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'Stueve (1951) applied the term Lower Colorado Valley to this
subdivision

.
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This large, arid region is centered at the head of the Gulf of
California and takes in the western halfof the state of Sonora,
Mexico, as well as large areas in southeastern California,
southwesternArizona, and the BajaCalifornia peninsula. The
desert spans 12 degrees of latitude from 23° to 35° north.
Although many of its distinguishing characters were known
earlier [see e.g. Parish, 1930), it remained for that greatest of
North American desert ecologists, Forrest Shreve (1942a,
1951 I, to describe its unifying features and standardize the

appropriate designation of Sonoran Desert.
Shreve recognized seven subdivisions in this desert. Of

these, his Foothills of Sonora and parts of his Magdalena
Region as well as parts of other of his subdivisions, are

considered Sinaloan thornscrub here and are discussed in

another section. His remaining five subdivisions (Lower
Colorado River Valley.' Arizona Upland, plains of Sonora,
Vizcaino, and Central Gulf Coast) are discussed in this
section. Only three of these, the Lower Colorado River Valley
subdivision, the Central Gulf Coast, and parts of the Vizcaino,
subdivisions would be recognized as desertscrub by the

majority of biogeographers. The other two are so dominated
by arborescent plants of low stature that by some criteria they
could be classed as depauperate thornscrub communities.
Sonoran desertscrub merges in the east with semidesert

grassland, or more unusually, Chihuahuan desertscrub; to
the south the vegetation gradually increases in density and
stature to become Sinaloan thornscrub. In the north, the
transition is commonly to chaparral In southeastern Cali
fornia, this desert is commonly called the "Colorado Desert,"
and includes the area between the Colorado River and the
Coast Ranges south of the Little San Bernardino Mountains
and the Mohave Desert. Most of Baja California is Sonoran

desertscrub, except for the "Californian" northwest and in
the south, where, as in Sonora, it grades into thornscrub.
Almost all of southwestern Arizona below 1,050 m is in this
biome. As we define the North American Southwest, only
that portion of the Sonoran Desert in BajaCalifornia south of
latitude 2r N is excluded.
The flora of the Sonoran Desert is clearly derived from

subtropical elements and its affinities are in large part to the
south. The present distribution of desertscrub is recent, with
the desert as we understand it undeveloped until 8,000-9,000
years before the present (Axelrod, 1979a, 1979b). Much of the
northern area was occupied by woodland until the early
Holocene when species of Juniperus and Quercus, and Ar
temisia tridentata, Pinus edulis, and Pinus monophylla shifted
out of the region as drought conditions developed (Van
Devender, 1977; Van Devender and Spaulding, 1979; Wells
and Hunziker, 1976). This Holocene shift from woodland to

desert was synchronous in the Chihuahuan, Mohave, and
Sonoran deserts, and apparently occurred in response to a

northward migration of the Aleutian low and winter storm
track which resulted in drastically reduced winter rainfall.
The plants which moved in to fill these abandoned niches
include genera that even today are in great flux. Woody
members of such widespread and important genera asAtriplex
and Ambrosia show evidence of having rapidly evolved new

species as arid areas were opened to them (Stutz, 1978; Raven
et al., 1968). The now widespread Creosotebush (Larrea
tridentatal presumably underwent autoploidy to produce
separate chromosome races in the three deserts (Yang, 1961,
1970; Yang and Lowe, 1968; Wells and Hunziker, 1976).
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Table 23. Continentality of Mohave desertscrub and five Sonoran
desertscrub subdivisions as determined by the difference between
the average temperature of summer (June, July, August) and winter
(December, January, February). Data from Hastings and Humphrey
(1969a, 1969b) and Sellers and Hill (1974).

Average summer

temperature
-average winter Number of

Desert biome region temperature stations

1°C)
Mohave 20.2 17
Lower Colorado River 18.2 64

Valley
Arizona Upland 17.7 38
Plains of Sonora 13.6 8

Central Gulf Coast 13.0 25
Vizcaino 8.6 27

The bimodal rainfall pattern of the Sonoran Desert allows
for a greater structural diversity than in the Great Basin,
Mohave, and Chihuahuan Deserts. The Sonoran Desert
differs markedly from the other North American desert

biomes, which are dominated by low shrubs, in its arboreal
elements and its truly large cacti and succulent constituents.
Even in its most arid parts, the Sonoran Desert exhibits tree,
tall shrub and succulent life-forms along drainages and in
other favored habitats. These provide for distinctive land

scapes-some of which can only be termed bizarre.
Shreve (1951) provisionally characterized Sonoran Desert

climate by using temperature data from 8 stations (3 each
from Arizona and Sonora and 2 from Baja California) and
precipitation data from a total of 40 stations (4 from
California, 17 Arizona, 16 Sonora, and 3 Baja California).
Since Shreve's initial analysis, dense networks of weather
stations have been established on both sides of the Inter
national Border and several useful summaries of the resulting
data have appeared (Hastings, 1964a, 1964b; Hastings and

Humphrey, 1969a, 1969b; Sellers and Hill, 19741. It is now
possible to define more precisely the climate of this region.
In the present analysis, data are used from 162 weather

stations located within the Sonoran Desert The stations are

listed in the appropriate sections of this chapter. Separate
tables also give latitude, longitude, altitude, average annual
precipitation, and abbreviated station names used in pre
senting the data (Figs. 107-111).
Characterizing desert climate using average seasonal pre

cipitation and temperature values is simple but revealing.
Plotting temperature against precipitation at each station for
the three coldest months (December, January, February) and
for three months of the hot season (June, July, August),
provides a series of fairly tightly clustered dots, the patterns of
which may be used to characterize the subdivision limits of
these two seasonal climatic characteristics. Although there is
considerable overlap between climographs of some subdi

visions, the relative position of the several polygons when
plotted at the same scale provides a ready insight into the
most likely climatic control for each region (Figs. 107-112).
Similar climographs could no doubt also be constructed for
the spring and fall seasons, providing additional information.
Also it is recognized thatminimum temperatures andmedian
rainfall values might be more meaningful than mean data in
this and other biomes.
As a measure of continentality, averagewinter temperatures

were subtracted from average summer temperatures. The
differences, averaged for all stations of each desert region,
were then used as simple descriptors of the degree of
continentality (Table 23).
A map of average annual rainfall throughout the Sonoran

Desert region is shown in Figure 113.

Considering the recent and synchronous evolution of
North America's deserts, it is not surprising that many
Sonoran Desert animals are species found throughout the
Southwest's warmer and drier regions. Among the mammals
are several bats including the California Leaf-nosed Bat

(Macrotus californicus), Coyote (Canis latrans), Ring-tailed Cat
(Bassariscus astutus), Black-tailed Jack-rabbit (Lepus caliiot
nicus), Desert Cottontail (Sylvilagus auduboni), Merriam's

Kangaroo Rat (Dipodomys merriami), White-throated Wood
rat (Neotoma albigula), and Desert PocketMouse (Perognathus
penicillatus). Others, as the Desert Kangaroo Rat (Dipodomys
deserti), are generally limited to the Sonoran and Mohave
Deserts, and a few such as Bailey's PocketMouse (Perognathus
baileyi) and Round-tailed Ground Squirrel (Spermophilus
teteticauduss are restricted to the Sonoran Desert region. Still
others, [e.g., Arizona Cactus Mouse, Peromyscus eremicus

eremicus), have adapted at the subspecific level to one or more
Sonoran desertscrub communities.
The recent arrival of Sonoran desertscrub is also apparent

in its bird inhabitants. Again, some of the more frequently
encountered and widely occurring species are found generally
throughout the Southwest's desertscrub and coastalscrub
Roadrunner (Geococcyx californianus), Mourning Dove

(Zenaida macroural, Lesser Nighthawk IChordeiles acutipeti
nisi, Verdin (Auriparus flaviceps), CactusWren (Campylorhyn
chus btunneicapiilusi, Black-tailed Gnatcatcher (Polioptila
melanural, Phainopepla (Phainopepla mtens], and Black
throated Sparrow (Amphispiza bilineata). As with the mam

mals, a number of others are restricted to one or more parts of
the Sonoran Desert and to adjacent biomes, and many
Sinaloan thornscrub species find suitable habitats in the
denser Sonoran desertscrub and adjacent riparian scrub.
Several birds are centered in the Sonoran Desert: Gambel's
Quail (Lophortyx gambeliil, Costa's Hummingbird (Calypte
costae), Gilded Flicker (Colaptes auratusl, and Gila Wood
pecker (Melanerpes uropygialis).
A somewhat similar case can be made for Sonoran desert

scrub reptiles. Although there are several species restricted to

certain locales within particular subdivisions of the Sonoran

Desert, others occur widely in appropriate habitats in several
Sonoran desertscrub subdivisions as well as in Mohave
desertscrub. These include such distinctive animals as the
Desert Tortoise (Gopherus agassizi), Chuckwalla (Sauromalus
obesus), Desert Iguana (Dipsosaurus dorsalis), Spotted Leaf
nosed Snake (Phyllorhynchus decurtatusl, Rosy Boa (Lichanura
trivirgata), andWestern Shovelnose Snake (Chionactis occipi
talis). Some, such as Zebra-tailed Lizard (Callisaurus dracon
oides), also extend into Great Basin desertscrub and others,
such as the Mohave Rattlesnake (Crotalus scutulatusl, occur
in Chihuahuan desertscrub. Others e.g., Banded Gecko
(Coleonyx variegatusl, Desert Spiny Lizard (Sceloporus magis
ted, Patch-nosed Snake (Salvadora hexalepis), Glossy Snake

(Arizona elegansl, Western Ground Snake (Sonora semi

annulata), andWestern Diamondback (Crotalus atrox), can be
found throughout our warm deserts and drier areas, but have
Sonoran Desert subspecies.



Turner Sonoran Desertscrub

40

CLiMATOGRAPH OF 64 LOWER COLORADO VALLEY STATIONS
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Figure 107. Climographs for the Lower Colorado River Valley subdivision of the Sonoran Desert Names

of the stations and other data are given in Table 24. See Figure 92.
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Figure 108. Climographs for the Vizcaino subdivision of the Sonoran Desert" Names of the stations and
other data are given in Table 28" See Figure 92"
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CLiMATOGRAPH Of 38 ARIZONA UPLAND STATIONS
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CLiMATOGRAPH OF 38 ARIZONA UPLAND STATIONS
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Figure 109. Climographs for the Arizona Upland subdivision of the Sonoran Desert. Names of the stations

and other data are given in Table 27. See Figure 92.
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CLlMATOGRAPH OF 25 CENTRAL GULF COAST STATIONS
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Figure 110. Climographs for the Central Gulf Coast subdivision of the Sonoran Desert. Names of the
stations and other data are given in Table 30. See Figure 92.
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PigureLLl. Glimographs for the Plains of Sonora subdivision of the Sonoran Desert. Names of the stations
and other data are given in Table 31. See Figure 92.
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CLiMOGRAPHS FOR SUMMER

CLiMOGRAPHS FOR WINTER
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Figure 112. Comparison of seasonal c1imographs for the Mohave desertscrub biome with those for the five
Sonoran desertscrub subdivisions. See Figures 92 and 107-111. The short crossed lines associated with each
climogtaph represent the means of the station means for temperature and rainfalL The intersections of
these average lines provide rough measures for comparing the seasonal climate in the various desert areas.
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Figure 113. Map of the outline of the Sonoran Desert biome showing average annual rainfall amounts.
Subdivision boundaries are from Shreve (1951) as modified by Brown and Lowe (1980).
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Lower Colorado River

Valley Subdivision
Also termed the microphyllous desert by Shreve, the Lower

Colorado RiverValley is the largest andmost arid subdivision
of the Sonoran Desert. It extends southward from its center
around the head of the Sea of Cortez (Gulf of California) to
about 28° 30' north in Baja California and to about 29° 15'
north in Sonora This subdivision plays a central role in the
Sonoran Desert because it alone is in contact with all that
desert's subdivisions as well as with the Mohave Desert and
with Californian coastalscrub. Although many miles of
shoreline fall within its boundaries, it is the most "conti
nental" of the subdivisions '[Table 23). Its lengthy coastal

position is broken in the south on both sides of the Gulf by
the Central Gulf Coast subdivision, probably in response to

increased winter temperature minima (Figs. 107-111).
The tenuous borderwith the Mohave Desert is northward

of the Salton Basin, and extends northeasterly from Joshua
Tree NationalMonument to about 35 ° N along the Colorado
River near Needles, California. This Mohave Desert-Sonoran
Desert transition appears to be determined bywinter temper
atures with the average winter values at Mohave Desert
stations almost 4 C C colder than for Lower Colorado River

Valley stations (Fig. 112). To the west, in California and
northern Baja California, the contact is largely with Cali
fornian coastal chaparral, the change there resulting from
cooler temperatures and greater winter precipitation in the
chaparral. Farther south, its western edge abuts the Vizcaino
subdivision from which it is sharply separated by the
Vizcaino's lower summer temperature values (Fig. 112). To
the east, this subdivision contacts the Arizona Upland
subdivision, from which it is differentiated by the Arizona

Upland's higher summer rainfall and winter temperature
minima, and in the southeast the Plains of Sonora, from
which it differs both in lower average summer rainfall (Lower
Colorado River Valley 40 mm versus 139 mm in the Plains of
Sonora) and in lower average winter temperatures (12.0c C in
the lower Colorado River Valley and 15.4° C in the Plains of
Sonora) (Figs. 107-112). Figure 107 gives winter and summer
climatic data in the form of climographs for 64 Lower
Colorado River Valley stations. Table 24 gives certain geo
graphical data, average annual precipitation, and abbreviated
names used in climographs (Fig. 107).
Because of the combination of high temperature and low

precipitation, this subdivision is the driest of the Sonoran
Desert subdivisions (Fig. 113). Plant growth is typically both
open and simple, reflecting the intense competition existing
between plants for the scarce water resource.

