of Larrea divaricata Cav.

Number of individuals ‘
Surviving after

Population Transplanted 30 days 60 days

Chihuahuan Desert
T~M 33 26 26

NM-C 32 27 27
A-Y 21 ' 14 14

Sonoran Desert
A-M 31 16 15
A-P 23 11 11
M-BC-PA 37 24 24
M-BC-BLA 17 17 17

Mojave Desert
C-SB 40 32 32
A-MO . 43 33 32
N-C 33 28 28

&
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and A-P) have the lowest percentages of seedling survival 
for the initial 30-day period.

Total Stem Length
At 30 daysf the three Mojave Desert populations 

already display a general dissimilarity from most of the 
non-Mojave populations. The mean values of 6.7 mm (C-SB), 
9.2 mm (N-C), and 9.8 mm (A-MO) are the three lowest of all 
ten populations (Table 4). However, only the mean length 
of the California population (C-SB) is significantly lower 
from those of all seven other populations from the Sonoran 
and the Chihuahuan Deserts (Table 5).

At 60 days, the pattern of difference emerges far 
more clearly. The three Chihuahuan Desert populations 
(T-M., NM-C, and A~Y) show the greatest stem growth at 
65.5 mm, 53.6 mm, and 52.4 mm, respectively (Table 4).
These are highly significantly different from the growth 
of the other populations (Table 5),

The Sonoran Desert populations show moderate stem 
elongation, ranging from a high of 34,8 mm for A-P to a low 
of 27.3 mm for A-M (Table 4). Except for A-M, three of the 
four Sonoran Desert populations show highly significant 
differences from the Mojave Desert populations, which show 
the lowest values in stem growth (Table 5). The mean of 
ca. 20 mm of the three Mojave samples represents only 35% 
of the Chihuahuan Desert populations.
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Table 4, Total stem lengths of ten sample populations of 

Larrea divaricata Cav,

Population
30-day C>0-day

Mean t S.E. S.D. Mean + S .E. S.D,

Chihuahuan Desert

T-M . 16.3aL+ 1,29 6,56 65.5 + 3,39 17,28
NM-C 15.0 + 1.28 6,63 53,6 + 4.37 22.72
A-Y 11.4 + 1.19 4,47 52.4 + 3.02 11.30

Sonoran Desert

A-M 11.7 + 1.09 4,36 27,3 + 2.54 10,14
A-P 16,7 + 2,81 9.31 34.8 3.47 11,50
M-BC-PA 14.5 + 0.93 4.55 28.8 + 1,93 9.45
M-BC-BLA 17.4 + 1.58 6.53 29,6 + 2.27 9,35

Mojave Desert

. C-SB 6.7 + 0,81 4.59 19.2 + 2.39 13.53
A-MO 9.8 + 1.18 6,75 21,0 2.61 14.78
N-C 9,2 + 1,14 6,01 20,8 2.17 11.46■

^Measurement in millimeters,



Table 5. Statistical comparison of mean total stem lengths of ten sample popula
tions of Larrea divaricata Cav,, with values of P.

T-M3 NM-Ca A-Y A-M A-P ~-PA —-BLA .C-SB C A-MOC N-CC

7-, 6
-.05NM-C

M-BC
7-.6 -.001-.001

M-BC 8-.7 -. 001
-.01C-SB
-.05 8—. 7

Chihuahuan Desert population.
^Sonoran Desert population.
CMojave Desert population.

sign preceding P value means "less than." roco
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Among the Chihuahuan Desert creosotebush, the Texas 

population (T-M) shows a mean total stem length of 65.5 mm 
at 60 days as compared to 53.6 mm for the New Mexico popula
tion (NM-C) and 52.4 mm for the Arizona population (A-Y) 
(Table 4). This difference is significant at the 5% level 
(Table 5).

For the Sonoran Desert Larrea, the Arizona popula
tion from Maricopa County (A-M) has the least stem elonga
tion (27.3 mm). Although this does not differ substantially 
from that of the other three Sonoran Desert populations, it 
shows a greater similarity to the Mojave Desert populations, 
especially to that from Mohave County, Arizona (A-MO) and 
the one froin Clark County, Nevada (N-C) .

Among the Mojave Desert plants, the California 
population (C-SB) has the lowest increase for both 30 days 
and 60 days (Table 4), However, this is not significantly 
different from the Nevada population (N-C) but is signifi
cantly different from the Arizona population (A-MO) at the 
5% level only for the 30-day measurements (Table 5).

Nodes
At 30 days, the three Chihuahuan Desert populations 

have the highest numbers of nodes with means of 3.0 to 3.5, 
the four Sonoran populations have intermediate numbers with 
means of 2.9 to 3.0, and the Mojave populations have the 
lowest numbers of nodes with means of 2.4 to 2.9 (Table 6).
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Table 6. Number of nodes of ten sample populations of Larrea divaricata Gav.

Population
3 0-day 60-day

Mean + S.E. S.D. Mean +- S.E. S.D.

