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Mineteen Years of Vegetational Change 
in a Desert Habitat

Casual observation indicates that primary plant succes
sion in arid regions is slow, particularly as the climax is 
approached. Few measurements of such changes in the Sonoran 
Desert of southwestern United States have been made. A 
study by Shreve (1) formed the basis for a second by Shreve 
and Hinckley in 1937 (2). The writers noted a marked in
crease in plant population from 1906 to 1 9 2 8. They noted a 
further, but less rapid, increase from 1928 to 1 9 3 6. This 
was made mainly by small and relatively short-lived peren
nials, while the larger perennials increased very little. 
Although the study yielded a few data on the life span of 
certain perennials, the quadrats studied were too small and 
too few to give much information on plant communities. The 
writers concluded that no particular successional trend 
could be determined from the study. As the Carnegie Desert 
Laboratory grounds, where this work was conducted, have been 
protected from grazing since 1 9 9 7> it would seem that the 
rate of recovery, which was rapid at first, has been pro
gressively slower as stabilization has been approached. A 
continuation of this same trend was noted in the present 
study.

A permanent belt transect 100 meters long and 10 meters
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wide was laid out in an approximately east-west direction on 
the Desert Laboratory grounds in 1930 (Fig. 1). Portions of 
three different plant communities were included. Each com
munity occupied about one-third of the total area. The 
western third was a typical "creosote flat" supporting an 
essentially pure stand of Larrea tridentata (Fig. 2). The 
central section was vegetated largely by grasses, with 
Hilaria mutica predominating (Fig. 3)». The eastern third 
was characterized by a diversity of shrubs, with Fouquieria 
splendens. Acacia constricta, and Larrea dominant (Fig. It.).

In order to facilitate mapping, the transect was sub
divided into ten blocks, each ten meters square. The loca
tion and area of individual plants were obtained by use of a 
meter-square frame subdivided into square decimeters. The 
location and area of all perennial plants in the transect 
were mapped in 1930. In order to determine changes that had 
occurred in the 19-year period since 1 9 3 0, the area' of each 
perennial was recharted in the summer of 19^9* The 194-9 
maps were copied on transparent plastic drawing sheets. 
These, when placed over the 1930 maps, made it possible to 
make direct comparisons of both area and location.

Most desert annuals fluctuate in number very widely 
with fluctuations in rainfall, and generally indicate little 
as to vegetational trends. For this reason, no annuals were 
mapped in this study. Triodia pulchella, although a peren
nial, is short-lived, often persisting only one year, and
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Figure 1. General view of Carnegie Desert Laboratory 
in transect. Taken from the mixed grass-shrub association 
looking across the Hilarla association and into the Larrea 
association.
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Figure 2. View of the Larrea Association showing 
essentially pure stand of Larrea tridentata. an



Figure 3• Detailed view of the Hilaria Association 
showing typical habit of Hilaria mutica and associated 
shrubs.
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Pigure 4. View of the Mixed Grass-Shrub Association. 
Th© typical species shown; Fouquieria splenciens, j~rcuier^a 
Grayi, Qpuntia engelmarmii, and acacia constricta.
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was likewise omitted.

Larrea Association
Shrubs. The number of plants of every shrub species in 

the Larrea association, except one Opuntia seedling that 
died, increased from 1930 to 194-9 (Table I). This was re
flected in an increase in the area of each species. The 
greatest increase in number of plants was noted for Kramerla 
Gray!, which accounted for 18 of the total plant increase of 
25 individuals. The resultant increase in area of this 
species was 5oi|- square decimeters. Larrea, although showing 
an increase of only four plants, increased in area 3 #1^6 

square decimeters. This relatively large increase may be 
accounted for in part by the more rapid growth of Larrea, 
and in part by the fact that gxaaeria. reaches its maximum 
size at an early age while Larrea may continue to grow and 
increase in area for a much longer period of time. Similar 
rather large increases in area were observed in all of the 
larger, vigorously growing, long-lived shrubs.