As noted by Shreve (1951 :51-52), drainageways in the
Lower Colorado River Valley subdivision assume two forms.
In the drier parts of the desert, if relief is low, the channels
conveying the infrequent flows are connected into a network
of shallow rills that fail to provide through flow. The goal of
the heavily laden water in these anastomosing systems is

normally a playa or a plain. The other drainage pattern is
dendritic in form, and occurs in areas of greater rainfall or
relief. As small channels upslope converge, they form a

definite course that ultimately, through repeated conver

gences, carries runoff to some regional drainage. The minor

runnels of both drainage patterns are lined by small trees and
shrubs not characteristic of the drier interfluves. The drain

ageway vegetation is irregularly scattered in the reticulate
type and, because the indistinct runnels may be numerous,
the illusion is presented of trees and shrubs forming a

homogeneous community over the entire bajada In contrast,
the plants of dendritic drainageways grow in rows along the

margins of the water courses, clearly set apart from the
intervening vegetation of the interfluves. The species of
plants are the same, but the drainage pattern has a significant
influence on the physiognomy. Species commonly found
along larger drainageways include small trees, all of which
have a high proportion of their chlorophyll in or beneath the
bark of stems and are aphyllous or microphyllous (Johnson,
1976): Western Honey Mesquite (Prosopis glandulosa var.

torreyana), Ironwood (Olneya tesota), Blue Palo Verde (Cer
cidium floridum), and Smoketree (Psorothamnus spinosa).
These species (except P. spinosa) are also found outside the
washes and might be considered facultative wash species.
Other plants are almost wholly obligate in these wash
habitats and include DesertWillow (Chilopsis linearis), Chu
parosa (lusticia caliiomicos, Desert Honeysuckle (Anisa
canthus thurberi), and Canyon Ragweed (Ambrosia ambro
sioides). These occur as mere shrubs (or they are absent) in
minorwater courses wheremore common occupants are Cat
claw Acacia (Acacia greggii), Burrobrush (Hymenoclea salsola
var. pentalepis), Anderson Thornbush (Lycium andersonii),
.and Desert Broom (Baccharis satothroidess.
In themore arid parts of this subdivision are extensive areas

where the soil is covered by a single layer of tightly packed
pebbles, most of which are coated with a dark varnish.
Development of this "desert pavement" is either from in situ

weathering or transport of weathered pebble-size fragments
from nearby slopes (Evanari et al., 1971). Such areas are

commonly devoid of perennial plants, supporting instead a

sparse seasonal cover of ephemerals such as Wooly Plantain
(Plantago insularisJ and Chorizanthe tigida, and occur as low
flat ridges separated by runnels (Fig. 114). The runnels often
support dense growths of such dominant Sonoran desertscrub
perennials as Creosotebush (Larrea tridentata), White Bursage
(Ambrosia dumosa), Ocotillo (Fouquieria splendens), Brittle
bush (Encelia farinosa), Foothill Palo Verde (Cercidium micro

phyllum), Saguaro (Carnegiea gigantea), and Ironwood (Olneya
tesota) (Fig. 115). Psorothamnus spinosa is a Lower Colorado
River Valley endemic that is restricted largely to washes and
these runnels. In western Arizona, the absence of plants on

the interfluves has been attributed to the presence of large
amounts of exchangeable sodium in the layer of vesicular soil
lying immediately beneath the pebbles (Musick, 1975). These
soils tend to have low infiltration rates, hence high runoff
characteristics. Plants growing on the interfluves are less well
watered than those on nearby soils lacking desert pavement
while the runnels receive more water than falls directly.
Sand substrates are also commonplace in this part of the

desert, and dunes are characteristic features of some areas.

Although the "Algodones" west of Yuma are the largest and
most famous, other examples occurwest of the Mohawk
Mountains, west of Laguna Salada, on the Cactus Plain near

Parker, and elsewhere. Otherwise, the general habitats consist
of ruggedmountains, some half buried in their own alluvium,
their outwash plains and bajadas, and valleys of alluvial fill.



Table 24. Data for 64 weather stations in the Lower Colorado River subdivision. Data for each station include latitude and longitude [values
rounded to closest 0.1°), altitude [m], average annual precipitation [mm], and abbreviated name used in climographs of Fig. 107. Data from
Hastings and Humphrey 11969a, 1969b), Sellers and Hill 119741 and U.S. Environmental Data Service 11959-1979).

Abbreviated Average annual
Station name name Latitude Longitude Altitude [m] precipitation [mm]

Aguila, AZ AGU 33.9 113.2 661 190.3
Ampac, BCN AMP 32.6 115.4 5 39.3

Bataques, BCN BAT 32.5 115.1 5 30.6

Blythe, FAA, CA BLY 33.6 114.7 119 80.5

Bouse, AZ BOU 33.9 114.0 283 128.5

Brawley 2S, CA BRA 32.9 115.5 -30 54.6

Buckeye, AZ BUC 33.4 112.6 265 179.8
Caborca, Son. CAB 30.7 112.2 292 175.2
Casa Grande, AZ CAGR 32.9 111.7 427 206.2
Casa Grande Ruins, National CARU 33.0 111.5 433 208.8

Monument, AZ
Chandler Heights, AZ CHHT 33.2 111.7 434 218.9
Colonia Juarez, Son. COJU 32.3 115.1 20 42.0

Dateland, CA DAT 32.8 113.5 136 77.0
Deer Valley, AZ DEVA 33.6 112.1 383 205.3

Delta, BCN DEL 32.4 115.2 20 35.4

Eagle Mtn., CA EAMT 33.8 115.4 297 70.8

Ehrenberg. AZ EHR 33.6 114.5 98 89.6
El Centro, CA ELCE 32.8 115.6 -9 58.5
El Mayor, BCN MAY 32.1 115.8 20 49.1
EI Riito, BCN RII 32.2 115.0 5 40.9
Eloy, AZ ELO 32.7 111.5 475 214.6
Florence, AZ FLO 33.0 111.4 458 241.8
Gila Bend, AZ GIBE 32.9 112.7 224 146.4

Hayfield P, CA HAY 33.7 115.6 418 74.9
Imperial, CA IMP 32.9 115.6 -19 59.8
Indio USDG, CA IND 33.7 116.2 8 76.3
Kilometre 50, Son. KI50 32.3 115.1 12 48.8
Kofa Mts., AZ KOF 38.3 113.9 541 156.2
La Union, Son. UNI 30.2 112.3 390 194.4
Laveen, AZ LAV 33.3 112.1 339 193.0
Litchfield Park, AZ LIT 33.5 112.4 314 192.0
Los Algodones, Son. ALG 32.7 114.7 35 49.4
Maricopa 9SSW, AZ MAR9 32.9 112.1 427 159.3
Maricopa I, AZ MARl 33.1 112.0 354 186.7
Mecca FIR, CA MEFI 33.6 116.1 -55 70.1
Mesa Exp. Farm, AZ MEEF 33.4 111.9 375 191.10
Mexicali, BCN MEX 32.6 115.4 4 69.1
Mohawk, AZ MOH 32.7 113.8 164 112.4

Needles, FAA, CA NEE 34.8 114.6 278 111.3
Palm Springs, CA PASP 33.8 116.5 129 135.4

Parker, AZ PAR 34.2 114.3 130 97.1
Parker Reservoir, CA PARE 34.3 114.2 225 110.5

Phoenix, AZ PHWS 33.4 112.0 339 171.2

Pitiquito, Son. PIT 30.7 112.1 330 245.4
Presa Morelos, Son. PRMO 32.7 114.7 35 65.9
Puerto Penasco, Son. PTPE 31.3 113.5 4 85.6

Quartzsite, AZ QUA 33.7 114.2 271 111.1

Sacaton, AZ SAC 33.1 111.7 391 212.6

Salome, AZ SAL 33.8 113.6 579 180.1
San Felipe, BCN SNFE 31.0 114.8 10 57.6
San Luis, Son. SNLU 32.5 114.8 27 54.7
Sta Clara, BCN STCL 31.3 115.2 540 203.3
Sta Rosa School, AZ STRO 32.3 112.1 561 255.4

Scottsdale, AZ SCO 33.5 111.9 374 204.8

Tajitos, Son. TAJ 30.9 112.4 340 214.0

Tempe, AZ TEM 33.4 111.9 351 198.8

Trincheras, Son. TRI 30.4 111.5 680 287.3

Wellton, AZ WEL 32.7 114.1 79 96.8
Wittmann, AZ WIT 33.8 112.5 518 216.6
Yuma Citrus Sta, AZ YUC 32.6 114.6 58 70.4
Yuma Proving Ground, AZ YUPG 32.8 114.4 98 89.5
Yuma Valley, AZ YUV 32.7 114.7 37 65.8
Yuma WSO, AZ YUWA 32.7 114.6 59 68.7

Youngtown, AZ YOU 33.6 112.3 346 191.6
Subdivision Average 131.2



Figure 114. Area of desert pavement in the Lower Colorado River Valley subdivision east of Cibola,
Arizona. Perennial species of the Creosotebush-White Bursage series occur in the runnels where runoff
from the interfluves promotes more favorable moisture conditions. Altitude 75 m.

Figure 115. Lower Colorado River Valley subdivision vegetation in MacDougal Crater, Sierra Pinacate

region, Sonora, Mexico. Rainfall here is about 125 mm. The plants are arranged in lines along small and

large runnels on the crater floor. The minor rills receive extra water from the barren interfluves that are
covered with desert pavement. The major drainageways receive runoff from that source and from the
crater walls. The small light colored shrubs are Encelia farinosa and Ambrosia dumosa. The larger dark
shrubs are Larrea tridentata and the small widely scattered trees are Cercidium microphyllum, C.
floridum, and hybrids between these. The coarse grass, forming large dense clumps, is Hilaria rigida The
columnar cactus is Carnegiea gigantea. Foreground plants (lower left) include Fouquieria splendens,
Jatropha cuneata, Encelia farinosa, and Cercidium microphyllum. The slope in the background is

dominated by the Brittlebush series. Altitude 275 m. Photograph by R.M. Turner.



Figure 116. The Creosotebush-White Bursage series that exemplifies the Lower Colorado River Valley
subdivision. Here these species grow on sandy alluvium near the Gila River around Arlington, Arizona.
Altitude 245 m.

Creosotebush-White Bursage Series
These two plants, either together or alone compose the

most widespread and important community of the Lower
Colorado River Valley subdivision, occurring over many
thousands of hectares in the broad valleys common to the
region (Fig. 116). Both species normally decrease in impor
tance upslope on the bajadas; White Bursage (Ambrosia
dumosa) barely extends above the broad valley floors, whereas
Creosotebush (Larrea tridentata) continues to hold a position
on the upper-most baiadas and even continues on into the
mountains (Figs. 116, 117). This community may occur even
on steep slopes, especially on hills derived from young
volcanic rocks. "These two plants are either dominant or
abundant under differences of substratum which would
support dissimilar vegetation under more favorablemoisture
conditions. This is due to the remarkable physiological
constitution of these shrubs, and also to the simplicity of the
flora, which has given them little competition" (Shreve
1951 :49). This community is similar to the Creosotebush
White Bursage community that occurs within the Mohave

Desert, except that in the Sonoran Desert Larrea has the

tetraploid chromosome complement versus hexaploid in the
Mohave (Yang, 1970; Barbour, 1969).
Competition between the two dominants of this series was

recently studied by Fonteyn and Mahall (1978). Although
made in the Mohave Desert, their study probably has

application here also. They found that, at times of low water

availability, interspecific competition is more intense than

intraspecific competition. Another finding of their study was
that Larrea is regularly spaced and Ambrosia is clumped. The
authors speculated that, at one time, Larrea too had been
clumped, but intense competition thinned the stand, resulting
in wide spacing withminimized competition. That Ambrosia.
remains clumped may result from growth activity occurring
only when water is not a limiting factor. In the Mohave and
western Sonoran Deserts, as rainfall increases, the density of
Larrea increases (Woodell et al., 1969), although the latter

plants remain evenly spaced. Toward the eastern limits of the
Lower Colorado River Valley subdivision in Avra Valley,
Arizona, rainfall is near the maximum for the series. Larrea

plants are clumped about mounds and themounds themselves
are contagiously distributed on a larger scale (Wright, 1970).
At themoister limits of the series, Larrea escapes the extremes
of aridity that induce stand thinning and regular spacing
farther west Burk (1977) discussed the various hypotheses
used to explain spacing of Larrea and concluded that the
relative importance of several factors at a given site determines
the occurrence pattern. These include water availability, soil
depth, mode of reproduction, and root system symmetry.
Marks (1950) described the vegetation-soil characteristics

of the Lower Colorado River Valley east and west of Yuma,
Arizona. With emphasis on plants as indicators of soil
arability, he described a progression of communities occupy
ing sandy loams to coarse clean sand. On the sandy loams,
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Figure 117. Sonoran desertscrub near the Eagle Tail Mountains west of Phoenix, Arizona. This area is
ecotonal between the Creosotebush-White Bursage series of the Lower Colorado River Valley subdivision
and the Paloverde-cacti series of the Arizona Upland subdivision. In this view the plants of the latter
community, such as Carnegiea gigantea, Cercidium microphyllum, and Olneya tesota, have slightly
higher waterrequirements and occur in depressions in the landscape where runoff water provides
improved moisture relations. Larrea, here without Ambrosia dumosa, is the dominant in all positions of
the terrain. Photo�raph by R.M. Turner. Altiuuie 450 m.

Larrea and Ambrosia are dominants. As the sand fraction
increases, Big Galleta (Hilaria rigida) appears, followed by
Indigo Bush (Psorothamnus schottii). The' importance of
Larrea is reduced as sand increases; Ambrosia withstands sand
somewhat better. On the sandiest soils, Ambrosia disappears
and Longleaf Ephedra (Ephedra trifurca) and Eriogonum' des
eiticola dominate. His delineation provides a basis for identi
fying several additional series that might be recognized for
the region.
In a few areas, as in the San CristobalValley in southwestern

Arizona, Ambrosia dumosa occurs as a dominant without
Larrea (Fig. 118). The community is found on a sand sheet

apparently formed during the Pleistocene by aeolian material
carried up from the nearby Gila River (Martin, 1979).