Chihuahuan Desert

T-M 3,5 ± 0.11 0.58 8.0 + 0.21 1,06
NM-C 3.0 + 0.10 0.52 6.9 0.22 ' 1,13
A-Y 3,1 ± 0,13 0,47 7.0 + 0.23 0.88

Sonoran Desert

A-M 2.9 + 0.13 0.50 5.1 + 0,28 1.12
A-P 3.0 + 0.19 0.63 5.2 + 0.35 1.17
M-BC-PA 3,0 + 0.11 0,55 5.1 + 0.20 0.99
M-BC-BLA 3.0 0.09 0,35 4.9 0.17 0,70

Mojave Desert

C-SB 2.4 + 0,09 0.50 4.2 + 0.20 1,12
A’-MO 2,6 + 0.11 0.61 4.4 + 0.19 1.07
N-C 2.9 + 0,15 0.79 4.7 + 0.21 1.09
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There are no significant regional differences in the number 
of nodes at the 30-day intervalf except that the Texas 
population (T-M) from the Chihuahuan Desert and the 
California population (C-SB) from the Mojave Desert are 
clearly distinct from the other populations (Table 7). They 
are conspicuous in that the former has the greatest number 
of nodes (3.5) and the latter the smallest number (2,4).

The 60-day data display more clear-cut differences. 
The Chihuahuan Desert group has the highest number of nodes 
(6.8-8.0), the Sonoran Desert group has intermediate values 
(4.9-5.2), and the Mojave Desert group has the lowest 
number (4.2-4.7) (Table 6), The P values show the exclusive
ness of the Chihuahuan Desert group, with the Texas popula
tion (T-M) again being somewhat distinct within this major 
ecotypic group (Table 7). The four Sonoran Desert popula
tions show a degree of uniformity in nodal number at 60 
days. The range of 4.9' to. 5.2 suggests a high degree of 
similarity which is confirmed by the P values. Within the 
Mojave Desert group, the slightly higher number of nodes of 
the Nevada population (N-C) may indicate that it is a 
variant within this group. Its mean of 4.7 and the P values 
do suggest a degree of similarity to the Sonoran popula
tions .



Table 7. Statistical comparison of mean number of nodes of ten sample populations 
of Larrea divaricata Cav., with values of P„

T-Ma NM-Ca A-Y A-M A-P
H d BM-BC M-BC c ' c-PA -BLA C-SB A-MO N-C

T-M
NM-Ca
A-Y a
A-Mb
A-Pb
M-BCb
-PA

bM-BC
-BLA
C-SBC
A-MO C
N-C C

Chihuahuan Desert population. 
.̂Sonoran Desert population.
"Mojave Desert population.
d  H ii-"sign preceding the P value means "less than." U)

to
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Internodes

The Chihuahuan Desert populations show distinct 
uniformity among themselves with the Texas population (T-M) 
showing a mean of 8.1 mm^ followed by the New Mexico popula
tion (NM-C) with 7.6 mm and the Arizona population (A-Y) 
with 7.5 mm (Table 8). As a group, they have signifi
cantly higher internodal lengths than those of the Sonoran 
Desert and Mojave Desert populations except one (Table 9). 
The one exception is the Sonoran Desert population from 
Pima County, Arizona (A-P), which happens to be close 
geographically and similar climatically to the Chihuahuan 
Desert populations of A-Y and NM-C.

The Sonoran Desert populations show intermediate 
internodal lengths with a high of 6.6 mm for A-P followed 
by 6,0 mm for M-BC-BLA, 5.5 mm for M-BC-PA, and 5.4 mm for 
A-M (Table 8). Except for A-M, the other three Sonoran 
Desert populations have significantly longer internodes 
than those of the Mojave Desert group (Table 9). However, 
it should be noted that the site of this exceptional 
Sonoran Desert population from Maricopa Co. (A-M) is 
geographically closest to the Mojave Desert (Fig, 3),

All three Mojave Desert populations have the 
shortest internodes, A-MO has a high of 4.5 nun followed 
by 4.2 mm for-N-C and 4.2 mm for C-SB (Table 8). Their mean 
value of 4.3 mm compares to the mean of 5.9 mm for the
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Table 8. Internodal lengths of ten sample populations Larrea divaricata Cav. at 60 days. of

Population Mean + S.E . S,D.

Chihuahuan Desert

T~M 8. la+ 0.27 1.36
NM’-C 7.6 t 0.42 2.20
A-Y 7.5+ 0.39 1,46

Sonoran Desert

A-M ' 5,4 + 0.37 1.49
A-P 6.6 + 0.38 1.28
M-BC-PA 5.5+ 0.24 1,18
M-BC-BLA 6.0 + 0.37 1.53

Mojave Desert

C'-SB' 4.2 + 0.37 2.11
A-MO 4.5+0.38 2.16
N-C 4,2 + 0.35 1.86

Measurement in millimeters,



Table 9. Statistical comparison of mean internodal lengths of ten sample popula
tions .of Larrea divaricata Cav. at 60 days, with values of P,

T-Ma NM-C a. A-Y.a A-Mb A-P b
M-BCb M-BCb 
-PA -BLA G—SB C A-MO C N-C C

T-Ma
NM-Ca ,4-, 3
A-Y a .3- . 2 . 9 —. 8
A-Mb -.ooid -. 01 -.001
A-Pb -.01 . 2 — . 1 . 2—. 1 -.05
M-BCb
" -PA 001 .001 .001 .7-. 6 05
M-BCb
"VBLA -.001 —» 0 2 —. 02 „ 3-. 2 .4-.3 .3-. 2 .
C-SB C -.001 -.001 -.001 .1-.05 -,001 —.01 —.001
A-MO C -.001 -.001 -.001 . 2-, 1 -,001 -.05 -.02 .6-.5 .
N-CC - , 001 —. 001 — .001 -. 05 — , 0 01 —.01 —.001 .6-.5 .9

aChihuahuan Desert population.
^Sonoran Desert population.
CMojave Desert population.

sign preceding the P value means "less than." u>Ul
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Sonoran Desert group and the mean of 7.7 mm for the 
Chihuahuan Desert group.

