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Lycium___-_ _--__----

Manzanita. 
Menodora_ 
Mesquite.-

Mimosa_ _--------
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Mulberry, Texas._. 
Oak:
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Emory.. ____-
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scrub...--_-.. 

Ocotillo____----. 
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blue_________
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Pine:
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Southwestern
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Platyopuntia. ______
Poison-ivy _________
Pricklypear_ _______

Rabbitbrush.

Ragweed, canyon_____
Russian-thistle. ______
Saguaro, giant

cactus.
Saltbush, four-wing. _ _ 
Saltcedar, five-stamen. 
Sandpaperbush. _

Scientific name 
Bouteloua sp. 
Vitis arizonica Engelm. 
Condalia lycioides (Gray) Weberb.

Celtis reticulata Torr.

pallida Torr.
Aloysia wrightii (Gray) Heller. 
Dodonaea viscosa Jacq. 
Amorpha fruticosa L. 
Datura meteloides DC. 
Ephedra trifurca Torr.

Juniperus deppeana Stend.
monosperma (Engelm.) Sarg. 

Lycium berlandieri Dunal
exsertum Gray.

Arctostaphylos pungens H.B.K. 
Menodora scrabra Gray. 
Prosopis juliflora var. velutina (Woot.)

Sarg.
Mimosa biuncifera Benth. 
Muhlenbergia sp. 
Morus microphylla Buckl.

Quercus arizonica Sarg.
emoryi Torr.
oblorgifolia Torr.
turbinella Greene. 

Fouquieria splendens Engelm. 
Maclura pomifera (Raf.) Schneid. 

(Fernald, 1950).

Cercidium floridum Benth.
microphyllum (Torr.) Rose & 

Johnston.

Pinus ponderosa Lawson. 
reflexa Engelm.

Opuntia sp.
Rhus radicans L.
Opuntia engelmannii Salm-Dyck

phaeacantha Engelm. 
Chrysothamnus nauseosus (Pall.)

Britton.
Franseria ambrosioides Cav. 
Salsola kali L. 
Carnegiea gigantea (Engelm.) Britt. &

Rose.
Atriplex canescens (Pursh.) Nutt. 
Tamarix pentandra Pall. 
Mortonia scabrella Gray
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Common name 
Seep willow, batamote. 
Soapberry _ ________-.

Spruce, Engelmann_ _. 
Squawbush-. - __..___. 
Sumac:

sumac___-------
littleleaf--------

Sycamore, Arizona. __ 
Tarbush-___________
Three-awn. _________

Scientific name 
Baccharis glutinosa Pers. 
Sapindus saponaria L. 
Dasylirion wheeleri Wats. 
Picea engelmanni Parry 
Rhus trilobata Nutt.

Rhus choriophylla Woot. & Standl.
microphylla Engelm. 

Platanus wrightii Wats. 
Flourensia cernua DC. 
Aristida sp.

Common name
Tree tobacco.--------.
Trumpetbush. ____-__.
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Willow:
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yew-leaf----------

Yucca or palmilla.. _ - _ -
Zinnia:

yellow desert- 
white desert. ______

Scientific name 
Nicotiana glauca Graham 
Tecoma stans (L.) H.B.K. 
Juglans major (Torr.) Heller
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bonplandiana H.B.K.
taxifolia H.B.K. 

Yucca elata Engelm.

Zinnia grandiflora Nutt. 
pumila Gray



VEGETATION AND HYDROLOGIC PHENOMENA

PLANT ECOLOGY OF AN ARID BASIN, TRES ALAMOS-REDINGTON AREA
SOUTHEASTERN ARIZONA

By EGBERT C. ZIMMEKMANN

ABSTRACT

The area studied includes about 750 square miles of the 
middle reach of the San Pedro Valley in Cochise, Pima, and 
Graham Counties, southeastern Arizona. The San Pedro Valley 
is in the Gila-COlorado drainage basin in the Basin and Range 
physiographic province. The reach studied is flanked by moun­ 
tains locally more than 8,000 feet high and by gently sloping 
valley fill several miles wide and in places more than 1,000 feet 
thick. Average annual rainfall is about 12 inches. Flow regimens 
are mainly ephemeral storm runoff and perennial or less con­ 
tinuous flows that probably last at least 6 months in most years. 
Other flow categories used for convenience are "persistent 
pools," or pools that last for 'at least 1 month beyond storm 
runoff, and intermittent flows that last more than 3 days but 
less than 2 months. The flow categories used may be valid only 
for the fall, winter, and early spring of most years. In the sum­ 
mer, despite heavy storm runoff, base flow disappears in many 
reaches. After exceptionally heavy rainfall in December 1965, 
flows lasting more than 2 weeks occurred in some reaches pre­ 
viously classified as having only ephemeral regimen.

The vegetation ranges from shrubs and cactuses at an altitude 
of about 3,000 feet to spruce-fir forests at about 8,000 feet. Strik­ 
ing variations in the vegetation occur, however, at the same 
altitude, presumably because of differences in moisture regimens 
in different substrates. For example, relatively undissected 
slopes underlain by deep, friable loams support small trees, 
mainly mesquites and acacias, and a grass cover, whereas dis­ 
sected slopes underlain by cohesive older valley fill support 
only stands of shrubs, mainly creosotebutehes, generally not 
floored by grasses.

The vegetation growing on valley floors ranges from stands of 
shrubs with the same species composition as those growing on 
adjacent uplands to a closed-canopy forest composed mainly of 
trees that grow only on bottom lands. In general, valley floors 
support many species, referred to as valley-floor species, that 
were not seen on uplands. Examples of these are ash, walnut, 
desert-willow, seepwillow, cottonwood, hackberry, and syca­ 
more. The proportion of valley-floor species to other species 
along a stream probably reflects relative moisture conditions on 
the valley floor.

Drainage area, geology, and flow regimen are probably the 
three most important controls in the distribution of valley-floor 
vegetation. With uniform basin geology and ephemeral flow 
regimen, the differentiation between valley-floor and upland 
vegetation increases with increasing drainage area, though not

indefinitely. On bedrock, differences between valley-floor vege­ 
tation and the plant cover of adjacent uplands occur at points 
where the drainage area is far less than on unconsolidated val­ 
ley fill. Sustained flows, or flows other than ephemeral, eliminate 
the effect of drainage area and geology on valley-floor vegeta­ 
tion. This is illustrated by the similarity between the vegetation 
growing along large streams with base flows and that growing 
near springs or seeps. Quality of water also seems to affect the 
distribution of plants on valley floors. This is suggested by dif­ 
ferences between the vegetation of the San Pedro River, a 
stream draining more than 2,000 square miles of arid basin, and 
that of tributaries draining less than 150 square miles and 
flowing only a short distance frOm humid mountains.

