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Editorial
Editorial -Halophytes. When rocks of the earth's crust

break down to form soil, various products of physical and
chemical degradation may come together to form salts.
Since salts dissolve readily in water they are constantly
being flushed from the land surface into the world's
oceans. hi desert regions, however, where a large amount
of the natural rainfall evaporates before it can reach the
sea, soils may become salty. Internal drainage basins with
no outlet to the sea also become salty.

Anywhere on earth, in any particular soil, there will be a
small to large concentration of salts. Indeed, nutrients re-
quired by living plants are absorbed by the roots as dis-
solved salts in the soil water. In desert regions, however,
where soil may quickly dry out, the salts which had been
dissolved in a large quantity of water may suddenly be
dissolved in a relatively small quantity of water. As rains
soak into dry desert soils there may be formed soil pockets
which are damp but isolated from moist soil at much
deeper levels. The salts may not be driven down past the
plant root zone as efficiently as in non -desert regions. Dur-
ing repeated cycles of wetting and drying the water in such
desert soils may become saturated with salts.

Any normal plant with roots in such soil will be sub-
jected to considerable physiologic stress because the high
osmotic concentration of the bathing solution will tend to
extract water from the plant. The normal processes of
absorption by the feeder roots would come to an end and
the plant would probably wilt even though the soil still
had some water. It is a testimony to the ruggedness of

desert plants that many are capable of surviving and even
thriving in such salty situations.

Halophytes are specialized plants which have physiolog-
ical mechanisms to overcome the stress described above.
Halophytes, simply stated, are plants which are tolerant of
salty soil or salty water. Because of the physical nature of
desert soils and their water relations, there are relatively
more halophytes in the deserts of the world than in
forests, woodlands or grasslands. Indeed, there is often
found a relatively high degree of salt tolerance in many
desert plants which we do not customarily think of as
being classic halophytes.

We seem just now to have reached the point in the his-
tory of the earth where a series of breakthroughs might be
possible, indeed might be necessary, to allow the de-
velopment of salt tolerant crops -crops which might
either be grown with sea water or which might be grown
in salty desert soils or a combination of both. Research in
this fascinating area is right now being advanced through
investigation of a number of lowly desert plants which a
few years ago were of so little importance that no one
would have predicted them to be of any future use by man.
At a time in history when plant species are becoming en-
dangered and then extinct, we may have precious little
time to take full advantage of our resources. For this rea-
son, halophytes from around the world are now being
studied in an attempt to preserve as many as possible in
a germplasm bank in Tucson, Arizona as described in
this issue.
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New Salt Tolerant
Crops For the Sonoran
Desert1

Nicholas P. Yensen,
Miguel R. Fontes,
Edward P. Glenn and
Richard S. Felger
Environmental Research Laboratory,
University of Arizona

1A project of the Desert Development Foundation, ERL,
Tucson International Airport, Tucson, Arizona 85706 (A.
Blake Brophy, Director). An earlier draft of this paper was
presented at the VI Simposio Sobre el Medio Ambiente del
Golfo de California in Hermosillo, Sonora, 8 -12 April,
1981, and is due to be published in the Memorial of the
Symposium.
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The United States loses 200,000 to 300,000 acres
of cropland to salt build -up each year. This
phenomenon is not unique to the United States. The
world's first agricultural region, the Tigris -

Euphrates, is a classic example of how salt build -up
can contribute to the fall of a civilization. In Perú
the original Inca civilization survived by retreating
into the Andes as the salt in their fields exceeded the
tolerance limits of their crops. Today's conventional
crops cannot survive more than 5 parts per thousand
(ppt) or 5,000 parts per million (ppm) of salt.

Because only about one percent of the land on
earth [according to Espenshade (1960) this is equal
to 14.6 x 109 hectares or 57.467 x 106 square miles]
can be irrigated with fresh water (Israelsen and Han-
sen, 1962:9) and since our population needs are ex-
ceeding our food supply, the ancient dream of grow-
ing food with salt water may become a necessity.
-This type of agriculture, however, is extremely dif-
ficult since conventional crops are 1)derived primar-
ily from plants without salt tolerance (Somers, 1979)
and 2) highly inbred with little variability for salt
tolerance. Yet, Dr. Emanuel Epstein and associates
(1979) at the University of California at Davis have
produced highly salt tolerant tomatoes and barley;
albeit productivity was lower.

Another idea is to find salt tolerant plants
(halophytes) in nature and see if they are edible, as
Dr. Fred Somers of the University of Delaware has
done. Boyko and Boyko (1966) and Somers (1979)
have conducted pioneering work in finding natural
edible halophytes. This concept capitalizes on the
fact that halophytes grow well in seawater and may
even have high productivity rates. The object, then,
is "to find halophytes that can be eaten."

We began our search for edible halophytes in the
Sonoran Desert with the participation of Dr. Fred
Somers of the University of Delaware, Juan Reprieto
and Alejandro Castellanos of CICTUS (Centro de In-
vestigaciones Científicas y Tecnológicas), Raul
Aguilar of Ciencias Marinas in Ensenada, and even-
tually with Ing. Carlos Mota of INIF. The search
used 4 -wheel drive vehicles and satellite photo-
graphs to determine the collection localities.

One of the first edible halophytes collected, Dis-
tichlis palmeri (Fig. 1), has a seed similar to that of
wheat (Felger, 1978:143). The plant grows in dense
stands in the esteros of the northern Gulf of Califor-
nia where Cocopa Indians once gathered the grain
from the beach (Fig. 2) and made bread (Vasey, 1889;
Castetter and Bell, 1951).

In the Sonoran Desert we found 24 species of
halophytes that can grow in seawater. We germi-
nated their seeds on fresh water in greenhouses at



Figure A. Vertical columns of matted salt grass (Distichlis
sp.) in northern Chile growing through rock salt over a
meter deep.



Dr. Ricardo Luti examines Cereus validus, a cactus grow-
ing in highly saline soil at Salinas Grandes in Argentina.

One aisle of the living portion of the world halophyte
germplasm bank in Tucson, Arizona.



Figure 1. Distichlis palmeri, a halophyte endemic to
the northern Gulf of California, has wheat -like seeds
which were harvested by the Cocopa Indians to make
into bread.

Figure 3. Greenhouses in Puerto Peñasco, Sonora, Mexico
used to germinate halophyte seeds. Dr. Ed. Glenn in
background.

ii ,%%ó¡%%%a%

/%

ii.<, ":

Figure 2. Beach drift of Distichlis palmeri seed.
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Figure 4. Halophyte fields in Puerto Peñasco, Sonora,
Mexico. Blake Brophy examines the seed head of Atriplex
lentiformis which was grown on full strength sea water.



Figure 5. Seawater drip- irrigated Batis maritima being
used as a ground cover in Puerto Penasco, Sonora, Mexico.
The Seri Indians are reported to have used the starchy
roots to sweeten their teas.

Puerto Peñasco, Sonora (Fig. 3). As the seedlings
grew they were switched to seawater and planted in
sand plots where their productivity was measured.
Productivity rates of some species were greater than
the United States average for alfalfa. With these en-
couraging results we planted larger fields.

Irrigated with waste seawater from a shrimp
aquaculture facility, the plants showed rapid growth
and in nine months some were over a meter high
(Fig. 4). Over two acres of irrigated Sonoran Desert
were used to grow new potential foods such as Dis-
tichlis palmeri and Batis maritima (Fig. 5). The lat-
ter species has an edible root. Salicornia europaea
produced 22.7 metric tons per hectare, dry weight, or
more than the average tonnage produced by wheat,
corn or barley.

The Rockefeller Foundation was impressed with
these results and supported a world search for more
species. In 1980 we visited South Africa, Chile, Perú,
Brazil, Argentina, New Zealand and Australia. We
found species in the high Andes where burros and
llamas grazed on plants in water saltier than the

ocean and growing under ice (Fig. 6). We also col-
lected obscure tropical halophytes such as those
from Brazil's arid region. Everywhere we met with
enthusiasm.

In Perú Dr. Pedro Aguilar learned the collecting
techniques and has started a halophyte agriculture
program. In Argentina Dr. Ricardo Luti showed us
Salinas Grandes where halophytes grow in water
twice as salty as the ocean. Ing. Rolando Braun, Di-
rector of IADIZA (Instituto Argentino de Inves-
tigaciones de las Zonas Anidas), showed us species
of Atriplex (among the fastest growing plants) that
are being used as forage.

In Australia Dr. Clyde Malcom gave Dr. Miguel
Fontes seeds from his world collection of Atriplex
species. In Chile scientists from CORFO (Corpora -
ción Fomento de la Producción) guided us to saline
areas where the ground was covered with rock
salt ... except for some amazing halophytes that
formed vertical columns over a meter high (Fig. A). In
Argentina with the aid of Ing. Jaime Serrra we found
halophytes growing in a mixture of oil and seawater



Figure 6. Halophytes in the high Andes Mountains being
grazed by burros. Some of the halophytes are under ice
and in salty water (10 ppt).

Figure 8. Halophytes growing in a mixture of oil and sea-
water may be seen around Ing. Jaime Serra of I.N.T.A.
where a natural river of oil flows into an estuary along
the coast ofPatagonia, Argentina.



Figure 9. In Argentina Spartina longispica grows in tidal
flats where it is grazed by cattle. The plant also produces
a grain.
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(Fig. 8) near Tierra del Fuego.
But, what good are halophytes? Some are obvi-

ously ornamentals. Others have grain or berries.
Goats and cattle readily forage on halophytes, such
as Maireana brevifolia which is well liked by Cattle
in Australia. Spartina longispica of Argentina is also
grazed by cattle (Fig.9), has a wheat -like seed and
grows in seawater. Prosopis algarobo, which can
grow through salt, feeds goats, cattle and sheep on
20,000 hectares in Chile (Fig. 10).

Some halophytes have potato -like tubers with
leaves and flowers that may be eaten. Even mush-
rooms were found at Salinas Grandes growing in
water twice as salty as the ocean. In Argentina at-
tempts were being made to drip -irrigate plants with
highly saline water half the salinity of the ocean. In
Puerto Peñasco we use full- strength seawater from
wells such that the water can recycle back (Fig. 11) to
the sea. With this system the soil salinity and perco-
lation rate has not changed in two Years.

The use of halophytes, however, could make an
impact on today's food production. Using salt -
affected lands we might grow animal feeds such as
Cressa truxillensis. Our preliminary studies indicate
that food conversion ratios are not significantly af-

Figure 10. The legume bearing trees Prosopis algaroba
and P. tamarugo feed hundreds of sheep, cattle and goats
in CORP() maintained forests in northern Chile.
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feeted when halophytes 1:1 fiftem percent of
the total diet. Although we are Just beginning to
evaluate the world material in our halophyte germ
plasm hank tapproximately 1,000 collections), the
results suggest that much can be done to feed our
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Landscaping for
Energy Conservation1
Martin R. Yoklic

This informal west entry is canopied by Mesquite which
offers enclosure to the space while protecting the struc-
ture and the garden from hot summer afternoon
radiation.

1A version of this article originally appeared in the ASEA
Sunletter, Volume 2, No. 2. April, 1981.

Introduction
The climate within a structure is the result of

thermal interactions of the architecture with the
climate on the site and the regional climate. We
cannot affect the regional climate and, in the case of
existing buildings, can make only minor changes in
the thermal characteristics of the structure. But we
can reduce the climatic extremes that the structure
must deal with by creating a more favorable micro -
climate around it.

A microclimate is the essentially uniform local
climate of a small site or habitat. The climate within
a dwelling is itself a microclimate, albeit artificially
created by either an active system, a passive system
or a combination of both. An oasis is also a natural
microclimate.

Human comfort in most of our existing housing
stock is provided by active systems, employing
non -renewable fossil fuel resources. In desert regions
of the Southwest, where air conditioning is a large
energy drain, improving the energy efficiency of the
existing housing stock is particularly important.
High technology solar energy solutions for air condi-
tioning are often prohibitively costly. Passive
technologies proven effective on new dwellings are
not readily adaptable to the site and structural con-
straints of older housing. At present the most effec-
tive ways to improve the energy efficiency of these
older homes involve insulation, shading, and new
applications of the old standby for desert cooling, the
evaporative cooler. Coincidentally, shade, in-
sulation, and evaporative cooling are the same
elements that afford climatic modification in the
oasis and the same elements by which landscaping
can be used to improve the microclimate around
a structure.

The use of landscape design in microclimate im-
provement for human comfort is not new; garden
designers have created or improved the climates of
sites of various scales for centuries. There is a differ-
ence, however, between a landscape designed
primarily for visual appeal which secondarily pro-
duces a more comfortable microclimate, and a land-
scape designed primarily to create or improve a mi-
croclimate. That is, form follows function more
strictly in the latter.

Analysis and Planning
The first step in developing a landscape plan that

effectively creates a microclimate in which a struc-
ture can perform more favorably is an analysis of its
site and orientation. This includes looking at a
building's exposure through the seasons, any rela-
tionship with nearby structures, local wind patterns,
and existing microclimates.

Next, the structure's thermal characteristics must
be acknowledged. Each of the materials that makes
up our environment has a different thermal response
to solar radiation. The amount of radiation absorbed
and reradiated by a surface depends on its color, tex-
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Architectural supports for vining plants may be temporar-
ily covered for immediate shade effect. The Grape,
Thompson Seedless, in this application should cane suffi-
ciently in one season to discard the inexpensive cover for
winter heat gain on this south exposure. Designed by
Martin Yoklic.

ture, density, and heat conductivity, as well as its
moisture content. In certain situations, exposure of
an architectural element allowing heat storage may
be appropriate in certain seasons. Conversely, be-
cause materials that make up our built environment
have this reradiating capacity, our protecting them
from heat gain may be equally important.

By synthesizing the site and orientation analysis
with a knowledge of the thermal properties of the
architectural materials and, whenever possible, the
experience of those who live in the structure, prob-
lem areas which are amenable to improvement by
microclimate change can be identified.

Plant Materials and Solar Radiation
Reflection. Plants have characteristic responses to

solar radiation, just as architectural materials do,

Autumn 1981

A cool invitation with a low water need is accomplished
here while protecting the northeast exposure from sum-
mer morning sun. Canopy plantings include Olive, Texas
Ebony and Rhus lancea. The dense shade reduces the
water required for more luxuriant ground covers of Vinca
major and Ivy.

which must be kept in mind in selecting them for
microclimate improvement. Because of their color
and texture, plants reflect less solar radiation than
do architectural materials or bare soil. As a result,
they reduce glare and the possibility of one surface
absorbing heat and light reflected by another.

Absorption. Plants depend on solar radiation for
photosynthesis and growth. Transpiration (a siphon-
ing action that brings water with necessary nutri-
ents to the leaves) uses solar radiation in changing
this water to a vapor at the leaf surface. This evap-
oration has important implications for cooling
where convection can be used advantageously to
channel this cool moist air. This cooling potential is
dependent upon the plant's transpiration rate, the
area's convective potential and the availability of
water to the plant's roots.
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Transition from desert to oasis living space. Shading
structure on south exposure offers seasonal protection
with deciduous grape covering front of structure and Lady
Banks Rose in rear. Canopy protection on west exposure
is provided by Mesquite. Designed by Warren Jones.

Transmission. The amount of solar radiation that
is intercepted by a plant or transmitted through it
depends on its form, structure, type of foliage, prun-
ing and other maintenance practices, and the season
of the year. Plants may completely block the sun's
rays or filter them. Plants with foliage in multiple
layers, or a dense canopy, can be used to block solar
radiation. Deciduous plants when dormant or those
with open loose foliage can be used to filter the sun.
Shadow patterns also vary with the type of plant
used and interception or blocking of the sun can be
reduced by pruning or thinning.

Function of Plant Forms
Plant materials influence the nearby climate by

their structure, form, color, texture, and their biolog-
ical response to solar radiation. Diurnal, seasonal
and annual changes in plants also affect the micro -
climate.

Ground Covers. Ground covers shade the soil sur-
face beneath them and thus prevent the soil from

absorbing and reradiating large amounts of heat
creating lower maximum daily temperatures than
those where vegetative cover is lacking.

Shrubs. R. Gieger (1950) pointed out that the main
difference between shrubs and ground covers is in
the character of the air space enclosed within them.
Temperature and humidity remain high within
shrubs because convection is difficult. The dense
structure of shrubs can prove useful either in con-
trolling or directing air flow or in providing an in-
sulating dead air space between the outside air and
an architectural element.

Vines. Vines are very versatile and, being easily
maintained and fast growing, are very useful for mic-
roclimate enhancement as well. Their most com-
mon function, whether self - climbing, trained to
climb over a structure, or allowed to creep over bare
ground, is shading. On the ground they function like
a ground cover. Against a wall they both shade and
insulate. Their use along horizontal structures, such
as ramadas and pergolas, gives them the same effect
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The fully matured plant materials in this inviting west -
exposed entry port include deciduous Wisteria floribunda
on the ramada that flowers profusely in the spring, Ficus
pumila on the masonry wall, and Japanese Boxwood
along the walk. Designed by Guy Green.

as trees. Like trees, they can be selected to be either
evergreen or deciduous. Vining plants are particu-
larly useful in areas where planting space is limited.
When well maintained, some types can grow for
long distances from their root zone, shading large
areas while using very little planting space.

Shade Trees. Under the canopy of trees there is a
large body of air many feet deep which is marginally
dependent on the climate above the canopy, depend-
ing on the type of tree and other factors (Gieger,
1950). This air layer beneath the tree receives water
vapor from the canopy, and if the ground surface is
covered by vegetation, from this source as well. In
hot dry climates the combination of these two
moisture -producing surfaces may have a great cool-
ing effect upon the enclosed body of air. (Deering,
1952).

Cooled air will flow by convection into the open
and can be channeled to our benefit. When tree
plantings are used near a building, low openings in
the structure in conjunction with ventilation allow
this cooled air to move through the structure.

Temporal Considerations
Diurnal Variations. Plant materials effectively

moderate the microclimate, -the air space enclosed
or affected by them. Daytime air temperatures are
lower and humidity higher in the area sheltered by
plants. In this arid region the frequently occurring
clear night skies, especially in the spring and fall,
allow heat stored by surfaces to reradiate to the at-
mosphere and significant cooling results. But the
canopy effect of plant cover protects the enclosed air
mass and any associated architectural element from
this phenomenon.

Seasonal Variations. Plant materials seasonally
moderate their local climates. While vegetative
cover reduces heat gain in summer, it also lowers
ground surface heat loss in winter, mainly by pre-
venting convective heat loss.

Long Term Variations
The projected size of a plant at maturity is an im-

portant consideration in its use for microclimate
improvement. The full potential may not be recog-
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Paving textures, architectural details and plantings of
fragrant Star jasmine, Variegated Pittosporum, Vinca
major, and Olive make for an attractive, comfortable
garden even though exposure is to the south and west.

nized for a number of years. Therefore it is some-
times necessary to incorporate both fast and slow
growing species in the landscape plan so preliminary
effects are realized in a reasonable time. Alterna-
tively, if an improper selection is made, the desired
effect may not be attained and the plant could be-
come a burden to the realization of the full land-
scape potential.

Concluding Remarks
Landscaping should be considered by those look-

ing for an appropriate technology for improving the
thermal performance of our existing housing stock.
Landscaping is a well suited technology for passive
cooling in the arid Southwest since plant materials
can function as shading devices, can effectively insu-
late, and can increase the moisture content of the air
they enclose. Plants also control wind velocity or
direction, reduce glare, filter sunlight, and absorb
solar radiation.

A landscape design for energy conservation re-
quires analysis of site, orientation and architectural
materials. This research can lead to the identifica-

tion of opportune areas for microclimate improve-
ment with plants. Portions of a structure in need of
protection, avenues of ventilation, or flywheel areas
can be created or enhanced. Identifying the con-
straints and capabilities of a site and structure, and
using the natural attributes of plants as tools, pas-
sive improvement of human comfort can be
achieved in older housing.
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Vegetation of the Gila
River Resource e
Eastern izona
W. L. Mineley and
Thomas O. Clark
Department of Zoology and
Center For Environmental Studies
Arizona State University, Tempe, Arizona
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Introduction
Lands along- the Gila River arid its tributaries imme-

diately norfliensi: of Safford, ArizoiNi (Tig, 1), are gener-
ally considered a broad transition between Chihuahuan
Desert to the east and Sonoran Desert to the west. How-
ever, streams flow from highlands that are intimately asso-
ciated with :lie -Rocky Mountain and Plains provinces to
the not th and n,.-:thea,r., resnectis.,ely, and to the south are
"sky islands,' disjunct 11,...untair . ranges iwrge with
the notibwesi.era Mexican. Plal.eau (1.3ro',-yn ;ind Love
19781 Along thee routes, unique biological communities
and individual species have gained access to the
Many kinds of piams and animals occupy the area, but
some species seem to have been blocked by past or pre,ent
conditions from moving into or dispersing through it The
region is one of the better studied tarts of Arizona from
the standpoints of geology and water resources, because of
important mining and agricultural interests, but biological
informmion is scattered and sparse.