Axillary Structures
- ,The development of axillary structures is barely

suggested with three of the ten populations during the first 
30-day period (Table 10) but becomes apparent for all ten 
populations at the end of 60 days (Table 11).

The 60-day data indicate a close affinity among the 
three Chihuahuan Desert populations. In all four categories 
of comparison, the three populations score much higher than 
the seven non-Chihuahuan populations.

For the mean number of axillary structures per 
individual, the Texas population (T-M) has a high of 2.15, 
followed by 1.41 for the New Mexico population (NM-C) and 
0.93 for the Arizona population (A-Y) (Table 11). These 
compare to a high of 0.38 (M-BC-PA) and a low of 0.07 (A-P) 
among the Sonoran group and a high of 0.13 (C-SB) and a low 
of 0.07 (N-C) for the Mojave group.

For the mean number of nodes with axillary growth, 
the Texas population (T-M) again leads with 3,15, followed 
by 1,78 for NM-C and 1.07 for A-Y (Table 11), In compari
son, the Sonoran Desert populations have a range of 0.38 
(M-BC-PA) and 0.07 (A-P) and the Mojave Desert populations
a range of 0.14 (N-C) and Q.13 (C-SB),
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Table IQ. Axillary structures (30 days) of ten sample 

populations of Larrea, divaricata Cav.

Population

Number of nodes Total length
with axillary of axillary
structures per structures per
population population

Chihuahuan Desert

T-M 0 Q
NM-C 2 9
A-Y 1 1

A-M

Sonoran Desert 

0 0
A-P 0 0
M-BC-PA 0 0
M-BOBLA 1 0

OSB

Mojave Desert 

0 0
A-MO 0 . o
N-C 0 0
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Table 11. Axillary structures (60 days) of ten sample 

populations of Larrea divarjcata Cav.

Population sa Nb LC %d

Chihuahuan Desert

T-M 2 „ 15 3,15 8.73 77
NM-C 1,41 1.78 4,22 58
A-Y 0.93 1.07 2.21 43

Sonoran Desert

A-M 0.18 0.27 1.18. 18
A-P 0.07 0.07 0.00 7
M-BC-PA 0.38 0.38 o.oo 33
M-BC-BLA 0.13 0.13 0.33 7

Mojave Desert
C-SB 0,13 0.13 0.16 9
A-MO 0,08 0,08 0.03 8
N-C 0.07 0.14 0.25 7

< 3 . "S = mean individual. number of axillary structures per
b-N - mean individual, number of nodes with axillary growth per

c—L = mean 
individual - (mm).

length of axillary structures per

d% = percentage of individuals per sample population which have developed axillary structures.
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For the mean length of axillary structures, T-M 

stands out with 8.73 mm per individual, twice the length of 
4.22 mm for NM-C and four times the length of 2.21 mm for 
A-Y (Table 11). In contrast to the considerable increments 
for the Chihuahuan Desert populations, the Sonoran Desert 
populations show a high of 1.18 iron for A-M and a low of 
0,00 mm for both A-P and M-BC-PA and the Mojave Desert 
populations a high of 0.25 mm (N̂ C) and a low oft 0.16 mm 
(C-SB).

For the percentage of individuals per sample popula
tion which have developed axillary structures at the end of 
60 days, the Texas population (T-M) again leads with a high 
of 77%, followed by 58% for the New Mexico population (NM-C) 
and 43% for the Arizona population (A-Y) (Table 11). Among 
the Sonoran Desert populations, one Baja California popula
tion (M-BC-PA) has a high of 33%, followed by 18% for one 
Arizona population (A-M) and 7% for both M-BC-BLA and A-P, 
The three Mojave Desert populations again have the lowest 
percentages, 9% (C-SB), 8% (A-MO), and 7% (N-C), respec
tively.

On the basis of these analyses, it is accurate to 
state that among the ten populations examined for axillary 
development, after the 60-day growth period, the three 
Mojave Desert populations show the minimal axillary 
response and that their responses are fairly uniform; the 
four Sonoran Desert populations have moderate axillary



40
response but that their responses are more variable; the 
three Chihuahuan Desert populations give the most positive 
responses. As a group, the Chihuahuan Desert populations 
develop the largest number' of axillary leaves and branchlets, 
have the largest number of nodes with axillary structures, 
attained the greatest axillary growth in length, and have 
the highest percentages among sample populations which have 
developed axillary structures. And in all four aspects of 
axillary development, there appears to be a definite trend 
from east to west of decreasing axillary growth both within 
the Chihuahuan ecotypic group itself and within the entire 
North American species complex.