The distribution of vegetation along a stream with headwaters 
on bedrock, a middle reach in a basin underlain by thick fill, a 
lower^middle reach in a constricted canyon, and a lower reach on 
valley fill is illustrative of the most common variations in valley- 
floor vegetation found in tributaries of the study area. In the 
headwaters, the vegetation on the valley floor is similar to that 
of the uplands. Where the drainage area is between 1 and 2 
square miles, valley-floor species have their uppermost stations. 
With increasing drainage area, the valley floor widens, and 
aquifers in the alluvium sustain base flows. Given an optimum 
combination of valley-floor width, thickness of alluvium, and 
sustained flows, the vegetation may be a closed-canopy forest 
composed of cottonwood, black willow, ash, walnut, sycamore, 
and hackberry. Where the stream crosses the basin underlain 
by thick fill, flow regimen is usually intermittent. The vegeta­ 
tion in such a reach usually consists of species characteristic of 
reaches with perennial or semiperennial flows mixed with spe­ 
cies common along ephemeral streams. Thus in a reach with flow 
regimen intermediate between ephemeral and semiperennial, the 
valley-floor vegetation is also intermediate in species composi­ 
tion. In the constricted bedrock canyon, flow regimen may be 
perennial, but the alluvium may be thin or almost missing; 
flood damage to plants may be severe owing to the small cross- 
sectional area of the channel. As a result, canyons commonly 
support little or no woody vegetation. Downstream from the 
mountain front, the vegetation usually changes abruptly at the 
point where base flows disappear in the valley fill. Individual 
ashes or sycamores, or other species common in wet sites, may 
grow downstream from the canyon mouth. The establishment of 
these plants is apparently related to the slow advances and re­ 
treats of flows out of the bedrock canyon in the winter and

DO.
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spring. Trees like ash may also become established in reaches ' 
with ephemeral flow regimen as a result of infrequent heavy and 
sustained runoff in these reaches. Such runoff occurred after 
the record rainfall of December 1965. In general, the number of 
valley-floor species decreases away from the mountain front and 
approaching the mainistem, despite increasingly shallow ground 
water. This decrease is probably related to channel losses, as 
most of the runoff is lost near the canyon mouth. Shallow ground 
water does not alter the composition of the valley-floor vegeta­ 
tion because this composition is primarily determined by the 
duration of surface' flow at the germination-seedling stage.

In the study area, water tables deeper than 40-50 feet prob­ 
ably do not sustain plant life. This is indicated mainly by the 
aspect of mesquite probably the deepest rooting species in 
areas with different ground-water depths. Most plants probably 
have root zones within the top 20-30 feet of the substrate. Most 
of the valley-floor vegetation in the study area appears to grow 
independently of regional water tables, as these are in most 
reaches deeper than 40 feet. The species that seem to require 
shallow ground water for survival during at least part of the 
year are few and probably cover too small an area to affect the 
regional hydrology.

The variations in the vegetation of the San Pedro Valley can 
be related largely to easily recognized differences in moisture 
regimens. Some variations, however, seem to reflect flow condi­ 
tions that probably occur every year but that are not immedi­ 
ately apparent. More rarely, distributions of plants may be re­ 
lated to flow events with recurrence intervals of perhaps as 
much as 20 years. Variations in the plant cover can thus be ex­ 
plained in terms of current conditions or processes, though the 
processes may occur either frequently or infrequently. The study 
of the vegetation of the San Pedro Valley supports a uniformi- 
tarian view of the development of the botanical landscape.

INTRODUCTION

In the San Pedro Valley, an arid basin of southeast­ 
ern Arizon'a, striking variations in the vegetation co­ 
incide with differences in the physical landscape. Some 
bedrock canyons support tall, closed-canopy forests 
composed of trees belonging to genera commonly found 
in humid regions. A few hundred yards downstream 
from the canyons, however, where the stream emerges 
onto thick, unconsolidated intermontane fill, valley- 
floor vegetation may consist of thickets composed only 
of plants characteristic of the Sonoran Desert. Other 
bedrock canyons are almost devoid of woody vegetation. 
On the other hand, ephemeral streams located on the 
unconsolidated fill but with drainage areas exceeding 
10 square miles may be lined with dense stands of trees 
that do not grow on the desert uplands. Many other 
variations in the valley-bottom vegetation occur, de­ 
pending upon the size and geology of the drainage 
basin, and on the flow regimen.

Striking differences in the plant cover are not con­ 
fined to valley floors. Valley flanks underlain by deep 
loam support trees and a grass cover, whereas slopes 
located at the same altitude but underlain by dissected 
deposits are mantled only by open stands of shrubs. In

general, most plant distributions of the San Pedro Val­ 
ley can be explained in terms of easily recognized varia­ 
tions in moisture availability, such as perennial as op­ 
posed to ephemeral flow regimen. Other variations in 
the plant cover are, however, apparently related to less 
obvious differences in hydrology, such as flows oc­ 
curring at infrequent intervals.

The area studied is in the San Pedro Valley of south­ 
eastern Arizona, between Tres Alamos and Kedington 
(fig. 1). Most of this area is in Cochise County; only 
its western and northern fringes are in Pima and 
Graham Counties, respectively. The area, about 30 
miles long and 25 miles wide, hereafter referred to as 
the Tres Alamos-Kedington area, is part of an inter- 
montane basin with predominantly ephemeral drainage. 
Field studies were made in December 1963 and in the 
fall, winter, and early spring of 1964r-65. Another 3 
weeks was spent in the field in August-September of 
1965, during part of the 1965 summer runoff season. 
In late December 1965 and early January 1966 the area 
was again visited because of unusually heavy rainfall 
and runoff.

The study was sponsored by the U.S. Geological Sur­ 
vey as part of its Graduate Thesis Support Program. 
The writer is indebted to the Survey for tha 2-year ap: 
pointment to the General Hydrology Branch that made' 
the study possible. Drs. John C. Goodlett and M. 
Gordon Wolman, Department of Geography, Johns 
Hopkins University, offered valuable advice and 
criticism.

In Tucson, Ariz., Mr. Maurice E. Cooley of the U.S. 
Geological Survey provided invaluable help with regard 
to the valley-fill geology of the study area. Mrs. Natalie 
D. White, U.S. Geological Survey, and Mr. Kichard 
J. Shaw, Department of Agricultural Engineering, 
University of Arizona, kindly made the ground-water 
data available. The writer is also indebted to Dr. Kay- 
mond M. Turner, U.S. Geological Survey, and Dr. 
James K. Hastings, Institute of Atmospheric Physics, 
University of Arizona, for help, criticism, and encour­ 
agement.