Saltbush Series
This series is a community of gently sloping lands and

valleys. Much of this series is now under cultivation, but if
areas formerly supporting this community are included, it
ranks second to Larrea in area occupied. It was the most

widespread community in the Gila Valley, Arizona (Fig. 119),
and the Coachella Valley, California, before cultivation
(Shantz and Piemeisel, 1924). Formerly, and even today, these
lands are subject to flooding, however infrequently. In

general, the soil occupied by this community is finer than
that of the Larrea-Ambrosio community and the water reten
tion capacity is therefore greater. This feature decreases the

penetration of water on lands occupied by Atriplex. Soils

supporting the Atriplex community are therefore generally
more saline than Larrea habitats but, except where the

Atriplex is stunted signalling extremes in soil chemical and
physical properties, salt content is not too great for farming
purposes. This community, too, is widespread in theMohave
Desert.
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Figure 118. Ambrosia dumosa occurs without Larrea on certain sandy soils as in the San Cristobal Valley
near Dateland, Arizona. Coppice dunes in the background dominated by Prosopis glandulosa var.

torreyana. Altitude 130 m.

Figure 119. Saltbush series south of Phoenix, Arizona. Few unaltered stands of this community remain;
most have become irrigated cropland and the rest have been disturbed by livestock with the resulting
establishment of such exotic annual species as Mediterranean grass ISchismus arabicus and S. barbatus],
Red Brome [Bromus rubens], and London Rocket [Sisymbrium irio], Photograph by RM. Turner. Altitude
345 m.
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Figure 120. Catiopv coverage of maior plant species at 10 stations along a baiada of the Silverbell
Mountains, Arizona. Tic marks on the profile of the baiada (bottom) indicate the location of the 10
stations. The lower five stations support Atriplex polycarpa or Ambrosia dumosa and Larrea tridentata,
plants characteristic of the Lower Colorado River Valley subdivision. The upper five stations on the baiada
fall within the Arizona Upland subdivision and support such characteristic species as Ambrosia deltoidea,
Cercidium microphyllum, and Olneya tesota. Total canopy coverage, comprising values from both
perennial and winter annual species, is shown at the top of the diagram. Note that Larrea is most
abundant at lowland stations also supporting Ambrosia dumosa. Upslope, Larrea is still present but of
diminished importance.
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Ecotones between areas of saltbush and the Creosotebush

Bursage series are sharp in some places but more commonly
gradual. In some stands of this series, Atriplex polycarpa is the
only woody species; elsewhere, such plants as Atriplex
canescens, Lycium, and Prosopis are common associates.

Shantz and Piemeisel(1924) listed additional species for the
Coachella and Gila River valleys. In the Coachella Valley,
they note the common or frequent occurrence of Screwbean
Mesquite (Prosopis pubescens), Goldenbush (lsocoma acta

denial, and the more unusual occurrence of species such as

Arrow-weed (Tessaria seticeat, Quail Brush (Atriplex lenti
formis), and Larrea tridentata. In the Gila Valley, Fremont
Thornbush (Lycium [remontii}, Narrow-leaved Wingscale
(Atriplex canescens ssp. lineatist, and Cilindrillo (Lycium
berlandieri) are important additions to the community with
'Corona de Cristo (Castela emotyi), Coulter Globe Mallow
(Sphaeralcea coulteti). Fendler 'Globe Mallow iS. fendleri), and
Jimmy Weed (Isocoma heterophylla) less common or rare. In
the Avra Valley, west of Tucson, Arizona, where this series
reaches its eastern limit, additions to this community include
Burrow-weed [Isocoma tenuisecta), Larrea tridentata, Lycium
spp., Ambrosia dumosa, and A. deltoidea (Table 25). In one

stand in this valley, on sandy soilwith a hard pan at a depth of
about 20 em, crown coverage of perennial species is only 3.5%
(Table 25, Fig. 120). Yet, during the spring period ofmaximum
ephemeral growth, coverage of ephemerals alonemay amount
to 39% (Table 26, Fig_ 120).
When destroyed by fire or cultivation, stands of this

vegetation in the Coachella Valley are first occupied by
annuals and biennials, then by Isocoma acradenia, followed by
the return ofAtriplex polycarpa (Shantz and Piemeisel, 1924).
In recent work in Avra Valley, Arizona, Karpiscak and Grosz
(1979) and Karpiscak (1980) provided more detailed informa
tion about succession in this and other Lower Colorado River
Valley subdivision series. Although distinctions between
Atriplex- and Larrea-dominated communities are not made,
their study shows a rather regular successional sequence of
mainly exotic annuals. Russian Thistle (Salsola kali) quickly
follows retirement of agricultural fields. This species is

replaced in 2 to 3 years by several species of mustards, which
in turn are succeeded by a dense growth of introduced annual
grasses accompanied by other non-native species including
Filaree (Erodium cicutarium) and Prickly Lettuce (Lactuca
serriola) and a few native plants such as Sphaeralcea. Ruderal
shrubs such as Baccharis sarothroides and Isocoma usually
become established before Larrea orA triplex reoccupy the site.
This Salsola kali-mustards-grass sequence is similar to that

reported for the' sagebrush series of Great Basin desertscrub

[Piemeisel, 1938, 195 I J. The mustards that enter the sequence
in the two deserts are the same or belong to closely related
species pairs [Great Basin desertscrub: Tumble Mustard
(Sisymbrium altissimums and Tansy Mustard (Descurainia
pinnata); Sonoran desertscrub: Yellow Rocket (Sisymbrium
irio), Descurainia pinnata and D. sophiaJ. Cheatgrass Brome

(Bromus tectoruml is the dominant seral grass of the Great
Basin desertscrub whereas in Sonoran desertscrub the role is
taken by Arabian Grass (Schismus arabicus), Mediterranean
Grass (S. batbatust, and Red Brome (Bromus rubens).

Other Series
In addition to the two preceding series, which are by far the

most important, a number of additional communities occur
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Table 25. Canopy coverage (percent! of perennial plants at three
stations in Avra Valley west of Tucson, Arizona (I962!.

Lower Colorado River Valley Arizona Upland
Atriplex lartea-Ambtosia Cetcidium-

Species polycarpa series Camegiea
series series

(all 610 m) (alt61O m) (all 715 m)

Ambrosia deltoidea present 10.4
Ambrosia dumosa present 10.5

Atnplex polycarpa 3.5

Catnegiea gigatuea 0.009·
Cetcidium microphyllum 2.8
Echinocereus fendleri 0.0014·
Ferocactus wisiizeni: oooor
Isocoma tenuisectis present
lattopba cardiophylla present
Krameria grayi 0.1
Larrea ttidetuata present 18.0 9.2
Lycium species present
Mammillaria mictocatpa 0.0014"

Olnera tesota 3.5

Opuntia fulgida 2.1

0. versicolor 0.2
Perezia nana present
Ptosopis velutina 1.5

Psilostrophe coopeti 0.5
Zinnia pumila present

Total coverage 3.5 30.5 27.3

"Plants/m?

Table 26. Canopy coverage (percent! of winter annuals at three
stations in Avra Valley near Tucson, Arizona. Values are averages
taken from thirty 0.1 m 2 plots at each site (spring 1962!.

Lower Colorado River Valley Arizona Upland
Atriplex Larrea tndetnata- Cetcidiutn-

Species potycarpa Ambrosia dumosa Carnegiea
series series series

Amsinckia intermedia 0.33
Aristida sp. 0.17

Astragalus nuttallianus 0.17 0.17
Chaenactis stevioides 2.17 12.58

Caiycosetis wrightii 0.08
Cnotiuuuhe brevicornu 0.50
Cbotizamhe rigida 1.58

Cryptantha spp. 4.50 0.08 0.17
Eriasttum diffusum 2.92
Eriophyllum lanosum 7.00 0.50
Erodium cicutarium 0.17 0.08
Erodium texanum 0.17 0.17
Festuca octoilota 2.42

Lepidium Iasiocarpum 4.00 2.83
Lesquerella gotdonii 0.08 4.67
Linaria texana 0.67

Loeflingia squarrosa 3.67
Lotus bumistratus 2.58
Lotus tomentellus 0.50 0.08
Nemac1adusglanduliferus 0.92
Oenothera spp. 0.08
Pectocatya recurvata 3.58 0.17 12.67
Phacelia distans 0.33
Phlox spp. 1.67

Plantago insularis 3.75
Plantago purshii 2.00
Schismus atabicus 0.83

Thelypodium lasiophyllum 0.58 0.17
Tillaea etecta 2.75

Total coverage 39.09 17.00 28.42
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Figure 121. Brittlebush series on coastal slope overlooking the Sea of Cortez. This area south of San Felipe,
Baja California del Norte, is among the most arid on this continent. The open, simple community is found
on rocky basaltic soils. Photograph by rR. Hastings. Altitude 75 m.

with Encelia iatinosa, Prosopis glandulosa var. tottevana.
Hilaria tigida, and Frankenia palmeri as dominants.
Consociations of Encelia occur in open sparse stands on

volcanic rocks near the head of the Sea of Cortez (Fig. 1211.
These desert pavement soils are probably characterized by
low rates of infiltration in this area of severely deficient
rainfall. In the vicinity of Yuma, Arizona, some gravelly
bajadas were reported as dominated by Encelia [atitiosa and

Atriplex hymenelytra (Marks, 19501.

Creosotebush-Big Galleta Series
Shreve estimated that nearly one-seventh of this subdivision

is occupied by sandy plains or dunes. These sandy areas are

generally found in the lowest and hottest reaches of the desert
in the vicinity of the Colorado River and the Sea of Cortez.
There a series dominated by Larrea and Hilaria tigida is found
in places on the Yuma and San Luis Mesas (Marks, 19501.
Hilaria tigida, unlike most grasses, has a woody structure and
elevated renewal buds. Because the renewal buds are not

protected from climatic extremes by a mantle of soil, its
growth form is similar to that of shrubs. This grass is themain
stabilizer over extensive areas of sand dunes that occur in the
subdivision (Fig. 1221 and in someMohave Desert communi
ties (Vasek and Barbour, 19771.

Frankenia Series
This series is found not only in the Lower Colorado River

Valley subdivision, which it enters along coastal beaches and
low terraces about the head of the Sea of Cortez, but also in
similar habitats in the Central Gulf Coast and Vizcaino
subdivisions. The species diversity is exceedingly low there
with Frankenia almost the sole perennial (Fig. 1231.

Mixed Scrub Series

Along washes and similar places are more diverse com

munities within the overall Creosotebush-White Bursage
series. There one can find open to fairly dense assemblages in
which Blue Palo Verde (Cercidium floriduml, Ironwood (Olneya
resote], Desert Lavender (Hyptis ernoryi], Psorothamnus schot
tii, Ioioba (Simmondsia chinenszs], and other typically Sonoran
species may participate. These associations differ from struc

turally similar ones in the ArizonaUpland subdivision by the
poorer representation or absence of Little-leaf Palo Verde
(Cercidium microphylluml and Velvet Mesquite (Prosopis
velutinal and by amore open ground cover inwhich Triangle
leaf Bursage (Ambrosia deltoideal, BushMuhly (Muhlenbergia
porten], and the several species ofOpuntia associatedwith the
Arizona Upland subdivision are conspicuously lacking.
A few minor series are formed by the local occurrence of
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Figure 122. Big Galleta series within the Lower Colorado River Valley subdivision south of Casa Grande,
Arizona. Although technically a grass, the dominant Hilaria rigida is shrub-like. It is semi-woody with
renewal buds on the stems, as in shrubs, instead of below the soil surface, as in most grasses. In that sense
and because of the bare soil separating the individual plants, this series might best be regarded as

desertscrub. Altitude 455 m.

Figure 123. Coastal flat, dominated by Frankenia palmeri, 37 km south of San Felipe, Baia California del

Norte. This essentially monotypic community is common along both shores of the upper Sea of Cortez
and along beaches of the Pacific Ocean in Baia California. It is found in three Sonoran Desertscrub
subdivisions: Lower Colorado River Valley, Central Gulf Coast, and Vizcaino. Photograph by J,R Hastings.
Altitude 5 m.
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such species asWestern HoneyMesquite IProsopis glandulosa
var. torreyana) on dunes I Fig. 118), Teddy Bear Cholla
(Opuntia bigelovii), Desert Agave IAgave desertil, and Ocotillo
IFouquieria splendens). These situations become increasingly
common as the edge of the subdivision is approached and
contacts with the constituents of other subdivisions and
biomes increase. A typical contact between any two is

commonly marked by a broad ecotone in which there is a

sharp increase in floristic complexity as the relatively simple
composition of the Lower Colorado River Valley subdivision
gives way to more diverse associations containing species of
other subdivisions or biomes.
The following cacti are well represented or are largely

confined to this subdivision IBenson, 1969): Opuntia wigginsii,
Silver Cholla 10. echinocarpa), Diamond Cholla 10. tamosis
sima), Beavertail I0. basilatiss, Teddy BearCholla 10. bigelovii),
Kunze Cholla 10. stanlyi var. kunzei), Mammillaria tetrancistra,
Neoevansia striata, Nightblooming Cereus IPeniocereus
greggii), Engelmann Hedgehog IEchinocereus enge1mannii),
and Compass Barrel Cactus IFerocactus acanthodes).
Two ungulates have surprisingly adapted to this arid

region. The Lower Colorado subdivision's rugged mountains
are now the metropolis for the Desert Bighorn Sheep IOvis
canadensis neisoni], and some of its sandy plains and desert

pavement are the habitat for the Sonoran Pronghorn IAntilo
capra americana sonoriensis). Otherwise, large mammals,
except for the introduced Burro IEquus asinus) and ubiquitous
Coyote ICanis latrans), are unusual. Most of itsmammals have
adapted to high diurnal temperatures by spending much of
the day underground or aestivating. Consequently, the sub
division's sandy plains may host large populations of burrow
ing rodents, one of which at least, the Round-tailed Ground

SquirrellSpermophilus tereticaudus), is characteristic of the
subdivision Others of somewhat more widespread occur

rence are the Kit Fox I Vulpes macrotis), White-tailedAntelope
SquirrellAmmospermophilus leucurus), Desert PocketMouse
IPerognathus penicillatus), Long-tailed Pocket Mouse [Perog
nathus formosus), and Desert and Merriam Kangaroo Rats.
This is the poorest subdivision of the Sonoran Desert for

birds. Its open, sparsely vegetated habitats simply do not

support the more diverse avifauna associated with the struc

turally taller and denser habitats of the other subdivisions. Its
avian inhabitants are largely lesser numbers of arid-adapted
desert species. Its only diagnostic bird is LeConte's Thrasher
IToxostoma lecontei), which is shared with the Vizcaino
subdivision and with Mohave desertscrub.
The sandy plains and dunes of the Lower Colorado River

Valley subdivision have resulted in a number of unique sand

adapted lizards and snakes, some of which are restricted to

this subdivision, whereas others are found only in similar
habitats in Mohave desertscrub. Outstanding examples of
these are provided by the fringe-toed lizards IUma inornata, U.
notata), Flat-tailed Horned Lizard IPhrynosoma m'calli),
Banded Sand Snake IChilomeniscus cinctus), and the notor

ious Sidewinder ICrotalus cerastes). Rocky outcrops, baiadas,
talus slopes, washes, and gravel plains each support a varied
and often different herpetofauna-Chuckwalla, Desert Spiny
Lizard, Brush Lizard I Urosaurus graciosus), Southern Desert
Horned Lizard IPh tytiosoma platyrhinos calidiarum), Western

Whiptail I Cnemidophorus tigris tigris), Desert Glossy Snake
(Arizona elegans eburnata), and many, many more, making
this a most productive region for herpetology.