This report provides t3,2scriptave information on vegeta-
tion of the area based upon field work conducted from
October 1976 through September 1979. intent of the study
was to obtain baseline information prior to potential de-
velopments, and it was accomplished under Contract No.
YA-512-CT6-216 from the U.S. Department of Interior,
Bureau of Land Management, to Arizona State University

Description cd the Area
The Gila River Resource Area lies mostly below 1,500 m

elevation (with the notable exceptions of the tops of Tut-
tie Mountain and Guthrie Pe,.47.; Fig. 1), Topography is
ca:acterized by relatively parallel mountain

rurrounded by broad, g,.:atly sloping alluvial val-
and is part of the Basin and Range Physiographic

1.;siince of Fenneman 0931) Major structural features in-
clude the Pinaleno (Graham), Gila, :rid Peloncillo moun-

- ?7,
4,1

îUíte
"J.

-, n ,

; 9 '

=4-i-

I ..

Bor ta

SnTr ar,cisco
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Figure. 1. Clio River Resource Area. eastern AfLo
(within ela..:Lfzi s!,:o w iux sorne place names men-
tioned ro 7h3,7, and
tours are 1,.50,j. 2,000 in, left to aght,
width of the sketch :rap bout 32 km.
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tains, rising above alluvial basins-the Safford and Dun-
can valleys-which were filled during the same orogenic
periods that produced the adjacent mountain ranges
(Clarkson 1979}. Perennial streams and many ephemeral
watercourses are deeply incised in congl(imerates and
other strata, and flow through alternating canyons and
open valleys. Soils of upland areas are locally derived from
heterogcnous strata (Martin and Fletcher 1943), and gener-
ally arc. Gray Desert types developed from granites, gneis-
ses, schists, and limestones (U.S. Soil Conservation Ser-
vice 19751. Alluvial soils are of more distant origins, and
may be thick, of heavier texture. and sometimes contain
zones of salt deposition (Lapham and Neill 1904). Essen-
tially ;I'd soils are therm i( in nature (mean annual temper-
aturc at a depth of ca. 50 cni of 15-22,' Cl, and are classed as
semi-arid (average annual precipitation 25.4-38.1,cm) (U.S.
Bureau of Land Management 1978!.

Table 1. legal descriptions of selected transet.t origins and directions of
transeci lines in degrees from oue north Gila River Resource Area,
eastern ASILZOlia, Transect lengths were t,0S0 m unless otherwise
noted.

Tran- Legal Descriptions and
sects Tiansci t Habitats

CL-1
GL-2 NE »1 TtiS R28E,S28. 100'

NWsNE ,,T6S,R28E,S29 260°

GL-3
GL-4
GL-5

NW'fi ILS R28E,S29 000°
SE1/2,SE,r4,T5 S RISE S20. 000'
NE V4 SE'4,T6S R28E S21, 180'

CL-6 NIE'4,NEV4,T6S,R28E,S21. 165'
GL-7 NE1/4,SW1/4,T6S,R28E,S21., 350'

B -1 NE1/4 ,S WY4,T6S,R28E,S16. 340'

B -2 SEV4,NW1/4,T5S,R27E,S36. 330'

B -3 NW1/4,SW1/4,T5S,R27E,S10. 340'

B -4 SW1/2,SVP/i,T6S,R28E,S1.6. 330'

B -5 SVP/I,SWV.,T5SR.,..'1,,,'.;36. 110'

B -6 SW1/4,NE.V.4 15S,R27E,".,i0 270'

E t4,5E1.4,T5S,R2..AS30. 340'

E -2 SE1/4 ,SW1/4,T5S,R2,9E,S18. Oar

E -i
E -4

NW 94..NEV4,T4S,R28E, S35 270'
SW14 R.? 280'

E S SEY4,NWV4,T+S, 270'

E -6 NWV4,1\11V1/4,1-4S,R2.31:2,S26 270'

SE-1 SW 1/4 NW1,/, ,T5S,R29E,S14. 0 f 0°

SP-2 NW1/4,NA, VA T5S,R29E,S24.01,7r

GU-1 N.E1/4,NWV.., 1-56,R29i,..,S2.7. 270'
GU 2' NE1/4 SE1/4.7-3S,R30E,53. 110°

CU-4
GU-5
GU-6

SE1-4,NE1/4 T5S,R29E,S.17
SE1/2 ,SE1.4 ,T5S,R3OE S31 12ii°

GU-7 NE,4,SW,/,,T5S,R29E,S27 220'

CU-8 NIN1/4,SW1/4,1-5S,K30E,S30 000'

Bosque, recent alluvium
Bosque recent alluvium

Dry drudsnyon
side canyon

Terr9.,,te. till
f753 o
TerraLL., valley filI

r.dand, dìeuted
v1 ce fill

npanan.

B ri a.z; - cafed uparían,

Brfiad- leafed riparian,.

Upland dissected
vìle' fi.11
U!1! ai,d, lissected
val1-7 fill

valley
,olkanics

liti-,ad.;..-afed riparian,
a111.u..-1.um

riparian,

aide canyon
Upla dissected
viiiiey
Upland, valley

ru F CS

Upland. dissected
se!ilry
Broad-icafzd riparian,

valley ii
11,,1ue, .enn ;1;1,1-vim,
Bosque. r,cent .1 U

(73S Ill;
Dry side canyon
Terrace, valley fill
Terrace, valley fill
(840 ri4
Upland, dissected
Nerisier fir

' di:-.sected
F164Om ;

GU-3 was established
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The study area is generally included in the Southeastern
Section of Arizona of Green and Sellers (19641 with regard
to climate. Precioinnion is strongly bi-seasonal, charac-
terized by winter rainfall (snow rarely occurs), spring
drought, and summer-autumn monsoons Lowe 1967). An
example of this variation. for the pcnod 1893-- 1965 at Chi-
ton, Arizona, is as follows (Ein'alaain 1)70): winter 12.3 a.-
7.4 cm ( ± one standani. ;.1via.tioril, spring 1.9 z 1 8; and
summenautumn 18.2 ± 5.8 cm (mean annual precipita-
tion 32,3 n- 9,9 cml, Temperatures along the Gila River are
mild to warm throughout the year. Below freening tem-
peratures are rare at Safford, even in the coldest winters.
At Duncan, Arizona, freezing temperatures are not un-
common in the period December through February. Day-
time temperaturtSln colder months typically reach 20-25'
C, and ranges of 15-20' C ir a single day are not uncom-
mon. Summer temperatures often reach 32-38° C in mid-
afternoon. Low humidities arc the rule, and evaporation
rates irnm water surfaces fall between 7 and 10 times the
average annual precipitation (Green and Sellers 19641.

Methods and Materills
Permanent transtnais (Table 11 were arbitrarily estab-

aal early in the study for sampling of vegetation and for
cenaus of mammalian and avian populations to be pre-
sented elsewhere). Vegetational data developed for
selected transects include frequency of oectranocc IZim-
merman 19691 and tree counts (Anderson et iL 1977a).
Vegetation description on the basis of spot sampling
(Zimmerman IQ691 was accomplished by noting species'
presence In a circular 250-m2 plot at ca, one-km intervals
throughout different parts of the study area and its envi-
rons. This provided infonnacion on frequency of occur-
rence of major woody species, plus Cactaceae and
Agavaceat. and their distributions along various environ-
nactital gradients. Smaller forms, such as hedgehog and
fishook cacti (Echinocezeus spp. and Mammillaria spp.),
plus young ocotillo Fouquieria splenciens!, may be missed
by this technique, especially when they grew within beds
of Devil's cholla (Opuntia statilyi), so estimates for those
taxa are minimal

Direct tree counts, including for present purposes
specias of cacti and agaves, were made .li belts 15 m wide
on each aide of transect lines. Numbers of individuals of
each species and size clas&n, individuals were recorded
for each 30 in advance al,ang the transect. Data could
therefore be interpreted as rininbers ci plants per 150 m2
plot, or as numbers along flit.: line of transect.

cholla and certain growth ¡nuns mesquite
(Pru.vViS presented special samp,nng problems.
The foriner ,allant reproduces vegetatively, resulting; in
large clonal stands that exceeded 100 1112, At oth.r.1 times,
when reproduction results from fragmentation of larger
plants, a scattering of small fl .. 5,0 m2) clumps was pre-
sent. The average size of of this cactus was ca 7 5
m2, and that value was diviJd into the estimated ground

1The area studied is in a region of otage overlap between Pm-
.sopm ;u1i flora var. velatin.1 anti P u1ifrara var.
ney and Peebles et al, 19731, a.nd they both were plobobly pres-
ent on plots. Lehr (19781 lists these not as varieties oi ink-
flora. but as P, valutina and P. glanduloso var.
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Figure 2. Semi -desert Grassland near the summit of
Solomon Pass, Graham County, Arizona, ca. 1,380 m
elevation; summer 1977. Principal grasses are gramma,
brome, and cotton -top among a scattering of prickly pear,
low mesquite, and yucca.

covered by this species within each 150 m2 plot to be re-
corded as "number of plants." Mesquite also grew in low,
multi -stemmed clumps in areas of impervious soils or
otherwise inaccessible ground water (Lacey et al. 1975),
and under those conditions each clump also was recorded
as a single plant in tree -count data...

Foliage volume was obtained by measuring the distance
at which 50% of a board was obscured by leaves at various
height intervals at a series of pre -determined points on
each side of a transect. Leaf volume is computed from
these data by use of the formula:

K = logeD '
where K is foliage volume in m2 of foliage per m3 of space,
and D is the measured distance. Plant communities in the
Gila River Resource Area were assumed to be at local
climax condition, so foliage densities were measured once
at a time of maximal development, between May and July
(see Anderson et al. 1977). Plant identifications were by
McGill (1979), with nomenclature generally following
Lehr (1978) (see, however, Footnote 1).

Results and Discussion. Variations in the Vegetation.
Vegetational variation in uplands of the Gila River Re-

source Area may be attributed to altitude, topography (in-
cluding slope exposure), substrate, and land use. Uplands
are defined, for purposes of this report, as montane areas or
deeply dissected valley fills, with shallow soils and rela-
tively high percentages of exposed rock. The same factors
influence vegetation on terraces along the major streams,
and lowland habitats (riparian, washes, and side canyons),
with the additional controlling factor in lowlands being
depth to the water table.

Our development of information on vegetation of the
Gila River Resource Area is geared toward description and
presentation of data on the native biota. The U.S. Bureau
of Land Management (USBLM 1978) produced substantial
amounts of data on phenology of major plant species,
trends in amounts of forage available for grazing, and vege-
tation types relative to land use, and should be consulted
for additional information.

Upland Habitats. Topographic diversity of the Gila
River Complex, producing a mosaic of substrates, hydrol-
ogy, and climatic regimes resulted in a similar mosaic of
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Figure 3. Scattering of junipers on slopes along Bonita
Creek near the northern boundary of the study area,
Graham County, Arizona; autumn 1977. Mesquite and
hackberry in foreground are on a dry terrace of the creek.
Piñon pine occurs in this area on rocky ledges and in
narrow canyons, in the latter with various oaks.

vegetational cover on upland areas. Vegetation on gentle
slopes between 1,250 and 1,750 m was appropriately
mapped by Brown and Lowe (1978) as Semi- desert Grass-
lands. Pure grass landscapes were, however, rare, and most
had a high percentage of cacti and shrubs (Fig. 2). A veg-
etation map of the area produced by remote sensing tech-
niques (Treadwell et al. 1976) reflects this phenomenon.
Invasion of grasslands by shrubs in the last century, in
part a function of overgrazing, has occurred through-
out the region (Lowe 1967). Grama grasses (Bouteloua
spp.), brome (Bromus arizonica), cotton -top (Trichach-
ne californica), bristle -grass (Setaria sp.), and many others
were seasonally abundant in areas heavily used by domes-
tic livestock, and formed a perennial cover where
lightly grazed. Largest stands of relatively pure grasses
were present on Guthrie Peak and Turtle Mountain. The
uppermost part of Bonita Creek, north of the study area
on the San Carlos Indian Reservation, flows through a
well -developed Plains Grassland Association (Brown
and Lowe 1978), and the Eagle Creek drainage also has
such areas, although smaller in size, in its middle
reaches (downstream from Honeymoon).

Species characteristic of Interior Chaparral Associations
were scattered through upper elevations of Semi -desert
Grasslands. Included were scrub live -oak (Quercus tur-
binella ), buckthom (Rhamnus crocea and R. Cali f ornica ),
squawbush (Rhus trilobata), silktassel (Garrya wrightii),
mountain -mahogany (Cercocarpus montanus ), and rare
manzanita (Arctostaphylos pungens). Jojoba (Simmondsia
chinensis) was a major shrub along dry cliffs of Bonita and
Eagle creeks, and especially on open slopes of Solomon
Pass, west of the study area.

Fringes of Madrean Evergreen Woodlands penetrated
downslope through boundaries of the study area, co-
existing with small stands of Interior Chaparral within
larger areas of Semi -desert Grasslands Formation (Fig. 3).
A small, open Madrean Evergreen Forest on Guthrie Peak
was not mapped by Brown and Lowe (1978) or by Tread -
well et al. (1976). Other pockets of that formation were in
canyons that enter Bonita and Eagle creeks near the north-
ern edges of the study area. Scattered oaks ( Quercus
emoryi and Q. arizonica) and junipers (Juniperus mono -
sperma and J. deppeana) were concentrated on steep,
northerly -facing slopes in that area, and were joined there



Table 2. Occurrences of various perenmal )larits on se, e. plots from southwest to northeast over the northwestern flank of Guthrie Peak,
Greenlee County, Arizona, autumn 1978. Symbols: X a plot, and + - re,a.mts ldacent to a plat.

Taxa Sad:r : Pots
1 1 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2l 22 23 24 2..; 2f 27

Larrea t ridentatei X* X X X+, X X+ X X X

Pouquieria spienciens- 4- X X X X X-t.
Acacia spr . X 4- + X X X. X X X X X X X X

Cerridiv 'It- '.'.:,ritil..ma X i- -i- X X X
Pre.Aopts itilj X +- X X X XX XX XX XX X
7i7,-.,piltz,, ,n X X

:it2122sr..T. X X

A !.rii-dex Nw. X X X

,.;pwrtia ,,i,p ' ,X+ X X X X +X X X X X X X X+ X X X

Ernedra 1c,, lc zilena X
YZICf: 0 Spp X + 4- X X X X X 4

D,es,-.111-7,-: I.-I-we/en X X X X ,,-. X

; ;infieras rian. + X X X+ X X X
vuerta.: ra.r/,:- la XX X X X+ X X

rirte, :,..c:a Li : !- X

-,-. - 4 4-

Pi, ,h4la nuc-/,,,, J220 X - X X X X X

Unklion,n el.,?.nopock X X X X X X X X X
vhaea,antka sonne

TAAL 3. r)ceurronccs of various perent,-,,al plants or: pots along transects jet upland habitats, Gila Rvici Ccreplex, eastern Arizona,
1...nruer t') '13 Svnahol X -pre,' on a plt

'f'ransret B-6

Adua 1 irp X X N X X X X X X X X X X X X X X X X X X X X X X X
.Foacrneria vpkvc.`eizr: X XXXXXXXX X
Ep12e,11,2 rascicutara X XXXX

X. X X

L,hir.:,.ere.v..Y. Spr X X
OPCS/7/ii., spy, XXXXXXXXXXXXXXXX.NXXXXXXXXXXXXX
Prosop1.5abtf,. ta X X X X X X X X X X X X X *A X X X X N X X X X X X X X X X X X X X X X

Ll'Clum. sp? XXX XX XXXXXXXXXXXXXXXX XX XXXX X X X
iorbedn.t o spin ,,et x_ ,x X X _,, X X. X. X
...f:J.:rphn., otdunzfriaLL, X X X X X X X X X X
();:qitin .p.:m ,:aer X X X X X X X X X

/),,..,I ¡pa n2 ..1, 'it', it, ,_! X X X

-Ir', -Cal S pp. X
¡»u; ,:u., spp. XX.XXXXX

(r->ba

.11LliS

X X X X X X X X X X X X
X XXXXXXXXX

XXXXXXXXX
X

Transeet B-5

t ,';den tat
Ope app
C'- leptocatilus

,dor
X :1%!

r, 5 pp

' ,::.:ClIqata
Ny,

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
X X X X X X X X X X X X X X X X X XXXXXX X X

X. X X X
X X X

X X XXXX X X X X X.
X X X X

X

X X

X x X
X X X X X X X X X X X X X X X X X X X

X XXXXX XXXXXXXXXXXXXXXXXXXX
TranseLl CL-7

'pun 'Id

t: R0 :,-,3c2caidra

II II a

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
XXXXXXX XXX XX XXX XXXXXXXXXXXX.X X XX
X X X X X XXXXXXXXX X

X X X X X X X X X XXXX
X X X X X X X X

X X X X

X
X X X X

X X
X X

X X X
X X

X X X X

X XXXXXXXXXXXXXXX-X XXXXXXXXX XX
X XXXXXXXXXXXXXX

X X X X XX X X

p.taoocantha, some C. virx,..:F: ea,
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Figure 4. Undissected valley fill with relatively dense
Desertscrub association, Transect GL -7, Graham County,
Arizona; summer 1977. Major plants are creosote -bush
and ocotillo.

by Colorado piñon pine (Pinus edulis) on the more pro-
tected, rocky outcroppings. Small, isolated stands of Mad -
rean Forest near Morenci included relict populations of
Arizona cypress (Cupressus arizonica) (Lowe 1967).

Between 1,250 and 1,400 m (locally as low as 1,100 m)
Semi -desert Grasslands gave way to Desertscrub Associa-
tions (Figs. 4 -5), most of which were dominated by
creosote -bush (Larrea tridentata) and mesquite.

Quantitative data on such a complex of vegetation is
difficult to generate and to interpret and present. Occur-
rences of various perennial plants on spot sampling plots
along routes through the study area, and on transects that
bisected more than one substrate, altitudinal zone, or
slope exposure, appeared most instructive, and examples
are presented in Tables 2 through 6.

The tendency toward Evergreen Forest Associations at
higher elevations adjacent to the Gila River Resource Area
was demonstrated by data from the northwest slopes of
Guthrie Peak (Table 2). From sampling plot 1 (1,164 m
elevation) through 8 (1,530 m), on the southwest approach
to the mountain, Desertscrub (including Sonoran ele-
ments such as blue palo -verde [Cercidium floridum]) pre-
dominated, and it reappeared northeast of the peak be-

tween plots 18 (1,375 m) and 27 (1,030 m, on the Gila
River). Taxa characteristic of local Semi -desert Grass-
lands, Yucca sp. and Sotol (Dasylirion wheeleri), plus
bear -grass (Nolina microcarpa ), appeared between sam-
pling plots 4 (1,310 m) and 8, and disappeared abruptly
near plot 18 on the northeast. Chaparral species (scrub
live -oak and squawbush) and Woodland elements (junipers
and piñon pine) were concentrated between sampling
point 8 and point 16 (1,470 m). Distribution of mesquite
up to plot 16 on the northeast slope of Guthrie Peak
may result from transport of seed in feces of cattle (Glen -
dening and Paulson 1955). The major cattle trail to
watering tanks on the mountain followed the same path
as used for sampling plots.

Similar treatment of data for plots along Transect B -6
(Table 3) demonstrated dispersion of taxa relative to
changing slope exposure. The transect passed southeast to
northwest over a low ridge. The first half of the transect
had a strong representation of Desertscrub and Semi -
desert Grassland species. Within the last (northwest) half,
gradual change occurred toward Evergreen Woodland ele-
ments, until at the extreme end, Woodland was present.
Tree counts for this transect demonstrated absolute differ-
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ence even more spectacularly (Table 4). Presence of
crucifixion -thom (Koberlinia spinosa) on Transect B -6
reflected an outcropping of sandy lacustrine sediments in
valley fill of that area (Heindl 1960). The plant seems
characteristic of that type of substrate along the Gila River
and its major tributaries.

Immediately west of the study area, a series of sampling
plots arranged over Solomon Pass (Table 5) demonstrated,
through the occurrence of perennial associates of Grass-
lands (junipers, sotol, and blue yucca [Yucca baccata]), a
well developed, Semi -desert Grassland (Fig. 2) at higher
elevations (plots 10 -14). This graded downslope into mon-
tane Desertscrub on both the south and northeast sides.
Creosote -bush, blue palo verde, and Devil's cholla seemed
to be sensitive indicators of Desertscrub in that area, dis-
appearing at about 1,280 m on the south side and reappear-
ing at 1,220 m on the northeastern slope.