The fieldwork in December 1963 was made possible 
by a grant from the U.S. National Science Foundation.

PHYSICAL SETTING 

TOPOGRAPHY

The San Pedro Valley is a northwest-trending struc­ 
tural trough in northern Sonora, Mexico, and southeast­ 
ern Arizona. The San Pedro Kiver, which heads in 
Sonora, is part of the Gila-Colorado drainage system. 
According to Fenneman (1931), the San Pedro Valley 
is in the Mexican Highland section of the Basin and 
Range province of the Intermontane Plateaus division.
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The Tres Alamos-Eedington area is bordered on the 
east by the Galiuro and Winchester Mountains, and on 
the west by the Santa Catalina and Eincon Mountains 
(pi. 1). The Santa Catalina Mountains are separated 
from the Eincon Mountains by the Eedington Pass, and 
the Winchester Mountains are separated from the main 
axis of the San Pedro Valley by a high basin, part of 
which is known as Alien Flat, by the southern end of the 
G-aliuro Mountains, and by the Johnny Lyon Hills. The 
Little Dragoon Mountains form part of the southeast 
boundary of the study area. West of the San Pedro 
Eiver, parts of the Eincon Mountans are separated 
from the main valley axis by a high basin known as 
Happy Valley and by the Little Eincon Mountains.

The San Pedro Valley is floored by thick valley fill, 
in places at least 1,950 feet thick near the valley axis 
(Heindl, 1963, p. E22-E23). In the study area, the val­ 
ley fill averages about 6 miles in width and it slopes 
toward the valley axis at between 150 and 250 feet per 
mile.

The altitudes of the San Pedro Valley bottom in the 
study area range from 2,890 feet at Eedington to 3,456 
feet at Tres Alamos. At the break in slope between the 
mountains and valley fill, altitudes range from about 
3,500 to about 4,500 feet. The reach studied is asymmet­ 
ric ; the west valley flank is steeper and higher than the 
east flank. The Eincon Mountains west of the San Pedro 
Eiver have a maximum altitude of 8,666 feet, East of 
the San Pedro Eiver, the highest altitudes within the 
study area are 7,328 feet in the Galiuro Mountains and 
7,631 feet in the Winchester Mountains. Average maxi­ 
mum altitudes are about 5,500 feet east of the river and 
about 6,500 feet west of the river.

Local relief on the valley fill ranges from less than 
50 to 300 feet over a distance of half a mile along en­ 
trenched tributaries, as along Eedfield Canyon in sees. 
32 and 33, T. 11 S., E. 19 E. In areas of conglomeratic 
valley fill, as in sec. 7, T. 14 S., E. 20 E., streams have cut 
canyons as much as 80 feet deep and only 6-10 feet wide.

The San Pedro Eiver flows northwestward and joins 
the Gila Eiver at Winkelman (fig. 1). The total drain­ 
age area of the river is 4,483 square miles (Arizona State 
Land Dept., 1963, p. 68); at the Eedington gaging sta­ 
tion, the drainage area is 2,939 square miles (U.S. Geol. 
Survey, issued annually). The channel of the San Pedro 
Eiver is generally entrenched 20-30 feeit below a pre­ 
sumed pre-1880 flood plain, now a terrace. (See Bryan, 
1925, p. 342.)

The tributaries of the San Pedro Eiver in the study 
areas have drainage areas of less than 150 square miles, 
and their mainstems are less than 25 miles long (table 
1). Tributaries longer than about 6 miles have steep 
headwaters located in mountains and gently sloping 
lower reaches located on valley fill. Several tributaries 
have maximum basin elevations exceeding 7,000 feet, 
and several of these streams descend more than 4,000 
feet in less than 20 miles.

BEDROCK GEOLOGY

The bedrock geology of the Tres Alamos-Eedington 
area is complex as it includes Precambrian metamor- 
phic rocks, Paleozoic and Mesozoic sedimentary rocks, 
and Tertiary and Quaternary volcanic units. The 
geology is further complicated by extensive faulting 
(Cooper and Silver, 1964, p. 96-126; Creasey and others,

TABLE 1. Basin dimensions of selected tributaries of the San Pedro River in the Tres Alamos-Redington area

Altitude (feet)

Tributary

Right, north to south: 
Redfield Canyon____ ______
Soza Wash____ ___ _____
Hot Springs Canyon J _ _ _ _ _ _
Teran Wash __ ______ _ ___ __
Kelsey Canyon __ _____
Great Bajada Wash 2______ _ __ __
Tres Alamos Wash__ ____

Left, north to south: 
Buehan Canyon. __ __ _____
Soza Canyon__ __ __ _ ___
Roble Canyon____ ____
Paige Canyon. ___________________
Redrock Creek. __ __ _ _
Keith Ranch Creek 5 __ _____
Ash Creek____ ____ _______

Drainage area Maximum in 
(sq mi) basin

_______ 61.5
_______ 28.5
_ _____ 114. 3
---__-_ 16.3
_______ 18.8
_______ 2.8

134.8

_______ 51.3
_______ 46.0
_______ 13.5
-. ____ 64. 5
_______ 11.3
_______ 6.5
_______ 51.8

7,094 
5, 108 
7,631 
5,218 
5,350 
4,816 
6,729

7,122 
7, 145 
5,970 
8,482 
6,090 
6,090 
7,786

A.

Minimum, Maximum of 1 
in basin mainstem, i 
(approx) (approx)

2,890 
3,000 
3, 125 
3, 175 
3,200 
3,250 
3,450

2,850 
3,000 
3, 100 
3,125 
3,300 
3,400 
3,400

6,300 
4,300 

i 7, 300 
4,350 
5,350 
4,750 
4,750

5,500 
5,800 
4,350 
7,600 
5,500 
5,300 
4,750

jproximate Distance between 
length of mountain front 
nainstem and San Pedro 
(miles) River (miles)

22.0 
9.0 

26. 0 
6. 5 

17.0 
7. 0 

24.3

12. 5 
11. 0 
6.0 

16.0 
7.5 
6.0 

13. 5

6.5 
4. 5 
4.5 
2. 5 
2. 5 
5.0 

3 10. 5

1.3 
44.0 
3.5 
1. 8 
3.0 
4.5 
3. 8

1 Davis Canyon was assumed to be the headwater reach of Hot Springs Canyon.
2 Name arbitrarily assigned to unamed stream.
3 As Tres Alamos Wash does not leave a mountain front at near a right angle, this value represents the distance between the last point, in a downstream direction 

flanked by bedrock and the San Pedro River.
4 The lower 1 mile of Soza Canyon is entrenched in bedrock. 
* Name arbitrarily assigned to unnamed stream.
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1961; Heindl, 1963, p. E27). Many of the rock units 
have not yet 'been assigned to formations.