Leaf Paid
Leaf fall became a conspicuous response on the part 

of a large number of plants at ca. 40 days after trans
planting. Hence, it was felt that this characteristic might 
provide an additional feature for a determination of major 
ecotypic variation or secondary populational differentia
tion.

The 50-day data already indicate clear differences 
between the three major ecotypes in mean values (Table 12). 
The Chihuahuan populations uniformly show almost no fallen 
leaves. On the other hand, all the Sonoran Desert popula
tions have heavy leaf drop with the two Baja California 
populations showing the heaviest numbers at 3.2 (M-BC-BLA)
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Table 12, Leaf fall of ten sample populations of Larrea 

divaricata Cav,

50-day 8 0-day
Population Mean +. S.E. S,D, Mean + S.E, S.D.

Chihuahuan Desert
T-M 0,1 + 0.12 0.59 1.2 + 0,32 1.62
NM-C 0.1 + 0.12 0.60 1.0 + 0.29 1.43
A-Y 0.0 + 0.0 0 0.00 0.8 + 0.26 0.97

Sonoran Desert

A-M 2,2 + 0.53 2.14 6,3 + 0,84 3,01
A-P 1.6 + 0.73 2.42 6.5 + 1.09 3.62
M-BC-PA 3,0 + 0.40 1.9.6 7,5 + 0.45 2,21
M-BC-BLA 3.2 jh 0.46 1,88 7.9 + 0,43 1.73

Moj ave Desert

C-SB 0.7 + 0.23 1.29 4.7 0,38 2.16
A-MO 1.8. + 0.35 1.90 4.9 + 0,47 2.62
N-C 1.3 + 0,31 1.66 6.8 + 0.44 2.33
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and 3.0 (M-BC-PA) and the two Arizona populations following 
with moderately heavy numbers at 2.2 (A-M) and 1.6 (A-P).
The three Mojave Desert populations all display light leaf 
fall with 1.8 for A-MQ, 1.3 for N-C, and 0,7 for C-SB.
Except for the population from California (C-SB) , the two 
other Mojave Desert populations (N-C, A-MO) and all four 
Sonoran Desert populations show significant differences in 
this characteristic at less than the ,01 level from all the 
Chihuahuan Desert populations (Table 13).

The 80-day data show an accentuation of the differ
ences already suggested by the 50-day data. The three 
Chihuahuan Desert populations start to drop more leaves, 
with the Texas population (T-M) leading with 1.2 followed 
by the New Mexico population (NM-C) with 1,0 and the Arizona 
population (A-Y) with 0,8 (Table 12). There is a high 
degree of uniformity in these low values. In contrast, the 
Sonoran populations as a group again show the heaviest leaf 
fall, with the two populations from Baja California 
(M-BC-BLA, M-BC-PA) recording highs of 7.9 and 7,5 and the 
two populations from Arizona (A-P, A-M) recording slightly 
lower numbers of 6.5 and 6.3. One of the Mojave Desert 
populations shows surprisingly heavy leaf fall with a 6,8 
(N-C) while the other two have 4,9 (A-MO) and 4,7 (C-SB), 
respectively.

A comparison between the Chihuahuan Desert popula
tions and the non-Chihuahuan Desert populations indicate



Table 13, Statistical comparison of mean number of leaf fall of ten sample popula
tions of Larrea divaricata Cav., with values of P.

T-Ma NM-Ca
M-BCb M-BCb

A-Y A-M A-P -PA “BLA C-SB C A-MO C N-C

T-M
NM-C a
A-Y3
A-Mb
A-Pb
M-BCb
—PA

M-BCb
-BLA

cC-rSB
A-MOC
N-CC

, 9-.. 8 , 9-. 8 .001 01 -.001 -.001 .1—.05 —.001 —.01
8-. 7

Chihuahuan Desert population. 
bSonoran Desert population.
CMojave Desert population.

sign preceding the P value means "less than." 45.U>
I
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highly significant differences at less than the „001 level 
between these two groups (Table 13). Between the four 
Sonoran Desert populations and the three Mojave Desert 
populations, although the two Sonoran populations from Baja 
California are significantly different from two of the three 
Mojave populations at less than the .001 level, the differ
ence in general is not well defined.



DISCUSSION

The semi-controlled physical environment prevailing 
in the growth chambers throughout the period of the experi
ment was more conducive to growth than the fairly dependable 
summer rainy season of the Chihuahuan Desert and the eastern 
parts of the Sonoran Desert as well as the summer rainy days 
occurring occasionally in the western portions of the Sonoran 
Desert and in the Mojave Desert. This simulated natural 
environment provides favorable conditions for the develop
ment of the creosotebush seedling through the interaction of 
moderately high constant temperature, an abundant supply of 
soil moisture, high humidity, long photoperiod, and a 
moderate light intensity. Because of the accelerated growth 
under these conditions r the 60-day Larrea seedlings are 
approximately the developmental equivalents of one-year old 
plants encountered under the natural desert environment 
(Yang, 1974a)« Therefore, the data gathered on the 60-day 
old plants representing the ten sample populations of widely 
diverse geographical and ecological origin should provide 
significant information on the range of morphological and 
behavioral responses of young Larrea plant characteristics 
of the three major North American ecotypes.