Arizona Upland Subdivision
Variously referred to as the Arizona Desert, Paloverde

Cacti Desert, and Cetcidium-Opuntia Desert Iall from Shreve,
1951 I, this subdivision includes some of themost famous and
picturesque portions of the Sonoran Desert. It forms a narrow

curving border at the northeast edge of the Sonoran Desert
from the Buckskin Mountains, Arizona 135° north, 14° west)
southeastward to northeast of Phoenix, Arizona Iparallel 34°

north), and south to about Altar, Sonora [parallel 30° 15'

north). Most, perhaps more than 90%, of this region is on

slopes, broken ground, and multi-dissected sloping plains
hence the name Arizona Upland. Truly spectacular, it is the
best watered and least desert-like desertscrub in North
America.
The vegetation most often takes on the appearance of a

scrubland or low woodland of leguminous trees with inter

vening spaces held by one to several open layers of shrubs and
perennial succulents. Many of these trees are the same

species that to the west, in the more arid Lower Colorado
River Valley subdivision, are confined to runnels and washes.
Included among them are Blue Palo Verde ICercidium flori
dum), Ironwood IOlneya tesota), mesquites [Prosopis spp.), and
Cat-claw Acacia IAcacia greggii). In the Arizona Upland,
Foothill Palo Verde ICercidium microphyllum) is the charac
teristic palo verde except at the desert's upper, northern, and
eastern limits where it may be accompanied or replaced by
Crucifixion Thorn ICanotia holacanthal. The arboreal nature
of this desert subdivision is often strikingly similar to

Sinaloan thornscrub, and indeed, the vegetation could be
considered a depauperate northern form of that tropic
subtropic biome.

So important are cacti in this subdivision that Shreve
termed it the crassicaulescent or stem succulent desert, in
reference to the important role that may be played by this

group. The following cacti are largely confined to, or best
represented in,· this subdivision [Benson 1969): Opuntia
acanthocarpa var. maiot, Thornber Buckhorn Cholla 10.
acanthocarpa var. thornberil, Cane Cholla 10. spinosiorl,
Staghorn Cholla 10. versicolor], Chain Fruit Cholla 10.
fulgida), Teddy Bear Cholla 10. bigeloviil, Desert Christmas
Cactus 10. leptocauliss, Pencil Cholla 10. arbuscula), Klein
Cholla 10. kleiniael, Devil's Club Ground Cholla IOpuntia
stanlyi), O. stanlyi var. peeblesiana, 0. phaeacantha, Saguaro
(Carnegiea giganteal, Organ Pipe IStenocereus thurberi)' Senita
(Lophocereus schottii), Night-blooming Cereus IPeniocereus
greggii var. transmontanus), Echinocereus iasciculatus. Fish
hook Pincushion (Mammillaria microcarpa), Thornber Pin
cushion (M. thornberi), M. grahami var. oliviae, Fish-hook
Barrel Cactus (Ferocactus wislizeniil, Compass Barrel Cactus
IF. acanthodes), Echinocactus horizonthalonius var. nichollii,
and Neolloydia erectocentra var. acunensis.

Many of the woody plants are spiny; those that are not

generally possess aromatic terpenes or other chemical princi
ples that serve to discourage use by herbivores.
The lower contact of this subdivision is'with the Lower

Colorado RiverValley subdivision along its western edge and
in valleys. The lower elevation contact may be as low as ca.

30Q m [e.g, near Ajo, Arizona, and Sonoita, Sonora] or as high
as 650 m (e.g. in Avra Valley near Tucson, Arizona). Upslope
this region of desertscrub extends from ca. 900 m to above

1,000 m in elevation to merge at its upper limits with colder



Figure 124. Vegetation representing the Paloveide-cacti series of the Arizona Upland subdivision north of
the Tortolita Mountains, Arizona. The trees are Cercidium microphyllum. Cacti are conspicuous
members of this subdivision and are here represented by Carnegiea gigantea, Opuntia phaeacantha var.

discata, and O. fulgidaLarrea tridentata and Fouquieria splendens are common associates. The low
abundant shrub is Ambrosia deltoidea Altitude 810 m.

and wetter interior chaparral or semidesert grassland. In the
southeast, still greater summer precipitationmarks its transi
tion to thornscrub proper.
Average annual precipitation for stations in this subdivi

sion lies mainly between 200 mm (Sonoita, Sonora) and 425

mmlkeno Ranger Station, Arizona) (Table27). Summerllune,
July, August) rainfall accounts for 30% to 60% of the annual
total with smaller proportions to the north and larger to the
south. Average summer precipitation at the southernmost
stations of Imuris, Presa la Angostura, Magdalena, and Atil is
237 mm, 200 mm, 197 mm, and 186 mm, respectively; the
lowest values of this season are at localities near the northern
and western margins [e.g., Granite Reef, 62 mm; Alamo Dam,
67 mm; Sonoita, 72 mm; Wikieup, 75 mm] (Fig. 108). Winter
rainfall ranges from 10% to 40% of the annual total with the

larger proportions to the northwest The three warmest

stations in the winter (Altar, Tajitos, Presa Cuauhtemoc] all
border upon the Lower Colorado River Valley subdivision in
Sonora, and the three coldest lie along the Gila River Valley
toward the northeastern limit of the subdivision near its
transition to the Chihuahuan Desert (Fig. 108). The most

pronounced precipitation difference separating this subdivi-

sion trom theMohave Desert and the other four subdivisions
is probably winter rainfall amount: the average for all its
stations is 75 mm; that for stations in the other desert areas
lies between 30 mm and 50 mm (Fig. 112).

Paloverde-Cacti-Mixed Scrub Series
The most extensive series of this subdivision is dominated

by a leguminous tree, Cetcidium microphyllum, with the
columnar cactus, Carnegiea gigantea, commonly reaching
through the upper strata (Fig. 124). This community is best

developed away from valley floors on bajadas and mountain
sides. Olneya tesota, another tree legume, often plays a

secondary role to Cercidium microphyllum. The two species
occupy closely similar ranges within the Sonoran Desert

(Hastings et aI., 1972) with Cetcidium occurring in this

community with the greater fidelity. Olneya is more frost
sensitive than Cercidium and is excluded from lower slopes
adjacent to cold valley floors and from north slopes that

support Cetcidium.
The ecotone between this and the Creosotebush-White

Bursage series is a common feature along the margins of the
many valleys of the region. As the gently sloping valley floor
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Table 27. Data for 38 weather stations in theArizona Upland subdivision. Data for each station include latitude and longitude (values rounded to
closest 0.1 °1, altitude [m], average annual precipitation [mm], and abbreviated name as used in climographs of Figure 109. Data from Hastings and
Humphrey (1969bl and Sellers and Hill (19741.

Abbreviated Altitude Average annual
Station name name Latitude Longitude [m] precipitation [mm]

Ajo,AZ AJO 32.4 112.9 537 227.4
Alamo Dam, AZ ALDA 34.3 113.5 451 189.7
Altar, Son. ALT 30.7 111.8 397 266.2
Arizona-Sonora Desert ASD 32.2 111.2 858 244.4

Museum, AZ
Atil, Son. AT! 30.8 111.6 575 334.3
Bartlett Dam, AZ BADA 33.8 111.6 503 300.7

Carefree, AZ CARE 33.8 111.9 771 314.7

Castle Hot Springs, AZ CAlfi' 34.0 112.4 640 382.7
Cave Creek, AZ CACR 33.8 111.9 646 282.2
Cortaro 3SW, AZ COR 32.3 111.1 692 281.2
Granite Reef Dam, AZ GRRE 33.5 111.7 404 228.8

Imuris, Son. IMU 30.8 110.9 340 407.1

Magdalena, Son. MAG 30.6 111.0 760 397.7
Mormon Flat Dam, AZ MOFL 33.5 111.4 827 328.4

Organ PipeNationalMonument, OPNM 31.9 112.8 512 232.9
AZ

Presa Cuauhtemoc, Son. PRCU 30.9 111.5 590 305.9
Presa la Angostura, Son. PRAN 30.4 109.4 800 366.5

Quitovac, Son. QUI 31.5 112.7 350 280.1
Reno Ranger Station, AZ RERA 33.9 111.3 738 425.4

Roosevelt, AZ ROO 33.7 111.1 672 359.4
Sabino Canyon, AZ SACA 32.3 110.8 805 300.9
Safford, AZ SAF 32.8 109.7 884 214.1
Safford Experimental Farm, AZ SAEF 32.8 109.7 900 215.1

Sahuarita, AZ SAH 32.0 111.0 820 275.6
San Carlos, AZ SNCA 33.3 110.4 806 301.8
San Carlos Reservoir, AZ SNCR 33.2 110.5 772 359.4
San Manuel, AZ SNMA 32.6 110.6 1,085 331.0
Sta. Ana, Son. STAN 30.5 111.1 686 313.5

Sells, AZ SEL 31.9 111.9 733 305.2
Silver Bell, AZ SIBE 32.4 111.5 835 312.5

Sonoita, Son. SON 31.9 112.9 393 188.0

Superstition Mountain, AZ SUP 33.4 111.4 594 267.8
Stewart Mountain Dam, AZ STMT 33.6 111.5 434 290.5
Tajitos, Son. TAJ 30.9 112.4 340 214.0
Tucson Weather Station ruc 32.1 110.9 787 278.8
[Airport], AZ

Wickenburg, AZ WIC 34.0 112.7 639 273.5

Wikieup, AZ WIK 34.7 113.6 647 238.8

Winkleman, AZ WIN 32.9 110.7 632 327.3

Subdivision Average 293.8

makes contactwith the base of the adjacent bajada, Ambrosia
deltoidea is commonly found growing along minor water
courses where moisture conditions are more favorable. As
greater elevation is attained, the ecologically complementary
Ambrosia dumosa wanes and A. deltoidea is found on all

aspects of the terrain. Cercidiummicrophyllum, Olneya tesota,
and Carnegiea gigantea become increasingly prominent and
are largely responsible for the arborescent physiognomy of
the vegetation Larrea remains but is mostly relegated to an

understory role. Many additional species are encountered
that contribute to the diverse and complex nature of the
community. These may include Whitethorn Acacia (Acacia
consrncrc], Limber Bush (Tatropha cardiophyllal, Ocotillo
(Fouquieria splendenss, Ioioba (Simmondsia chinensisl, Little
leaved Ratany (Krameria parvifolial, Desert Hackberry (Celtis
pallidal, Fairy Feather Duster (Calliandra eriophyllal, Bush

Buckwheat (Eriogonum [asciculanuoi, Desert Zinnia (Zinnia
acerosal, Cilindrillo [Lyciurn berlandietti, and various cacti
such as Desert Christmas Cactus IOpuntia leptocaulis), 0.
phaeacantha var. major, Engelmann Prickly Pear (0. p. var.

discatal, Fish-hook Pincushion (Mammillaria microcarpal, and
Fendler Hedgehog (Echinocereus fendleril. Locally any or

several of these can assume numerical superiority. Coverage
data for a stand of this series at an elevation of 735 m in the
Silverbell Mountains near the Avra Valley, Arizona, are given
in Tables 25 and 26.

Jojoba-Mixed Scrub Series
One of a number of Sonoran desertscrub plants that may

attain local dominance, Simmondsia chinensis or Ioioba, is an
evergreen shrub with thick, bluish-green elliptic leaves and
fruits resembling acorns. It is especially valuable as a forage



Figure 125. Creosotebush-Crucifixion-thorn series near Montezuma Well, Arizona. Canotia is the low tree

with the unkempt appearance on the slope opposite the camera. Altitude 975 m.

plant for game and domestic stock and has recently gained
notice as a water-soluble oil source. This plant attains
maximum abundance in the Arizona Upland subdivision
where annual precipitation ranges from 300-450 mm (Gentry,
1958), more than 100 mm of which occurs during the winter
months. Consequently, this local series is best developed at

the desert's upper limits and in transition areas between
Sonoran desertscrub and interior chaparral (Brown, 1978).
Because its distribution is almost whollywithin the Sonoran
Desert (Hastings et aI., 1972), we include it as a Sonoran
desertscrub series regardless of its "chaparral-like"
physiognomy.