'Franseria deltoidea, a shrub from 12 to 18 inches tall, 
showed an increase in number of plants from six in 1930 to 
nine in 194-9 • The resultant increase in area was 4-2 square 
decimeters.

Although there was no difference in the number of plants 
of Acacia Greggii, the one plant present increased in size 
401 square decimeters. One plant of Fouquierla splendens,



TABLE I
1930 -19h9 ..... Difference.1930-49LIFE No. of Area No. of Area •No. of Area •FORM SPECIES Plants (sq. dm.) Plants (sq. dm.) Plants (sq. dm.)

Acacia constricta 1 150 . 1 551 , 0 4pi 'Franseria deltoidea 6 30 9 72 3 42Shrub Fouquieria splendens 0 0 1 151 1 i5iKrameria Gray! 13 363 31 867 18 5ok
Larrea tridentata 33 7,476 37 1 0 ,6 3 2 4 3,156
Opuntia fulgida 1 6 0 ....  0 -1* -6

Total 54 8,025 79 12,273 25 4 ,2k8
Aristida sp. t 70 i bO . -i •-2 0 ...

Grass Muhlenberfeia Porter! 8 13 17 ill 9 128

Total 10 83 18 191 8 108

Forb Polygala macradenia 1 24 0 0 -1 -24
Total 1 24 0 0 -1 -24

TABLE I. Area and number of plants by species in the Larrea Association.
«• - indicates decrease



- 9-

with an area of square decimeters, became established on 
the transect between 1930 and 194-9 • In contrast, the one 
plant of Opuntia fulgida present in 1930 had died by 194-9 * 
This plant occupied an area of only six square decimeters in 
1930 and was a seedling that may never have become well 
established.

Grasses. Muhlenbergia Porter! showed an increase in 
number of nine plants, and in area of 128 square decimeters 
in the 19-year period. In contrast to this, one Arlstida 
plant died during the period, and the area occupied by the 
species decreased by 20 square decimeters. The overall re
sult of this was reflected by an increase of eight grass 
plants and an area increase of 108 square decimeters. A 
study of the 1930 and 194-9 maP3 revealed that Muhlenbergia 
Porter! grew exclusively under the Larrea bushes. The in
crease in this grass, even under protection from grazing, 
seems to be correlated with an increase of the shrub,
Larrea.

Forbs. At the 194-9 mapping no forbs were present. The 
one Polygala macradenia had died since 1930.

Hilaria Association
Grasses. The Hilaria association had a fairly good 

grass cover at both mappings. During the 1 9-year period 
the total area occupied by grasses increased from 2 ,0 9 5  

square decimeters to 3,4-68 (Table II). One species, Hilaria 
mutica. accounted for most of this increase. In 1 9 3 0, 94.
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LIFE
FORM_________ • SPECIES

Larrea tridentata ' 
Acacia constrlcta 
Franserla deltoidea 

Shrub Krameria~Grayi
Echinocereus Fendleri 
Opuntia spinosior 
Fouquieria splendens

_____ Total________________
Aristida sp.

Grass MuhlenUergia Porter!
. . . Bouteloua trifida

Hilaria mutlca " .

______Total______________
Fsilostrophe Cooper! 

Forb Zinnia pumila .....
Total

TABLE II
1930No. o f A r e a  

Plants (sq. dm.)
T 9 WNo. of Area. 

Plants (sq. dm.
Difference 1930-W•No. of Area 

) Plants (sq. dm.)
-2,473 :12~

1
6
23

16
o

\7ojt 180 80 
609 

1
133

0

9a
0

48
114
2

1,550
281

0
35922
%

• —3'“" 
1

- 6
25
10
-2

2

101
-8 0

-2 5 0
21
22
34

5,0368
123

0
1,964
2,095

0
9

76 2,4ii -2 ,6 2 5

10
0

163

"0
6

b
10
29247,

292

1

lb

13,366
3,468

292

•T
0

1

-5

1
1 ,4 0 2

1,373
-7

TABLE II. Area and number of plants by species in the Hilaria Association.
- indicates decrease.
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per cent, of the total grass cover was composed of this 
species. By 194-9 this had increased to 97 per cent. As 
Hilaria mutica is a sod grass it was not possible to record 
changes in the number of plants.