The distinctiveness and the relatively higher degree 
of uniformity within the Chihuahuan Desert ecotype group are
I 45



46
apparent after an examination of the series of easily 
observable and measurable characteristics used in this 
experiment. In addition to the1thick mericarpal wall, the 
dark color of the seed, and the strikingly incurved leaf
lets, the Chihuahuan Desert creosotebush has the fastest 
growth rate of the three North American ecotypes. This 
unusual rate of growth is evident from the 60-day data on 
total stem length, number of nodes, derived mean length of 
the internode,, and axillary growth (Fig. 4a) . And because 
of the high degree of axillary development, the Chihuahuan 
Desert ecotype soon becomes a multi-branched individual and 
assumes the growth form of a bushy shrub. But, despite the 
high rate of physiological activity associated with the 
rapid growth, the shedding of leaves is a rare phenomenon 
with this ecotype, at least for the young plant.

In comparison with the Chihuahuan Desert Larrea, the 
creosotebush from the Mojave Desert presents a sharp contrast 
in appearance as a result of the extremely slow rate of 
growth. The 60-day data depict the Mojave Desert plant to 
be typically an individual of short stature, averaging only 
two-fifths or 35% the size of a characteristic Chihuahuan 
Desert plant (Fig. 4c). Based upon the main stem alone it 
has three-fifths or 60% the number of nodes of a Chihuahuan 
Desert creosotebush. It has very short internodes.
Axillary growth is almost non-existent at this stage, so 
that the plant is single-stemmed and essentially unbranched.
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(c) (b) (a)
Fig. 4. Larrea divaricata seedlings of 60-plus days:

(a) Chihuahuan Desert creosotebush; (b) SonoranDesert creosotebush; and (c) Mojave Desert 
creosotebush.
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Despite the low rate of physiological activity associated 
with the slow growth, leaf fall is extremely heavy. Because 
of the smaller size of the Mojave Desert plants and rela
tively fewer nodes and leaves, they have lower numerical 
leaf fall value than the Sonoran Desert plants. However,
•the actual percentage of leaf fall on the part of the Mojave 
Desert plants may be just as heavy as the Sonoran Desert 
plants.

The Sonoran Desert creosotebush appears to be 
intermediate in all the measured characteristics between 
the two extreme phenotypes represented by the Chihuahuan 
Desert ecotype on the one hand and the Mojave Desert ecotype 
on the other. The 60-day data depict a plant of moderate 
height with associated characteristics, such as number of 
nodes, length of internode, and axillary growth, all inter
mediate between those of the Chihuahuan Desert creosotebush 
to the southeast and those of the Mojave Desert creosotebush 
to the northwest (Fig, 4b).

Within the Chihuahuan Desert ecotype, the Texas 
population (T-M) showes a higher rate of growth as indicated 
by the significantly greater (5% level) total stem length, • 
significantly greater (1% level) number of nodes, and much 
greater axillary development than the New Mexico and Arizona 
populations (NM-C, A-Y). The T-M (Texas-Maverick Co.) 
population is very similar to the T-Z (Texas-Zapata Co.) 
population studied by Yang (1967b). These both represent

>
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a large series of other lower Rio Grande populations in both 
Texas and Mexico, wherfe the climate is characterized by- 
moderate temperatures and favorable moisture supply not only 
in the summer months but also throughout the year„ At the 
U.S. Weather Station in Eagle Pass (lat 28° 431 N; elev 
743 ft.), located within 5 miles of the T-M site, the mean- 
annual daily maximum temperature is ca. 84°F, the mean- 
annual daily minimum temperature is ca. 58°F (56-year 
record), and the mean-annual precipitation is ca. 21 in. 
(84-year record) (U.S. Weather Bureau, 1965e).

On the basis of available evidence, the Texas popu
lation (T-M) may be considered a local variant within the 
much broader Chihuahuan ecotypic group. As suggested by 
T. W. Yang (1974b), it may be appropriate to regard it as 
a secondary ecotype without any specific geographic designa
tion, This particular population shares with many other 
local populations in this part of Texas and adjacent Mexico 
certain common morphological features and physiological 
traits which enable them to thrive under the most mesic 
temperature-precipitation regime of the general Chihuahuan 
Desert climate.

To the north, the New Mexico population (NM-C) is 
representative of most of the populations in southeastern 
New Mexico and adjoining parts in western Texas near the 
Pecos River. At the U.S. Weather Station in Roswell (lat 
330 24' N; elev 3612 ft.), located ca. 20 miles southwest
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of the NM-C site, the mean-annual daily maximum temperature 
is ca, 74°F, the mean-annual daily minimum temperature is 
ca. 44°F (66-year record), and the mean-annual precipitation 
approximates 13 in (68-year record) (U.S. Weather Bureau, 
1965d). In comparison to the climatological records from 
Eagle Pass, Texas, the mean-annual dctily maximum and 
minimum temperatures are lower by 10° and 14°, respectively, 
and the mean-annual rainfall is less by 8 inches. This 
distinctly different temperature-moisture regime is also 
associated to an altitudinal difference of more than 2850 
feet and a latitudinal difference of nearly 5°. The con
temporary creosotebush population in this part of New 
Mexico must have evolved a somewhat different genetic 
system to cope with the harsher realities of the distinctly 
colder, drier, and more fluctuating environment.