Creosotebush-Crucifixion-thorn Series
This series is also found at upper elevation ecotones. These

communities are especially common on limestone substrates
at the northern and eastern edges of the Sonoran Desert (e.g.,
near Camp Verde and San Carlos Reservoir, Arizona). Catiotia
holocantha or Crucifixion-Thorn is a low, spiny, leafless tree
frequently encountered on hillsides and slopes from roughly
Safford to Kingman, Arizona (Fig. 125). It often grows with
Larrea, butmay extend upslope beyond the limits of the desert
proper where it mixes with chaparral species (e.g., Berberis
trifoliata) in semidesert grassland. Other Arizona Upland
localities, some of which possess only Larrea and a few sparse
Sonoran Desert plants, occur on marginal, cold alluvium

sites, as in the Gila Valley near Safford and east of Tucson,
Arizona plants more typical of Chihuahuan desertscrub,
such as Acacia tieovemicosa and Patthenium incanum, are

often present and this series sharesmany transitional features
with that warm temperate biome and with the Mohave
Desert
Because of the structural density and adequate winter

precipitation, some habitats in the Arizona Upland subdivi-

sion support moderate densities of Desert Mule Deer (Odo
coileus hemionous crooki) and Javelina (Dicotyles ta;acu).
Numerous smaller mammals are also at home there, includ
ing the California Leaf-nosed Bat (Macrotus califorrucus),
California Myotis (Myotis caliiomicusi, Black-tailed Jack
rabbit, DesertCottontail, Arizona PocketMouse (Perognathus
amplus), Bailey's Pocket Mouse (P. baileyi), Cactus Mouse

(Peromyscus eremicus), White-throated Wood Rat (Neotoma
albigu1a), Gray Fox (Urocyon cinereoargenteus), and the
endemic Harris Antelope Squirrel (Ammospermophilus
harrisii).
The paloverde-cacti-mixed scrub series is particularly

noted for its rich birdlife. Many of its best known inhabitants
-the Harris' Hawk (Parabuteo unicinctus), White-winged
Dove (Zenaida macroura), Inca Dove (Scardiafella inca), ElfOwl
(Micrathene whitneyi), Wied's Crested Flycatcher (Myiarchus
tyrannulus), and Pyrrhuloxia (Cardinalis sinuatus) - are in fact
thornscrub species extending northward in suitable habitats.
Even the "cactus" woodpeckers-Melanerpes uropygialis,
Colaptes chrysoides, and Picoides scalaris-are in fact quite
widespread and not nearly as dependent on the saguaro as is

popularly thought. Other "desert" birds [e.g., Curve-billed
Thrasher (Toxostoma curvirostre), and CactusWren) also find
these communities acceptable, further enriching the
avifauna
In addition to having a generous complement of Sonoran

and other desert reptiles, this subdivision is also the distribu
tion center for a number of lizard species and snakes more

limited in range. These include the Regal Horned Lizard
(Phrynosoma solare), WesternWhiptail (Cnemidophorus tigris
graciliS), GilaMonster (Heloderma suspectum-especially the
reticulated form I, Arizona Glossy Snake (Arizona elegans noc
tivaga), Arizona Coral Snake (Micruroides euryxanthus), and
Tiger Rattlesnake (Crotalus tigris).
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Vizcaino Subdivision
This desert region lies wholly within the Baja California

peninsula, where it extends southward from just north of the
30th meridian to 26 ° 15' north latitude. Its southern boundary
is thus a full degree south of the limit of the area considered in
this publication (Shreve, 1951). It extends from the Pacific
eastward to the crest of the drainage divide separating the east
and west slopes of the peninsula. Contact on the north is a

gradual merging with Californian coastalscrub and chaparral
(Shreve, 1936), on the east with the Lower Colorado River

Valley and Central Gulf Coast subdivisions of the Sonoran

Desert, and on the south with what Shreve referred to as the
Magdalena Region, some of which has ties with the Sinaloan
thornscrub of mainland Mexico.
The physiography of the northern portion of the region is

marked by a coastal plain interrupted by many low hills, few
of which exceed 600 m elevation In the vicinity of Miller's
Landing and southward, the plain becomes broader and is
almost wholly without relief in its extent from the Pacific
shore to the mountains forming the crest of the peninsular
divide-the so-called "Vizcaino Desert" proper (Nelson,
1922; Humphrey, 1974). These mountain backdrops lie
much closer to theGulf than the Pacific and generally are low
with few non-desert areas extending high enough to exceed
the desert's upper boundary at roughly 1,700 m. The larger
areas above this elevation are in the Sierra San Borja, Sierra
Calmallt and the Sierra Calamajue. Roughly 75% of the
terrain lies below 500 m with the broadest expanses of low

relief occurring within the Vizcaino Cape and its eastern

extensions, the Llano de Berrendo and Desierto de Vizcaino.
Fewmountains break themonotony of this plain between the
Pacific shore and the foothills of themountainous peninsular
backbone. Themost important of these are the Sierra Pintada
and the Sierra Santa Clara, which form a single low range, and
the Sierra Placeras, extending for about 160 km parallel to the
coast along the southwestern side of the Vizcaino Cape.
That this area is exposed on the west to the Pacific, and

insulated on the east from the Gulf by a mountainous ridge,
explains in large part the temperature regime of the sub
division (Fig. 109). Mean summer temperatures are 5°·6° C
lower than for any of the other Sonoran Desert subdivisions
(Fig. 112), a result of the cooling effect of the Pacific waters.

Baja California climate has received attention from several
investigators (Markham, 1972; Pyke, 1972; Hastings, 1964a;
Hastings and Humphrey, 1969a; Garcia and Mosifio, 1968),
as have vegetation-climate relationships (Hastings and

Turner, 1965a). Because of these contributions, a rather
detailed description of the Vizcaino subdivision's climate is
now possible.
Using the means of station annual means as a measure of

aridity, the Vizcaino subdivision appears at first to be the
most arid of the Sonoran Desert subdivisions with a value of
only 99 mm (Table 28). This position of preeminent dryness
was assigned to the Lower Colorado River Valley subdivision
by Hastings and Turner (1965a), using areally weighted
averages and dealing solelywith the Baja California peninsula
Shreve (195 I) believed the driest subdivision to be the Central

Table 28. Data for 27 weather stations in the Vizcaino subdivision Data for each station include latitude and longitude Ivalues rounded to closest
0.1 °1, altitude [m], average annual precipitation [mm], and abbreviated name as used in climographs of Figure 109. Data from Hastings and
Humphrey 11969a).

Abbreviated Altitude Average annual
Station name name latitude longitude [m] precipitation [mm]

Bahia Tortugas, BCS BATO 27.7 114.9 5 92.5

Cadeje, BCS CAD 26.4 112.5 70 84.6

Chapala, BCN CHA 29.5 114.5 580 90.5
El Alamo, BCN ALA 27.1 112.9 125 77.5

El Arco, BCN ARC 28.0 113.4 300 140.3

El Tablon, BCS TAB 27.6 113.4 80 119.3

Guadalupe, BCS GUAP 27.3 113.4 120 76.0

Isla Cedros, BCN ISCE 28.1 115.2 10 70.8

los lagunas, BCS lSlA 27.5 113.6 30 57.1

Patrocinio, BCS PAT 26.8 112.8 400 75.0

Punta Abreojos, BCS PTAB 26.7 113.6 15 57.8

Punta Prieta, BCN PTPR 29.0 114.2 200 90.5

Rancho Alegre, BCN RCAl 28.3 113.9 500 193.8

Rosarito,
.

BCN ROS 28.6 114.1 190 128.7

San Augustin, BCN SNAG 29.9 115.0 580 99.9

San Borja, BCN SNBO 28.8 113.9 375 134.9

San Fernando, BCN SNFE 30.0 115.2 539 87.8

San Ignacio, BCS SNIG 27.3 112.9 105 86.0

San Juan, BCS SNJU 27.2 113.1 125 48.8

San Juanico, BCS SNJN 26.3 112.4 12 64.2

San Iuis, BCN SNlU 29.7 114.7 500 104.3

San Miguel, BCN SNMI 28.6 113.9 200 134.5

San Regis, BCN SNRE 28.6 113.9 300 116.7

Santa Catarina [sur], BCN STCA 29.7 115.2 450 121.1

Santa Gertrudis, BCN STGE 28.1 118.1 550 150.6

Santa Ines, BCN STIN 29.7 114.7 500 87.8

Vizcaino, BCS VIZ 28.0 114.1 10 81.7

Subdivision Average 99.0
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Figure 126. Maguey-Booium series approximately 30 km east of E1 Rosario, Baia California del Norte. The
low shrubs are Eriogonum fasciculatum, Ambrosia camphorata, and A chenopodifolia. The cactus in
the foreground is Opuntia prolifera. Here, near the northern border of the desert, this community is best
developed on ridge tops and south-facing slopes. Adiacent north-facing slopes support a scattering of
chaparral species. Photograph by '.R Hastings. Altitude 395 m.

Gulf Coast based upon but few rainfall stations and the

appearance of the vegetation. Maps by Garcia and Mosino

(1968) and by the Instituto de Geografia (1970) appear to
confirm the conclusion of Hastings and Turner (1965a) that
the Lower Colorado Valley subdivision is indeed the driest.

Regardless ofwhich subdivision is visited by the least rainfall,
the Vizcaino is less dry than it appears when judged by
rainfall alone because of its exposure to the cool California
currentwhich brings both lower temperatures and fog to this
coastal desert

By reason of its mid-peninsular location, the Vizcaino
subdivision is subjected to the interplay between all the

precipitation regimes under which the peninsula falls.
Although meant to apply to the entire peninsula, the
following description also applies to this centrally located
subdivision: "[It I lies at the southern edge of the system of

winter cyclones that are imbedded in the westerlies and that

play so important a part in weather farther north; it lies at the
western edge of the monsoons originating in the Gulf of
Mexico and dominating northern Mexico in summer; it lies
at the northeastern edge of the complex of tropical storms and
hurricanes that range across the eastern North Pacific in

autumn; it lies at the western limit of fall activity in the
easterlies" (Hastings and Turner, 1965a: 210).
Although visited weakly by moisture from four sources,

the Vizcaino is under the dominant control of two-winter
cyclonic storms and fall huricanes. Of these two rainy
seasons, winter ranks higher at all but 3 of the 27 stations
listed in Table 28. Even so, this winter season of greatest
rainfall is hardly one of bounteous moisture-e the greatest
average rainfall at any station for the 3-month period is 86.6
mm (Rancho Alegre) and the areally weighted seasonal



Figure 127. White Bursage-Agave series near Agua Dulce, Baia California del Norte. This community is

predominantly of low plants with a scattering of individuals of 1.0-1.5 m height in such species as Yucca

schidigera and Larrea tridentata Taller plants of Fouquieria splendens and F. columnaris are widely
scattered throughout. Certain similarities with Mohave desertscrub are apparent and found in Yucca

schidigera, Larrea tridentata, and Ceratoides lanata. Photograph by f,R, Hastings. Altitude 640 m.

average for the entire subdivision is only 56 mm (Hastings
and Turner, 1965a).

. Spring is the most arid of the two remaining seasons,
ranking fourth at 20 of the 27 stations, although areally
weighted averages (Hastings and Turner, 1965a) show sum

mer to be hardly more moist than spring (11 mm versus 10

mm].
A poorly quantified climatic feature of great importance is

the fog which develops during the night and remains until

midmorning of the following day during the two, driest
seasons of spring and summer. During periods of fog, water
condenses on plant surfaces and often drips from leaf tips and
spines, moistening spots of soil below. This fog even if acting
only to reduce transpiration for a few hours each morning,
plays a large role in ameliorating the effect of the low spring
summer rainfall of the subdivision. Markham (1972) noted
that fog visits the Pacific slope to 1,000 m altitude and Shreve

(1951) stated that the morning fog extends inland 5 to 6 km.
The long separation of the Baja peninsula from the

mainland coast of Sonora (4-1 0million years ago, according to
Larson et aI., 1968 L has resulted in the absence from the
Vizcaino subdivision of a number of characteristic Sonoran
Desert vertebrates. Included among these are Heloderma

suspectum, Gopherus agassizi, Sauromalus obesus, Gambel
Quail, Curve-billed Thrasher, and Javelina. This absence is
somewhat compensated for by such Vizcaino inhabitants as

the Small-scaled Lizard (Urosaurus microscutatus), Orange
throated and CoastalWhiptails (Cnemidophorus hyperythrus,
C. tigris multiscutatus), Red Diamond Rattlesnake (Crotalus
ruber), California Quail (Lophortyx californicus), and Vizcaino
Desert Kangaroo Rat (Dipodomys peninsularis penipsularis)
which, although having closely related Sonoran forms, are

derived out of Californian coastalscrub species. The Vizcaino
also shareswith other Sonoran desertscrub subdivisions such
typical arid region animals as Dipsosaurus dorsalis, Callisaurus
draconoides, Coleonyx variegatus, Chilomeniscus cinctus,
Harris' Hawk, White-winged Dove (Zenaida aSiaticaL Cactus

Wren, Bendire's Thrasher (Toxostoma bendireii, and Gila
and Gilded Woodpeckers.
The Vizcaino subdivision, unlike most other parts of the

Sonoran Desert, is dominated by fleshy-leaved plants as

Agave, Yucca, and Dudleya and was labeled the Sarcophyllous
Desert by Shreve (1951) in recognition of this abundant

growth form. In addition, this subdivision is the home of the
fleshly-stemmed Boojum Tree (Fouquieria columnaris) and
Torote Blanco (Pachyconrius discolor). Cardon (Pachycereus
pringleiL a giant columnar cactus that maywell be the largest
cactus in the world, takes the place here that in the Arizona

Upland is occupied by Carnegiea gigantea.
Shreve (1951) also used the name Agave-Franseria

[=Ambrosial Region for the Vizcaino subdivision in recogni
tion of both th� abundance and diversity of these two genera.
The Vizcaino is home for several species of Ambrosia (Hast
ings et a1. 1972), among which the following occur exten

sively in several series: San Diego Bursage (AmbroSia cheno
podifolia), Magdalena Bursage (A. magdalenae), A. camphorata,
White Bursage (A. dumosa), Bryant Bursage (A. bryantii), A.
divaricata, and Canyon Ragweed (A. ambrosioides). The
Vizcaino is also the center of distribution of several species of
Agave including Blue Agave (A. cerulata), Maguey (A. shawii),
and A. avellanidens (Gentry, 1978) and these leaf succulents
are commonly the dominant members of the communities in
which they occur. Grasses, except for annuals, are almost
entirely lacking from most ofthis area (Humphrey, 1974).