Desertscrub Associations at lower elevations on the
Gila River Complex (below ca. 1,250 m) were rather uni-
formly dominated by creosote -bush, ocotillo, and prickly
pear (Opuntia spp.). Sub -dominants included mesquite
and blue palo -verde on slopes in areas of dissected valley
fill and within desert washes. Devil's cholla and Christ-
mas cholla (Opuntia leptocaulis) were sub -dominants on
more level surfaces (Tables 3 and 6). Various other cacti,
Acacia spp., and wolfberry (Lycium spp.) were locally
common, but rarely dominated.

Overall foliage volume in upland habitats ranged from
relatively high in "piñon- juniper" areas (Fig. 3; Transect
B -6), to very low in Desertscrub (Transect GL -5). Varia-

Table 4. Numbers and percentages of perennial plants per hectare on
Transect B -6, Gila River Complex, eastern Arizona.

Taxa

Transect Segments

0 -526 m
No. %

527 -860 m
No. %

861 -1,050 m
No. %

Totals
No.

Acacia greggi 86.4 14.25 - 43.2 9.68
A. constricta 10.8 1.78 - - - 5.4 1.21
Fouquieria
splendens

43.8 7.22 - - - 21.9 4.91

Ephedra
fasciculata

5.1 0.84 - 2.5 0.57

Ferocactus
spp.

1.2 0.20 - - 0.6 0.14

Echinocereus
spp.

1.2 0.20 - - 0.6 0.14

Opuntia spp., 121.3 20.00 61.4 19.74 79.0 17.74
Prosopis
fah flora

220.3 36.33 106.9 34.36 6.4 2.49 143.5 32.19

Lycium spp. 92.1 15.19 31.7 10.19 41.3 16.15 61.6 13.82
Koeberlinia
spinosa

11.4 1.88 27.5 8.84 1.6 0.63 14.0 3.13

Zizyphus
obtusifolius

3.2 0.53 10.6 3.41 1.6 0.63 5.4 1.21

Opuntia
spinosior

1.2 0.20 6.3 2.03 4.8 1.88 3.5 0.78

Dasylirion
wheeleri

1.2 0.20 - 1.6 0.63 1.3 0.29

Yucca spp. - - 3.2 1.03 - - 1.0 0.22
Juniperus spp. 5.7 0.94 56.1 18.03 27.0 10.56 25.4 5.70
Quercus spp. - - 3.2 1.03 73.0 28.55 15.6 3.49
Rhus trilobata - 4.2 1.35 96.8 37.86 20.6 4.63
Pinus edulis - - - - 1.6 0.63 0.6 0.14
Unknown
taxon

1.2 0.20 - 0.6 0.14

'Principally O. phaeacantha

Autumn 1981

tions in this feature of vegetation were minimal through-
out most Grasslands and Desertscrub; only extremes are
illustrated in Figure 6.

Terraces. The term terrace was applied to flat surfaces of
valley fills, generally adjacent to the mainstream Gila
River, and less commonly along the San Francisco River
and Eagle and Bonita creeks. These areas enjoy a variably -
thickened surface deposit of finer soils derived from
adjacent watercourses through wind action and from
surrounding uplands by sheet flow of water during
heavy rainfall.

Terrace habitats often were sparsely vegetated (Fig. 7), in
part as a result of their proximity to surface water and
resultant heavy use by domestic livestock. Livestock use
may also have enhanced development of extensive growth
of low, brushy mesquite (Transect GU -6; Table 7), both
through providing abundant seed and through browsing,
the latter of which stimulates development of multiple
stems.

Water availability on these flat terraces may also effect
control over ocurrence of some plants. After heavy rain-
fall, water stood in wind -deflated areas for many hours
(and sometimes days), presumably as a result of underly-
ing caliche, cemented conglomerate, or perhaps sealing by
clays (see also Zimmerman 1969). Lack of drainage likely
excluded ocotillo, some cacti, and perhaps creosote -bush.
In periods of drought, desert conditions were amplified by
resistance of underlying materials to root penetration.
Growth form of mesquite on the habitats indicated the
latter condition. When rocky outliers of uplands were pre-
sent within terraces (Transect GL -6), or where man had
disturbed the surface and created a mound or rock -
pile, upland Desertscrub species were far more abundant

Table 5. Occurrences of various perennial plants on spot sampling
plots from south to northeast over Solomon Pass, Graham County,
Arizona, autumn 1978. Symbols: X = present within a plot, and + _
present adjacent to a plot.

Taxa
Sampling Plots

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Larrea X X X X X X X X X X
tridentata

Prosopis X + X + X
juliflora

Acacia spp. X X X X
Cercidium X X X X X X
floridum

Opuntia stanlyi + X X X
Opuntia
spinosior

Ferocactus spp. X X

Simmondsia + X X
chinensis

Fouquieria + X X X X X
splendens

Opuntia spp.'
Juniperus sp.
Lycium spp.
Dasylirion
wheeleri

Yucca boccata X X

Ephedra X
fasciculata

Opuntia X
leptocaulus

X X X X

X X X X X+ X

X X X X
+ X

X X X + X

X X X X X X
+ X +

X X X
X X X X

+ X X

X X X X

X

'Principally O. phaeacantha, some O. violacea.
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Figure 5. Dissected valley fill with upland Desertscrub,
near Transect GU -8, Greenlee County, Arizona; summer
1977. An almost -pure stand of creosote -bush, with some
tall yucca on slopes to the right.

(Table 6). Overall foliage volume was generally low (Fig.
6), quite comparable to that in most upland Desertscrub
Associations.

Desert Washes and Side Canyons. Vegetation of desert
washes on the Gila River Complex ranged from a simple
enhancement of Desertscrub species along broader,
ephemeral watercourses, to development of mixtures of
mesquite bosque and broad -leafed riparian communities
in larger, narrower, and typically lower elevation canyons
where permanent water existed (such as Hot Springs Can-
yon on Eagle Creek [Fig. 8] and Spring Canyon
downstream from Bonita Creek).

Transect GU -4 represented the first -mentioned extreme
(Table 7). Plants characteristic of upland and terrace Des -
ertscrub Associations were dominant (creosote -bush,
Acacia spp., and mesquite), and smaller shrubs and cacti
were conspicuously absent or rare in the erosive environ-
ment. It is notable that the last smaller species were
common along precipitous margins of this, and other
washes and canyons, although they were uncommon on
transects along canyon floors. Also conspicuous in its ab-
sence was blue palo -verde, a Sonoran Desert species gen-
erally absent east of Turtle Mountain (see also Lowe 1955),
but a common upland and canyon species on western parts

of the study area (see above). Growth forms of mesquite
along Transect GU -4 included trees and shrubs, rather
than prostrate clumps, increasing foliage volume sub-
stantially over that of upland and terrace Desertscrub
Associations (Fig. 6).

Dry Canyon (Transect GL -3) was perhaps more repre-
sentative of side canyon habitats of the study area (Table
7), with greater foliage volume (Fig 6) generally due to
contributions by hackberry (Celtis spp.) and to a lesser
extent, blue palo -verde.

Transect GL -4 was located in Spring Canyon which en-
joyed a short reach of perennial water 1 to 2 km upstream
from its confluence with the Gila River mainstream.
Broad -leafed riparian species occurred on the transect; wil-
low (Salix spp.), walnut (juglans major), and box elder
(Acer negundo ), and a few cottonwood (Populus fremontii )
were present (Table 7). A relatively high overall foliage
volume (Fig. 6) resulted from presence of these trees, and
also from abundant hackberry and mesquite, the latter
growing on small terraces in bosque formatioñs. Species of
true riparian affinities, such as seepwillow (Baccharis
salici f olio) and burro -bush (Hymenoclea spp.), that
characteristically inhabit streamside habitats, were rare in
side canyons with perennial water. As with smaller desert
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Table 6. Numbers and percentages oi perennial plants per hectare Desertscrub Asarwiations, Gila River Compl,-...; .A eizona.

Taxa 13 5

No.

Upland 'Transects

% No.
GL-7

% Na.

Terrace Transeet.3
GL-6

'o No.
GU-6

%

Letritea trideurata 940.3 88.86 1,206.3 84.50 203,2 36.53 1.0 0.59
Opuntia 20,0 1.89 27.6 1.93 1.0 0.59 4.8 0,86
o. stanlyi 8,9 0.84 11.4 0.80 65.7 11.80 - -
0, leptucauiris 1.9 0.1 S 10 I 0.74 2..5 0.45 0.3 0.90
O. spinosior LO 0,09 3.8 u,27 _ - 32 1.90
Prqi tO at faiifluza 6.7 0 63 9.2 0.61 143.8 25.85 111.1 65.90

3.8 0 36 1.6 0.11 66.0 11.87 2.5 1.48
Cettt.: spp. - - -- 1,0 0.59 -- ......

.?!.:(;iCTI Iota 0.3 0 03 1.0 0.07 - 1.0 0.59
spp 0,3 0 03 1 6 0,11. 6.0 1,08 -

spp 1.0 0.09 1.5 0.24 1 9 0 34 0 6 0.36- - 06 0 01 - - - _
Alantatzlhma spp - - 0.3 0.02 0.3 U 05
1-out? .aera NpLitde...us 74(3 6.99 132,4 9 27 33 3 599 - -
Acacia app. --- 7 3 0 51 13 0 2,34 46.6 27,65

i.7.v.kb:1S 0 btusi fulius - - - - -- 13 0,77
CetaDtrn gar idam - - 10 1 0 71 14 6 261 -
PrtncipallvO phacacautha some O violacca

Table 7. Numbers and perennial plants per hectare in
side-canyon habitats of the Gula River Complex, eastern Arizona.

Taxa

Transects

GU-4
No.

CL-3
No %

GL-4
No. 5,

Pro iopis i ith flora 38.6 9.27 20.6 12 70 48 0 4,3.63
Celtis spp - - 61 7 28 10 16.6 15 06
Acricza,e,,-,exi 60 3 14.49 29.1 18.00 16 9 15.32
A cL71.!,Tr1,.,ta 68.6 16 47 - - --
Cer::41ran f.1,-)rafurn -- - 23 4 14.50 4,0 3.64
S 4111X Spli, - - - 0.6 0.32
Jugians main! - 0 9 0 78
Ace.? rie.guf:10 -- -- 03 026
.Lin,e,.; tri.:.entata 232.6 55.90 22.3 13.80 13.4 12 21
Lyci:D):. s i,. 12.9 3.09 -- - 7 1 6.49
E.p),,..t-- jaacicaalota 3.1 0.70 4.0 2.50 - --
Opunna spp., - -- 0.8 0.10 2.3 2,08

0.3 0.07 - -
o y O. phagacantha, sume O. violacee.

shrubs and cacti, die erosive nature of the environment
subject to severe nxfur during flash floods, was too harsh
for establishment of permanent. stands. Temporary popi
lations ofteo were present, however, increasing diversity
in thes anats for periods of months or years

Mesquite Po,iques. Mesquite made up 95 to 99% of total
trees counted on tour of the permanent transects along the
mainstream Gila River ¡Table 8), comprising the major
plant community on recent alluvial deposits along the
stream. Bosquas also occurred on fine-grained soils along
the San Francisco River, Eagle arnl Bonita creeks, and in
the larger side canyons. Minor components of this associa-
tion were backberry (principally. Critis reticulate with
lesser amounts of C pallida), and wolfherry. Other woody
plants collectively made. up less than 1.0% of the totals
recorded on transcers. By frequency of occurrence. in 124,
150- ti-; 7C0m2 sampling plots on transects, mesquite was
at 100%, spp. 14.5%, Celtis spp. 12.1%, and all
other species occurred at less than 5%.

Lacey et al. (1975) produced maps of natural riparian
vegetation along the Gila River that also clearly demon-
strate (lominorkce of mesquite. From Solomon to near the
mouth of Bonita Creek, about 2.6% of 465 ha of natural

nparian vegetatin was mesquite Within the present study
area. tbie to.- ' e to 56% of 637 ha, and upstream (from Gut-
hrie to the New Mexico Boundary), mesquite comprised
43'n 780 ha. About 66% :234 ha) of mesquite stands
delineated within the Gib. River Resource Area had
greater than 50% ground cover (36% 75%, Lacey et al.
1975).

Bosque habitats included trees 2 to ca. 12 m in height
¡Figs. 9-10). Reproduction as indicated by trees <: 2 m
high! was present on all bosques sampled (Table 9), al-
though variation in the proportions of various-sized trees
was considerable.

Vy.thain bosque h.abitat, understory was variable and
often seasona)ly absent as a result of grazing by domestic
livestock. A dense ground cover of annual forbs (princi-
pally Cruciferae) and grasses may be present after pro-
longed or extensive rainfall. Those bosques which were
protected from livestock by cut banks or other obstacles
had understorias of thick a!'a.an..ai S:oorobolus sp. and oth-
ers) in open. areas md alma nnen margins.

Photographs publish,n) b Olmstead (1919), information
on flooding (Mirickley 19.79 aod data evaluated by Turner
(1974), all indicate chat anich of the riparian vegetation
along the Gila River, includnig mesquite bosques, was de-
strayed in the period 1888-1917. Stands of mesquite along
Litt mainstream Gila River rarely contained trees greater
than 40 cm in diameter, and most were less than 35 cm.
Gavin 11973( conservatively estimated growth to ca. 25 cm
diameter in 60 years on floodplain sites in Arizona. The
degree of developrnont of bosque vegetation, and sizes of
trees pre.sent, correspond well to an age of 60 to 90 years
for the habitat.

Leaf volume was generally comparable on all mesquite
bosques sampled (Fig. 6), and was invariably greatest a
distailec above the ground surface. Height of maximum
leaf volunica, related well to relative age of the vanous
staril7n Trausects G1.-2 and GU-2 having maxima at
4 to 6 ni ilesn than 102 trees less than 2 m in heighn Table
9j, md GL-1 and GU-1 below 4 m (more than small
trees).

The sharp change from Desertscrub Associations of dis-



Terrace -Up I and
2 B4O-GLS',

O

Piñon- Juniper
E6

Side Canyon

33

20

10

Mesquite
Bosqu e

GU1

GL4 ,% %: GL1

20-

10-

\\¡
i

'
;

í I

I

Broad -I eafed
Riparian

91

B3 i------,
0

/ \i .,`.

66 0 .33 O .33 .66
LEAF VOLUME, m2/ m3

Figure 6. Overall foliage volume in various habitats of the
Gila River Resource Area, eastern Arizona, summer 1978;
see text for further explanation and discussion.

Figure 7. Terrace habitat in foreground, mostly barren but
with scattered wol f berry, mesquite, and creosotebush,
Transect GL -5, Graham County, Arizona; summer 1977.
The low ground cover near the lower part of the slope
(center foreground) is Devil's cholla.



'fah '..9umbets and percentages of perennial plants per hectare in mesquic. h _ru eats ot the Gila R ,er C.,;.- plex, eastern Arizona.

Taxa

'I ranseets

GU-1
No,

GL -1 GL -2 Totals
NO. No.

Pro - ,i r.i e ,::.i.7....ta 158.9 96,53 119.1 94.13 503.2 98.S2 143.3 96.08 256.1 97.19
I 7 1.04 0.6 0,45,- 2 2, 0.44 7.1 2.82 2.9 1 t 0

, i.:l.l.:' 0,3 0.17 - 03 0.06 - - 0.2 007
,,

frenazitii
_..,.

3.1
-
1.91

O 3 0.06- 2.0- 0,78 0.6
0.8

0 23
0.30

.3t.1 i Kk s pp. -- - 1.7 1..35 - - 0.4 0.15
Platanos wrightii - - - 0,6 0,12 ...,, -- 0.2. 007
Lycium spp. 0.6 0.35 5.1 4.06 2.5 0.50 0..8 0.31 2.3 0.87

seeted valley fill to mesquite bosque Fig 10) was equalled
in many segments by a similarly abrupt streaniside change
in vegetation Fig. 11). Dense thickets o st-pure
seepwillow were present on low, saturated sandbars im-
mediately along the river, often rn association with .thick
stands of Bermuda grass (Cyft0d017CiaCtO0r2). These plants
are remarkably resistant to scour during flooding
l'Campbell and Green 1968, Fisher and Minckley 197P:),,
and perform an efficient armoring function. protecting the
soft alluvium of the bosque communit-y-. Seepwilhw

colDnized barrel. sandbars along tilt: river, forming
borders that terid,d to protect scoured arcas, enhanced
accumulation cd windblown and water-borne sands,
and promoted germination of other, more xeric-adapted
plants such as mesquite.

It is interesting that species such as arrowweed (Tessazia
sericeo), and especially the introduced sal t-ccdar {Taniarix
chirLfri:.,:. were abs...xit t2r very rare on the Gila River
Complex. The firsi speei:.:s is an important immediate-
riparian plant through much of the lower Colorado River
basin ¡Turner 1974, .Ohmart z,!:. al, 1977) that was not

the study area, IDA the latter has replaced much
the natural riparian, vegetation along S011thWStorll
streams ¡Robinson 1965 Haase 1972., Turner 1974, Holton
1.977, but ha,., yet to become established other than as
individual plants in the reach t± Gila River between the
San Francisco River and the mouth ot Bonita Cieek. An
¡abundant seed source ts available on the Son Francisco
River near Clifton and un the Gila River upstream from
Guthrie and germinating seedlings have been found on
sand bars ' ithin the study area Seedlings that ik-e ob-
served were invariably destroyed by flooding The species
has not invaded Bonita Creek, Eagle Or other per-
ennial canyon tributaries LHot Springs and Sor.ag canyons)
as otbef than individual plitnts. and is rare along the San
Fronerso Riv!r downstream from Clifton, h-:ftiips can-
yons ci the Gila Ri.-,;(-c Cc,rnplex are too erc. e tt) allow
establishment of this pest ...g. Tufr,»!:
1980) It is notable that
absence of salt-u do.: from se tco ron..1. niìer
canyon bound streams se Salt River md Aravaipa
Creek, Arizona, canyons Sm Francisco River above
Clifton. Arizomi, and in Mxico, and the Gila River
Canyon near .571:-.-dfi.k,

wid-leafed Riparian. vegetation within the
RiVt. Complex, compote, de-

scrit.,:d by the Interagency Task Force 119741 j._.,-,1747 the

mainstream Gila River from rue Gila to
the New Mexico-Arizona '411;',C.i.E.7 diversity
greatest at higher elevations, and deciiiy.-.7.0,g thc 1o'

reach. Near the Gila
were dominated by large broad-leafcr.d such as cot-, .

Table. 9. Numbers per bectarc and pn.k.,:.ureqes lin parentheesl of
different-sized mesquite in riparian hos...7z.,:s along the Gila River
mainstream, Gila River Complex, east,I,! Arizona, summer 1978.

Height. in tn

>9

CL-I CL-2 CU I Cu-2

95.87 16.57 65.14
19.05) 1 6,85( 14.1,01l

406.03 218.25 92.00 98,0(
80.69 ( 89.721 ¡S7,911 (82.95)

1.27 8.33 1.71 16.85
0.25) ( 3,43 1 1,081 (14.15)

Table. 10. 0.,,curtence of various perennial plants on paired spot sam-
pling plots thrcvugh broad-leafed riparian habitat of Bonita Cieek

m, from the motith1; Graham Cu wary, Arizona,

a In Symb.ri5: L occurrence in a plot on left side of tran-
sect, R occurnee in plat on right side of transeet; X - present in

Te
Sampling Plote

23

XXXXXXXXXXXXXRXLXXRXXXL
RRX LRXXXXRLLRXXXXRRLRL

LXRXR.X. XRRRXXLXXLX
XXXXLL RR XXRX XXX R

R RRX L RXLILRXX R
Acacia :::,...ggia R R X L LL L L L R R
Sairx :.;;,3. L R R R R
Pla:J.717.,,k74,i2 XRLLLLLRR RR LXXR X
por,u112, R XRR RL

R L LXR L

L L X R
°S-Melh..4/as

R R
flux/a:Er:2

r.p,

1771-'

.'.

L X R
LRRX R

X LXI LXL LL
XLX LLX

R Lt 1

LL L L L

X R R

L

R

R L

R LL
1, X

scnne Q, 'if':



Figure 8. Side - canyon habitat, Hot Springs Canyon, tribu-
tary to Eagle Creek, Greenlee County, Arizona; summer
1977. Plants in foreground are burro -bush, with mesquite
along canyon walls.

Figure 9. Mesquite bosque, Transect GL -1, Graham
County, Arizona; autumn 1978. Aggradation of this ter-
race along the Gila River buried trunks of these mesquite
with as much as 2.5 m of fine sand and silt.
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Tahlk. n. Nura)bers and percentages of perennial plants per hectare in broad-leated riparian habitats of the Gila River Complex, eastern Anzona

Taxa

tulifiora
Cel: spp

sreggii
C qotidurn.

Zizyr
.72e; t

L'S I ¡LIS

ola
FiLus sp.