To the west, the Arizona population (A-Y) represents 
the western-most extension of the diploid Chihuahuan Desert 
Larrea in North America (Yang, 1970a). However, it is 
isolated from the main body of the Chihuahuan Desert 
populations to the southeast by approximately 100 miles. 
Because of the close similarity in most of the character^ 
istics studied (such as total stem length, number of nodes, 
length of internode, and leaf fall) between this population 
(A-Y) and the New Mexico population (NM-C), it is reasonable 
to assume that they may have evolved under rather similar 
climatic conditions, At the U.S. Weather Station in
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Montezuma Castle National Monument (lat 34° 371 N ; elev 
3181 ft.), located within 10 miles of the A-Y site, the 
mean-annual daily maximum temperature is ca. 80°F, the mean- 
annual daily minimum temperature is 42°F (21-year record), 
and the mean-annual precipitation approximates 12 inches 
(22-year record) (U.S. Weather Bureau, 1965a). Compared to 
the climatological record from Roswell, New Mexico, the mean- 
annual daily maximum is ca. 6° higher, the mean-annual daily 
minimum 2° lower, and the mean-annual precipitation is only 
1 inch less. This climatic similarity provides a logical 
explanation for the similarity in physiological behavior as 
indicated by the general growth and leaf fall responses of 
the two Chihuahuan Desert populations, notwithstanding the 
geographical separation of 400 miles.

The only attribute in which there.may be a differ
ence between the Arizona population and the New Mexico 
population is in axillary development. Here, the Arizona 
population shows the lowest amount of axillary growth among 
the three Chihuahuan Desert populations. In fact, there 
appears to be a dine of decreasing axillary development 
from east to west. In nil four categories of comparison in 
axillary growth, the Texas population ranks first, with the 
New Mexico.population second, and the Arizona population 
third. This east-to-west dine of progressive reduction in 
axillary development is not only evident within the
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Chihuahuan Desert itself but is also strongly indicated 
throughout the entire range of Larrea divaricata in North 
America.

Despite the geographical distance separating the two 
Arizona populations (A-M, A-P) from the two Baja California 
populations (M-BC-BLA, M-BC-PA), all four populations from 
the Sonoran Desert are remarkably similar in their general 
growth and leaf fall responses. Only in the mean length of 
the internode is there a significant difference (5% level) 
between the A-P (Arizona-Pima Co.) population on the one 
hand and the A~M (Arizona-Maricopa Co.) population and the 
M-BC-PA (Mexico-Baj a California-Punta Abreojos) population 
on the other.

There is, however, a suggestion of closer similarity 
between the two Arizona populations as well as between the 
two Baja California populations. This may be reflected in 
the climatological records near the population sites„ At 
the U.S. Weather Station in Cavecreek (lat 33° 50'; elev 
2150 ft.), located ca. 15 miles east of A-M, the mean-annual 
daily maximum is 83°F, the mean-annual daily minimum is 
slightly above 53°F, and the mean-annual precipitation is 
more than 11 inches (10-year record) (U.S. Weather Bureau, 
1965a). In comparison, the U.S. Weather Station in Tucson 
(lat 32° 14'; elev 2430 ft.), located withip 5 miles of the 
A-P site, the mean-annual daily maximum is also 83°F, the 
mean-annual daily minimum is ca. 52°F (68̂ -year record), and
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the mean-annual precipitation is almost 11 inches (69-year 
record) (U,S. Weather Bureau, 1965a). On the basis of these 
records, the climates of these two Arizona population sites 
are practically identical. It should also be noted that 
precipitation for these two Sonoran Desert sites include 
summer as well as winter moisture, which is also the 
characteristic rainfall pattern of the Chihuahuan Desert.

In contrast to the records for the two Arizona 
population sites, the short-term climatological data avail
able from the two Baja California sites portray a totally 
different climatic regime (Hastings and Humphrey, 1969). At 
Bahia de Los Angeles (lat 280 54 ! ISf; elev 17 ft.), located 
10 miles east of the M-BC-BLA site, the mean-annual tempera
ture is 74°F and the mean-annual precipitation is slightly 
less than 3 inches (13-year record), At Punta Abreojos 
(lat 260 44' N; elev 50 ft.), located ca. 25 miles west of 
the M-BC-PA site, the mean-annual temperature is 70°F (8- 
year record) and the mean-annual precipitation is more than 
3 incites (10-year record). However, aside from the general 
lack of summer rain, the similarity of the climatological 
records of these two sites may be superficial (Humphrey,
1974)• The M-BC-BLA site has the climate of the Gulf of 
California coast, which has high summer temperatures and 
extremely low humidity during most of the year. The M-BC-PA 
site has the climate characteristics of the Pacific coast, 
where summer temperatures are more moderate and relative
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humidity is high. Despite these subtle but real climatic 
differences, the genetic similarity between the two Baja 
California populations is remarkable as expressed in terms 
of morphology-, growth, and leaf fall.