Figure 128. Butsage-cbolla series near Aguaiito, Baia California del Norte. Leaf succulents such as Agave
and Yucca are absent. The cacti Opuntia cholla, 0. prolifera, and Ferocactus acanthodes are

conspicuous. Tall plants such as Fouquieria columnaris and Pachycereus pringlei are rare. Photograph by
f.R. Hastings. Altitude 425 m.

Figure 129. Ragged-leaf Couieneye-Booium series near La Virgen, Baia California del Norte. This

community is common on granitic soils in the Vizcaino Subdivision. The large cactus is Pachycereus
pringlei. The low shrub stratum is dominated by Viguiera laciniata but also includes Ephedra, Ambrosia
chenopodifolia, A dumosa, Larrea tridentata, Atriplex polycarpa, and Acalypha californica Photograph
by '.R. Hastings. Altitude 610 m.
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The central Vizcaino is a region of range overlap of Table 29. Coverage and density data for a stand of the Ragged-leaf
Fouquieria splendens and F. diguetii. The former extends into Goldeneye - Boojum series near Catavifia, Baja California del Norte

desert areas to the north and the latter ranges southward and for a stand of the Agave - Boojum series near Punta Prieta, Baja

(Hastings et al., 1972). Aschmann (1959) suggests that these California del Norte. Data at each site by line intercept from 30 m

distribution patterns are a response to rainfall regimes: F. lines. Density determined by the method of Strong 119661.

splendens flowers following winter rains, F. diguetii flowers Catavifia Punta Prieta

mostly following summer rains. lalt. 52 m] [alt. 380 m]

The Vizcaino-chaparral ecotone was examined by Shreve Coverage Density Coverage Density

(1936), who concluded that chaparral species extend farther
(%) [Plants/hal (%) [Plants/ha]

southward into the desert than desert species extend north- Abutilon 0.00 0.0 0.02 9.3

ward into the chaparral. He listed desert species that are
Acacia greggii 0.34 16.2 0.00 0.0

almostwholly confined to thedesert-(Cercidiummicrophyl- Acalypha caliiotnica 0.10 150.7 0.00 0.0

Agave cerulata 0.33 156.0 5.66 1580.3
lum, Pouquietia splendens, Yucca schidigera); those that range Ambrosia chenopodifolia 3.04 972.0 0.69 182.3
northward somewhat more widely-(Myrtillocactus cocbal. Ambrosia dumosa 0.25 115.0 0.00 0.0
Euphorbia miseta, Ambrosia chenopodifolia); chaparral species Ambrosia magdalenae 0.00 0.0 3.55 382.4
that are almost wholly confined to chaparral-(Rhus ituegii- Atriplex polycatpa 0.09 5.7 1.24 232.7

folia, Ceanothus tomentosus, Quercus dumosa); and chaparral Bebbia iuticea 0.24 63.0 0.00 0.0

species that extend as far as 250 km southward beyond the Dyssodia porophylloides 0.23 345.2 0.00 0.0

transition-(Malosma lautina, lsomeris arborea, Ribes tottuo- Ence1ia caliiomica 0.66 203.9 0.00 0.0

sum). Shreve concluded that the requirements for growth of Encelia [atinosa 0.00 0.0 0.54 448.5

desert plants were more exacting than those for chaparral Eriogonum iasciculatum 0.93 2863.8 0.00 0.0

species and that freedom from freezing temperatures of long Euphorbia miseta 0.00 0.0 1.41 151.2

Euphorbia tomentulosa 0.08 67.1 0.00 0.0
duration, exposure to a high percentage of sunshine andwell- Fagonia californica 0.08 227.9 0.74 1805.5
drained soils were conditions required by most desert species Pouquieria columnaris 1.26 154.2 1.09 62.8
but not provided by most habitats in the chaparral. Con- Pouquietia splendens present 214.6 0.45 12.7

versely, for chaparral species to enter the desert required only Hosackia glabta 0.06 18.7 0.00 0.0
that they find habitats with relatively moist soils. Krameria giayi 0.79 195.6 0.00 0.0

Some of themore common plant communities occurring in Larrea tridentata 1.14 107.7 0.97 44.9

this region are the following: Maguey-Boojum series, White Lophocereus schottii 0.36 27.3 0.06 23.1

Bursage-Agave series, Bursage-Cholla series, Ragged-leaf Lycium californicum 0.00 0.0 2.22 130.0

Goldeneye-Boojum series, Agave-Boojum series, Frankenia- Lyrocarpa coulteri 0.31 311.3 0.00 0.0

Ocotillo-Datilillo series, and a Saltbush series.
Mammillaria present 429.2 0.02 429.2
Mirabilis laevis 0.15 117.7 0.09 118.2

Opuntia acatuhocatpa 0.04 66.8 0.00 0.0

Maguey-Boojum Series Opuntia cholla 0.00 0.0 0.42 78.8

Near the northern limits of the Vizcaino region and always Opuntia echinocarpa 0.04 39.9 0.00 0.0

within a few kilometers of the Pacific shore occurs a Opuntia molesta 0.07 14.3 0.00 0.0

community dominated byMaguey (Agave shawii) and Boojum Opuntia tesaio 0.00 0.0 0.12 64.5

Pachycereus pringlei 0.06 21.4 0.23 3.3
Tree (Fouquieria columnaris) (Fig. 126). Low shrubs found here Pachycormus discolor 0.68 21.7 0.00 0.0
include Eriogonum fasciculatum, Ambrosia campborata, and Pedilanthus tnactocatpus 0.00 0.0 0.61 157.7
A. chenopodifolia. Opuntia prolifera and Echinocereus mati- Ptosopis ;uliflora 0.39 7.2 1.83 382.9
timus are common cacti. The soils are derived mostly from Simmondsia chinensis 0.51 106.9 0.13 7.0
volcanic rock and have high clay content and poor perme- Solanum hindsianum 0.00 0.0 0.33 173.3

ability. Sphaetalcea sp. present 18.7 0.01 76.2
Stenocereus gummosus 0.00 0.0 3.33 365.6

Stillingia lineatiiolia 0.12 66.0 0.00 0.0
White Bursage-Agave Series Ttixis californica 0.00 0.0 0.20 156.2
A community dominated by Ambrosia dumosa and Agave Unknown composite 0.03 14.3 0.00 0.0

cerulata also is found in the northern Vizcaino region (Fig. Viguiera deltoidea 0.24 17.3 0.00 0.0

127). It is a low community with only widely scattered tall Viguiera laciniata 8.97 2446.8 1.84 183.5

plants of such species as Fouquieria columnaris, F. splendens, Yucca valida 0.00 0.0 0.04 5.5

Pachycereus ptinglei. Pachycormus discolor, and Yucca schid- Rocks I> 159 mm across 13.45 0.08

igeta. The dominants are clearlyAmbrosia dumosa and Agave one dimensionl

cerulata although Encelia caliiomica andAmbrosia camphotata
Total plant coverage 21.61 27.84

are frequentmembers. Eriogonum fasciculatum and Ceratoides
Total plants/hectare 9594.1 7267.6
Additional species in area

latiata, two species with wide distribution to the north, are Asclepias subulatus Present
prominent low shrubs at many sites. Larrea trideiuata is an Butseta microphylla Present
uncommon but consistent member. Other species commonly Euphorbia sp. Present
seen here are the shrubs Sitnmotuisia chinensis, Viguiera Euphorbia xatui Present

laciniata, Krameria patviiolia, K grayi, and such cacti as Hibiscus denudatus Present

Lophocereus schottii, Oputitia molesta, Ferocactus species, and Lycium betlandieti Present

Opuntia ciribe. Humphrey (1974) listed quantitative data for a Pachycormus discolor Present

stand near Agua Dulce, Baja California del Norte. Viscainoa geniculata Present
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Figure 130. The Agave-Bootum series, one of the most diverse communities in the Vizcaino region, is seen

north of Punta Prieta, Baja California Norte. Tall species such as Pachycormus discolor (thick-stemmed
tree of midground), Pachycereus pringlei, Fouquieria columnaris, and Yucca valida appear to dominate

although Agave cerulata is clearly the dominant if measured by canopy coverage. The ground cover

shrubs found here include Viguiera laciniata, Ambrosia chenopodifolia, and A magdalenae. Photograph
by [R. Hastings. Altitude 425 m.

Bursage-Cholla Series
In the northern Vizcaino region on volcanic soils with

especially high clay content is found a series of Ambrosia
camphorata and cylindropuntias (Fig. 128). Ambrosia cam

phorata and, to a lesser extent, A. chenopodifolia form a broken
low cover with a scattering of cylindropuntias such as

Opuntia cholla, 0. prolifera, and 0. molesta. Ferocactus acanth
odes is conspicuous in many places. Leaf succulents are

strikingly absent.

Ragged-leaf Goldeneye-Boojum Series
Granitic soils of the northern Vizcaino region support a

community dominated by Ragged-leaf Goldeneye (Viguiera
laciniata) and Fouquieria columnaris, this characterized by a

greater representation of tall plants than any: of the above
series (Fig. 129). In addition to Fouquieria, the tall species here
include Pachycereus pringlei and Pachycormus discolor. Cover
age data, based upon 30-m lines for a representative locality in
this series near Catavifia, are shown in Table 29. Larrea
tridentata is commonly an important member of this

community.

Agave-Boojum Series
On basaltic soils, toward the center of the Vizcaino region,

in the vicinity of Punta Prieta, is a rich community dominated
by Agave cerulata and Boojum Tree (Fouquieria columnaris).
plants of various growth forms growing to 4 or 5 m tall occur
so abundantly as to give an open woodland appearance in
some areas (Fig. 130). With the exception of Fouquieria
splendens, the tall plant dominants are fleshly leaved (Yucca
valida), fleshly stemmed (Pachycormus discolor, Pouquietia
columnaris), or succulent (Pachycereus pringlei, Lophocereus
schottii). Agave cerulata is the dominant low species with
lesser biomass contributed by Ambrosia magdalenae, A.

chenopodifolia, Viguiera lacitiiata, and Stenocereus gummosus.
This agave, probably the most abundant in Baja California, is
largely confined to the Vizcaino. Gentry (1978) noted that
this plant occurs between latitude 30cN and 27CN and that
this is II

a wild species whose population is probably exceeded
only by Agave lechuguilla of the northern desert region of
Mexico." Coverage data from 30-m lines in an area 19 km
north of Punta Prieta are given in Table 29.
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Figure 131. A stand of Frankenia palmeri, Fouquieria diguetii, and Yucca valida southeast of Miller's
Landing, Baia California del Norte. This site is about 8 Jan from the coast. Fog, which occurs here most
nights during the warm season, is iust lifting in this early morning view. The top of the vegetation canopy
is at about 2 m although occasional individuals of Yucca valida may extend to twice that height. The
shrubs defining the upper canopy are largely Fouquieria diguetii, Jatropha cinerea, and Yucca valida
Most of these support a dense epiphytic growth of Tillandsia recurvata and lichens. The low shrubs are

Frankenia palmeri, Atriplex julacea, and A polycarpa. Photograph by [R. Hastings. Altitude 23 m.

figure 132. Fouquieria diguetii covered with lichens southeast of Miller's Landing, Baia California del
Norte. Epiphytes are common near the Pacific coast in the Vizcaino subdivision. Another epiphyte,
Tillandsia, can be seen at upper right. Photograph by rR Hastings. Altitude 230 m.
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Figure 133. Saltbush series 13 km northeast of Guerrero Negro, Baja California del Norte. Dominant

plants here are Atriplex julacea and Frankenia palmeri. Few plants are over 0.3 m high in this open
windswept community. Photograph by f,R. Hastings. Altitude 30 m.

Frankenia-Ocotillo-Datilillo Series
Southward on the coastal strip toward Guerrero Negro,

arborescent dominants are lost and the vegetation assumes a

monotonous aspect where the tall dominants, only 2-4 m

high, are mainly Datilillo (Yucca valido), Fouquieria digueiii,
and lattopha cinerea. There is a distinct layer of low shrubs to
about 0.3 m high comprising Frankenia palmeri, Atriplex
iulacea, and A. polycarpa. The cacti Stenocereus gummosus
and Opuntia cholla are common members of the community.
This coastal area is much visited by fog (Fig. 131 I, and
Ballmoss (Tillandsia recurvatal and lichens hang densely from
many of the shrubs or cover the soil surface (Fig. 1321. Ice
Plant (Mesembryanthemum crystallinum), an introduced
annual, also covers the soil surface in many areas.