Transeets

No.
13-1

No.
B-2 B o Tot:41s

-s

281 6 76 73 53.7 35 47 147 6 78ç5 161 0 68.45
42.9 U68 66.6 4.39t 10 2 5.41 39.9 16 96

2 1 89 - 1.0 043
1 3 0,35 _ 0.4 0 17
3 2 0,87 3,1 2.08 I 9 1.01 2.7 1.15
1 6 0.43 09 0 57 03 0. :7 0.9 U38
41 1 12 2.9 1 89 25 ' 3 1 1 36

7 156 41 2 00 97 ,.. 65 2.76
13.7 3 72 - 162 iz: 61 100 '1.25- 0.3 0 17 01 004
11,4 3.11 11 7 74 2.5 1.35 85 3 61- 1 3 0.68 04 o 17

03 U1 0.1 014
1.6 0 43 - - 0 5 !..! 21

Table 12. Some indicators of the Sonoran and Chihuahuan deserts of
North America {Lowe 19671, and their occurrence un the Gila RivI:t
Ccanplex, eastern Arizona,

p e

Sonoran Gila River Chihuahuas
Desert Complex . Desert

Ainf-losia de.-1LnidL a
gtgantevs

Oineya toFota
Ceroidlum MicrophyThira
Cercidhrn floricium
Canotia
Fncelia fa r 7

a oh,feau antha
Pr!.;sunis

vr:1.1?.
vaz .5;71270'd

fri:k 7UPLU i

ledingine7.2
Ffouun.ar,;
M y-toroa

411ax extend slightly into the eastern tlge cf the Sonoran Desert,. A
Sunorin 13u get( wrietv , reriuisp Lo us iGund. la! .sr nf rite e:isteria
odp "eilt the Samoran Des,J.rt ,Kearney and Pelt, 19-31.

2Indicatou spe..e i It present in Arizona's obilniahiwo neseri
speLies for Arizona's Chilluaht,in Desert,

X

X

X

X

X

X
X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

tonwood and sycamore, as along upper Bonita Creck in our
study ica, supplemented by stands of ha:kberry, walnut,
box elder, and willow. Along the middle p;)rtion of the
Gila River reach, cottonwood and willow;,.. wen:, AA--
don:Ur:ant, and a ;Ii1)st1ititial increase in :eepwF;ow was
iecotded. -rhis condition was present in mua the Eagle
Creek Cari.ron within the Gila River Resouc..e. Area. Gal-
leries of cottonwoods, such as described 1w the Inter-
agency Task Force near Cliff, Gda, and 1-1rock; New
Mexico, were locally present along the Sln FLancisco
River, and less so along the Gila River nmiE,treani
pari, Lacey ct al. 197:51 in MestFite bosques
formed the principal vegornticn along the Gila River
within the study area (154:. 1r4.

Qualitative data on broad-12aied riparian communities
were obtained from Bonita Creek, and were supplemented
by observation.al information. Severe flooding in 1978-79

precluded access to much of this type of habitat. and al-
tered or destroyed a large percen:,.;e of it along Eagle
Creek and the San Francisco River ding on
ripaiian communities along the mainstream Gila River
weix: equal ' with many f.-)s...1 ues simply bcii:u: re-

btt: none these events have been other than

Plant along Bonita Creek were diversified
l'itf .ot.al of 29 taxa being identified in 46

quadrats atran.geil at 1-krri intervals from the mouth to the
Sao caTlos Apache Indian Reservation (Table iO. Thirteen
kinds of plan.t. s oczurred at more than Li% frequency.
m,,!sLinite dominated throughout the transect (91,3% fre-
qu:facy of oc,currenech followed in decreasing order of

hackberry, and seepwillow.
ttee il7eìes were ck:minarcd by syca-

rnore which occurred in 415% of the
46 plots t:11.!o-,yed by :t...tto.f.r.,,,rood ad v.ralnui (1.5.2%

willow110.9% }, and box elder 6..5%).
A relatively lugh Incidence of plants characteristic of

Desertsc,rub and Desert Grassland ¡Table 10; creo-
sote- bush, so tol, etc.1, was in part a reflection of proximity
of canyon walls to the stream. Arid-land species did how -

ever, occupy drier parts of tenaces, especially whew dis-
turbed by removd of large, riparian trees.

Zonatior ,:f relative to perennial was ap-
parent and longitudinally within the system
(see also Zimmermann 1969 Me.,quite. wokbertN,
Acacia spp,, and hackben- , walnut, and boX cider, for
example, were picsent on small retracts ;first or
along canyon walls or near inflows of ephc1neT2i water-
courses {last trine,. Svcam6re was gencrally on terr; uSur
alluvial fans from SIde anyons. Bun-brush and desert wil-
low ((1L'o1'st, icticarisl were in .iTen, boulder-strewn
areas v.-liez-e hut flow was
subsurface as iyo::tight cliannel or

hygne slecies seepwIllow,
cottonwo4. .c:eum'd gr.Tlerally only where

,vateas were present ¡see especially
I became rare in the cmier of the reach

_. v,.ilere water flowed beneath the rite dur-
ing

Tree counts on three transects s.brs Lonita Creek
Canyon provided similar data (Tabk 11¡. l',,I.esquite made



Figure 10. Mesquite bosque along the Gila River, includ-
ing Transect GL -1, Graham County, Arizona, near the
western margin of the study area; summer 1977. Much of

this bosque was removed by flooding in winter 1978 -79.

Figure 11. Gila River just upstream from the old Safford -
Morenci highway bridge, Greenlee County, Arizona, in-
cluding Transect GU -2; summer 1977. Seepwillow forms
a dense border for thick mesquite along bluffs bordering
the river and on low terraces in the mouths of side can-
yons.



Figure 12. Bonita Creek, Graham County, Arizona, near
Transect B -2; summer 1977. Seepwillow borders the
erosive channel, backed by tall cottonwood with an
understory of mesquite, hackberry, and other lower
trees. A few sycamore are present in right background.

Figure 13. Cottonwood gallery with mesquite understory
at a wide place along Eagle Creek Canyon, Greenlee
County, Arizona, about 1.6 km north of Bat Cave;
summer 1979.
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Figure 14. San Francisco River, Greenlee County, Arizona,
at Evan's Point; summer 1977. Note girdling of cotton-
wood in foreground by beaver, seedling seepwillow on
sandbar across stream, and xeric association of mesquite
on rocky terrace in background.

up an average of 68.5% of all trees present, followed by
hackberry. Large, broad -leaved trees other than hackberry
made up only 0.9% (cottonwood) to 6.5% (sycamore), of
all trees counted on the transects, but produced substan-
tial volumes of foliage higher than 10 m above the ground
(Fig. 6). Presence of large numbers of mesquite, hackberry,
and other intermediate -sized trees produced substantial
leaf volume concentrated between 2.5 and 10 m, however,
and small shrubs such as gray -thorn (Zizyphus obtusi folia )
and wolfberry created a dense understory.

Gallery forests of cottonwood were more fully de-
veloped along Eagle Creek than elsewhere in the Gila
River Resource Area (Fig. 13), and associated species were
comparable in diversity to that described for Bonita Creek
Canyon. Eagle Creek Canyon is far larger than that of
Bonita Creek, deeper and with a broader floor commensu-
rate with its larger drainage area, so that riparian vegeta-
tion was well developed to include marginal bosques of
mesquite in wider places and in the mouths of side can-
yons. Flooding in 1978 -79 removed many of these bos-
ques, scouring the canyon from wall to wall. Cotton-
woods, sycamores, and other trees in Eagle Creek Canyon

often exceeded 30 m in height, presumably in response to
the narrow gorge, but also reflecting a greater maturity
(less frequent scour) of parts of the community. Reproduc-
tion by large broad -leafed trees (cottonwood and sycamore)
is rarely successful in Gila River complex (USBLM 1978),
largely as a result of concentrated grazing in riparian zones
by domestic livestock.

Riparian communities along the San Francisco River
were far more sparse than those of Eagle and Bonita creeks,
with cottonwood occurring as single trees and relatively
small gallery stands, and the principal vegetation being
mesquite and more xeric plants on low terraces (Fig. 14).

Along the Gila River, cottonwood -willow associations
comprised only a small proportion of total area (5.7% ) of
riparian communities mapped by Lacey et al. (1975) in the
reach from Solomon, Arizona, to the New Mexico-
Arizona Boundary. We consider the total of 107.2 ha indi-
cated to be of this vegetation type as too great, since those
authors did not include areas of less than 0.405 ha in size
in their compilations, and many such places were found in
our ground survey to support only one to a few, large indi-
vidual cottonwoods or willows.
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Summary
Perennial vegeta:ion of the Gila River Resource Area is

at present dominated by Desertscrub associati.ins. Tran-
tion bctween the Sonoran :md Chihualluan dtscrts is
demonstrated in the region by i 1 present.e of number of
taxa shared by hoth, side by side with scum, mutually ex-
clusive element's ..1a111,.. 12. Semi-desert grasslands clothe
higher slopes, 'with a scattering of interior chaparral eie
ments growing locally in disjunct stands Smaller chapar
raj species include California bud< thorn, silk-tassel,
squaw-bush and mountain-mahogany, to name a few bcc
McGill t:)791

Deciduous riparian woodlands krm a conspicuous and
importaut mesic environment through and areas, acting

s connetting links among and between points of higher
eleNation and from such places to permanent lowland
streams. Steep, narrow, moste side canyons leading to
gorgts of larger watercourses provide further diversizy by
supporting riparian vc:,;?.t.;onal elements interred
With wDody plants mc ),..1. tjli,,:ft.teristic of terracc and up-
land lirtl:.at.sliluding s uc Char:8rral elementsl. Higher
altitude forms as alder Ans nilit2ngifol.ta!, boy. :der, and
others, penetrate far into defiert 2 . long narrowef canyons,
sharing habitats with nitre chz.,tacte:istic desert ripar-
ian species as cottoliNr;ood and Arizona sycamore. The
superficial monotony of desertserub is thus marked
with distinct, thin threads of larger riparian vegetation,
which increase diversity greatly out of proportion to
their physical areas.
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A GAVACEAE-YUCCA AND AGAVE FAMILY
Agave chtysantha Peel&s. COLDEN-fLtiA'ERED AGAVE,

Seed collected at Oak t iat ricar Superior,
central Arizona. Very host 7CSi Slant

Dasylirion wheelexi S. Wats. SOTC.)1, DESEPT 51)00N, Seed
collected near Top of the World at the County
boundary, central Arizona. Leaves of this -havi been
widely used. for making ba. sito-ATn-.- s This
makes a striking ti) tall
st ly flowering, stalk is prescr,,-

in contrast to most !;ptt
7ierst,z:.iioe pan-Mora Vrorr.: RED-1.1i.0vii RED

"'YUCCA." Seed collected from pLiits cultivated at the Boyce
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Thompson Southwestern Arboretum from stock coming
originally from Texas. A powerful landscaping accent when
flowering.

Nolina microcarpa S. Wats. BEAR GRASS; SACA-
HUISTA. Seed collected at Oak Flat near Superior in central
Arizona. The leaves are split into fine segments and bundled
into coils to make the inner foundations of baskets.

Yucca angustissima Engelm. NARROW -LEAF YUCCA. Na-
tive to northern and central Arizona. Differs from Yucca elata
in its characteristic of lying close to the ground without a well -
developed stem.

Yucca baccata Torr. BANANA YUCCA. Seed collected from
native plants in central Arizona. The fruits are fleshy and can be
eaten like bananas.

Yucca brevifolia Engelm. JOSHUA TREE. This is the large
tree -like Yucca native to the Mojave Desert and to the north-
western edge of the Sonoran Desert.

Yucca elata Engelm. SOAPTREE YUCCA. Seed collected near
Globe in central Arizona. The leaves of this tree -like Yucca are
used in making baskets and the roots yield a liquid having de-
tergent properties which allow it to be used like soap.

Yucca schottii Engelm. SCHOTT'S YUCCA. A large hand-
some species, often cultivated. native to southeastern Arizona.

ANACARDIACEAE -SUMAC FAMILY
Pistacia chinensis Bunge. ORNAMENTAL SHADE PIS-

TACHIO. Seed from plants cultivated at the Boyce Thompson
Southwestern Arboretum. The trees make an attractive display
in autumn due to the colorful leaves and reddish fruit clusters.
This is often used as a grafting understock for the Nut Pistachio
(P. vera).

Rhus microphylla Engelm. SODA -POP BUSH. Seed from
plants cultivated at the Boyce Thompson Southwestern Arbo-
retum. This small -leaved Rhus yields abundant orange fruits
which can be cooked to yield a syrup used as a base for making a
soda -pop like drink.
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ASCLEPIADACEAE- MILKWEED FAMILY
Caralluma nebrownii A. Berger. CARRION -FLOWER. Seed

collected from plants cultivated at the Boyce Thompson South-
western Arboretum. A handsome succulent with leaves mottled
red. Flowers deep red -brown to blackish- brown.

BERBERIDACEAE -BARBERRY FAMILY
Berberis haematocarpa Woot. RED MAHONIA; ALGERITA;

BARBERRY. Plant with stiff, sharp, bluish -green holly -like
leaves. Flowers yellow. Fruits blood red. Seed from wild plants
growing near the Boyce Thompson Southwestern Arboretum.

BIGNONIACEAE- TRUMPET CREEPER FAMILY
Catalpa speciosa Warder ex Engelm. WESTERN CATALPA.

Seed collected from a plant cultivated at the Boyce Thompson
Southwestern Arboretum which was grown originally from
trees naturalized in mountains adjacent to Superior in central
Arizona. This mesic species is known to hybridize with the
more xeric Chilopsis linearis.

Chilopsis linearis (Cay.) Sweet. DESERT WILLOW. Small
willow -like tree with flowers like Catalpa. Seed collected from
native plants growing east of Superior in Final County, Arizona.

MacFadyena unguis -cati (L.) A. Gentry. CAT -CLAW TRUM-
PET VINE. Seed from vines cultivated at the Boyce Thompson
Southwestern Arboretum on hot south -facing walls. A vigorous
grower with large attractive yellow flowers.

BORAGINACEAE -BORAGE FAMILY
Ehretia anacua (Teran & Berland.) I. M. Johnston.

SANDPAPER -LEAF TREE. An excellent medium -sized shade
tree. Leaves rough to the touch as in Celtis. Seed from plants
cultivated at the Boyce Thompson Southwestern Arboretum.

BUXACEAE -BOX FAMILY
Simmondsia chinensis (Link) C. K. Scheid. JOJOBA. Seed

from native plants growing at the Boyce Thompson Southwest-
ern Arboretum. This is the species which has been in the news
lately because of the industrial potential for the liquid wax de-
rived from the seed.

CACTACEAE- CACTUS FAMILY
Carnegiea gigantea (Engelm.) Britt. & Rose. SAGUARO

CACTUS. Seed from large mature plauts native to the grounds
of the Boyce Thompson Southwestern Arboretum. The fruit of
this huge columnar cactus has been used for food and drink for
centuries or millenia in the Sonoran Desert.

Echinocactus grusonii Hildm. GOLDEN BARREL CACTUS.
Seed from large mature plants established at the Boyce
Thompson Southwestern Arboretum from central Mexico. This
species is considered by many persons to be the most attractive
barrel cactus for landscaping purposes.

Echinicereus boyce -thompsonii Orcutt. BOYCE THOMPSON
HEDGEHOG. Seed collected from plants native to the Boyce
Thompson Southwestern Arboretum. This attractive clustering
cactus was originally discovered by Colonel William
Boyce Thompson, founder of the Arboretum, and named
by Arboretum scientist C. R. Orcutt.

Ferocactus wislizenii (Engelm.) Britt. & Rose. FISH -HOOK
BARREL CACTUS. Seed from plants growing wild adjacent to
the Boyce Thompson Southwestern Arboretum. This attractive
species is rather resistant to frost and is the commonest barrel
cactus in the lowlands of southern Arizona.

Gymnocalycium bruchii (Speg.) Backeb. BRUCH'S CHIN
CACTUS. Seed from plants cultivated at the Boyce Thompson
Southwestern Arboretum. A vigorous flowerer and seed -
producer.
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Hamatocactus setispinus (Engelm.) Britt. & Rose.
TWISTED -RIB STRAWBERRY CACTUS. Native to South
Texas. Seed from plants cultivated at the Boyce Thompson
Southwestern Arboretum.

Melocactus spp. TURK'S CAP CACTUS. Seed from plants
cultivated at the Boyce Thompson Southwestern Arboretum.
We regularly harvest seed from several species in small quan-
tities and can not predict the exact species which will be avail-
able at all times. Species include Melocactus neryi, M. melocac-
tiformis, M. caesius, M. canescens, and M. matanzanus among
others.

Notocactus mammulosus (Lem.) A. Berger. ARGENTINE
YELLOW -FLOWERED BALL CACTUS. Seed collected from
plants cultivated at the Boyce Thompson Southwestern Ar-
boretum. Plants very frost resistant.

Opuntia leptocaulis DC. CHRISTMAS CHOLLA. Seed from
native plants growing at the Boyce Thompson Southwestern
Arboretum. Decorative red fruits are born throughout the year,
particularly in December.

CAPPARIDACEAE -CAPER FAMILY
Isomeris arborea Nutt. BLADDER -POD BUSH. An attractive

bush with yellow flowers in winter. Native to the Mojave De-
sert and Baja California. Seed from plants cultivated at the
Boyce Thompson Southwestern Arboretum.

CAPRIFOLIACEAE- HONEYSUCKLE FAMILY
Lonicera maackii (Rupr.) Maxim. MANCHURIAN HON-

EYSUCKLE. Seed collected from plants cultivated at the Boyce
Thompson Southwestern Arboretum. Attractive when either
flowering or fruiting.

CELASTRACEAE- BITTERSWEET FAMILY
Maytenus phyllanthoides Benth. MANGLE DULCE. Seed

from vigorous mature shrubs cultivated at the Boyce Thompson
Southwestern Arboretum originally collected in Mexico. The
thick leathery sclerophylls and the habit of growth make this
look much like a superior vigorous form of Jojoba (Simmondsia).

CISTACEAE -ROCK ROSE FAMILY
Cistus incanus L. ROCK ROSE. This mediterranean species

grows well in areas of the Sonoran Desert having significant
winter rain and warm temperatures. Seed from plants cultivated
at the Boyce Thompson Southwestern Arboretum.

Autumn 1981

COMPOSITAE- SUNFLOWER FAMILY
Baileya multiradiata Harv. & A. Gray ex Torr. DESERT

MARIGOLD. Seed collected from wild plants in central
Arizona. Herbaceous perennial with densely woolly herbage and
beautiful bright yellow flowers.

Encelia farinosa A. Gray. BRITTLEBUSH; INCIENSO. The
resin of this species was burned as incense in old mission
churches in Arizona and Sonora. This is a spectacular shrub in
bloom, with abundant yellow flowers contrasting with the
white foliage. Seed from native plants growing at the Boyce
Thompson Southwestern Arboretum.

Felicia filifolia (Vent.) =Aster filifolius Vent. SOUTH AFRI-
CAN ASTER. Seed from plants cultivated at the Boyce
Thompson Southwestern Arboretum. A beautiful stiff -stemmed
little shrub topped with spectacular blue flowers in winter.

Tarchonanthus minor Less. FUNERAL RITES FLOWER. Seed
collected from plants cultivated at the Boyce Thompson South-
western Arboretum. A shrub coming originally from South Af-
rica.

CUPRESSACEAE -JUNIPER FAMILY
Juniperus deppeana Steud. ALLIGATOR -BARK JUNIPER.

Seed collected in the Pinal Mountains south of Globe in central
Arizona. This rugged tree has fissured bark resembling the skin
of an alligator.

EBENACEAE- PERSIMMON FAMILY
Diospyros texana Scheele. TEXAS PERSIMMON; BLACK

PERSIMMON. Seed collected from plants cultivated at the
Boyce Thompson Southwestern Arboretum. Attractive small
tree with strikingly white trunk. Fruits edible.

EUPHORBIACEAE- SPURGE FAMILY
Ricinus communis L. CASTOR BEAN. Seed collected from

plant naturalized in Arnett Canyon adjacent to the Boyce
Thompson Southwestern Arboretum. CAUTION: seeds
poisonous if eaten. This species is the source of castor oil.
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FOUQUIERIACEAE- OCOTILLO FAMILY
Fouquieria splendens Engelm. OCOTILLO. Seed collected

from native plants growing west of Superior in Pinal County,
Arizona. The unusual growth form of this species defies clas-
sification as a simple shrub, tree or succulent. Stems are ar-
ranged in a cluster of twenty or more whip -like branches which
extend to a single point on the ground but fan out above in the
form of a cone.

Idria columnaris Kellogg. BOOJUM TREE. Seed collected
from the two largest and most vigorous specimens cultivated
north of Mexico at the Boyce Thompson Southwestern Ar-
boretum. These specimens were transplanted in 1929 from the
Puerto Libertad and Punta Cirio region of Sonora, Mexico.