A high degree of uniformity among the three Mojave 
Desert populations is clearly indicated.in their general 
growth responses. This is to he expected when the proximity 
of the three populations is considered and when the climat
ological characteristics prevailing over these populations 
are examined.

Because of the closer geographical proximity of the 
Arizona population (A-MO) to the Nevada population (N-C) and 
because the U.S. Weather Station in Boulder City (lat 35°
59’ N; 2525 ft.) is near both, the climatological records of 
this station are applicable to both sites. At this station, 
located ca, 5 miles southwest of the N-C site and 15 miles 
west-southwest of the A-MO site, the mean-annual daily 
minimum temperature is ca, 57°F (2 8-year record), and the 
mean-annual precipitation is 5.4 inches (29-year record)
(U.S. Weather Bureau, 1965c). At the U.S, Weather Station 
in Needles (lat 34° 46’ N; 913 ft,), located 25 miles, north 
of the C-SB site, the mean-annual daily maximum is ca. 85°F, 
the mean-annual daily minimum is ca, 60°F, and the mean- 
annual precipitation is 4.4 inches (20-year record) (U.S. 
Weather Bureau, 1965b), The data from these two stations 
indicate a negligible difference of 3°F in the mean-annual
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daily minimum. In contrast, the differences in the mean- 
annual daily maximum of 8°F and in the mean-annual rainfall 
of 1 inch are rather significant, Probably as a result of 
the hotter and drier physical environment, the C-SB popula
tion has evolved a slightly different genetic makeup and 
shows the slowest growth responses within the Mojave Desert 
group. However, in spite of the difference of 8°F in the 
mean-annual daily maximum between the two altitudinally 
higher northern Mojave sites and the one lower southern 
Mojave site, there is a striking general uniformity within 
this ecotypic group. And the distinctness of this group 
from the Chihuahuan Desert populations is unmistakable,

The Nevada population (N-C) is unique in the number 
of nodes and the amount of leaf fall. The similarity of the 
N-C population to all four Sonoran Desert populations in the 
number of nodes appears to be stronger than to those in its 
own ecotypic group. However, because of the difference in 
total stem length in which the Sonoran Desert populations 
had much higher values, the actual differences between the 
N-C population and members of the Sonoran Desept group are 
rather large and are shown clearly in the internodal length. 
A probable explanation for the heavy leaf fall in this 
population may be the result of a genetic adaptation in 
response to certain local habitat conditions.

Some positive growth-response similarities exist 
between all three Mojave Desert populations and the A-M
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(Arizona-Maricopa Co.) population of the Sonoran Desert. 
Since the A-M population is situated closest to the Mojave 
Desert, despite the distinct climatic difference between 
this particular Sonoran Desert population site and the 
Mojave Desert sites immediately to the northwest, some 
degree of genetic interchange may have taken place in the 
past and may still be going on today.

Through personal observations and published reports 
(Yangf 19 67b, 197 0a), the Chihuahuan Desert creosotebush is 
generally a low, compact, and bushy plant; has conspicuously 
incurved leaflets; and is adaptive to a high summer-moisture 
and low winter-moisture environment. The Sonoran Desert 
Larrea, in contrast, has a taller and more open appearance, 
moderately incurved to divergent leaflets, and a wider range 
of habitat diversity. It is found in an environment where 
winter temperatures are comparatively mild and precipitation 
varies from summer-winter to winter from east to west with 
a corresponding decline in total moisture. In the Mojave 
Desert, there is mostly winter precipitation. Both moisture 
and temperature vary according to elevation, with moisture 
decreasing and temperature increasing from northwest to 
southeast. The typical Mojave Desert creosotebush is more 
variable and more difficult to distinguish from the Sonoran 
Desert type. In general, it may be described as a plant 
shorter in stature than the Sonoran form and less compact 
and bushy than the Chihuahuan form. Judging from field
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characteristics of natural populations, the Sonoran Desert 
plants in this experiment are likely to continue their 
higher rate of stem growth, the Chihuahuan Desert plants 
will probably direct their growth toward developing more 
lateral branches, and the Mojave Desert plants are likely to 
retain their slower rate of growth to become sparingly 
branched individuals of short stature.

' From the evidence suggestive of ecotypic variation 
at a secondary or tertiary level obtained from this study, 
some basic factors having a decisive role in this differ
entiation may be mentioned. These factors can be classified 
into two categories: physical or environmental on the one
hand; and biologic, genetic, or evolutionary on the other. 
The major environmental factors include moisture, tempera
ture, photoperiod, and soil among others. The importance 
of evolutionary factors becomes apparent through the inter
action of the genetic substrate of the species population 
with an ever changing and fluctuating environment in the 
course of its original establishment, past range expansion, 
and current local movements in geological, historical, and 
contemporary times. One sfrong evidence of this continuous 
and continuing interaction in both the past and present is 
the clinal distribution of various characteristics from 
east to west. This dine is generally associated with the 
range of changes in the total environmental gradient which 
includes a great diversity of physical factors, varying from
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east to west and from south to north. Different degrees of 
secondary ecotypic developments occur along this environ
mental gradient. The totality and diversity of adaptive 
responses of the three major Larrea ecotypes and their 
ecotypic groups are the natural outcome of the interaction 
between the physical factors of this broad environment and 
the genotypic diversity of the populations.