East of the San Pedro River, the Galiuro and Win­ 
chester Mountains consist mostly of Tertiary volcanics, 
mainly rhyolite and andesite (Arizona Bureau of 
Mines, 1959). Cretaceous or early Tertiary sedimentary 
rocks, mainly sandstone, shale, and conglomerate, crop 
out in the southern part of the Galiuro Mountains, pri­ 
marily in the basins of Teran Wash and Kelsey Can­ 
yon (Arizona Bureau of Mines, 1959). These volcanic 
and sedimentary rocks are generally resistant to erosion 
and form either tablelands or jagged hills and moun­ 
tains. Sedimentary rocks, such as Mississippian Esca- 
brosa Limestone and Cambrian Bolsa Quartzite, also 
form the peaks of the Johnny Lyon Hills and of the 
Little Dragoon Mountains. In contrast, the Precam- 
brian Johnny Lyon Granodiorite that underlies most of 
the Johnny Lyon Hills easily weathers into granular 
form (Cooper and Silver, 1964, p. 27), resulting in 
rounded hills and flat mesas.

West of the San Pedro River, in the Little Rincon, 
Rincon, and Santa Catalina Mountains, quartzose 
granitic rocks, granite gneiss, and schist predominate 
(Arizona Bureau of Mines, 1959; Creasey and others, 
1961). The granite generally exfoliates into rounded 
boulders. The schist underlies steep, straight slopes 
covered with flaggy weathered rock. The largest out­ 
crops of sedimentary rock west of the river are low 
limestone hills in the lower Buehman and Paige Can­ 
yon basins (Arizona Bureau of Mines, 1959; Wilson 
and others, 1960). The limestone outcrops are con­ 
spicuous as white or bluish areas, covered with little 
weathering material.

Bedrock also crops out in the valley fill along the San 
Pedro River. Johnny Lyon Granodiorite forms a series 
of low, rounded hills at The Narrows (pi. 1; Cooper and 
Silver, 1964, p. 26). Smooth, hard conglomerate com­ 
posed primarily of reddish-brown volcanic fragments 
is exposed along the San Pedro River between Roble 
Canyon 'and the Pima-Cochise County line.

VALLEY-FILL GEOLOGY

The thick alluvium that fills the basins of southern 
Arizona, including the San Pedro Valley, has long been 
considered undifferentiated Gila Conglomerate (fan- 
glomera-te) of late Tertiary and early Quaternary age 
(Gilbert, 1875; Bryan, 1926; Knechtel, 1936; Creasey 
and others, 1961). The lumping of heterogeneous ma­ 
terials, including unconsolidated deposits, in this for­ 
mation has been criticized, but agreement on the dif­ 
ferentiation of the alluvium has not yet been achieved. 
(See Heindl, 1963, p. E14.) Pending a revision of the 
Cenozoic alluvial geology of southern Arizona, the in­ 
formal terminology and classification used by M. E. 
Cooley, U.S. Geological Survey, (oral oommun., 1964) 
is probably the most convenient and up-to-date de­ 
scription of the valley fill in the study area. The 'alluvial 
units currently recognized in the San Pedro Valley are 
described in table 2.

Descriptions of the valley-fill geology and paleon­ 
tology in or near the Tres Alamos-Redington area are 
contained in works by the Arizona State Land Dept. 
(1963), Chew (1952), Cooper and Silver (1964), 
Creasey (1965), Creasey, Jackson, and Gulbrandsen 
(1961), Gazin (1942), Gidley (1922), Gilluly (1956), 
Heindl (1963), Kottlowski, Cooley, and Ruhe (1965),

Middle(?) to late(?) Pleistocene terrace 
alluvium.

Late Pliocene to early Pleistocene basin 
fill.

TABLE 2. Valley-fill geology of the Tres Alamos-Redington area
[After M. E. Cooley, oral commun., 1964]

Designation and age Description, location, and remarks 
Recent alluvium..___________________ Clay, silt, sand, and gravel. Channels and valley floors of the San Pedro River and its

tributaries.
Predominantly sandy to bouldery brown alluvium; commonly only gravel veneers one 

particle thick. In places cemented. Overlies terraces underlain by basin fill or deformed 
gravels. At least 20 feet thick downslope from granodioritic mountain fronts. Previ­ 
ously described as "Tres Alamos formation" (Montgomery, 1963), as "Sacatonformation" 
(Heindl, 1963), and as "pediment gravels" (Creasey, 1965; Cooper and Silver, 1964). 

Predominantly fine-grained (clay and silt) pink to reddish-brown deposit. Basally and 
near mountain fronts coarser (sand to boulders). Contains in places caliche, mudstone, 
tuff, gypsum, and some diatomaceous deposits. Cohesive, commonly erodes into bad­ 
lands. Underlies the level terraces (load dip not exceeding 3°) and terrace remnants 
of the middle and upper San Pedro Valley. Large exposures near Benson, where the

' basin fill is also fossiliferous. Overlies the deformed gravels unconformably. Often
described as "lake beds." Previously described as "Quiburis formation" (Heindl, 1963) 
and as "Benson Beds" (Montgomery, 1963). 

Pliocene deformed gravels.__________ Variably cemented, tilted gravels and cobbles. Pink, conglomeratic, and cliff forming
downslope from limestone outcrops; gray and poorly cemented elsewhere, especially 
where the gravels are granitic. Middle and lower San Pedro Valley, usually exposed 
between the mountain fronts and the younger alluvium located near the San Pedro 
River. Previously described as "Tertiary conglomerates" (Montgomery, 1963) and as 
"San Manuel formation" (Heindl, 1963).
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Lance (1959, 1960), Melton (1965), Montgomery 
(1963), and Smith (1963). Interpretations of the 
Cenozoic geomorphic history of the San Pedro Valley 
and of southern Arizona are given in the works of 
Bryan (1926), Heindl (1963), Kottlowski, Cooley, and 
Kuhe (1965), Melton (1959-60; 1965), and Tuan (1959, 
1962) . The presence in the San Pedro Valley of a num­ 
ber of surfaces or terraces underlain by valley fill (fig. 
2) has led to speculation concerning the sequence of 
erosion and aggradation in the valley since the late 
Tertiary (Bryan, 1926; Heindl, 1963). In one inter­ 
pretation (Bryan, 1926), the San Pedro Valley is cited 
as a classical example of partial peneplanation in an 
arid basin.