GRAMINEAE -GRASS FAMILY
Cortaderia selloana (Schult. & Schult. f.) Asch. & Graebn.

PAMPAS GRASS. Large shrub -like grass with showy silvery -
white panicles. Seed from plant cultivated at the Boyce
Thompson Southwestern Arboretum.

Pennisetum setaceum (Forsk.) Chiov. FOUNTAIN GRASS.
Native to Ethiopia. Seed collected from plants cultivated at the
Boyce Thompson Southwestern Arboretum.

LABIATAE -MINT FAMILY
Stachys coccinea Jacq. RED- FLOWERED STACHYS. Seed col-

lected from native plants on north -facing slopes at the Boyce
Thompson Southwestern Arboretum. A striking herbaceous
perennial used frequently as an ornamental in landscaping.

LEGUMINOSAE- LEGUME FAMILY
Acacia abyssinica Hochst. ex Benth. in Hook. SHADE -TREE

ACACIA. Seed from large trees cultivated at the Boyce Thompson
Southwestern Arboretum. This is a very rapid vigorous grower
which is semi -deciduous when winters are cold.

Acacia aneura F. Muell. MULGA. Small tree native to Aus-
tralia. Leaves linear. Seed from plants cultivated at the Boyce
Thompson Southwestern Arboretum.

Acacia berlandieri Benth. GUAJILLO. Large shrub native to
limestone ridges in Texas and northern Mexico. Seed from plants
cultivated at the Boyce Thompson Southwestern Arboretum.

Acacia cavenia (Mol.) Mol. ESPINO- CAVAN; CHILEAN
ACACIA. Plants somewhat similar to Acacia farnesiana and A.
smallii. Seed from plants cultivated at the Boyce Thompson
Southwestern Arboretum.
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Acacia colletioides A. Cunn. ex Benth. in Hook. SPINE -LEAF
ACACIA. Very spiny shrub in which the entire leaf is reduced to a
spine. Seed collected from plants cultivated at Boyce Thompson
Southwestern Arboretum.

Acacia constricta Benth. WHITE -THORN ACACIA. Seed col-
lected from wild plants in southern Arizona. A shrub with bright
yellow flowers.

Acacia farnesiana (L.) Willd. HUISACHE, SWEET ACACIA.
Seed from plants cultivated in central Arizona. A very impressive
small tree when flowering in spring.

Acacia greggii A. Gray. CATCLAW ACACIA. Seed collected
from plants native to the Boyce Thompson Southwestern Arbo-
retum. Spiny shrub with yellow flowers in summer. The rusty red
twisted fruits have an aesthetic quality.

Acacia stenophylla A. Cunn. ex Benth. in Hook. SHOE-
STRING ACACIA. Tall, graceful narrow tree with slender
pendant leaves. Native to Australia. Useful as a substitute for
Parkinsonia in landscaping because less leaf litter is produced.
Seed from plants cultivated at the Boyce Thompson Southwest-
ern Arboretum.

Caesalpinia gilliesii Wall. BIRD -OF- PARADISE; POINCIANA.
Naturalized in Arizona from South America. Seed from plants
cultivated at the Boyce Thompson Southwestern Arboretum.

Caesalpinia mexicana A. Gray. SMALL -FLOWERED CAESAL-
PINIA. Seed collected from plants cultivated at the Boyce
Thompson Southwestern Arboretum. A large stiff upright
shrubby species tending to cluster at the base.

Caesalpinia pulcherrima (L.) Swartz. RED BIRD -OF-
PARADISE. Seed from plants cultivated in central Arizona. An
impressive species with vividly colored flowers. Not very resis-
tant to frost.

Cassia artemisioides Gaud. -Beaup. ex DC. FEATHERY CAS-
SIA. Leaves silky -gray pubescent. Very freely blooming with
abundant yellow flowers. Seed collected from plants cultivated at
the Boyce Thompson Southwestern Arboretum.

Cassia couesii A. Gray. DESERT SENNA. Seed collected from
native plants growing three miles west of Superior in Pinal
County, Arizona.

Cassia eremophila A. Cunn. ex Vogel. DESERT CASSIA. Seed
from plants collected at the Boyce Thompson Southwestern Ar-
boretum. Similar to Cassia artemisioides but leaves more linear
and glabrous.

Cassia corymbosa Lam. ARGENTINE CASSIA. Seed from
plants cultivated at the Boyce Thompson Southwestern Ar-
boretum. Very vigorous shrub with yellow flowers in axillary
corymbs.

Cassia leptocarpa Benth. SLIMPOD SENNA. Seed from culti-
vated plant.

Cassia sturtii R. Br. STURT'S CASSIA. Seed collected from
plants cultivated at the Boyce Thompson Southwestern Ar-
boretum. Stiff upright bushy shrub with abundant yellow flowers
in winter and spring.

Cassia wislizenii Gray. SHRUBBY SENNA. Native to southern
Arizona and adjacent Mexico. Seed from plants cultivated at the
Boyce Thompson Southwestern Arboretum. A handsome shrub
in flower. Deciduous in winter.

Cassia hybrid. BLUE VELVET CASSIA. A Cassia somewhat
similar to C. sturtii and C. artemisioides. The pubescent leaves
are bluish and contrast nicely with the yellow flowers.

Cercidium floridum Benth. BLUE PALO VERDE. Green -

stemmed tree of the Sonoran Desert of southern Arizona. Seed
collected near Superior, Pinal County, Arizona.

Gleditsia sinensis Lam. CHINESE LOCUST. Large thorny tree
native to Southeast Asia. Seed from tree cultivated at the Boyce
Thompson Southwestern Arboretum.

Gleditsia triacanthos L. HONEY LOCUST. Tree native to
Texas and the eastern United States. Seed from trees cultivated at
the Boyce Thompson Southwestern Arboretum.
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Leucaena leucocephala (Lam.) de Wit. GRANOLINO; WHITE -
FLOWERED POPINAC. Small tree or large shrub native to tropi-
cal America and naturalized in southern Texas. Seed from plants
cultivated at the Boyce Thompson Southwestern Arboretum.

Leucaena pulverulenta (Schlechtend.) Benth. TEXAS LEAD
TREE. Seed collected from plants cultivated at Boyce Thompson
Southwestern Arboretum. A medium -sized shade tree.

Leucaena retusa Benth. GOLDEN LEUCAENA. Small tree na-
tive to West Texas and New Mexico. Seed collected from plants
cultivated at the Boyce Thompson Southwestern Arboretum. The
golden bloom is spectacular in spring.

Lupinus sparsiflorus Benth. DESERT BLUE- BONNET. Seed
collected from wild plants in central Arizona. Beautiful winter
and spring annual with blue to lilac flowers.

Lysiloma thornberi Britt. & Rose DESERT FERN -LEAF TREE.
Seed from a clone from the type locality in the foothills of the
Rincon Mountains of southern Arizona, grown at the Boyce
Thompson Southwestern Arboretum. The foliage is lacy or fern-
like.

Mimosa biuncifera Benth. CHAPARRAL CAT -CLAW. Seed
collected at Oak Flat near Superior in central Arizona. A good
shrub for holding soil on slopes. The species often has a flat -
topped wind -swept appearance which could be aesthetically de-
sirable in certain landscaping situations.

Olneya tesota Gray. IRONWOOD; PALO FIERRO. Seed from
native plants growing at Apache Junction, Pinal County, Arizona.
This species was used as an indicator of frost -free conditions for
locating land suitable for citrus groves during early settlement of
Arizona.

Parkinsonia aculeata L. MEXICAN PALO VERDE. A rapidly
growing shade tree. Seed collected from plants cultivated at the
Boyce Thompson Southwestern Arboretum.

Pithecellobium flexicaule Coult. TEXAS EBONY. Compact
tree with coarse woody pods. Native to Texas and northern
Mexico. Seed from plants cultivated at the Boyce Thompson
Southwestern Arboretum.

Pithecellobium pallens (Benth.) Stands. TENAZA. Large shrub
or small tree with the aspect of a Leucaena. Native to Texas.
Seed from plant cultivated at the Boyce Thompson Southwestern
Arboretum.
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Prosopis glandulosa Torr. var. torreyana (L. Bens.) M. C.
Johnston. ARIZONA HONEY MESQUITE. Seed collected from
native plants at the Boyce Thompson Southwestern Arboretum.

Sophora secundiflora (Ort.) DC. MESCAL BEAN; TEXAS
MOUNTAIN LAUREL. Large shrub with impressive blue
Wisteria -like flowers. The bright red seeds are poisonous. Native
to New Mexico and Texas. Seed from plants cultivated at the
Boyce Thompson Southwestern Arboretum.

Tipuana tipu (Benth.) O. Kuntz. BOLIVIAN ROSEWOOD. Seed
collected from large old shade trees at the Boyce Thompson
Southwestern Arboretum. The fruits are structurally samaras
even though the genus is in the Leguminosae.

LILIACEAE -LILY FAMILY
Aloe commutata Tod. STATELY ALOE. Large vigorous plants

with orange flowers. Of suspected hybrid origin, the seedlings
displaying variability. Seed collected from plants cultivated at the
Boyce Thompson Southwestern Arboretum.

Aloe longistyla Bak. LONG - STYLED ALOE. The salmon -red
flowers and inflorescence are very striking and disproportionately
large for the size of the small plant. Seed from plants cultivated at
the Boyce Thompson Southwestern Arboretum.

Aloe variegata L. PARTRIDGE -BREAST ALOE. Seed collected
from plants cultivated at the Boyce Thompson Southwestern
Arboretum. The plants are relatively frost resistant.

MALPIGHIACEAE - MALPIGHIA FAMILY
Mascagnia macroptera (Sesse & Moc. ex DC.) Niedenzu.

PAPER -FRUIT VINE. Seed from plant cultivated at the Boyce
Thompson Southwestern Arboretum. Native to Mexico. Vigorous
vine with exceptionally green leaves and large paper -like fruits.

MELIANTHACEAE-HONEYBUSH FAMILY
Melianthus comosus Vahl. BLACK HONEY FLOWER. Seed

from plants cultivated at the Boyce Thompson Southwestern
Arboretum. Native to South Africa.

MARTYNIACEAE - UNICORN -PLANT FAMILY
Proboscidea altheaefolia (Benth.) Decne. YELLOW- FLOWERED

DEVIL'S CLAW. Seed collected from wild plants at the Boyce
Thompson Southwestern Arboretum. The pods are utilized for
the same purposes as those of P. parviflora.

Proboscidea parviflora (Woot.) Woot. & Standl. PURPLE -
FLOWERED DEVIL'S CLAW. Seed collected from wild plants at
the Boyce Thompson Southwestern Arboretum. Split mature
pods are used in weaving black or brown designs into baskets.
Young pods are edible.

NYCTAGINACEAE -FOUR- O'CLOCK FAMILY
Mirabilis multiflora (Torr.) A. Gray. MARAVILLA FOUR -

O'CLOCK. Seed from native plants growing at the Boyce
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Thompson Southwestern Arboretum. The tubers have somewhat
of a narcotic effect and have been used in folk medicine. The
flowers make the species an attractive ornamental.

PALMAE -PALM FAMILY
Brahea armata S. Wats. MEXICAN BLUE PALM. Seed col-

lected from plants cultivated on the University of Arizona cam-
pus, Tucson. Native to Baja California. A very attractive species
with waxy blue leaves.

Phoenix canariensis Hort. ex Chabaud. CANARY ISLAND
DATE PALM. Seed collected from plants cultivated at the Boyce
Thompson Southwestern Arboretum. This is a hardy vigorous -

growing species used for shade and ornament.
Sabal minor (Jacq.) Pers. DWARF PALMETTO. One of the

most frost -resistant of palms. The species lacks a trunk of any
significant height, the leaves extending down to ground level.
Seed collected from a plant cultivated at the Boyce Thompson
Southwestern Arboretum.
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/i ,icìï

PAPAVERACEAE -POPPY FAMILY
Argemone platyceras Link & Otto. COWBOY'S FRIED -EGG

PLANT. A coarse prickly herbaceous perennial with yellow sap.
The flowers are about the size and appearance of fried eggs with
yellow centers and white petals.

Romneya coulteri Harv. MATILIJA POPPY. Seed from plants
cultivated at the Boyce Thompson Southwestern Arboretum.
Native to southern California. A strikingly handsome tree
poppy with large spreading white flowers.
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PITTOSPORACEAE -PITTOSPORUM FAMILY
Pittosporum phillyraeoides DC. WILLOW PITTOSPORUM.

Seed collected from plants cultivated at the Boyce Thompson
Southwestern Arboretum. These trees make picturesque groves
with filtered shade resulting from the pendulous rather scant
narrow leaves.

RANUNCULACEAE- BUTTERCUP FAMILY
Clematis ligusticifolia Nutt. BARBA DE CHIVO. Seed from

plants growing wild at the Boyce Thompson Southwestern Ar-
boretum. A white -flowered vine producing soft fluffy fruits with
long feathery styles.

RHAMNACEAE- BUCKTHORN FAMILY
Condalia globosa I. M. Johnst. BITTER CONDALIA. Small

tree native to southern Arizona. Seed from plants cultivated at
the Boyce Thompson Southwestern Arboretum.

Karwinskya humboldtiana (R. & S.) Zucc. COYOTILLO
BUSH. Seeds said to be poisonous. Large shrub. Seed from plants
cultivated at the Boyce Thompson Southwestern Arboretum.
Native to Texas.

Zizyphus jujuba Mill. JUJUBE. Seed from plants cultivated in
southern Arizona. This fruit tree is adapted to hot and dry
climates.

ROSACEAE -ROSE FAMILY
Eriobotrya japonica (Thunb.) Lindl. LOQUAT. Seed collected

from plants cultivated at the Boyce Thompson Southwestern
Arboretum. A good fruit tree for subtropical climates.

Fallugia paradoxa (D. Don) Endl. APACHE PLUME. Seed col-
lected at Oak Flat near Superior, central Arizona. Small decid-
uous shrub.

RUTACEAE- CITRUS FAMILY
Poncirus trifoliata (L.) Raf. TRIFOLIATE ORANGE. Seed

from trees cultivated at the Boyce Thompson Southwestern Ar-
boretum. One of the most frost -hardy species of citrus known.

Ruta graveolens L. RUE. A blue -leaved glabrous and glau-
cous subshrub much used in Spanish and Mexican medicine.
Seed from plants cultivated at the Boyce Thompson Southwest-
ern Arboretum.

Severinia buxifolia (Poir.) Ten. CHINESE BOX ORANGE.
Small tree. Seed from plants cultivated at the Boyce Thompson
Southwestern Arboretum.

Zanthoxylum fagara L. TICKLE -TONGUE PRICKLY ASH.
Large thicket -forming shrub with seasonally yellow attractive
foliage. The prickly or spiny nature of the stems makes this a
good barrier plant. Seed from plants cultivated at the Boyce
Thompson Southwestern Arboretum. Native to South Texas.

SAPINDACEAE -SOAPBERRY FAMILY
Dodonaea viscosa (L.) Jacq. var. linearis (Harv. & Sond.) Sherff.

DESERT HOP -BUSH. Seed collected from native plants growing
at the Boyce Thompson Southwestern Arboretum. The attrac-
tive winged hop -like fruits make this a striking plant. The
glutinous leaves are high in saponin and have been used as a fish
poison.

Sapindus drummondii Hook. & Am. SOUTHWESTERN
SOAPBERRY. A deciduous tree with saponin -rich fruits used
like soap during early days of settlement in the Southwestern
United States and adjacent Mexico. Seed from plants cultivated
at the Boyce Thompson Southwestern Arboretum.

SCROPHULARIACEAE -SNAPDRAGON FAMILY
Leucophyllum frutescens (Berland.) I. M. Johnston. TEXAS

RAIN SAGE; CENIZA. A handsome free -flowering shrub with
ashy -gray pubescent leaves and rosy -lavender flowers. Seed
from plants cultivated at the Boyce Thompson Southwestern
Arboretum.
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Penstemon antirrhinoides Benth. ssp. microphyllus (A. Gray)
Keck. BUSH PENSTEMON. Seed collected from plants native
to the Boyce Thompson Southwestern Arboretum. Plants are
about the size and shape of Creosotebush and have yellow flow-
ers. Dormancy is in the summer, growth in winter.

Penstemon eatonii A. Gray. FIRECRACKER PENSTEMON.
Seed collected from plants native to the Boyce Thompson
Southwestern Arboretum. This is the bright red -flowered her-
baceous perennial which causes considerable comment and ad-
miration by travellers on the highway through the mountains
adjacent to Superior in central Arizona.

Penstemon pseudospectabilis M. E. Jones. ssp. connatifolius
(A. Nels.) Keck. CANYON PENSTEMON. Seed collected from
wild plants growing in central Arizona. Handsome herbaceous
perennials with rose -purple flowers and toothed connate -
perfoliate leaves. Probably more correctly considered a variant
of P. stephensii of southern California.
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SIMAROUBACEAE -QUASSIA FAMILY
Ailanthus altissima (Mill.) Swingle. TREE OF HEAVEN. Seed

from nice deciduous shade tree at Miami, Arizona which has
very successfully withstood smelter fumes many years. This
genotype seems very successfully naturalized in the Globe -
Miami copper mining area of central Arizona. Resistant to
atmospheric pollution.

SOLANACEAE- POTATO FAMILY
Lycium brevipes Benth. TOMATILLO BUSH. Seed collected

from plants cultivated at the Boyce Thompson Southwestern
Arboretum which came originally from Sonora, Mexico. These
plants are more evergreen and produce fruit more continuously
through the year than other species of Lycium.

ULMACEAE -ELM FAMILY
Celtis pallida Torr. GRANJENO; DESERT HACKBERRY.

Seed from plants cultivated at the Boyce Thompson Southwest-
ern Arboretum. These large stiff thorny shrubs make excellent
cover for wildlife and produce an abundance of small orange
fruits.

VITACEAE -GRAPE FAMILY
Cissus trifoliata (L.) L. GRAPE IVY. Seed collected from

plants native to the Boyce Thompson Southwestern Arboretum.
A succulent vine with tubers. Good for hot south -facing walls.

ZYGOPHYLLACEAE- CALTROP FAMILY
Larrea tridentata (DC.) Coville. A shrub with tiny glistening

leaves regularly repeated on black twisting branches that spread
symmetrically. Over many miles of the Southwestern United
States these bushes are so evenly spaced that they might have
been planted according to a diagram. The roots are thought to
disseminate a toxic substance that reduces competition from
other plants. The name refers to a resiny creosote -like smell
particularly noticeable after a rain. Seed from native plants
three miles west of Superior, Pinal County, Arizona.

Porlieria angustifolia (Engelm.) A. Gray. GUAYACAN
SOAP -BUSH. Native to South Texas and adjacent Mexico.
Attractive microphyllous shrub with unusual fruit. Seed
from plants cultivated at the Boyce Thompson Southwest -
Arboretum.
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Acacia redolens, commonly called Prostrate Acacia or
Ongerup Acacia, is a familiar sight along the Superstition
Freeway (Arizona State Highway 360) in the Phoenix,
Arizona area as well as along stretches of highway in
southern California. This plant is relatively new to culti-
vation, having been introduced to California from
Ongerup, Western Australia in 1971.

The Plant
B. R. Maslin first described and named the plant in 1974

(Nuytsia 1(4): 327). The three -inch long, spatulate leaves
(actually phyllodes) are leathery and olive green touched
with waxy blue. In juvenile plants tiny leaflets appear
along the leaf margins but are later deciduous. Flowers
emerge in early spring; they are yellow, cylindrical puffs,
under one half inch long. Acacia redolens is evergreen.
With adequate moisture, it grows three to four feet tall
and spreads enthusiastically to eight or twelve feet hor-
izontally.

In a personal communication to John Weber, Ken New -
bey of Ongerup, Western Australia, offered the following
cultural information. Its native area is one of winter rain-
fall averaging 14 to 16 inches (355 to 406 mm) annually.
Temperatures range between 26.5° to 113 °F (3° to 45 °C).
Soils can be loam to clay and moderately well to well
drained. Under these conditions it can tolerate limited
salinity.

With respect to temperature extremes, young plants
were lost from some plantings in an unusually cold winter
and had to be replaced. In the very cold winter of 1978,
plants at the Boyce Thompson Southwestern Arboretum
near Superior, Arizona underwent temperatures as low as
18 °F (- 8.5 °C) and suffered little if any damage. These plants
were already close to two feet tall when planted. Mature
plants will certainly be observed through future cold win-
ters to determine what the low temperature limit is. Due
to its sensitivity to subfreezing temperatures, Prostrate
Acacia has been rejected for use in the Tucson area where
winter temperatures are regularly colder than in Phoenix.
High temperatures have not affected the plant adversely as
long as enough water is provided during the establishment
period. Note that planting is done in the fall when daytime
temperatures begin to remain below 100 °F.