Saltbush Series
Extensive coastal flats in approximately the southern half

of this region are dominated by a low communityof Frankenia
palmeri and species ofAtriplex, especiallyA. tulacea (Fig. 133).
The agaves that appear in similar near-coastal positions to the
north are missing and no shrubs or trees break the monotony
of flat panoramas. The introducedMesembryanthemum erys
tallinum and various lichens often densely cover much of the
soil surface. The annuals Dyssodia antbemidiioiia. Wooly
Plantain (Plantago insularis), three-awns (Aristida spp.], Sand
Verbena (Abronia villosa), and Coreocarpus parthenioides are

conspicuous following significant rainfall (Brown and Webb,
19791·
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Central Gulf Coast
Subdivision
TheCentral Gulf Coast subdivision consists of two disjunct

units on either side of the Sea of Cortez, separated by an

expanse of water 100 km wide or more. This subdivision was

also referred to as the Sarcocaulescent Desert by Shreve
(1951) to emphasize the common dominance of stem succu

lents. There is a general absence of a low shrub layer that
elsewhere in the Sonoran Desert commonly comprises such

genera as Ambrosia, Viguiera, and less commonly Eriogonum
and Encelia [atinosa. Elephant Tree (Bursera microphylla), B.

hindsiana, Sangre de Drago (Tatropha cuneata), and f. cinerea
are the common perennials here with Larrea tridentata only
locally found in pure stands.
In Sonora this subdivision extends from about latitude 30°

30'N southward to about27° 45'N and is confined to a coastal
strip no more than 40 km wide. Most of the two largest
islands in the Gulf, Tiburon and Angel de la Guarda, are

included. The extent of this vegetation on the Baja California
peninsula is more southerly than its mainland counterpart,
commencing just north of the 29th parallel and extending
south beyond the southern limit of our area
The vegetation occurs predominantly on coastal plains,

broken in Sonora by such mountains as the Sierra el Aguaje
north of Guaymas and the Sierra Seri and Sierra Bacha near

Puerto Libertad. In Baja California at the extreme south of the
map area, the narrow coastal strip is bounded to the west by
the Sierra de la Giganta and the impressive volcanic cone,
Tres Virgenes. Northward the subdivision forms a narrow

coastal strip terminating opposite the north end of Isla Angel
de la Guarda where it merges into the Larrea plains of the

Lower Colorado River Valley region.
In discussing the climate of the Central Gulf Coast

subdivision, it is convenient to consider the entire region,
although it lies partly outside the area included within the
North American Southwest. Average annual precipitation
ranges from less than 100 mm to roughly 300 mm, with the
smaller amounts usually occurring at the north (Fig. 1101.
The weather station with the lowest average annual rainfall
(7 L3 mm] is Bahia de los Angeles, a northern station lying
near the southern boundary of the Lower Colorado River

Valley subdivision in Baja California (Table 30). The station
with greatest annual rainfall is themost southerly peninsular
station, Boca del Salado at latitude 23°N. Nonetheless,
regression analysis of latitude versus annual rainfall shows a

weak relationship (correlation coefficient = -0.24).
When precipitation values are examined by season, those

for summer show the greatest geographic effect. Multiple
regression analysis shows a strong tendency for values to

increase from west to east and a high but less significant
tendency for north to south increases. Thus, a general
statement would be a tendency for summer precipitation to

increase from west north-west toward east south-east. In the
early fall, there is also a geographic effect with a relatively
strong north to south increase combined with a less strong
west to east increase. Elevations in this subdivision are rather
unimportant predictors of rainfall at any season.

For the peninsular portion of this subdivision, Hastings
and Turner (1965a) showed that summer rainfall is the most
reliable of that falling during the four seasons, although the

largest mean amount falls during the autumn.

Judging from climographs for summer, this subdivision has
close ties with the Lower Colorado River Valley subdivision;
winter climographs show close ties with the Plains of Sonora

Table 30. Data for 24 weather stations in the Central Gulf Coast subdivision. Data for each station include latitude and longitude (values rounded
to closest 0.1 e), altitude [m], average annual precipitation [rnm], and abbreviated name as used in climographs of Figure 110. Data from Hastings
and Humphrey (1969a, 1969b).

Abbreviated Altitude Average annual
Station name name Latitude Longitude [rn] precipitation [mm]

Bahia de Los Angeles, BCN BALA 28.9 113.5 5 71.3
Boca del Salado, BCS BOSA 23.2 109.4 10 268.7
EI Barril, BCN BAR 28.3 112.9 100 132.8
EI Benjamin, Son. BEN 28.6 111.5 40 192.6
EI Boleo, BCS BOL 27.3 112.3 30 108.1
EI Carrizal, Son. CARR 28.9 111.7 25 193.9
La Desemboque, Son. DES 29.5 112.4 10 111.1
La Palma (norte), BCS PAL 27.6 11.2.7 110 106.0
EI Rosarito, BCS ROS 26.4 111.6 125 116.8

Empalme, Son. EMP 28.0 110.8 2 178.3

Guadalupe, Son. GUAD 28.6 111.4 44 138.9

Guaymas, Son. GUAY 27.9 110.9 8 232.6
Isla San Jose, BCS ISSJ 24.9 110.6 10 91.8
La Chupadilla, Son. CHU 28.7 111.5 60 145.1

La Gotera, Son. GOT 28.6 111.6 36 175.3

Loreto, BCN LOR 26.0 111.3 3 141.9
Los Planes, BCS PLA 24.0 109.9 60 212.1

Mulege, BCS MUL 26.9 112.0 15 107.4

Puerto Libertad, Son. PTLI 29.9 112.7 5 120.5
San Isidro, Son. SNIS 28.8 111.7 36 169.7
San Jorge, Son. SNJR 28.7 111.6 35 200.0
San Jose, Son. SNJS 28.8 111.7 36 194.3
San Lucas, BCS SNLU 27.2 112.2 5 152.7
Santa Rosalia, BCN STRO 27.3 112.3 26 108.2

Subdivision Average 152.9



Figure 134. This valley at the north end of the Sierra Bacha, near Puerto Libertad, Sonora, supports the
Torchwood-Card6n series. The large woody plants include Bursera microphylla, B. hindsiana, and
Cercidium microphyllum. Smaller shrubs are represented by Solanum hindsianum, Ambrosia dumosa,
Encelia farinosa, Jatropha cinerea, J. cuneata, Hyptis emoryi, and Justicia californica The conspicuous
cacti are Pachycereus pringlei, Lophocereus schottii, and Opuntia bigelovii. On the north-facing slope
opposite the camera station is Fouquieria columnaris, occurring here as a population isolated from the
main body of its range in the Vizcaino subdivision. Photograph by HL. Shantz in 1932. Altitude 75 m.

and Vizcaino subdivisions (Fig. 112). During the summer the
difference in average temperature throughout the subdivision
is slight, ranging from about2TC at Puerto Libertad, Sonora,
to 30.s°C at El Boleo, Baja California del Sur (Fig. 110). The
range in average winter temperatures is greater, lying be
tween 13°C (Puerto Libertad, Sonora) and 19°C (Boca del

Salado, Baja California del Sur) (Fig. 110).
The index of continentality for the Central Gulf Coast is

13.0 (Table 23) placing it near the center of the range of values
for the five Sonoran Desert subdivisions. That it is so strongly
continental, in spite of its maritime location, is the result of
the inland character of the Sea of Cortez upon which this
subdivision abuts.
The main floral elements of this subdivision, whether on

the coast of .Sonora or Baja California, are widely spaced
shrubs of latropha, Euphorbia, Fouquieria, Larrea tridentata,
and small trees of Cercidium, Olneya tesota, and Bursera.
There is no low shrub synusia comparable to that of the
Arizona Upland where Ambrosia deltoidea forms a dense
small shrub layer or to that of the Vizcaino where species of
Ambrosia and Viguiera occupy this position. The general

aspect in the Central Gulf Coast communities is best charac
terized by heterogeneity of composition and openness of
stand.
The mainland section of the Central Gulf Coast is of great

interest to phytogeographers. From the vicinity of Guaymas
northward to Puerto Libertad, occurs a large number of plants
with highly localized occurrences. These may be found
nowhere else on the mainland but occur widely in Baja
California Among these are Boojum Tree (Fouquieria colum
naris, Fig. 134), F. diguetii, Palo Blanco (Lysiloma candida, Fig.
135 J, Pithecellobium confine, Palmer Fig (Ficus palmeri), Vigui
era laciniata, Ambrosia magdalenae, A. camphorata, A. cheno
podifolia, A. divaricata, Bourreria sonorae, Stenocereus gum
mosus, Cordia brevispicata, Desmanthus fruticosus, Magdalena
Spurge (Euphorbia magdalenae), E. tomentulosa, E. xantii,
Ruellia peninsularis, and Viscainoa geniculata (Johnston, 1924;
Gentry, 1949; Hastings et al., 1972).
The local colony of Boojum orCirio (Fouquieria columnaris)

in the Sierra Bacha between Puerto Libertad and Desemboque,
Sonora has been examined closely (Humphrey, 1974) with
the conclusion that this species probably reached here by long



Figure 135. Riparian thornscrub vegetation at the mouth of a canyon in the Sierra el Aguaje within the
Central Gulf Coast subdivision of the Sonoran Desert near Bahia San Pedro, Sonora. The white-stemmed
tree is Lysiloma candida, a plant known only from two areas: Baja California, where it occurs widely, and
here, where it is found along a few kilometers of canyon bottoms. Photograph by R.M. Turner. Altitude 25
m



Figure 136. View of the Torchwood-Card6n series, Sierra Bacha, near Puerto Libertad; Sonora. This is a

close-up view of the same valley shown in figure 134. Photograph by RM. Turner. Altitude 60 m.

distance dispersal of the winged seeds. The presence ofmany
other species having mainly peninsular ranges and with dis
seminules of various forms, some not at all amenable to wind
dispersion, makes this hypothesis appear forced Although
long distance dispersalmight explain the presence of some of
these many disjunctions, the local occurrences might also be
survivors from a former wider range. Fossil packrat middens
from the region about the head of the Gulf might yield
important evidence bearing on this question.
Whatever the method by which Fouquieria columnaris

travelled between the Sonoran coast and its peninsular
distribution center, it has become established on the main
land in the one localewith summer climate most like that of
its peninsular home, the Vizcaino subdivision (Fig. 112).
Desemboque and Puerto Libertad possess average summer

rainfall and summer temperature values only slightly above
those of the Vizcaino subdivision (Figs. 109, 110). Because
Fouquieria columnaris in the Sierra Bacha occurs mostly on
north-facing slopes (Humphrey, 1974), the temperature ex

perienced there would be even lower than at the nearby
weather stations, placing the growing sites well within the
limits of the Vizcaino as shown by the climographs. The
explanation for the plant's presence, attributed to high
humidity by Humphrey and Marx (1980), is probably related
to the relatively low summer temperature of the area. The
anomalous temperatures are possibly a consequence of local
upwelling in nearby gulf waters.

The following series form the predominant vegetation of
this subdivision: the Torchwood-Cardon series; the Ocotillo
Limberbush-Creosotebush series; the Frankenia series; and
the Cactus-Mesquite-Saltbush series.

Torchwood-Cardon Series
On deep soils of granitic origin on both sides of the Sea of

Cortez occurs a tall community, 3-4 m high, dominated by
small trees of Torchwood (Bursera hindsiana, B. microphylla)
and Palo Verde (Cercidium microphyllum), large shrubs
(Fouquieria splendens), and the truly tall columnar Cardon
IPachycereus pringlei). Shrubs 2 m high or less, while not

universal, include Solanum hindsianum, Ambrosia dumosa,
Encelia farinosa, lattopha cinerea, and f. cuneata. Opuntia
bigelovii is often prominent As with other series of this
subdivision, there ismuch open ground between the perennial
plants [Figs. 136, 137). The community is best represented in
broad valley bottoms and on fans adjacent tomountain fronts
where supplemental water from nearby slopes provides
moisture in addition to rainfall.

Ocotillo-Limberbush-Creosotebush Series
This series is confined to the northern portion of the

Central Gulf Coast within the range of Fouquieria splendens.
Southward from about Bahia de los Angeles, Baja California
del Norte, and in the vicinity of Guaymas, Sonora, this species
wanes and is replaced by the more southerly Fouquieria



Figure 137. Totcbveood-Caidon series growing in the lava flow at the base of the volcano Ttes vugeues
in Baja California del Norte. The dominant small tree is Bursera microphylla and the tall cactus is

Pachycereus pringlei, Additional important species are Encelia farinosa (foreground), Cercidium
microphyllum, Fouquieria diguetii, Jatropha cuneata, J. cinerea, Solanum hindsianum, and Stenocereus
thurberi. Photograph by '.R Hastings. (From Shreve 1964, Plate 27). Altitude 400 m.

Figure 138. Ocotillo-Limberbush-Creosotebush series near Bahia de los Angeles, Baja California del Norte.

Fouquieria splendens is the most conspicuous tall shrub and is joined by approximately 25 species of
woody and succulent perennials including Larrea tridentata, Jatropha cuneata, J. cinerea, Opuntia
acanthocarpa, Simmondsia chinensis, and Encelia farinosa Fouquieria diguetii and Pachycereus
pringlei grow nearby but are not seen in this view. Photograph by J.R Hastings. Altitude 20 m.



Figure 139. On marine deposits near the shore of Puerto Libettad; Sonora, is found the Frankenia series.
Frankenia palmeri and Atriplex polycarpa are almost the sole occupants of the in tetiluves. In the runnels
are Encelia farinosa, Jatropha cuneata, Euphorbia misera, and Prosopis glandulosa var. torreyana
Photograph by H. L Shantz. (From Hastings and Turner, 1965b). Altitude 15 m.

diguetii (Hastings et al., 19721. The series is common in the
course outwash on bajadas at the base of the coastal moun
tains, and occurs on both sides of the Sea of Cortez (Fig. 1381.
East of Puerto Libertad, Sonora, at an altitude of roughly 120

m, the three dominants, Fouquieria splendens, Sangre de

Drago {fatropha cunecte], and Larrea tridentata, are accom

panied by Encelia [atinosa var. phenicodonta as a subdominant,
with lesser amounts of Ferocactus acanthodes and Opuntia
arbuscula. Along runnels occur Ambrosia deltoidea, Opuntia
bigelovii, Pachycereus pringlei, and Lophocereus scbottii.

Frankenia Series
This community was described in the Lower Colorado

River Valley section. In the vicinity of Puerto Libertad,
Sonora, on a nearly level coastal plain, Frankenia is the clear
dominant andAtriplex polycarpa the subdominant. Euphorbia
misera and Iattopba cuneata are virtually the only other
shrubs. Cacti here include Opuntia fulgida and Ferocactus
acanthodes. Shallow runnels support Lycium californicum,
Prosopis glandulosa var. tottevatia, Larrea tridentata, and

Fouquieria splendens (Fig. 1391.