Twenty-nine plants of Boiiteloua trifida, with a total 
area of square decimeters, had become established since 
1930. This species was not present at the first mapping arid 
its establishment may indicate improved moisture conditions, 
resulting in part from a decrease in the size of the shrubs 
inhabiting the area.

By the 194-9 mapping, the area occupied by Muhlenbergia 
Porteri decreased 93 square decimeters, but the number of 
plants remained constant. At the same time, Larrea in the

«
Hilaria association decreased in area and number of plants. 
This apparent correlation is in agreement with the relation 
between Muhlenbergia and Larrea noted in the Larrea associa
tion. In that instance, however, both species increased; in 
the Hilaria association, both decreased.

There were few plants of Aristida in the association at 
either mapping. By 194-9# one plant had been added to the 
five recorded in 1930. During this same period, however, the 
total area had doubled from an initial area of eight to l6 
square decimeters.

Shrubs. At the 194-9 mapping, nine of the original 12 
Larrea plants remained. These nine plants occupied only 
about one-third the area of the original 12 plants.
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For this reason the total number of shrubs, although increas
ing by 27 plants, decreased in area 2 ,6 2 5 square decimeters.

In 1930, 23 Kramerla plants occupied an area of 609 

square decimeters; in 19I4.9 there were 1(.8 plants with, however, 
the smaller area of 359 square decimeters. These figures may 
indicate a tendency for this species to persist in the region, 
but because of the reduction in area, this increase in num
ber does hot appear to indicate increased dominance.

A single new plant of Acacia constricts and two of 
Fouquleria splendens became established between mappings.
This seems to substantiate the conclusion of Shreve and 
Hinckley (2) that as the climax is approached, increases in 
the numbers of large perennial shrubs are very slow.

Opuntia spinosior was the most conspicuous cactus in 
the Hilaria association. Two of these plants died in the 
19-year period, but the area covered increased 22 square 
decimeters. The four plants present in 194-9 did not appear 
vigorous. Furthermore, the joints which had fallen to the 
ground had not become established. This same condition was 
observed to exist in the areas bordering the transect.

Ten additional plants of the cactus Echinocereus 
Fendleri had invaded the Hilaria association since the 1930  

mapping. Most of these became established in such close 
association with grasses that it was often necessary to 
spread them apart to see the cacti clearly. The increase in 
grass apparently favored establishment of the cactus, pos
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sibly through improved moisture relations.
Forbs. Psilostrophe Cooper!, a semi-woody forb, was 

not previously mapped in the Hilaria association, but in 
I9I4.9 it was represented by eight’ plants having a total area 
of 29 square decimeters. Zinnia pumila, a species of almost 
identical life form, showed six plants mapped in 1930. By 
19^9 only one of these remained.

Mixed Grass-shrub Association
There was little change in the physiognomy of the mixed 

grass-shrub association in the 19-year period. Floristic 
changes were largely restricted to grasses and forbs; the 
various large perennial shrubs that dominate the area per
sisted unchanged.

Shrubs. The total shrub area decreased 1,4-35 square 
decimeters (Table III). The greatest loss was made by Acacia 
constricta. In 1930, 31 of these plants occupied an area of 
2 ,69^ square decimeters; in 194-9 the number had decreased to 
22 and the area to l,56l square decimeters. The loss in area 
resulted mainly from the death of nine Acacias.