Rainfall in Phoenix is divided between summer and
winter; this does not seem to affect plants. In any case, the
plants are under irrigation and not dependent upon rainfall
for moisture. At the Boyce Thompson Arboretum, plants
of Acacia redolens are rarely irrigated and seem to survive
well on winter and summer rain.

Suppliers
Pecoff Brothers Nurseries in Escondido, California orig-

inally introduced Acacia redolens to cultivation in Cali-
fornia from Ongerup, Western Australia, in 1971. They
made a selection of an especially prostrate plant they call
Acacia ` Ongerup' which is propagated vegetatively. They
provided the first plants to the Arizona Department of
Transportation. Seed -grown plants are presently being ob-
tained from Mountain States Wholesale Nursery of
Phoenix. Owner Ron Gass states that his first plants were
variable from seed. He has been selecting seed from the
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Figure 1. Newly planted Acacia redolens on the Supersti-
tion Freeway, near Phoenix, Arizona.

Figure 2. A single one -gallon size Prostrate Acacia just
planted on a freeway embankment.

most prostrate plants for two generations now (heading
into a third) and feels that his seed -grown plants are be-
coming very reliably low- growing.

According to Leroy Brady of the Arizona Department of
Transportation's Roadside Development Services, the
search for landscaping plants for the Superstition Freeway
began by examining plants which had been employed in
southern California. In addition, Pecoff Brothers recom-
mended Acacia redolens as a possible plant for the
Phoenix area. To date 66,587 plants have been used over
98 acres of freeway embankments.

Culture
The original section of plantings (from Interstate 10 to

Rural Road) was hand -watered; these plants were rather
slow growing. Subsequently, trials of drip irrigation were
run and the growth rate increased substantially. At the
present time, all plantings of Prostrate Acacia are under
either drip irrigation or overhead sprinklers.

Plants in the section between Rural Road and Price
Road are receiving one gallon of water a day. These new
plantings are under high stress and once they are estab-
lished, this amount of water may be reduced. However,
the plant does not appear to be fully drought- tolerant in
the freeway setting. Because of air movement, heavy
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Figure 3. Mature Acacia redolens. Notice how vigorously
it has grown along the edge of the freeway.

Figure 4. The top of both banks show the use of Prostrate
Acacia as a groundcover.



Figure 5. Material in the foreground is mature Acacia
redolens, as is the lower, darker groundcover on the far
side of the highway.

runoff, and heat reflected from the pavement, plants are
subjected to greater moisture stress than in a natural
environment.

Initially, plants were placed in pits in the banks and
berms remaining after highway construction. This situa-
tion proved to be less than hospitable since this placed the
plants more or less directly in caliche, a hardpan layer of
insoluable calcium -lime. Picture, if you will, planting
these Acacias in containers, then setting them out along
the highway in the hot and arid desert climate. Root
growth is limited, as is the amount of water which can be
applied; water drainage is poor and evaporation is high
from this shallow soil. The latest installations have taken
advantage of topsoil stockpiled during excavation. Upon
completion of the highway section, the topsoil was re-
turned and "plated" over the berms and banks in a two -
foot deep layer. A much more favorable root environment
has now been provided and growth rates have increased.

All plants have been purchased in one -gallon contain-
ers; at this stage, plants are about six inches high (Figs. 1
and 2). When adequate water and root space are available,
Acacia redolens is a fast grower. For example, plants
placed in the ground in the fall of 1980 were two feet
across in June of 1981. They were planted eight feet apart
and can be expected to fill in as a total groundcover by the
end of the second growing season, i.e. the end of summer,
1982 (see Figs. 3 -5).

Advantages and Disadvantages
The Prostrate Acacia has shown itself to have many

advantages and few disadvantages. In terms of weed con-
trol and thus aesthetics and ease of maintenance, the
foliage of an established planting is sufficiently dense to

discourage weed growth almost entirely. This dense
foliage also contributes to the erosion control qualities of
the species.

Acacia redolens creates a good deal of leaf litter, which
broaches several potential problems, among them rodent
populations and fire hazard. Plants which harbor rodents
are undesirable for many reasons; rodents could move into
nearby residential and business areas if and when their
numbers increased. In addition, they could be a distraction
to fast moving traffic on the freeway. Gilbert Bernal, a
foreman with ADOT Roadside Maintenance, says that no
rodent problems have surfaced thus far.

The composition of this plant's essential oils has not yet
been studied, but the plant appears to be relatively non-
flammable.

Where Prostrate Acacia borders lawns, pruning is neces-
sary. This may be attributed to overspray from sprinklers
used to irrigate the turf and results in denser and more
rapid growth of the Acacia. The plant takes well to prun-
ing and responds with thick growth.

A Last Word
Having observed the performance of Acacia redolens

along the Superstition Freeway and at The Boyce
Thompson Arboretum, I would recommend wider use of
the Prostrate Acacia in desert landscapes. It is tolerant of
desert heat and alkaline soils as well as a certain amount
of cold. The form and growth rate may be controlled by
pruning and by the amount of irrigation. Equally at home
as a deep groundcover, a foundation planting, or for bank
stabilization and erosion control, as when it is used along
the highway, Acacia redolens can stand up to the rigorous
conditions of "freeway life" with admirable results.
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Introduction
Jojoba (Simmondsia chinensis (Link) Schneider) is an

evergreen desert shrub native to the Sonoran Desert of the
Southwestern United States and northwest Mexico. Its
seeds contain a liquid wax which is unique in the plant
kingdom and can replace whale sperm oil in many indus-
trial processes. Presently, jojoba oil is being utilized by the
cosmetic industry in hair oil, shampoo, soap, and other
products. It can also be used in lubricants for high speed,
high temperature machines, in polishing waxes, plas-
ticizers, and in other industrial products.

Jojoba is a true xerophyte, which can stand temperatures
as high as 115° -120 °F and very low levels of water in soil
without signs of major injury (Al -Ani, 1972). Being a
drought resistant species which produces a valuable prod-
uct jojoba can possibly become an important crop for arid
and semiarid regions of the world where very few crops
can be grown profitably.

The most stressful factor limiting plant growth and de-
velopment in the desert is the shortage of water. Thus a
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major dilemma that desert adapted species have to face is
how to reduce the amount of water vapor lost from the
leaves (transpiration) to a minimum while still maintain-
ing some CO2 uptake (photosynthesis) required for the ini-
tial synthesis of all carbon compounds. The vast majority
(95 %) of the CO2 and water vapor exchange that occurs
between plants and the atmosphere is through small
orifices present on leaf surfaces called stomata (stoma,
singular). Stomata are openings that appear on the leaf
epidermis between two specialized cells called guard cells,
when these are filled with water. Thus, stomata opening
and closing are primarily dependent on the flow of water
to guard cells and on the general water status of the plants.
In the absence of water stress, however, stomata follow a
diurnal pattern of opening during the day and closing at
night. An interesting exception is the behavior of some
succulent desert species, which present the cransulacean
acid metabolism pathway of photosynthesis. Those
plants, contrarily of all others keep stomata closed during
the day to avoid any water loss, and open them at night to
uptake CO2.

Desert -adapted species present several other morpholog-
ical and physiological features that enable them to cope
with the adverse environmental conditions of their
natural habitat. Some of these features are small leaf size,
leaf hairs, thick leaf cuticle, long roots, photosynthesizing
stems, drought deciduous leaves, and short life cycle.
Some stomatal characteristics are also important to the
adaptations of plants to the desert. Most plants have their
stomata level or slightly above the leaf surface while some
desert adapted species present their stomata recessed, or
sunken below the leaf surface. Also, stomata of desert
plants are usually smaller than those of most mesophytic
plants (Zelich, 1963 ).

Other stomatal characteristics which influence the
water budget of plants, and which vary considerably be-
tween species, are stomata distribution over leaf surfaces,
and stomata density; for example, some dicotyledon trees
have stomata only on the lower surface, while water lily
and other aquatic plants have stomata on the upper sur-
face exclusively (Northern, 1968).

Stomata densities between species range from less than
20 to more than 1000 stomata per mm2 of leaf surface
(Meidner, 1968). Stomata density also varies considerably
between individual plants of the same species, among
leaves of the same plant, and even among different parts of
the same leaf surface (Cole, 1970). Other factors being con-
stant, the diffusion of CO2 in, and water vapor out of the
leaves are directly related to stomata density and distribu-
tion (Bidwell, 1979). The movement of these gases in and
out of leaves is a function of the difference in their concen-
trations between the atmosphere and the interior of
leaves. The water vapor gradient present between these
sites is much steeper than that of CO2; also, the diffusion
coefficient for water is higher than for CO2. Thus a reduc-
tion in stomata conductance caused by a decrease in
stomata density, would decrease water loss proportionally
more than it would decrease CO2 uptake. This could defi-
nitely assist on the water -saving adaptations of drought -
tolerant species.

In this present study we decided to investigate the dif-
ferences in stomata density among individual plants of
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200 sT».,:b.ata/nuri: (C)lc and Dubrenz, 1970), It is much

than that of tcrv:iAoes-I2-1.3 siomatalmm2 (North-
ern, i96:1) and similar to corr
(ZeUtch. 63).

A r:mge in stomata densh,, 10-

iiejoba s (Table 2). The stC'in:ta
density is 70% higher ola that of the k.p,vt. Since
these grown in very similar envirc.ohlen!ai

.... that these differences a- aosed
mainly

Sign if d...ficien,,,.s in stomata (.1,. also
foimd -veer and upper am:my; tìe

5 clones. On the
had i stwnata4nr.2
stomo!.::'51n.)2, When 3 w,-re

we also
ari r-ty more

1.:- 2.. been repotted
to ore 3i.:..q1.1::in leaf sorfat:e also,
arnc.ag r we eon.Q i.:.)cam, corn, tomati,,cL,em
ane. ¡Nrthicn i95)8j e arid to.bren7, 197N

-male and female flowers in epaian. d
pollinatcdb.v -wind.lhcrefort. popula-

tions , grrat zrtettc vatiohtliz-y Experi-
ments at the T. Tni veIsity uidicate thit ;eloba ern
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Figure 1. Electron micrographs from Jojoba stomata on
the upper (1a and 1c) and lower surface (1b), of a fully
expanded leaf.

155

Table 2. Stomatal density of upper and lower leaf surfaces of 10 jojoba
seedlings.

Seedling
Upper
Surface

Lower
Surface Mean

Stomata mm2
1 67' 84 75
2 63 82 72
3 84 99 91
4 72 85 78
5 101 110 106
6 87 87 87
7 83 92 87
8 91 102 96
9 88 91 89

10 60 69 62

Mean 79 89 94

yMean value in the mean of 21 separate counts on each of 3 leaves.
xMeans of upper surfaces was significantly less than that of adaxial
surfaces of the 5% level by the Student Newman Keul Test.

be successfully propagated by cuttings, which allows for
the development of clones. Desirable characteristics can
thus be perpetuated by vegetative propagation of plants
presenting such characteristics. This procedure is espe-
cially important for jojoba because taking 3 -4 years to
produce seeds, it could take many years before actually
improved jojoba varieties could be developed by modern
breeding techniques. Results of this study show that there
are significant differences in stomata density between
jojoba clones and individual seedlings. Other researchers
have suggested that stomata density would be an impor-
tant criterion for producing high -yielding wheats (Teare,
1971) or to influence yields of triticale under certain en-
vironmental conditions (Sapra, 1975). Further studies are
necessary to determine if a decrease in stomata density
would indeed increase yields or water use efficiency of
jojoba. If either of those factors can be determined experi-
mentally then selection of jojoba clones with low stomata
density could result in plants still better adapted to low-

water agriculture.
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A la!;ttact
E.idence is pres:2;ii.d. . krenrially visit

in the color spec:Arun a
ST:in(bng and contr.,dictians in the litc.taturc Jcaling
with pt!fe-f,71c,,,; 1.!-ortv.: ía' tu.uips to
pnfive o clispr: 3 picri.ftricc i th the more precise
delimitation of the st.iJ. and 13:-.;ing that r/i rel.
yellow segment, previous ci.ptiiinents aud ohservations are %-
examined The colots of the red-yellow- segment are referred to
in tins ;ti -hot colors" and those if the ;ppositc Ibluel
end ut the spectrurn as "cool colors» lt is proposed that flr,wcr,
nl ihe red-yellow segment are most flighty .Yihible to hum
mingbirds in hot and zones against an open sky, in sparsely
vegetated regions or otherwise. tu airas with high light inten-
sity characteristic al the "open hbitt. ' Flowers at the opposite
cud of the spectrum seem more highly visible to bumblebees
and other polimatins in or C1( and heavi glared areas
which tend to he relatively moist, cool and shady closed
habitats.: The rapid flight movements and high rate af
metabolism of hummit.gbirds com.ia.in to mak, thse creatures
veri well adapted to of i'crviemon W Ocotillo

or c.la rhnist out into areas of
; ight N nature of the architecture ot the

Evidenae suggests that the nature 6i the plasticity inherent iii
certain plant lints may limit expression of adaptations for
hummingbird pollination Thus, both native and introduced
Nicorikatio species ¡Wild Tobacco) which are visited by hum-
mingbirds have flowers various shadez, of yellow but nut rcd. ()n
the other hand, Pvastervon species which are visited by hum-
in:Deblois have flowers various shades of red but not yellow
Red-flowered Pensten-irn species with long, narrow, tubular
corollas ate portioyed as ideal hummingbild plants in he
Southwestern United States Penii:mon is the largest endemic
genus of flowering plants in North Amenia and is used in the
present article to analyze the geographic influence of hum-
mingbird pollination on plant adaptation on that continent.

Species diversity in hummingbirds within North America is
shown to be geopaphically corrcl itcd with species diversity of
red-flowered Fen.sr.,..rnoti but negatively correlated with species
diversit!, in non-red-flowered P,n.NLemou The hypothesis that
red flowers ;0, result from a change in vector of pol-
lination aid J1Q iatLer than minim vel suggests a
polvphylt tic origin for í condition within the genes Adopt-
ing, Stllh i pfIvph4etic, assumption subieLts the 'aSt

irhin to re- ;flea-Neutron. Taxonomic relation-
ships ::;f r P. marr,- /arias and P butbanis
seem ifs, be clarified usiag this approach

% is suggcsted that i:,:qn.petition among pollinators is reduced
..) a natutaì partitioning .3f he nectar supply among birds, bees
and other polijnat:,r.s but that such partitioning cornes mere as a
result or the structural. behavioral and physiological !imitations
of the pollinators ti: i vice terra Thus, it is suggested that the
red-ye-ILAN preference may. be based simph on the red, Jrange
and yellow oil globules in the cones of the retina ni
humrninghuchs, ...... ni globtales which tiller our other colors
Hummuigbods important tor pollination and subsequent
st:ed production in red to yelluw flowk.red native and cuttivattAl

!Arid and ,41,11, legion and In other regions when
high.

In fjo
HummIngbirds are specialized for feeding on nectar

from flower : und waced many of the floo.ers +NhIch the
regularly visit TY:i2 in turn succiallzc,i i. ir soy,' that p01:1-
nation, resu1t5 :Emir the hummingbird activity. In North
America, humminOird sp--:cies are most numerous and
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diverse in the Southwestern United States and Mexico,
being particularly abundant in the Sonoran Life Zone and
Transition Life Zone. These regions arc characterized by
being rela';v1,,r and dry with high light intensity, as
compared widi regions at the opposite end of the life zone
spectrum where cool and moist conditions prevail with
lower light intensity. Hummingbirds are of significance in
mountain regions of the Southwest primarily in summer
when conditions are warmer a:id drier than usual and light
intensity is high Other pollinato ,,,uh as bumblebees
and other insects are more characteristic of cool, moist
northern climates and demonstrate pea!,..s of sensory per-
cept:on in the segment of the color spectrum remote from
the )w region.

A general compilation of available records is presented
for Nt-.ith American piiint specit..i3 which have flowers vis-
ited by hummingbirds. This is constructed in a manner
not duplicating the chapter by Grant and Grant (1968).
which seems to have been assembled a priori on the basis
of flower color ired; riot red, orange and yellow and as-
sumptions concerning floral morphology. The precnt
survey of observations clearly establishes plant species
with red to yellow flowers (as opposed to red only, or as

-

opposed to no pattern of hummingbird prefuence to be
normal hosts of North American hummingbirds and con-
tradicts the assumption used in compiling Je a priori list
cited, Specifically it demonstrates tha, a strong
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color preference in visitation and that this is ne,; tl.ietael
to red, but rather to red, orange and yellow which together
represent a cob,. tent band or segment of the color spec-
trum to which the eye of day-flying birds is particularly
sensitive. The survey also provides landscaping ideas
for persons wishing to attract hummingbirds to their
property.

In light of the evidence presented in this article, experi-
ments by other investigators purporting to disprove a pref-
erence for red flowers by hummingbirds are perplexing.
Such experiments and conclusions by Bene (19471 and
Grant 11..J661 are questioned and re-interpreted in light. of
clear evideni..c that the entire red-yellow segment of the
color spectruna is indeed involved in the demonstrated
preference. Reievant data accumulated over a long period
of years by Pickens (1931-41, 1955) are tabulated and
analyzed in a wand summary to provide additional sup-
port for the red-yellow generalization.

Red and Yellow FaateeF't as Iinsts
of North American HirTiltahighirds

Althou,ab humminehirds have irrig been thought of by
man as haviilg ateraerhua for red, and particularly as
having red flowers as nectar sources, their color prefer-
ences have bte nh ;:aagmelitally studied and are. indeed
poorly surnmanzed in taalmical literature. Various per-
sons have 'experimentally disproven" a preference for red.
One purpose of the present article is to suggest that these
experiments may not have been adequately designed to
consider all facters ar that they may have been subjected
to misinterpretsridn. The color preferences of North
American hull.) aher,.!s are here summarized and shown
to he quite specifically associated with the red-yellow
segment of the aolor spectrum A recent theany which
claims migratory hummingbiol,'i to be dosela associated
only with red flowers and non-eigrato ry hut inn night /xis to
be associated with flowers of a wider range of colors is
questioned. Grant (1966) reviewed some two dozen papers
dealing with hununingbirds and red-flowered plants, in-
trodueing the paper with the claim that experimental evi-
dence shows that these birds have no preferent e for red. In
the article below we intend to question the conclusions of
such experiments. We have intmtionally avoided a priori
assumptions. Although h,,,lination ecologists have
suggested that certain flavecia arc bat- or bird-pollinated
because a pickled bat or a stuffed bird had a beak or snout
which fit the flower, we have restricted the present article
to reviewing better documented records. Well-
documented hummihgbird-flower visitation records can
he unearthed from popular hterature as well as from scien-
tific reports. For example, ex; diem photographs of hum-
mingbirds pollinating r. - i flosvered 5pecies
have been published in the hook Bircis of Ari;-,-,m; !Phi Ilips,
19641 as well as in various issues of Arizona
magazine. Photographs of hummingbirds visiting > chow-
flowered Nicotiana were published by Woods (Pr) and
by Bene ;1947). The National (7,',:v.:Iphic magazine and
Arizona Highways contain many pictures of hum-
mingbirds visiting other red or yellow flowers and can.
very effectively be used as demonstration materials in
classes.

A1It3tU0 l:981

Grant 11966) wrote The widespread assumption that
humminghirds prefer red flowers is yet held by some
workers halhey." While it is indeed true that hum-
taiingbini-, do not. have an innate reaction to red only, they
have such a strong association with red, orange and yellow
as to make evident the fact that they are indeed colorblind
to the other hall of the spectra ra.

Below arc accounts of flower visitations arranged by
species f huimningbird. The acaaamts are intended to be
non-biased. A .ciaotigh would be impossible to read and
cite all 311ffF.tiOlif, r !t.11-0.1:11/1:..11011]. visits to flowers, we
have ever; .;,?asc to believe !hat the records which we did
find a.;'e an accurate and large sample of all which exist. in
the lit e ure. Only uncertain or disputable references, e.g,
many of thoae o.Í Frank Bene because of misidentifications
(but accepting those which were documented photograph-
ically! have been omitted Under each hummingbird
speeiea red-flowered Penstemon species are listed lsirst
meNiy to emphasize the importance of red-flowered Pen-
!.term species to humniingbirds.

One reason why many of the flower records have not
previously been fully exploited. as evidence of color prefer-
caces in hummingbirds may simply be that the records of
themselves often do not state color. Since practically all
wild plant speLies hove but one flower color and Stnee this
color can be ascertained by a plant taxonomist for practi-
cally any species merrioned in the. literature, we have
added the color to many otherwise barren records. This
color data has therefore 1101 folly available in techni-
eal literature in a readily understood summary. Deprived
of the full data in this mariner. pions have often (particu-
larly since 1966J claimed that hummingbirds have no pref-
erence for red, or else that they have no preference for
yellow but do prefer red. Past trands in science to an em-
phasis on laboratory and i ibrary work from field work has
resulted in many studienta aever havia observed in nature
the attraction of humin ghirds to red and yellow, and
who do not know the fieh,er colors of the planc: species
mentioned in the :literature as host el adai ,.3f hum-
mingbirds. One scientist (Bene, 19471 , reher!aeriting a blend
between field and experimental inve:hihateT realized that
many of the flowers visited by hurnminghirds were red,
but unaccountably credited this to "chanc L."