Cactus-Mesquite-Saltbush Series
This series is located on the level coastal plain between

Empalme and Potam, Sonora The community is striking
because it includes five species of columnar cacti: Hecho

(Pachycereus pecten-oboriginumi, Saguaro (Carnegiea gigantea),
Senita (Lophocercus schottiil, Organ Pipe (Stenocereus thurberil,
and Sina (5. alamosensisl. It is floristically diverse and includes
several genera represented by two or three species (Atriplex: A.
canescens and A. polycarpa; Bursera: B. micropllyiIa, B. odorata
and B. laxiilcta; [atropha: r cardiophylla and r cinerea; Lycium:
L. brevipes and L. berlandiens. Western Honey Mesquite
(Prosopis glandulosa var. torreyanal is the dominant plant and
with Cercidium praecox and the Bursera species forms a

conspicuous small tree layer. Desert Seep Weed (Suaeda
torreyana var. ramosissimal and the two species ofAtriplex are
the dominant shrubs. In addition there occur Citharexylum
flabellifolium, Sonoran Caper (Atamisquea emarginatal, Can
delilla (Pedilanthusmacrocarpusl, and Papache (Randia thurberil.
No vertebrates are endemic to the Central Gulf Coast

subdivision; themammalian, avian, and reptilian inhabitants
are species ofmore general distribution in the Sonoran Desert
and elsewhere. Although some less mobile forms as the
Banded Sand Snake (Chilomeniscus cincrus] are found on both
sides of the Gulf, many others are restricted to one side or the
other. Apparently, the long separation of the peninsula from
the mainland has had a greater effect on animals than on

plants. The latter have maintained a remarkable similarity in
species composition on both sides of the Gulf throughout the
subdivision
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Plains of Sonora Subdivision
Although the Plains of Sonora is the smallest of Shreve's

(19511 Sonoran Desert subdivisions, the actual area occupied
by desertscrub is even smaller than the area outlined. The
region is at the upper limits of rainfall for desertscrub, and
almost all of the subdivision's hills and mountains are better
described as thornscrub (= Sinaloan thornscrub], In addition,
the numerous small drainages are riparian scrub orwoodland,
and much of the area's extensive level plains were formerly
clothed by summer-active root perennial grasses and are

discussed as Sonoran savanna grassland. What remains is
desertscrub, consisting of open stands of low branching trees

interspersedwith an open vegetal cover of shrubs, short-lived
herbaceous plants, and bare ground.
In terms of winter rainfall and temperature, the plains of

Sonora is closely allied to theCentral GulfCoast andVizcaino
subdivisions. In summer its climatic affinities are more

similar to the Arizona Upland. Thus, it is characterized by
warm, dry winters and moderately warm and relatively wet
summers (Fig. 1111. There is a large range in summer precipi
tation values from approximately 190 mm at Presa Alvarado
Rodriquez and Carbo, Sonora, to 50 mm at Palo Verde and

Torres, Sonora.
The index of continentality of this subdivision lies be

tween the Central Gulf Coast and Arizona Upland (Table 231,
occupying an intermediate position among the Southwest
desert regions. Its vegetative participants show a marked
increase in tropical species from north to south, while main

taining a relatively uniform structure throughout Unlike
other subdivisions of Sonoran desertscrub, the vegetation is
dominated by trees, shrubs and forbs rather than a combina
tion of trees, shrubs, and cacti. All of this subdivision is
confined to the state of Sonora, except for depauperate phases
of Plains of Sonora communities that are present on a few
level habitats within the Arizona Upland subdivision. These
small enclaves lack cacti and are dominated by Olneya,
Prosopis and Cetcidium.
As its name implies, most of the Plains of Sonora sub

division is on level valley fill. Mountains, hills, bajadas, and
other upland habitats take up less than 15% of the region. A
reddish clay soil predominates. Drainages are mostly small
and rarely incised. Elevations range from just below 100 min
the west and south to above 800 m in the northeast
Its northwestern boundarywith the Lower Colorado River

Valley subdivision is determined by the decrease in summer

precipitation northward and westward as the gradually

descending plain approaches the Magdalena River. The

beginning of the Plains of Sonora ismarked by the appearance
of trees, a general reduction in Larrea, and, often, an increase
in herbaceous cover. To thewest, the transition to the Central
Gulf Coast region is poorly defined but occurs between 100
and 400 m elevation where the mean annual precipitation
decreases to less than 200 mm, In the northeast and in the
mountains, an increase in mean annual precipitation to more.

than 300 mm results in the formation of thornscrub or, in the
more xeric mountain locales, Arizona Upland communities
of Sonoran desertscrub. The gradual increase in precipitation
to the south and east, coupled with greater intervals between
freezes, results in an uneven increase in density of vegetation
toward thornscrub.
The subdivision's mean annual precipitation, based upon

the averages of eight stations, is 238.5 mm (Table 311 with
more than two thirds falling from July through September.
Freezing temperatures are of short duration and, although
night frosts may occur in most winters in the north, they are
infrequent to the south.
The dominant landscape physiognomy is an open stand of

leguminous, sun-loving trees (Fig. 1401, andwere it not for the
barren intervening ground, one could call the Plains of Sonora
awoodland These tree participants, which aremostly from4-
5 m to 8-10 m in height, are the unifying vegetative feature of
the region. The most prevalent species is the fire tolerant
Olneya tesota. often with good representation of Cetcidium
micropbyllum, and Prosopis velutina, the first and last of
which may dominate in size and numbers. Other important
trees are Cercidium praecox, Cercidium floridum, Retama
(Parkinsonia aculeatal, and Atamisquea ematginata. The last
has the appearance of a small oak. Another unusual tree is the
sclerophyllous evergreen Jito (Forcbammeria watsonil which,
although localized, helps characterize this part of Sonora (Fig.
141 I. Examples with shorter stature are from the adjacent
Sinaloan thornscrub and include lattopha cordata, Bursera

laxiflora, the red-orange flowered Tree Ocotillo (Fouquieria
macdougaliil, and the bright blue-flowered Guayacan (Guaia
cum couiten]. When in flower, the last two can give the desert
a far different aspect than the yellow and white flowers most
commonly seen during the spring season Sonoran Palo Verde
(Cercidium sonorae), a name applied to hybrids between C.

praecox and C. micropbyllum (Carter, 19741, is commonly
found in this subdivision because the region lies in a major
area of range overlap of the parent species. Still other trees,
such as TreeMorning-glory (Ipomoea arborescensl and Pochote
(Ceiba acuminatal, are indicative of short tree forest and are

Table 31. Data for 8 weather stations in the Plains of Sonora subdivision Data for each station include latitude and longitude (values rounded to
closest 0.1 C

I, altitude [m], average annual precipitation [mm], and abbreviated name as used in climographs of Figure Ill. Data from Hastings and
Humphrey (1969b).

Abbreviated Altitude Average annual
Station name name Latitude Longitude [m] precipitation [mm]

Carbo, Son CARB 29.7 110.9 464 309.3
Felix Gomez, Son. FEGO 29.8 111.5 675 293.9
Hermosillo, Son. HER 29.1 111.0 211 242.3
Palo Verde, Son. PAVE 29.1 111.4 60 125.7
Presa A Rodriguez, Son. PRAR 29.1 110.9 211 303.4

Querobabi, Son. QUE 30.0 111.0 650 261.3
San Enrique, Son. SNEN 29.0 111.4 90 227.6

Torres, Son. TOR 28.8 110.8 275 144.5

Subdivision Average 238.5



Turner Sonoran Desertscrub 219

Figure 140. View of the Brittlebush-lronwood series of the Plains of Sonora subdivision north of
Hermosillo, Sonora. The upper canopy of this vegetation is dominated by Olneya tesota, but is also
characterized by Fouquieria macdougalii, Bursera confusa, Cercidium praecox, C. microphyllum, and
Prosopis. Three species of large cacti are common: Lophocereus schottii, Stenocereus thurberi, and S.
alamosensis. Encelia farinosa, almost leafless in this view, is the main low shrub. Shrubs of taller stature
here include Mimosa laxiflora, Guaiacum coulteri, Phaulothamnus spinescens, and Randia thurberi.

Photograph by f.R. Hastings. Altitude 395 m.

mostly confined to drainages.
Understory species are mostly irregularly spaced and

shrubbery is more dispersed than in other Sonoran Desert
subdivisions. An exception is brittlebush, or Encelia, which
reaches its maximum development here and, with Olneya
tesota, forms the region's most prevalent series and provides
the alternate term- Olneya-Encelia region (Shreve, 1951).
Larrea, except in the northwest, is local. Other species of

frequent but rarely monotypic occurrence include:

Whitethorn Acacia (Acacia constricta)

Caesalpinia (Caesalpinia pumilal
Fairy Feather Duster (Calliandra eriophyllal
Desert Hackberry (Celtis pallidal

Cordia (Cordia parvifolial
Sonoran Croton (Croton sonorae]
Coursetia (Coursetia glandulosal
Kidneywood (Eysenhardtia orthocarpa)
Jacobinia (Jacobinia ovatal
Hierba de Cristo (Lantana horrida)
Tomatillo (Lycium brevipes)
Mexican Jumping Bean (Sapium biloculare)
Yellow Trumpet Bush (Tecoma stans)
Graythorn (Zizyphus obtusifolius)

Cacti, while common, are less prevalent than in all other
Sonoran Desert subdivisions but the Lower Colorado River

Valley subdivision. The most conspicuous and widespread



Figure 141. lito [Porchammeria watsoni] (upper left) in the Plains of Sonora west of Ures, Sonora. The
appearance of a large evergreen tree in such an arid region is somewhat a surprise. Altitude 375 m.

species are: Sina (Rathbunia alamosensisl, Organ Pipe (Sten
ocereus thurberil, Senita (Lophocereus schottn], and four
chollas (Opuntia arbuscula, 0. fulgida var. mammillata, 0.
leptocaulis, 0. thutbeti; Indeed the region's plant diversity is
low when compared to such adjacent tropic-subtropic
biomes as Sinaloan thornscrub and the Arizona Upland and
Central Gulf Coast subdivisions of Sonoran desertscrub.
Because its arboreal dominants and open ground cover are

found elsewhere in the Sonoran Desert, and because of its
transitional nature toward Sinaloan thornscrub, the animal
inhabitants of the Plains of Sonora show affinities to both of
these biomes. No known vertebrate is restricted to any of its

series. Instead its fauna are the tree-requiring [e.g., Harris
Hawk, White-winged Dove, and Urosaurus ornatus] and

burrowing species e.g., Kit Fox, Burrowing Owl (Athene
cunicularun, Gopherus agassizi. Heloderma suspectum, and
Crotalus cerastes found in other Sonoran Desert communities.
It is also here that southern thornscrub species such as the

Elegant Quail and Beaded Lizard (Heloderma horriduml reach
their northern limits. A very few species such as the Sonoran
Green Toad (Bufo retiformisl are centered here; it and such

grass-scrub species as the Masked Bobwhite and Terrapene
ornata, which find their western limits here, attest to the

region's former and recent grassland history.



Figure 142. Magdalena subdivision community near San [aviet, Baja California del Sur. The absence of
Fouquieria columnaris and Pachycormus discolor, the presence of relatively short Pachycereus pringlei,
and the low frequency of Agave and Yucca set this subdivision apart from the adjacent Vizcaino subdivision
to the north. Species growing at this site include Lysiloma candida, Larrea tridentata, Jatropha cuneata,
Cercidium microphyllum, Pachycereus pringlei, Stenocereus thurberi, and Opuntia cholla Photograph
by T.R Hastings. Alt 425 m.

Magdalena Region
This southernmost subdivision of Shreve's Sonoran Desert

barely crosses our southern boundary for the Southwest on
hills and slopes near San Ignacio in Baja California del Sur. As
do other of Shreve's subdivisions, the moister mountainous
habitats of the Magdalena region support vegetation that is
too dense to be classified as desertscrub (Fig. 142). Most of the
"desert" area in this subdivision occupies a plain with rainfall
generally less than 200 mm or, near the Pacific shore, even
less than 100 mm. The vegetation here is unmistakably
desertscrub. Southward toward the tip of the Baja California
peninsula, the arid coastal strip narrows and the vegetation
becomes increasingly dense and tall in response to the more

favorable moisture conditions. Here, and along the eastern

drainage divide between the Pacific Ocean and the Sea of
Cortez, the desertscrub increases in density, forming a

transitional community between desertscrub and forest.
Toward the "cape," it forms a biome analogous to Sinaloan
thornscrub and Tamaulipan thornscrub, both of which also

merge into tropic-subtropic forestwith increased precipitation.
Therefore at least some Magdalena communities may be

better described as northern extensions of a San Lucan

deciduous scrub. This descriptive terminology is based on

Dice's (1943) terminology for the biome's biogeographic
center and the fact that most of the plants shed their leaves
during the winter-spring dry season Avoidance of the term

thornscrub is in deference to Shreve (1937) and later
Humphrey (1974) who objected to the designation "thorn
forest" for the short tree forest (= San Lucan deciduous forest)
that characterizes the Cape region farther south; thorny
acacia-type trees beingminor constituents in this biome. This
is true also of the shorter deciduous scrub which shares many
of the same species as the forest, although its cacti (Opuntia
cholla, Stenocereus gummosus, Lophocereus schottii, and Steno
cereus thurberi) are certainly spiny and a number of its non
tree constituents are thorny [e.g., Fouquieria diguetii).
Whatever the designation, these landscapes lie almost

entirely outside the area under present consideration and
need not be discussed further here. Those extending their
travels and investigations on the Baja California peninsula
south of parallel 27° 30' N are urged to consult Nelson's
(1922) comprehensive, and still valuable, work on the biota of
Baja California, as well as Shreve's (1937, 1951) classical
treatments on the region's vegetation.