Fouquieria splendens, a large, conspicuous shrub, 
changed very little in the 19 years. In 1930, ten plants 
occupied an area of 1 ,8 9 9 square decimeters; in 19)4.9 , 11 

plants occupied an area of 2,366 square decimeters. One new 
plant became established, and each of the original ten showed 
an increase in area.



TABLE III
.1930 ,; ■......194.9.... Difference 1930-49

LIFE No. of Area No. of • • - Area - No. of • - Area
FORM SPECIES Plants (sq. dm.) Plants (sq. dm.) Plants (sq. dm.)

Opuntia spinosior 0 0 . 1 ......0 . 1. . u
Fouquieria splendens 10 1,899 11 2 ,3 6 6 1 467Echinocereus Fendleri 6 Ik 7 21 1 7Krameria Gray! £9 715 98 768 39 53Shrub Franseria deltoidea .21 557 32 301 11 -256*Acacia constricta 31 2,695 22 1,561 -9 -1,134
Larrea tridentata 9 1 ,2 8 9 7 . 657 -2 -6 3 2 "
Krameria parvifolia 9 42 1 10 -8 -32
Opuntia fulgida 0 0 5 55 . 5 55Calliendra . eriophylla \3> 55 27 84 -1 6 29

Total 188 7 ,2 6 6 211 5,831 23 -1,435
Muhlenberg!a Porter! ¥3 1,00b 63 ....2b2 2o - -- -744--Grass Bouteloua trifida 0 0 136 202 136 202
Aristida sp. 258 lip. 84- 227 -1 7 4 86

Total 301 1 ,111.7 283 691 -1 8 -456
Ayenia microphylla w ~ 150 03 ....160 •25 •..... 2
Polygala macradenia 30k 14.9 106 125 -1 9 8 - 2 4Forb Hibiscus denudatus 25 31 35 52 10 21
Menodora scabra 6o L8 33 91 -2 7 . 43
Zinnia pumila kk . 88 94. 225 5p 137
Psilostrophe Cooper! 27 211 41 194 14 -1 7

Total 518 685 392 847 -1 2 6 162

TABLE III. Area and number of plants by species in the Mixed Grass-Shrub 
Association.

* - indicates decrease
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In 1930 nine Larrea plants occupied an area of 1 ,2 8 9  

square decimeters, while at the 1949 mapping, seven plants 
occupied 657 square decimeters. These two facts: the death 
of two plants, plus the total area loss of almost $0 per 
cent, seem to indicate the inability of this species to com
pete and persist successfully in this mixed grass-shrub 
association.

The largest gain in numbers of any shrub was recorded 
for Krameria Grayi. This species increased from 59 plants 
in 1930 to 98 in 1949• There was an increase in area, how
ever, of only 53 square decimeters. The death of several 
large plants accounted for the relatively slight increase in 
area.

Two species of cacti, Opuntia spinosior and Opuntia 
fulgida, became established some time after the 1930 mapping. 
The most significant increase was noted for Opuntia fulgida, 
with five plants having an area of 55 square decimeters.
This is of particular interest in view of the fact that 
similar increases have been noted under grazing at the Santa 
Rita Experimental Range and in many other areas of the South
west. A reason commonly given for this increase is grazing 
by domestic livestock. In the present instance, however, an 
increase was noted even under protection from grazing by 
domestic livestock.

Calliandra eriophylla, a dwarf shrub, decreased from 43  

plants in 1930 to 27 in 1949• Those that remained alive in
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19^9 had grown during the 1 9-year interim and the total area 
occupied increased 29 square decimeters over the original 55• 
Several plants that were little more than seedlings failed 
to become established.

Franseria deltoidea increased in number from 21 to 32 
plants. An increase in this species was also reported by 
Shreve and Hinckley (2) who found that in one area the num
ber had increased from 55 plants in 1906 to 257 in 1 9 2 8. At 
their later count made in 1 9 3 6, the number had risen to 290 
plants.