FIGURE 2. Terraces (1, 2) along the lower reach of Tres Alamos 
Wash. Level 2 is the pre-1880(?) flood plain of the San Pedro 
River. View toward west and Little Rincon and Rincon Mountains.

SOILS

The soils of the San Pedro Valley belong to the 
Eed Desert, Noncalcic Brown, Eeddish Brown, and 
Arid Lithosol soils groups (U.S. Dept. Agriculture, 
1938, map). No systematic soil survey is available for 
the Tres Alamos-Kedington area. Most of the soils of 
the study area can nevertheless be assigned to two series 
that are widely distributed in Arizona. The soils of the 
San Pedro Kiver bottom lands probably belong pri­ 
marily to the pink Gila loam series, whereas those of 
the valley flanks belong mainly to the brown or red­ 
dish-brown White House series (M. L. Kichardson, 
Soil Conserv. Service, oral commum., 1964; S. W. Buol, 
Dept. Agricultural Chemistry and Soils, Arizona 
Univ., oral comrnun., 1965).

The Gila silty and sandy loams are calcareous and 
have surface pH's of 'about 8 (M. L. Kichardson, oral 
commun., 1964). Along the San Pedro Kiver local 
"alkali flats" or salt efflorescences have pH values, judg­ 
ing from data obtained in studies of similar alkali flats 
of the Willcox playa, that commonly reach and exceed

9. The White House soil series consists of deep dark- 
to reddish-brown sandy and gravelly loams developed 
mainly on thick terrace alluvium or fan alluvium (Nat. 
Ooop. Soil Survey, USA 1964). The upper horizons of 
the White House soils are generally noncalcic, and sur­ 
face pH is as low as 5.5.

In common with other arid and semiarid areas of the 
Western United States, the Tres Alamos-Kedington 
area is underlain in places by caliche of varying thick­ 
ness and depth. (See Carpenter and Bransford, 1924, 
p. 247.) This carbonate deposit seems to underlie only 
a small fraction of the area. Probably half of the study 
area consists of bare rock and eroded valley-fill deposits 
on which little or no soils has developed.

CLIMATE

The climate of the Tres Alamos-Kedington area is 
warm and arid. The mean annual temperature is about 
63° F, and the annual excess of pan evaporation over 
precipitation, as judged from records at stations in 
southeastern Arizona, is 70-80 inches (data from U.S. 
Weather Bur.).

Temperatures recorded at Benson (fig. 1) range from 
10° to 115° F. The study area probably has no days 
with mean maximum daily temperatures below 32° F, 
as neither Benson (alt 3,635 ft) nor Tucson (alt 2,410 
ft) have such days. Seasonal mean temperatures in the 
study area are shown in table 3.

TABLE 3. Seasonal mean temperatures in the Tres Alamos- 
Redington area

[After J. R. Hastings, Inst. Atmospheric Physics, Arizona Univ., unpub. map data]

Season Temperature

Winter (Dec.-Feb.) _ _ 
Spring (Mar .-May)__ 
Summer (June-Aug.). 
Fall (Sept.-Nov.)____

47
61
79
64

The average annual precipitation on the valley floor 
of the study area is about 12 inches. At Benson, average 
annual precipitation has been as follows: 1881-1930, 
10:12 inches; 1931-52, 9.81 inches; 1953-64,11.60 inches 
(data from U.S. Weather Bureau). Precipitation at 
Benson has ranged from 4.17 inches in 1924 to 22.58 
inches in 1905. At Kedington, annual precipitation 
since records began in 1941 has ranged from 5.48 inches 
in 1950 to 18.36 inches in 1951.

Annual precipitation in the mountains surrounding 
the study area averages about 30 inches on the summits 
of the Rincon and Santa Cata'lina Mountains, 20 inches 
on the Galiuro and Winchester Mountains, and 18 inches 
in the Kedington Pass area and on the summit of the
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Little Dragoon Mountains (Arizona Univ., Inst. At­ 
mospheric Physics, 1959, map 1) .

Precipitation in the San Pedro Valley occurs mainly 
from late July through early September and from late 
December through early March. Summer rainfall ac­ 
counts for 40 percent and winter precipitation for 24 
percent of the average annual precipitation in the mid­ 
dle San Pedro Valley (J. R. Hastings, Inst. Atmos­ 
pheric Physics, Arizona Univ., unpub. map data). Pre­ 
cipitation in the valley is caused primarily by the pene­ 
tration of moist subtropical-tropical air masses into 
southern Arizona in the summer and by the southward 
migration of polar fronts in the winter (Sellers, 1960, 
p. 22-23). Most of the summer rains fall during short­ 
lived local convectional storms; in contrast, winter 
rains, which are caused by the passage of cyclonic storms 
and related fronts, are generally of regional occurrence, 
and may last for several days. Occasionally, heavy rain­ 
fall in southern Arizona is caused by storms that origi­ 
nate as tropical hurricanes (Sellers, 1960, p. 22) or by 
closely following winter cyclones such as occurred in De­ 
cember 1965 (data from U.S. Weather Bureau). In 
terms of regional climatology and surface hydrology, 
the San Pedro Valley is marked by unusually intense 
summer thunderstorm activity and by unusually large 
volumes of runoff, especially when compared with west­ 
ern Mexico (Kennon, 1954, p. 11; Kennon and Peter- 
son, 1960, p. 94, fig. 20) .

FLOW BEGIM.ENS

In the study area, the streamflow data available prior 
to the study were the gaging record of the San Pedro 
River at Redington (U.S. Geol. Survey, issued annu­ 
ally) and the "wash," "intermittent," and "perennial" 
stream classification shown on the topographic sheets. 
These data, insufficient for the purposes of the study, 
were supplemented by observations of flow duration 
made from early October 1964 to early April 1965, in 
late August-early September 1965, and in late Decem­ 
ber 1965-early January 1966. The observations made 
from October 1964 to April 1965 were the basis for a 
classification of flow regimens used for convenience 
in the study. The streamflow data for the summer of 
1965 and for December 1965-January 1966 are discussed 
below in terms of deviation from that classification.

In the fall, winter, and early spring of 1964-65, most 
of the streams of the study area had flows lasting only 
a f ew hours. Streams or reaches of streams in which only 
storm runoff lasting less than 3 days was seen were 
mapped as having ephemeral flow regimen (pi. 1). In 
some ephemeral streams located on bedrock, however, 
pools of water persisted for at least 1 month beyond

the end of storm runoff. These persistent pools also were 
mapped (pi. 1).