Archilochus colubris-Ruby-Thtoiited Hummingbird.
In 1672, only two years after discovery of the Ruby-Throat
in New England, our first botanist, lobo Fossc!)-,- , kc tvd
one of the haimmingbird's food plants, jewelweed or Bal-
sam (haihaitens). He provided a drawing of the plant as
"The tiumming Bird Tree" (fosselyn, 16721 .a..ha..ea.; that
the hummingbird fed from the "bright yellow flowers
Bendire 11895) later also documented that Ruby-Throats
visited Impatiens, adding that he had seen the birds visit-
ing thistles for in see ts rathee than nectar, In North
Dakota, O. A. Stevens ;in Bent., observed the spLanes
visiting several cultivated plants and mentioned that the
birds were specifically attracted to the native Impatiens
and were fond ,7 f the k"Cd flowered Caliane (A rplih...V.?)
and the (y&low r red flowers of Honevstiekle ibenearda
He observed. that ."The most natural summer flower seems
to be the native Impatiens, and I beheveathat the hum.
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mingbirds' nesting grounds are closely associated with
these plants."

At Carlinville, Illinois, Charles Robertson (1929) re-
corded the Ruby- Throat from various red or yellow flow-
ers, considering the yellow or orange flowers of Impatiens,
the red or yellow flowers of Indian Paintbrush (Cas-
tilleja), the red flowers of Trumpet Creeper (Tecoma),
the red flowers of Cardinal Flower (Lobelia), and the red
flowers of Columbine (Aquilegia) to be especially visited
and pollinated by Ruby- Throats. He particularly noted
that when blue and red Lobelia grew together, the hum-
mingbirds visited only the red -flowered plants.

In Wisconsin, Graenicher (1910) observed Ruby- Throats
visiting 11 flower species, 5 of which were red, 3 yellow, 2
green, and 1 purple. Interestingly, "green" may contain
much yellow and "purple" often contains considerable
amounts of red. During a two -year study of feeding
behavior of Ruby- Throats in a garden in South Carolina,
Pickens and Garrison (1931) recorded 65 visits to flowers
which we place in the red -yellow segment of the color
spectrum and 22 visits to flowers in the remaining seg-
ment. Grant and Grant (1968) in trying to reinforce a
"common red coloration" theory for migratory hum-
mingbirds as opposed to no color preference for non -
migrating ones, claimed that "Red coloration apparently
prevails among the hummingbird flowers ... " [of the
Ruby- Throat in the eastern United States]. Such a charac-
terization neglects the importance of Impatiens and other
yellow flowers.

Archilochus costae -Costa Hummingbird. According
to Straw (1955), the red -flowered Scarlet Bugler (Pen -
stemon centranthifolius) of southern California is "par-
ticularly" visited and pollinated by Costa and Anna
Hummingbirds. Grant and Grant (1966) reported that the
Costa Hummingbird also pollinates the red -flowered
Larkspur (Delphinium cardinale), red -flowered Ocotillo
(Fouquieria splendens), orange- flowered Bush Monkey -
flower (Diplacus longiflorus), and red -flowered Chuparosa
(Beloperone californica). Phillips (1964) stated that the
Costa Hummingbird prefers Fouquieria splendens, Bel-
operone californica (both red -flowered) and cacti. Cactus
flowers are noted for often being red or yellow. Pickens
(1929) characterized the Costa hummingbird as a visitor to
yellow -flowered Tree Tobacco (Nicotiana glauca),
yellow -flowered Hen - and - Chicks (Dudleya), and red -
flowered Larkspur (Delphinium). Pickens observed birds
visiting the flowers of White Sage and stated that they
particularly preferred the yellowish buds.

At the Boyce Thompson Southwestern Arboretum Ar-
chilochus costae visits the yellow- flowered Bladderpod
Bush from the Mojave Desert (Isomeris arboria), the
yellow -flowered Tree Tobacco (Nicotiana glauca), the
golden -flowered Agave chrysantha, and the yellow -
flowered Agave univittata. The pink- flowered Desert Pen -

stemon (P. parryi) and the rose -pink Autumn Sage (Salvia
greggii) and Canyon Penstemon (P. pseudospectabilis ssp.
connatifolius) are also visited. Red -flowered species vis-
ited at this location include Firecracker Penstemon (P.
eatonii), Superb Penstemon (P. superbus), Red Stachys (S.
coccinea), Desert Honeysuckle (Anisacanthus thurberi),
Chuparosa (Beloperone californica), Red Justicia (J.
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Ruby- Throated Hummingbird, Archilochus colubris, as
drawn by John James Audubon.

ovata), Turks -Cap Mallow (Malvaviscus arboreus), Flow-
ering Quince (Chaenomeles japonica), Red Bottlebrush
( Callistemon phoeniceus + 3 other species and numerous
varieties), Ocotillo (Fouquieria splendens), Maternity
Plant (Kalanchoe tubiflora), Aloe claviflora hybrids,
Eucalyptus leucoxylon var. rosea, and Silver Torch Cactus
(Cleistocactus tupizensis). Orange -flowered species vis-
ited at the Arboretum include Firecracker Bush (jacobinia
ghiesbreghtiana), Purple- Leaved Scallops (Kalanchoe
fedtchenkoi), Aloe commutata hybrids, Aloe rietzii, and
Aloe saponaria hybrids.

Archilochus anna -Anna Hummingbird. Straw (1955)
considered the Anna Hummingbird as an important pol-
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Rufous Hummingbird, Selasphorus rufus, as drawn by
John James Audubon.

linator of the Scarlet Bugler (Penstemon centranthifolius),
a red -flowered species. Woods (1927) published a half -tone
of an Anna Hummingbird feeding from red -flowered
Zauschneria. Grant and Grant (1966) reported that the
species pollinates Wild Fuschia ( Zauschneria latifolia,
red), Columbine (Aquilegia formosa, yellow and red),
Manzanita (Arctostaphylos parryana, pink), and Red
Lousewort ( Pedicularis densiflora, red). Although Dawson
(1923) stated that the host flowers of the Anna Hum-
mingbird would be "nearly equivalent to the Botany of
Southern California," he concluded that if one flower
species were singled out it would be "our handsome red -
flowered gooseberry," i.e. Ribes speciosum. Bent (1940)
stated that the yellow -flowered Nicotiana glauca was one
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of the most valuable plants to the Anna Hummingbird. He
also observed that the species was attracted in great num-
bers to the dull yellow flowers of Agave.

At the Boyce Thompson Southwestern Arboretum the
Anna Hummingbird visits virtually the same flowers as
the Costa Hummingbird, the present authors (FSC, CDC)
having recorded it from yellow Isomeris, Nicotiana and
Agave, from orange jacobinia, Aloe and Kalanchoe, from
red Penstemon, Eucalyptus, Callistemon, Malvaviscus,
justicia, Beloperone, Anisacanthus, Fouquieria, Stachys,
Cleistocactus and Chaenomeles, and from rose -pink Sal-
via and Penstemon.

Archilochus alexandri -Black- Chinned Hummingbird.
One of the present authors (CDC) has studied Black -Chins
pollinating several red -flowered Penstemon species in
southern California but has noted that the yellow -
flowered Nicotiana glauca is so popular with these birds
that it can be responsible for failure of Black -Chins to
migrate south. This Nicotiana blooms year -round in
Arizona and southern California. Phillips (1964) recorded
that Black -Chins used to be abundant along the Santa
Cruz River in Arizona but were greatly reduced in number
through destruction of Nicotiana thickets. Bendire (1895)
also observed a preference on the part of Black -Chins for
Nicotiana glauca in California and mentioned seeing
70 -80 birds of this species visiting a single stand of the
yellow -flowered Nicotiana.

Bene (1947) published half -tones showing the species
visiting the red -yellow flowers of Aloe and Nasturtium
(Tropaeolum), the yellow flowers of Columbine
(Aquilegia), and Tree Tobacco (Nicotiana glauca), the red
flowers of Ocotillo (Fouquieria splendens) and Chuparosa
(Beloperone californica), and the flowers of a Petunia and
Jasmine of unspecified color. Grinnell (1914) found that the
species visited the yellow flowers of Palo Verde (Cer-
cidium), the lavender flowers of Ironwood (Olneya) and
flowers of Lycium of unspecified color.

Grant and Grant (1966) listed only Scarlet Bugler (Pen-
stemon centranthifolius), Chuparosa (Beloperone califor-
nica) and Red Lousewort (Pedicularis densiflora) as polli-
nated by Black - Chinned Hummingbirds. Bendire (1895)
recorded Black -Chins from red -flowered Larkspur (Del-
phinium cardinale). Bailey (1923) recorded Black -Chins
from red -flowered Desert Honeysuckle (Anisacanthus)
and red -flowered Ocotillo (Fouquieria splendens). The
Black- Chinned Hummingbird impressed Bent (1940) with
its preference for the yellow -flowered Nicotiana glauca.

Selasphorus rufus- Rufous Hummingbird. The Rufous
Hummingbird according to Bailey (1902) is especially fond
of scarlet -flowered Penstemon. A color photograph of this
species in Arizona Highways magazine shows it visiting
the red -flowered Penstemon barbatus. Bailey wrote that
as far as she had observed, the species fed mainly from red
flowers, mentioning Indian Paintbrush (Castilleja), Col-
umbine (Aquilegia) and Tiger Lily as examples (as well as
the red -flowered Penstemon ). Edgerton et al. observed
Rufous Hummingbirds feeding from Penstemon in Col-
orado and from a red -flowered thistle in Arizona. Grant
and Grant (1966) reported that Rufous Hummingbirds pol-
linate the red -flowered Penstemon bridgesii, red -flowered
Penstemon newberryi, red -flowered Beloperone califor-
nica, red and yellow flowered Aquilegia, red -flowered
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Fouquieria splendens, and red -yellow Castilleja miniata.
Grant and Grant (1970) recorded Rufous Hummingbirds
feeding from the red flowers of a Borage (Macromeria vir-
idiflora) in Arizona.

At the Boyce Thompson Southwestern Arboretum the
Rufous Hummingbird visits the pink flowers of Penste-
mon parryi, the orange flowers of Aloe saponaria hybrids,
and the red flowers of several Callistemon species and
varieties. An observation recorded by Bent (1940) states
that the Rufous Hummingbird arrives in Oregon each year
"just as the crimson -flowered currant (Ribes sanguineum)
is bursting into bloom." One of Bent's correspondents in
Alberta recorded the cultivated Tropaeolum (red, orange or
yellow) as a favorite host -flower of the species, while a
correspondent in California gave red or yellow Castilleja
and Aquilegia as preferred plants. Grant and Grant (1965)
wrote that Rufous Hummingbirds feed from the red -
flowered Gilia aggregata in California, less commonly so
in Colorado. Henshaw (1886) recorded the Rufous Hum-
mingbird from the brownish -red -yellow flowers of
Scrophularia in New Mexico. Swarth (1904) recorded the
species as being greatly attracted to yellow flowers of
Agave.

Selasphorus platycercus- Broad -Tailed Hummingbird.
Dr. C. Hart Merriam (1890) stated that the Broad -Tailed
Hummingbirds' "principal food plant" was Penstemon
barbatus, a red -flowered species. In New Mexico, Hen-
shaw (1886) found that red -flowered Penstemon and
brownish- red -yellow Scrophularia were preferred. Bailey
(1928) observed the species visiting flowers of Penstemon,
Delphinium, Agave, Ribes and Willow. Color photographs
in Arizona Highways magazine show Broad -Tailed Hum-
mingbirds visiting the red -pink flowers of Penstemon
sepalulus in Utah and the red flowers of Penstemon bar-

batus in Arizona. Grant and Grant (1965) stated that
Broadtails are common visitors to the red -flowered Gilia
aggregata in Colorado. Perhaps it is significant that Gilia
aggregata and Penstemon barbatus mimic each other so
closely that even though they are spectacular plants from
a moving car, even a Penstemon expert can not distinguish
one from the other without the car stopping, even though
they belong to different families.

Selasphorus sasin -Allen Hummingbird. Grant and
Grant (1966) reported the Allen Hummingbird to be a pol-
linator of Penstemon newberryi, Red Lousewort
( Pedicularis densiflora), Larkspur (Delphinium cardi-
nale), and Wild Fuschia (Zauschneria latifolia), all of
which have red flowers. According to Bent (1940), the
species is attracted to the yellow -flowered Nicotiana
glauca, yellow -flowered Agave, scarlet -flowered Sage,
"brightly colored mints," and the white or pink -flowered
Arbutus. Grinnell (in Bent, 1940) recorded the species as
being attracted to masses of Yellow -Flowered Monkey -
flower (Mimulus langsdorfii) and Scarlet -Flowered Mon -
keyflower (M. cardinalis) as well as to Columbine
(Aquilegia). Woods (1927) published a half -tone of the
Allen Hummingbird feeding from the yellow flowers of
Tree Tobacco (Nicotiana glauca).

Selasphorus heloisa -Heloise Hummingbird. Although
Bent (1940) recorded the species from flowers of mints and
cacti, the color preferences have apparently not been well
studied nor recorded.
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Eugenes fulgens -Rivoli Hummingbird. The Rivoli
Hummingbird has been recorded by Bent (1940) around the
flowers of a scarlet Penstemon, a red -flowered honey-
suckle, the yellow flowers of Agave, among some scarlet
Geraniums, and from Iris of unspecified color. Bene (1947)
published a half -tone of a Rivoli Hummingbird visiting
yellow -flowered Columbine (Aquilegia).

Lampornis clemenciae -Blue- Throated Hummingbird.
Bene (1947) published seven half -tones showing Blue -
Throated Hummingbirds visiting flowers of yellow Col-
umbine (Aquilegia). The Blue- Throat was found nesting
in a clump of Scarlet Mimulus by Bent (1940) and was also
recorded from flowers of Honeysuckle, Gilia and Agave.

Cynanthus latirostris- Broad- Billed Hummingbird.
Phillips (1964) published a color photograph of a Broad -Bill
visiting a red -flowered Penstemon, seemingly a
hummingbird -pollinated race of P. pseudospectabilis.
Bent (1940) recorded the species from the "vivid red and
yellow" flowers of Bird -of- Paradise (Caesalpinia) as well
as from the red flowers of Ocotillo (Fouquieria splendens)
and red -yellow Indian Paintbrush (Castilleja). At the
Boyce Thompson Southwestern Arboretum Broad -Bills
commonly visit the yellow -flowered Bladderpod Bush
(Isomeris arborea).

Stellula calliope -Calliope Hummingbird. Grant and
Grant (1966) reported the Calliope Hummingbird as a pol-
linator of Penstemon newberryi (red -flowered), Aquilegia
formosa (yellow -red), and red -yellow Castilleja (C. brew -
eri, C. miniata). The same authors (1965) previously re-
ported the bird to feed from the flowers of Gilia aggregata,
a red species. A drawing published in the latter work
which shows a Calliope Hummingbird opposite the flow-
ers of another species of Gilia contradicts data presented
by the authors (VG, KG) and appears to be a mistake by the
artist. According to Bent (1940), the species prefers flowers
of Aquilegia (red or yellow or both), Mimulus (yellow), and
Castilleja (red -yellow). The species was recorded by
Hoffman (1927) from Columbine (Aquilegia), Indian
Paintbrush (Castilleja) and Mountain Heather. Grinnell et
al. (1930) observed the species visiting the blood -red Sar-
codes sanguinea, the red -flowered Castilleja, as well as
Pedicularis and Arctostaphylos of unspecified color.

Hylocharis leucotis -White-Eared Hummingbird.
Skutch (in Bent, 1940) recorded a group of White -Ears
monopolizing a large stand of (red -yellow) Castilleja at Mt.
Mohinora in northern Mexico. Farther south he recorded
the species from yellow flowers of Bidens and from vari-
ous species of Mint (Salvia).

Bene's Experimental Evidence
Bene (1947) wrote a book on the feeding behavior of

Black- Chinned Hummingbirds in and around Phoenix,
Arizona where the birds had apparently become unusually
common as a result of plantings of exotic (mostly Central
and South American) flowers along irrigation ditches and
in irrigated yards. Some of Bene's statements are naïve and
unscientific, for example the Gilia being said to be a wild
variety of the Phlox and the Shrimp Plant a garden hybrid
of Beloperone californica, etc. The ornithologist Phillips
(1964) has even suggested that some of his "Black- Chinned
Hummingbirds" were misidentified. Nevertheless, his
treatise won the Walker Prize and his experiments when



162 Desert Plants 3(3)

carefully analyzed have value.
When Bene offered different colored sugar waters to a

female Black -Chin (identity questioned by Phillips, 1964),
it chose colors in the order 1) yellow, 2) green, 3) orange,
4) red. Although this experiment purports to debunk a
preference for red, the colors of the spectrum were not
at all equally represented. Three of the four colors used
are in the red -yellow segment of the color spectrum,
while the fourth color (green) may have contained as
much as 50% yellow pigment.

In a second experiment, when the color spectrum was
more adequately represented, Black -Chins were attracted
to colored sugar water in the order 1) yellow, 2) orange,
3) red, 4) blue, 5) violet, 6) green. In this latter experi-
ment two birds identified as male Black -Chins were used.
There were 77 visits to the red -yellow segment and 25
visits to the remaining spectrum. Regardless of these
facts, Bene interpreted the experiments to conclude
that "Black- Chinned Hummingbirds are not attracted
to red more than to any other color." and "there is -no
justification for regarding partiality to red as though it
were a phylogenetic trait of a species of humming-
bird, or of the family Trochilidae itself."

Grant's Experimental Evidence and Geographical Data
Discussing color preferences of hummingbirds, Grant

(1966) made a rather large point over what she termed "the
failure of experimental tests to demonstrate a preference
for red." She experimented with a solitary Anna Hum-
mingbird and found that after rigorously conditioning the
bird to drink from a red feeder from mid -March to August,
the bird continued to visit the feeder or ones similar in
shape during the winter, even though the color was
changed. The present authors (FSC, CDC) point out that
this bird knew that each feeder contained sugar water,
regardless of color, and that there was no reason for the
bird to visit any particular one. A similar experiment was
once made by others at the New York Zoo using a solitary
Mexican bird. Long before this latter bird was ex-
perimented upon, it had learned that the feeder in its cage
contained sugar water. When additional feeders of the
same design were added to the cage, each containing a
different color of sugar water, the bird did not discriminate
among colors, although, it did prefer end feeders. These
experiments ignore the evident fact that objects do not
become invisible to hummingbirds merely because they
are not red or in the red -yellow segment of the spectrum.
When attraction is not important, color may not be impor-
tant either. Hummingbirds locked in cages or trained to
daily visit a specific design of feeder for sugar water would
be expected to visit whatever feeder might be present, re-
gardless of color.

Although Grant (1966) suggested that hummingbirds do
not in general prefer red flowers, she stated that in Cali-
fornia they do. She suggested that these California flowers
are special cases because hummingbirds in that region are
migratory and have learned to respond to an arbitrary red
signal in plants which bid for hummingbirds, whereas
hummingbirds in Central and South America (where most
species reside) have not learned such a response. The data
from Central and South America, however, seem essen-
tially in agreement with the data from California and the
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rest of North America when the yellow flower records
from California and North America are not arbitrarily
omitted.

Grant (1966) characterized the hummingbird flowers of
California as being red, thus by oversight omitting the
yellow -flowered Nicotiana glauca, other smaller
Nicotiana species, Dudleya species, Agave species, and
Aquilegia. When these California hummingbird flowers
are added to Grant's list, there seems to be little or no
difference in color between the hummingbird flora of Cali-
fornia and that which she presented for Central or South
America. For instance, Melin's (1935) color data for bird -
pollinated plants from the boundary of Argentina and
Bolivia show only 20% of the flowers visited to be in the
blue -green segment of the color spectrum. The remaining
80% were red, orange, yellow or colorless to the human
eye. The data collected by Grant (1966) from southern
Mexico, though claimed to represent a wider range of col-
ors among hummingbird plants, is exactly the same as for
California -red, orange and yellow.

An experiment by Sherman (1913) was cited by Grant
(1966) as a claim that Ruby- Throats do not prefer red. Al-
though Sherman did indeed claim that the Ruby -Throat's
preference for red was a "fallacy" and an "erroneous
theory," her own data indicate a preponderance of visits to
red, yellow or colorless feeders.