Grasses. The greatest change in a grass species was 
made by Muhlenberg!a Porteri, which decreased in area 
square decimeters from the 1,006 recorded in 1930. The ij.3 
plants present at that time had increased to 63 by 19^9 *
This apparent increase in number of plants, accompanied by a 
decrease in area, was caused by the partial death of several 
old, large plants. Fragments of these old individuals re
mained, but were so widely spaced that they were mapped as 
separate individuals.

In contrast with this, Bouteloua trifida, which was 
not present on the area in 1 9 3 0, showed 136 plants with a 
total area of 202 square decimeters in 194-9 *

Aristida decreased rather markedly from 258 plants in 
1930 to 84- in 194-9 • This decrease was accompanied by an in
crease in area from 14.I to 227 square decimeters. Most of 
the plants in 1930 were little more than seedlings, the bulk



- 17-

of which presumably germinated in 1 9 2 9• Precipitation in 
1929 (5 ) was abnormally high and probably favored germina
tion. Rainfall the following spring was also consistently 
higher than the average. Conditions for survival of plants 
germinated the following summer, therefore, were good for 
continued growth. At some period, or periods, between the 
first and second mappings, conditions apparently were suf
ficiently severe to kill out many of the weaker plants.
Those that survived became the large individuals present 
in 1911.9-

Alt hough Polygala macradenia decreased from 304. plants 
in 1930 to 1 0 6' plants in I9I1.9 , there was a loss in area of 
only 24 square decimeters. This trend toward fewer, but 
larger, plants is somewhat paralleled by the Aristida men
tioned above. Apparently there was a tendency here for the 
weaker individuals to die as a result of competition with 
larger, more vigorous species.

Menodora scabra, like Polygala, was less numerous than 
in 1 9 3 0, but the plants were larger and more vigorous.

The remainder of the forbs had all increased in number, 
and with the exception of Psilostrophe Cooperi, had all in
creased in area. It seems likely that even under climax 
conditions, marked fluctuations of these small, relatively 
short-lived perennials will occur. The extreme rigors of 
the habitat, if temporarily relieved by a more abundant 
rainfall, may continually provide suitable growth conditions
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for such plants, and their sparseness, or abundance, may 
indicate little as to the successional stage of the community.

Summary
A belt transect ten meters wide and 100 meters long was 

laid out on the grounds of the Carnegie Desert Laboratory in 
1930. The area was remapped in 1949 to determine vegetational 
changes that had occurred in the interim.

Three different plant communities were included in the 
transect: a Larrea association, a Hilaria association, and a 
grass-shrub association. Each of these occupied about one- 
third of the total area of the transect.

Few changes occurred in the Larrea association, except that 
the Larrea plants had increased in size. An increase in 
Larrea appeared to be correlated with an increase in Muhlen- 
bergia Porter!. Conversely, a decrease in Larrea was asso
ciated with a decrease in the grass.

The Hilaria association showed an increase in grasses, 
and a decrease in shrubs. Twenty-nine plants of Bouteloua 
trifida, a species new to the area, had become established.

Shrubs increased in number in the mixed grass-shrub 
association, but decreased in area, largely as a result of 
the death of a few large plants. Acacia constricta, Larrea 
tridentata. and Calliandra eriophylla constituted exceptions 
to this. Nine of the 31 Acacia plants recorded in 1930 were
dead by 1949J two of nine Larrea plants, and 16 of 43 Cal
liandra plants died during the same period. Franseria
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deltoidea and Kramerla Gray! both showed definite increases. 
There was a decrease in total grass cover in spite of the 
establishment of a large number of plants of Bouteloua 
trifida.

Two species of Opuntia, 0. spinosior and 0. fulgida 
increased from 1930 to 194-9 even though the area was pro
tected from grazing by domestic livestock.

There were fewer but larger plants of Aristida in both 
the Hilaria and the mixed grass-shrub associations in 194-9 
than in 1 9 3 0.

ZOSU'l
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