In some reaches of tributaries and of the San Pedro 
River, flows lasting more than 3 days but less than 2 
months were also observed during fall, winter, and 
spring of 1964 65. Reaches with flows of this duration 
were mapped as having intermittent flow regimen (pi. 
1). In tributaries, most of these flows were observed im­ 
mediately downstream from bedrock canyons with semi- 
perennial or perennial regimen (table 4). Intermittent 
flows downstream from canyons apparently occur when­ 
ever base flows in canyons are augmented by prolonged 
frontal precipitation or snowmelt in the mountains, and 
flows that usually end at the mountain front slowly ad­ 
vance into the lower reaches located on valley fill, where 
they are absorbed.

TABLE 4. Length of flow downstream from bedrock canyons for 
selected streams

[All dates are for 1965. X, to San Pedro River]

Stream
End of flow (distance from canyon mouth, 

miles)

Jan. 22 Jan. 28 Feb. 6 Feb. 8 Feb. 9

Buehman Canyon_. 
Redfield Canyon__. 
Soza Canyon_______.
Hot Springs Cany on . 
Paige Canyon.______

X 0.05 ______ X X
.____ 1.3 ______ X ______
1.0 ____________ 1.5 ______

X ______ 1.25 2.25 1.75
______________________ 1.0

The occurrence of intermittent flows in reaches im­ 
mediately downstream from bedrock canyons suggests 
that Buehman Canyon, unlike other tributaries, fre­ 
quently discharges into the San Pedro River for several 
consecutive days. Buehman Canyon is the only large 
tributary in the study area that leaves the mountain 
front as near as 1.25 miles to the San Pedro River (pi. 
1). The occurrence of sustained * discharges in the lower 
part of Buehman Canyon was confirmed by observations 
(table 5). Buehman Canyon is the only tributary in the 
study area observed to have intermittent flow regimen 
in the entire reach between the mountain front and the 
San Pedro River. Table 5 also shows the contrast be­ 
tween Buehman and Redfield Canyons in terms of flows 
reaching the San Pedro River in the winter of 1964 65. 
Redfield Canyon, the tributary directly opposite Bueh­ 
man Canyon (pi. 1), crosses 6.5 miles of valley fill before 
reaching the mainstem. The greater frequency of flows 
in Redfield Canyon in the summer (table 5) probably 
reflects greater incidence of convective storms over its 
drainage basin. The absence of intermittent flows in the 
lower part of Buehman Canyon in the summer (table

1 As used in the present study, the expression "sustained" discharges 
or flows refers to all flows that last more than 3 consecutive days.
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5) is probably related, on the other hand, to the contrac­ 
tion of base flows in the bedrock canyon in the summer 
(p. D9).

TABLE 5. Days on which Buehman and Redfield Canyons dis­ 
charged into the San Pedro River, December 29, 1964, to 
August 18, 1965

[Observations made by Mr. C. S. Eonquillo, RedingtonJ

Date

1964 
Dec. 29_ .

30 __.
31___.

1965 
Jan. 21

22__ .
23 _ .
24___.
25 _ .
26 _ .

Feb. 7___1_
8_ __.

Redfield Buehman 
Canyon Canyon

_ ______ x
v

v
v

_ _______ X
_________ X
_________ X
_________ X

X X
X X

Date

1965  Con. 
Feb. 9______.

10____.
11. _
12 _ __ 
13 _ __

July 11_ ___
22 _ __
24_____

Aug. 2__ _
14_.___.
15_____
18 _ __

Redfield
Canyon

X 
v

y

X

v
v

Buehman 
Canyon

V

X

v

NOTE. The precipitation at Redington was 0.90, 0.40, 0.78, and 0.29 inch on Dec. 
29, Jan. 21, Feb. 7, and Feb. 10, respectively. On Feb. 10 there was also heavy snowfall 
in the mountains.

Many reaches of tributaries and most of the San Pedro 
River in the study area had flows that lasted more than 
2 months (pi. 1). These flows, called semiperennial here, 
probably lasted from October 1964 to April 1965. Most 
of these flows were not checked in December 1964, but 
as rain fell and as base flows were generally high in 
southeastern Arizona during that month (U.S. Geol. 
Survey, issued annually), it is probably safe to assume 
that semiperennial flows lasted at least 6 months.

The perennial flows shown on plate 1 are those indi­ 
cated as such on the topographic sheets. In reality there 
may not be much difference in duration between peren­ 
nial and semiperennial flows. For example, the San 
Pedro Eiver is shown on the Redington quadrangle 
sheet as having perennial flow at the Redington gaging 
station. The gaging record (U.S. Geol. Survey, issued 
annually) shows, however, that in many years the river 
is dry for 2 months or more, usually in May and June. 
In the study area, the perennial flows are probably those 
semiperennial flows that are least likely to dry up.

Variation in discharge of semiperennial and perennial 
flows measured in the fall, winter, and spring of 1964-65 
is shown in table 6. These discharges are based on crude 
measurements of cross-sectional area and velocity of 
flow.

In tributaries, perennial and semiperennial flows are 
generally confined to upper or middle reaches located 
on bedrock. Most lower reaches or tributaries are located 
on valley fill and have ephemeral flow regimen (pi. 1). 
Soza Canyon is the only large tributary whose extreme 
lower reach is on bedrock (pi. 1) and whose underflow

TABLE 6. Selected discharges in streams with perennial and semi- 
perennial flows in the Tres Alamos-Redington area, October 
1964 to April 1965

[Location of discharge measurements shown on plate 1. SP, semiperennial flow; P, 
perennial flow]

Stream Loca­ 
tion

Ash Creek _ _

Hot Springs Canyon, ___

1

2 
3 
4
5 
6
7 
7

Date

1964 
Oct.- Nov. _ 

1965 
Jan. 31.
Jan. 28 _
Mar. 12 ____ 
Feb. 9_____
Jan. 28__ _
Feb. 8 _ ._
Apr. 6

Discharge 
(cfs)

01. -a 3
.4 
. 3 

6.0 
8.4 
3.9 

10.0 
. 3

Flow 
regimen

SP

SP 
SP 
SP
p 
p
SP 
SP

emerges near the confluence with the San Pedro River 
either as seepage or as a short but well-defined stream 
(fig. 3). Soza Canyon is thus the only tributary in the 
study area that visibly discharges into the San Pedro 
River on a semiperennial basis. On March 12, 1965, the 
total seepage from Soza Canyon was estimated as 2.5 
cfs (cubic feet per second). The inflow from Soza Can­ 
yon may account for the approximately 2 cfs difference 
in base flow in the San Pedro River between a point 
near Soza Canyon and the Redington gaging station, 
about 1.5 miles farther downstream (U.S. Geol. Survey 
open-file report).