Pickens' Survey of Hummingbird Flowers
Dr. A. L. Pickens once advertised in ornithological jour-

nals for persons to send in records of all flowers they had
seen hummingbirds visit. In this manner Pickens obtained
a great number of records on a continuing basis (Pickens,
1931 -41; 1955). It was concluded that the "ideal Nearctic
bird -flower" was a red -flowered figwort" such as Penste-
mon. Pickens did not, however, fully summarize the data.
Therefore we have made a grand summary below, omit-
ting white since it is colorless.
Red 231
Yellow to Orange 112
Violet 81

Blue 49
Green 19

Maroon 8

Anecdotal Evidence of the Attraction of Hummingbirds
to Red, Orange and Yellow

The attraction of hummingbirds to red and yellow is not
limited to flowers, as will be seen below. Woods (1927)
observed that a bunch of (yellow- orange) carrots attracted
hummingbirds. He also recorded hummingbirds probing
clusters of bright orange Crataegus berries. Bene (] 947)
recorded that hummingbirds "flew round and round "a
bright yellow hat worn by a gentleman while hiking. Dr. E.
A. Mearns (1890) recorded that on a field trip a member of
his party wore a scarlet cap and that the Broad -Tailed
Hummingbirds were so troublesome in constantly attack-
ing it that he was obliged to put the cap in his pocket to
"be rid of the irate little furies."

Swarth (1922) recorded an interesting case of crop dam-
age on Sergief Island when Rufous Hummingbirds dive -
bombed the "bright red berries" of a farmer's strawberry
crop. These berries were pierced through by the birds' bills
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and could not be used. Bailey (1902) recorded Rufous
Hummingbirds attracted to red clothing. Grinnell (1909)
stated that on Admiralty Island a Rufous Hummingbird
buzzed about bright red tomato cans which had been
thrown out and that the birds investigated a red -bordered
towel, the red places at the end of a fruit box, an empty
salmon can, "and particularly a red bandana."

In South Carolina, Pickens and Garrison (1931) re-
marked on a Ruby- Throat which was attracted to a red frill
on the dress of the junior author. The bird also carefully
examined a red picture in a copy of the Woman's Home
Companion magazine which happened to be at hand.
Grinnell and Storer (1924) recorded three instances of Cal-
liope Hummingbirds being attracted to red objects -once
to a red -labelled baking powder can, once to a red hand-
kerchief, and once to a red sweater.

Red -Flowered Penstemon Species as Hummingbird
Plants in the Western United States

Although botanical studies came late to California in
comparison with Josselyn's early observations in New
England, as early as 1860 the distinguished founder of
botany on the West Coast published a description of a new
species of red -flowered Penstemon from Cedros Island
(Penstemon cerrosensis), entitling the accompany-
ing plate "Humming Bird's Dinner Horn" (Kellogg, 1860).
Since this early beginning in California, at least 19 other
Penstemon species, all red -flowered, have been observed
to be pollinated by hummingbirds. Thus fully half of
the 40 red -flowered Penstemon species have actually
been observed to be visited by hummingbirds. For the
remaining red -flowered species there is no evidence
that they are not pollinated by hummingbirds.

David D. Keck (1936) recognized the importance of
hummingbirds in the pollination of a certain group of Pen-
stemon species when he used the following rubric in a
taxonomic key for identifying species -"Corolla red, dis-
tinctly tubular. Largely pollinated by humming- birds." He
recorded the fact that Penstemon ternatus, P. corymbosis
and P. cordifolius were regularly visited by hummingbirds.
Elsewhere (Keck, 1937) it was found that hummingbird
pollination was characteristic of another group of red -

flowered Penstemon species. He wrote further that the
brilliant scarlet flowers of Penstemon centranthifolius
were regularly pollinated by hummingbirds. He observed
that the flowers of the red Penstemon subulatus were
"particularly fitted for pollination by hummers."

In 1948, Francis Pennell recorded the red -flowered Pen-
stemon eatonii, P. bridgesii and P. centranthifolius as
species particularly visited and pollinated by hum-
mingbirds. In 1951 he extended his observations to include
the red -flowered Penstemon murrayanas, P. rupicola, P.
cordifolius, P. ternatus and P. corymbosus. Pickens (1941)
recorded the red -flowered Penstemon baccharifolius as
visited by hummingbirds, as well as many of the other
species previously mentioned.

According to Richard Straw (1962), the red -flowered
Penstemon fasciculatus is visited frequently by hum-
mingbirds. He likewise observed that hummingbirds are
the typical pollinators of Penstemon isophyllus and that
the red -flowered Penstemon hartwegii is also regularly
visited by hummingbirds. Field observations also re-
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vealed the red -flowered Penstemon mohinoranus to be
pollinated by hummingbirds. In a more recent paper
Straw (1963) recorded Penstemon kunthii as a more or
less typical hummingbird flower.

Keith Roe, Eunice Roe and Scott Mori, collecting Pen-
stemon specimens in southern Mexico, observed hum-
mingbirds visiting red -flowered Penstemon species in
several locations. Particularly, they observed Pen-
stemon kunthii visited by hummingbirds at Rio Frio near
Toluca. Miss 011ie Weber also collected Penstemon spec-
imens in Mexico and reported to us that Penstemon
kunthii was visited by two species of hummingbirds.

The present authors (FSC, CDC) have observed various
hummingbirds visiting the red flowers of Penstemon cen-
tranthifolius in several locations in southern California,
the red flowers of Penstemon eatonii spp. exsertus in vari-
ous locations in central Arizona, the red flowers of Pens-
temon subulatus and P. superbus in Arizona, the rose -red
flowers of Penstemon subulatus and P. superbus in
Arizona, the rose -red flowers of Penstemon pseudospec-
tabilis in Arizona, and the red flowers of Penstemon bar -

batus in Arizona and again in New Mexico.
During our own observations of pollination of Penste-

mon in the Superstition Mountains of Arizona, we have
noted that hummingbirds do not discriminate among the
red -tubular flowers of Fouquieria splendens, Penstemon
eatonii and Beloperone californica which all bloom at the
same time at the same locations. Although these plant
species are not related, their flowers are virtually identical
through processes of convergence, being adaptations for
hummingbird pollination. We may never know what plant
was referred to by an ornithologist when he wrote that he
observed up to 50 hummingbirds at a "kind of scarlet
flower similar to the Salvia" because this description suf-
fices not only for any of the red -flowered Penstemon
species, but for Stachys coccinea in the Labiatae, Cilia
aggregata in the Polemoniaceae, Beloperone californica
in the Acanthaceae, Fouquieria splendens in the
Fouquieriaceae, Macromeria viridiflora in the Bora-
ginaceae, or Zauschneria latifolia in the Onagraceae.
These hummingbird flowers are so similar morphologi-
cally that the novice usually supposes them to be closely
related, although they are in fact members of different
familes. Nicotiana, Dudleya and Agave are also similar
but differ in having yellow flowers instead of red.

Correlation of the Range of Red -Flowered Penstemon
With That of Western Hummingbirds

Aside from the Ruby -Throat, which migrates to eastern
North America across the Gulf of Mexico, the hum-
mingbirds of North America are western in distribution.
These western species migrate overland from Mexico, al-
though a few overwinter in Arizona and Southern Califor-
nia. Of the 16 species of western hummingbirds, the
greatest number are known from Arizona (14 species, cf.
Phillips, 1964) and California (particularly southern Cali-
fornia). Three or four species extend up the Pacific Coastal
States, reaching respective limits between California and
Alaska, extending on reverse migration down and east
through Utah and Colorado. Another species is common
in the higher mountains of Arizona and New Mexico,
north to Salt Lake City and Denver. Another species is
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Figure 1. Map illustrating distribution and species diver-
sity of red -flowered Penstemon. Compiled by combining
distribution maps of 40 red -flowered species. In the
darkest band, 4-6 red -flowered species occur together
in the same region.

common in the deserts of Arizona and California. The
other species are generally known in the United States
only from Arizona, New Mexico or West Texas. Species
diversity is mapped in Figure 2, this being based largely
upon studies by ornithologists including Bent (1940) and
Phillips (1964).

Since Pickens (1941) would consider red -flowered Pen -
stemon species as "ideal" Nearctic bird flowers, and since
there are definite records of at least half of the 40 red -
flowered Penstemon species being visited by hum-
mingbirds (apparently hummingbirds have been seen vis-

iting only 3 of the 260 Penstemon species which are not
red -flowered), and since hummingbird feeders are often
patterned after a red Penstemon flower, we have taken the
opportunity to map the distribution of the red -flowered
condition in Penstemon. We know of no other North
American genus with as many red -flowered species.

Only 40 of the approximately 300 species of Penstemon
are red -flowered, the usual color of flowers in the genus
being blue or white. Figure 1 is based upon manuscript
maps of the 40 species which we consider to be red -
flowered. It shows not only species diversity but total



A male Anna Hummingbird visiting flowers ofPenste-
mon eatonii. Artist: Coffee Brown.
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Figure 2. Map illustrating distribution and species diver -
sityof hummingbirds. In the darkest band, 4- 9humming-
bird species occur together in the same region.

range of red -flowered Penstemon above north latitude 25
degrees. We regret that Penstemon does not occur to any
extent in Central and South America so that the analysis
can not be extended. The one species of Penstemon which
does grow in South America (perhaps introduced) does
have red flowers. Many species in southern Mexico also
have red flowers but lack of data on precise distributions
below 24 degrees has not permitted mapping these.

Scrutiny of the map shows a very striking correlation
with the distribution and diversity of western hum-
mingbirds, so striking as to indicate that red -flowered
Penstemon species are correlated geographically with the
distribution of western hummingbirds. The distribution of

red -flowered Penstemon species is totally dissimilar with
the distribution of Penstemon as a whole or the distri-
bution of non -red -flowered Penstemon (Figure 3). Thus,
although Wyoming has as many species of native Pen -
stemon as has Arizona, it has no red -flowered species,
while Arizona has the maximum number of red -flowered
species (just as Arizona has more hummingbird species
than any other state).

Hummingbirds are endemic to the New World and are
restricted mainly to South and Central America where
there are several hundred species. The small handful of
species of North America are obviously immigrant from
farther south and indeed still mostly overwinter far to the
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Figure 3. Map illustrating distribution and species diver-
sity in non -red -flowered Penstemon. Compiled by com-
bining distribution maps of 260 non -red -flowered species.
In the darkest bands, 10 -19 non -red -flowered species
occur together in the same region.

south. It is quite obvious that a type of cline in numbers of
hummingbird species extends up from Mexico in quite a
definite geographic pattern. The fact that the red -flowered
condition in Penstemon matches this pattern is of great
significance, for here is strong evidence that red flowers in
Penstemon are a result of selection by pollinating hum-
mingbirds.

Among the more numerous blue or violet flowered Pen -
stemon species, pollination is by quite definite species of
bees, flies or wasps, depending on the Penstemon species
concerned. These species show a very different pattern of

distribution. For instance, the blue- flowered section Hab-
roanthus of Penstemon, with about 30 species, has been
likewise mapped and found to be congruent with the range
of its principal pollinator, Pseudomasaris vespoides, a
wasp ( Crosswhite and Crosswhite, manuscript). Other
blue or purple species of Penstemon which are pollinated
by Megachilid or Apid bees can also be geographically cor-
related with their more northern pollinators. Thus, the
many species of Penstemon pollinated by Osmia and Hop -
litis bees do not extend south into Mexico where these
bees are absent or rare.



Flowers of Beloperone californica, a favorite of hum-
mingbirds in Arizona and southern California. Photo by
Carol D. Crosswhite.
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The red-flowered Penstemon ternatus of southern Cali-
fornia. Since the long branches spread out and descend,
each individual flower must twist so that the upper and
lower surfaces of the corolla are in the proper position for
pollination by hummingbirds.
Photo by Carol D. Crosswhite.



A Costa Hummingbird visiting flowers of Quince
(Chaenomeles japonica) at the Boyce Thompson South-
western Arboretum. Photo by Leslie Ely.

Geographic Influence of Hummingbird Pollination on
Taxonomic Relationships Within the Largest Endemic
Genus of Flowering Plants in North America

Since Penstemon is the largest endemic genus of An-
giospermae in North America, its taxonomy is complex
and somewhat confused. Red flower color in Penstemon is
in no way monophyletic, as red flowered species are
known in many taxonomic sections of the genus in which
the majority of species are not red. In each instance the
red -flowered species seem to be derived from species of
other colors rather than being "primitive." If the small
number of North American hummingbirds is taken as an
indication of recentness of hummingbird invasion of
North America, then it is easy to understand how these
red -flowered species seem always to be derived rather than
primitive. Once this is understood then it becomes easier
to see phylogenetic and taxonomic relationships among
the species. For example, the species Penstemon pini f olius
Greene, never before properly referred to any taxonomic
section of the genus, becomes an obvious red -flowered rad-
ical of section Ericopsis Keck, perhaps deriving from Pen -
stemon linarioides A. Gray. It had previously been as-
sociated with unrelated species merely because these
species also had red flowers. Penstemon murrayanus
Hooker becomes an obvious derivative of Penstemon
grandiflorus Nutt. Likewise, Penstemon barbatus (Cay.)
Willd. would seem to be a hummingbird selected deriva-
tive of a species in section Habroanthus Keck such as
Penstemon virgatus A. Gray. Thus, once the red -flowered
condition in Penstemon is correlated with selection by
pollinating hummingbirds on a polyphyletic basis, much
of the older work on the taxonomy of the genus can be
shown to be of doubtful validity.

Climate, Desertification, Pollination and the Open
Habitat Concept

In the late Eocene a semi -permanent subtropical atmos-
pheric high off the Pacific Coast of North America inten-
sified with increasing temperature to create increasing
drought in the region to the east -now Sonora, Arizona
and adjoining states. Heat and drought intensified to the
present day with brief trend reversals resulting from
climatic fluctuations which produced glacial and intergla-
cial epochs elsewhere. Axelrod (1979) has shown that the
Sonoran Desert emerged as a true regional desert during
the interglacials. The same aridity patterns which pro-
duced the deserts of western North America seem also to
have governed hummingbird invasion of new territory
northward. With increasing heat and drought in what is
now the Southwestern United States came a reduction of
the canopy of vegetation from forest to woodland to brush -
land to desert.

As vegetation died from the rigors of the arid environ-
ment some arid plant species moved northward from
Mexico but some indigenous species also adapted to the
new habitats of high light intensity, heat and drought.
Hummingbirds could fly quickly to widely- spaced flowers
which could be spotted from a distance by their "hot col-
ors" in the red -yellow segment of the color spectrum. Pol-
lination by such birds was most efficient when the "hot
colored" flowers were thrust well out into the sunlight
into potential flight -paths of the hummingbirds.

In contrast, the flowering plants of the previous forested
areas had been selected for pollination by bees and other
pollinators which had responded to the "cool" end of the
color spectrum. Thus, flowering plants which grew near or
under trees or in association with large masses of vegeta-
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tion, were more efficiently pollinated by bees and other
insects which had eyes sensitive to the blue end of the
color spectrum -i.e. the "cool colors" which are most
readily visible in shaded situations or against a
background of vegetation.

The genus Penstemon was particularly susceptible to
influence by pollinating hummingbirds because so many
of its blue -flowered species were already adapted to scree
slopes, avalanche areas, recent volcanic areas, -i.e. "open
habitats" which existed even before the advent of current
aridity patterns. Much can be learned concerning past and
present geographic patterns of Penstemon species and
other hummingbird pollinated plants. For example, Pen-
stemon barbatus is a species with very tall stems with red
flowers thrust well out into the sunlight and with leaves
greatly reduced or absent in the terminal inflorescence.
Although it extends deep down into Mexico, its closest
relative (blue-flowered) with which it even occasionally
interbreeds (Crosswhite, 1965), are native to Colorado,
New Mexico and Arizona. Here is strong evidence that the
red -flowered plant was derived through selection by pol-
linating hummingbirds in the north and then secondarily
seeded in to the south to exploit hummingbird areas in
Mexico. On the other hand, other red -flowered species
such as Ocotillo (Fouquieria splendens) can be shown to
be of Mexican origin and migrated north. By understand-
ing the interrelations of natural desertification, pollina-
tion systems and migrations of both plants and their
pollinators, we will someday have a much better under-
standing of the history of the vegetation of the Sonoran
Desert and adjacent arid regions.

Although hummingbirds are common in the Sonoran
Desert, a lack of nesting sites in much of the Mojave and
Great Basin Deserts, together with the brief duration of
summer heat, or perhaps other factors relating to ecology,
survival or predation, combine to result in a low incidence
of breeding hummingbirds to the north of southern Utah
and an abrupt drop -off in numbers of hummingbird -
pollinated plants. Thus, we see hummingbird pollination
in the United States as being a clearly subtropical
phenomenon extending upward from the south.
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Discovering the Desert: The Legacy of the Carnegie De-
sert Botanical Laboratory. McGinnies, William G. Univer-
sity of Arizona Press. Tucson. 1981. vii + 276 pp.

This book reviews the classic work in the Sonoran Des-
ert conducted by the Desert Laboratory of the Carnegie
Institution of Washington. The laboratory was built on
Tumamoc Hill in the first decade of this century. It served
as a base of operations for numerous permanent botanists

and visiting investigators. In fact, most of the classic work
dealing with plant science in the Sonoran Desert during
the first half of this century was associated in some way
with this important establishment. Young plant scientists
would do well to acquaint themselves with the papers
which were published during this golden age of Sonoran
Desert studies because the findings are as important and
valid today as they were then. This book by Dr. McGin-
nies is an excellent starting point and the bibliography is
excellent.

Firewood Crops. Shrub and Tree Species for Energy Pro-
duction. Report for an Ad Hoc Panel of the Advisory
Committee on Technology Innovation, Board on Science
and Technology for International Development, Commit-
tee on International Relations. National Academy of Sci-
ences. Washington, D.C. 1980. v + 237.

The introduction of this book illustrates the nomadic
Tuareg people of the North African desert starting a small
cooking fire. Accompanying the photograph is the state-
ment that in many parts of the Sahara, the average family
spends a fourth of its income on the wood and charcoal
required for fuel. This certainly helps to put in perspective
the importance of firewood in subsistence cultures where
people often have a hand -to -mouth existence and may live
at a delicate balance between life and death. The book
presents a master -list of firewood species and discusses
the most important species in detail, providing data on
yield, environmental requirements, establishment proce-
dures, pests and diseases. It seems quite appropriate that
our National Academy of Sciences should make this type
of book available to developing countries.

Trees and Shrubs of the Southwestern Deserts. Benson,
Lyman and Robert A. Darrow. University of Arizona Press.
Tucson 1981 vii + 416 pp. $49.50.

Long awaited by scientists, scholars and many people
who simply love the desert and want to learn more about
it is the third edition of a classic in the study of desert
plants, Trees and Shrubs of the Southwestern Deserts.
The new book from the University of Arizona Press repre-
sents 46 years of field research on the part of its authors,
Lyman Benson and Robert Darrow.

Trees and Shrubs of the Southwestern Deserts is an au-
thoritative guide to nearly 500 trees and shrubs including
woody vines, borderline bushes and plants found mostly
outside the desert but known to occur within its edges.
Ranging from the ridiculous and comic spectacle of the
Boojum Tree to the sublime beauty of the Desert Peach,
the book is enriched by 40 full -color plates, 252 maps and
more than 400 drawings and photographs.

Trees and Shrubs of the Southwestern Deserts is an
easy -to -use identification manual for amateur desert en-
thusiasts and a definite reference for students, range man-
agement specialists, botanists and other scientists.

The 416 -page volume is designed to provide as little or
as much information as the readèr requires. Large print
has been used for material of general interest, including
key characteristics of plants and geographic distribution of
species, while smaller type has been reserved for more
detailed descriptions and technical information.



Cissus juttae, the Elephant -Foot Cissus. Photo by Carol
D. Crosswhite.

The Incredible Elephant -Foot Cissus. What
goes through a person's mind when they turn
around and suddenly see a plant that looks like
an elephant's foot? Yes, the plant is firmly an-
chored in the ground with roots. The leaves are
not much out of the ordinary. But the stem, -
good gracious, the stem is really different.
Alfred Byrd Graf in Exotica 3, a pictorial dic-
tionary of exotic plants, characterized this
species as a "queer- looking succulent." What
makes matters more interesting yet is the fact
that the plant is a grape. Yes, when it finally
produces flowers and fruit, there can be no
doubt about it, this plant is a member of the
Grape Family, the Vitaceae. The Elephant -Foot
Cissus grows in Namibia, also called South
West Africa. It is characteristic of soils which

dry out rather completely. A normal grape
would not survive under such conditions. This
species survives by means of its sarcocaules-
cent stem which holds moisture. The desert
where this plant grows is very severe with re-
gard to water availability but rather mild as to
winter temperature. For this reason the plant is
rather sensitive to frost and must be grown as a
container plant or in greenhouses in many
parts of the world if it is to be grown at all. The
species is a good one to have in educational
collections of schools and public gardens be-
cause it so clearly helps to demonstrate how
succulent plants can be found in a wide range
of plant families, even ones not commonly
thought of as succulent families.
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