Although the existence of three major ecotypic 
groups of Larrea divaricata in North America is supported by 
the data obtained in this study, other experimental results 
of the study strongly suggest the presence of a wider 
amplitude of adaptive responses among the populations of 
the two major western ecotypes than the Chihuahuan ecotype. 
In comparison with the Chihuahuan Desert, the physical 
environment of the Sonoran Desert provides a much greater 
variety in its physical habitat, as reflected in the 
diversity of its vegetation (Shreve, 1951). Furthermore, 
the western half of the Sonoran Desert and the Mojave 
Desert offer some of the hottestf driest, and most 
fluctuating habitat extremes in North America. In response 
to this distinctly harsher desert environment, the Sonoran 
Desert ecotype and the Mojave Desert ecotype have succes
sively evolved from the more ancient and more conservative 
diploid Chihuahuan Desert stock in the course of recent 
geologic time. The increased ploidy level as a result of 
hybridization, followed by chromosome doubling on the part
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of the Sonoran and Mojave Larrea provided the necessary 
additional loci for increased genetic variability in the 
newly evolved populations/ enabling them to become adapted 
to the new and more demanding niches heretofore not existent 
under the older and more equitable Chihuahuan Desert 
climate, ( '

The drastic genetic change which accompanied a 
multiplication of the diploid chromosome number was an 
integral part of the emergence and development of the new 
ecotypes with their new adaptive capabilities. The increased 
number of loci on 52 and 78 chromosomes, respectively, as 
compared to the original 26, vastly improved the chances of 
acquiring more advantageous mutations and expanded the 
capacity to accumulate new and potentially adaptive alleles. 
This is a plausible explanation for the much greater 
diversity in morphological and physiological variations 
frequently encountered among the Sonoran Desert and Mojave 
Desert populations.

This explanation is in line with the. view recently 
expressed by Kolata (1974) and other population geneticists 
that the greater the variation and fluctuation of the 
environment the greater the genetic variation accumulating 
at loci to cope with the variation and fluctuation of the 
environment. By inferences from the same paper, the 
consensus is that enzyme functions may change in response to 
environmental changes and that the span of this adaptive
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functional change in enzyme systems is dependent upon the 
amount of heterozygosity of the population,

Two additional factors, one environmental and the 
other genetic, may have contributed toward this unusual 
phenomenon of variability and adaptability of the creosote- 
bush, It was pointed out by Yang (1961) that Larrea had 
expanded its range into neighboring communities within 
historical time as a result of greater aridity in the 
environment. This expansion continues because of the 
increase of new ecological niches which only recently 
supported other plant communities. The continuing presence 
and availability of these new habitat situations have pro
vided unusual opportunities for the genetically variable 
creosotebush to expand. And this expansion is continuing 
today within and along the periphery of the range of each 
major ecotype.

On the other hand, where the two ecotypes are sym- 
patric, as in the extensive ecotone area's between the Chihua- 
huan and Sonoran Deserts and between the Sonoran and Mojave 
Deserts, there appears to be a certain amount of gene 
exchange. Despite the back of a positive identification 
of triploids or pentaploids in the ecotones (Yang, 1970a), 
the encounter of definite morphological intergrades in the 
field suggests the presence of gome degree of comparatively 
recent or even ongoing genetic interchange between each of 
the two ecotypic groups sympatric to each other.
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Furthermore, the impact of this genetic interchange appears 
to be greater in an east-to-west direction and can often be 
detected for some distances away from the ecotone. 
Apparently, this provides another important channel of 
genetic variability which supports as well as reinforces 
the already flexible and resourceful gene pool of Larrea 
divaricata, raising the level of versatility and capacity 
of this plant to meet even more successfully the fluctuating 
high-temperature and low-moisture extremes in its past, 
present, and future desert environment.

Throughout this thesis, in the interest of con
sistency, the terminology of Yang (1967b, 1968, 1970a) has 
been followed in considering the three principal population 
complexes of North American creosotebush. The population 
complex in the Chihuahuan Desert has been treated as the 
Chihuahuan Desert ecotype or Chihuahuan ecotype, equating 
it cytogenetically to the diploid chromosome race; the 
population complex in the Sonoran Desert has been treated 
as the Sonoran Desert ecotype or Sonoran ecotype, equating 
it cytogenetically to the tetraploid race; the population in 
the Mojave Desert has been treated as the Mojave Desert 
ecotype or Mojave ecotype, equating it cytogenetically to 
the hexaploid race.

However, as a result of recent suggestions made by 
Dr. Juan H. Hunziker and subsequent discussions with both 
Dr. Hunziker and Dr. Yang, I now feel that it is more



appropriate to regard the three major North American eco
types of Yang as three broad-ranging geographical races, 
each occupying a major subdivision.of the North American . 
warm desert. Since each race is characterized by a dis
tinct chromosome number, the three geographical races can 
also be described as chromosome races.

Moreover, I feel that henceforth, the term "eco
types" can be used more effectively to refer to the 
ecologically distinct populations within each of the three 
major geographical races or chromosome races of North 
American Larrea divaricata.
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