FIGURE 3. iSoza Canyon at the confluence with the San Pedro River 
(foreground). The underflow emerges as a short stream. The con­ 
glomerate crops out above the terrace in the background. August 30, 
1965.

The flow in the extreme lower reach of Soza Canyon 
probably is caused indirectly by the bedrock, which 
tends to force ground water to the surface. The peren­ 
nial flow in the San Pedro River near Soza Canyon 
probably has a similar cause. The length of this peren­ 
nial flow in the river coincides with the length of the 
bedrock outcrops near the valley axis (pi. 1). In the
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absence of bedrock, the underflow from tributary basins 
generally flows into the main San Pedro Valley aquifer 
at a steep angle a short distance from the mountain 
front (pi. 1). Near the mouths of most tributaries, 
ground water can be found by digging to the level of the 
bed of the San Pedro River. In Soza Canyon, however, 
excavations on March 10, 1965, revealed the following 
ground-water depths:

Distance from the
San Pedro River

(ft.)

22.5
220.0
620.0

Height of Soya Canyon
bed above river "bed

(in.)

30
72

120

Ground-water

(in.) 

18 
89 
84

The distribution of flow regimens shown on plate 1 
may be that present in most years in fall, winter, and 
early spring. The period October 1964-April 1965 was 
not marked by unusual precipitation and the points of 
appearance and disappearance of perennial and semi- 
perennial flows were not random, but rather coincided 
with bedrock to valley-fill contacts. This distribution 
is probably not representative of flow conditions in the 
summer. On September 8, 1965, after about 1 week of 
storms and flash floods indirectly caused by a hurri­ 
cane located off Baja, California, most streams in the 
study area were dry. On that date, the flows were pri­ 
marily perennial; in contrast, considerable portions of 
the semiperennial flows mapped the previous fall, win­ 
ter, and early spring had disappeared (pi. 1). These 
changes in streamflow between the cool and the hot times 
of the year are not unusual. As shown by the gaging 
records (U.S. Geol. Survey, issued annually) of streams 
in southeastern Arizona, streamflow declines every 
year after about the middle of April, presumably be­ 
cause water tables decline. Figure 4 shows the decline 
of the water table in the middle reach of Ash Creek be­ 
tween late January and August 1965. From May to 
about the middle of July many streams in southeastern 
Arizona are dry. After the middle of July, convective 
storms (p. D7) cause most of the runoff experienced 
annually in southeastern Arizona (U.S. Geol. Survey, 
issued annually). However, as observed in the study 
area and as confirmed by gaging records, the summer 
storm runoff is of brief duration and does not contri­ 
bute much to restore extensive base flows. The gaging 
records of such Tucson basin streams as Sabino, Bear, 
Rincon, and Tanque Verde Creeks show the tendency 
of flow to disappear even between frequently recurring 
summer floods.

Occasionally, winter precipitation and runoff in 
southern Arizona equal or exceed those caused by sum­ 
mer convedtive storms. Heavy winter runoff occurs at 
a time, however, when water tables are already high

and base flows most extensive. Thus, unlike the annual 
summer flash floods, it may cause sustained flows to ex­ 
tend into reaches t)hat usually have ephemeral flow 
regimen.

Heavy precipitation and runoff occurred in Decem­ 
ber 1965 and January 1966, during and after several 
cyclonic disturbances that reached southern Arizona 
(data from U.S. Weather Bureau). At Redington, the 
6.88 inches of rain that Ml in December 1965 was the 
largest amount measured in that month since records 
began in 1941. At Benson and near Oracle, about 13 
miles north of Redington, December precipitation 
amounted to 4.53 and 10.43 inches respectively. The 
amount measured near Oracle (alt 4,540 ft) was the 
largest registered for any month since records began in 
1893.

The unusually heavy December rains caused exten­ 
sive flooding along the Salt, Gil'a, Santa Cruz, and San 
Pedro Rivers and along Rillito Creek on December 
22-23, 1965 (Associated Press, Dec. 24,1965; U.S. Geol. 
Survey, issued annually). Near Solomon, at the head of 
the Safford Valley, the Gila River peaked at 43,000 cfs 
on December 22. In the lower San Pedro River, a peak 
discharge of 16,800 cfs occurred at and near Winkelman 
on Dec. 22 or Dec. 23. This was probably the largest 
peak discharge recorded in the lower San Pedro River 
since the early 1950's (U.S. Geol. Survey, issued an­ 
nually) . In southeastern Arizona, the last time the maxi­ 
mum annual peak discharges occurred on a near-re­ 
gional basis in the winter was in December 1940 (U.S. 
Geol. Survey, issued annually).

In the study area, the primary result of the heavy 
rainfall that occurred mainly on December 9-18 and 
23, 1965, was sustained and heavy runoff in the usually 
ephemeral lower reaches of large tributaries (pi. 1). 
As shown in figure 4, the duration of flow in these lower 
reaches is roughly related to the length of base flows in 
the tributaries as observed between October 1964 and 
April 1965. Streams such as Soza, Hot Springs, Red- 
field, Paige, and Buehman Canyons, which have long 
bedrock canyons with base flows, discharged for at 
least 2 weeks into the San Pedro River. Other tribu­ 
taries with less extensive base flows either flowed for 
only 1 week to the mainstem (Ash Creek, Soza 
Wash) or had no flows in their lower reach (Kelsey 
Canyon). Ash Creek flowed again to the mainstem on 
December 30, 1965. Tres Alamos Wash, the largest 
tributary in the study area, did not flow at all.

The heavy rainfall and prolonged runoff caused cer­ 
tain generally ephemeral reaches to carry base flows. 
The part of Redroek Creek located on bedrock, for ex­ 
ample, became saturated, and as late as January 3,1966, 
short (50-200 ft.) flows were still present in this stream
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FIGURE 4. Ground-water depths in the alluvium of Ash Creek.

(pi. 1). In the lower reach of Ash Creek, a perched 
aquifer formed on a lens of compacted clay in the SEi/4, 
sec. 1, T. 16 S., E. 19 E., was maintaining a base flow as 
late as January 4,1966.

On January 7, 1966, the flow in the lower reach of 
Soza Canyon ended at a point about 1 mile downstream 
from the canyon mouth. However, in the extreme lower 
reach entrenched in bedrock, the underflow, which 
usually emerges a few feet from the San Pedro River 
(fig. 3), came to the surface at a point about 0.5 mile 
from the river (fig. 5). This type of interrupted flow 
was not observed in the lower reaches of the other tribu­ 
taries in the study area. On the other hand, on January 
7, 1966, Buehman Canyon (p. D7) was the only tribu­

tary still flowing as near as about 0.25 mile to the San 
Pedro River.

The unusual flow events 2 of December 1965-January 
1966 partly invalidate the flow regimens based on ob­ 
servations made the previous fall, winter, and early 
spring. In December 1965-January 1966, many reaches 
of streams previously described as having ephemeral 
flow regimen qualified for the next higher category of 
flow duration, or intermittent regimen. Events such as 
those of December 1965-January 1966 indicate the need 
for caution in categorizing processes on the landscape.

2 Sustained flow in, for example, the lower reach of Ash Creek was 
apparently last seen in the 1940's (Mr. George Sherman, foreman, 
Tres Alamos Ranch, oral commun., 1966).
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FIGURE 5. .Flows in the lower reach of Soza Canyon on January 7, 1966.

The classification of streams based on the field checks 
of October 1964 April 1965 (pi. 1) was nevertheless 
used because it seems to provide a convenient indirect 
measure of relative moisture conditions during at least 
the cool part of 1 year.

VEGETATION 

GENERAL DESCRIPTION

Most of the Tres Alamos-Redington area supports a 
vegetation composed of shrubs, small trees, and con­ 
spicuous cactuses, including the columnar giant cactus. 
(Scientific names of plants are given in the list on p. 
v-vi.) When this vegetation is in full foliage, as in sum­ 
mer and early fall, the San Pedro Valley appears from 
a distance to have a continuous plant cover, especially 
in years of unusually extensive grass and ephemeral 
growth. The vegetation of the valley consists, however, 
primarily of stands of shrubs or of small-tree savannas

sufficiently open to allow easy movement. Shrubs are 
woody plants with several stems of approximately equal 
size emerging from the ground. A savanna is a stand of 
trees, or plants with a single stem and branches off the 
ground, not forming a closed canopy and generally 
floored by grasses. Most of the common and conspicu­ 
ous plants belong to the families Leguminosae and Oac- 
taceae. Others are creosotebush (Zygophyllaceae), oco- 
tillo (Fouquieriacese), yucca and beargrass (Liliacese), 
honey sage (Verbenaceae) , and agave (Amaryllida- 
ceae). The valley floors of the study area commonly 
support bottom-land forests consisting of trees of such 
familiar North American-Eurasian genera as ash, alder, 
cottonwood, hackberry, mulberry, sycamore, sumac, 
walnut, and willow. In contrast, the vegetation growing 
outside the valley floors consists largely of species and 
genera not found outside the southwestern United 
States and nothern Mexico, or even outside the bound­ 
aries of the Sonoran Desert (Shreve, 1951).

307-106 O - 68 - 3
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Above an altitude of 4,500-5,000 feet, the main vege­ 
tation form is an open oak woodland, usually contain­ 
ing juniper, manzanita, and cypress. Above the oak 
woodland, at altitudes of more than 6,000 feet, the 
mountains support a coniferous forest composed mainly 
of pines. Above the pine forest is a forest of spruce and 
fir.

FLORISTIC REGIONS AND PREVIOUS WORK

The flora in the Tres Alamos-Kedington reach of the 
San Pedro Valley growing below 4,500 feet belongs 
to three regions long recognized (Harshberger, 1911; 
Shreve, 1951; Benson and Darrow, 1954; Shreve and 
Wiggins, 1964). They are: The Sonoran Desert, the 
Desert Grassland, and the Chihuahuan Desert. Above 
4,500 feet, the oak woodland, the pine forests, and the 
spruce-fir forests have been assigned to "Arizona chap­ 
arral," "western xeric evergreen forests," and "northern 
mesic evergreen forests" (Kearney and Peebles, 1960, p. 
13-14).

The plant life of most of the study area below 3,200 
feet belongs to the Arizona Upland subdivision of the 
Sonoran Desert floristic region, which is marked by 
the abundance of paloverde, mesquite, ocotillo, saguaro, 
barrel cactus, brittlebush, and many species of cylindro- 
puntias (chollas) and platyopuntias (pricklypear) 
(Shreve and Wiggins, 1964, v. 1, p. 50). The southern, 
or upper, boundary of the Sonoran Desert in the study 
area varies, depending upon whether the range of the 
saguaro or that the green and blue paloverde is used 
to delimit this floristic region (fig. 6). The ranges of 
these two species have their southernmost, or upper­ 
most, point on the west valley flank.

The southernmost part of the study area and Alien 
Flat are in the Desert Grassland, which is character­ 
ized by open- stands of mesquite, acacias, yucca, and 
beargrass, which are usually floored by grasses such as 
grama, three-awn, and muhly (Benson and Darrow, 
1954, p. 18). The term "savanna" is perhaps a more 
apt description of the vegetation form in the Desert 
Grassland.

The San Pedro Valley contains what are probably 
the westernmost areas of occurrence of Chihuahuan 
Desert plants (Benson and Darrow, 1954, p. 16). The 
Chihuahuan species (Chihuahuan whitethorn acacia, 
sandpaperbush, allthorn, and tarbush) are confined 
largely to calcareous subtrates of the San Pedro Valley 
(Benson and Darrow, 1954, p. 16). Sandpaperbush, for 
example, grows in large stands on the limestone out­ 
crop in T. 12 S., K. 18 E., along the Tucson-Kedington 
(Kedington Pass) road. The ranges of three of the Chi­ 
huahuan species present in the study area were mapped 
(fig. 6).

No published ecological or botanical work dealing 
specifically with the Tres Alamos-Redington area ex­ 
ists. General references to the floristics and life forms 
of the study area are contained in standard works on 
the flora and vegetation of Arizona (Kearney and Pee­ 
bles, 1960), on the Sonoran Desert (Shreve, 1951; Shreve 
and Wiggins, 1964), and on the Southwestern desert 
woody flora (Benson and Darrow, 1954). These works 
also include information and the presence of individual 
species in the San Pedro Valley.

METHODS OF STUDY

The description of the vegetation of the Tres Alamos- 
Kedington area is based on spot sampling and on con­ 
tinuous mapping of the ranges of selected species (pi. 
1). The vegetation described consists mainly of woody 
plants at least 2 feet tall when full grown. Some non- 
woody plants (cactuses, agaves, yuccas, and beargrass) 
were included along with small woody species (for 
example, desert zinnia), because of their abundance or 
conspicuousness, or both. Spot sampling consisted of 
noting the presence of species, the basic units of vegeta­ 
tion, in sight at a point. The importance, or abundance, 
of a particular species was indirectly determined by 
noting the percentage of sampling points at which the 
species was tallied in relation to the total number of 
sampling points ("frequency of occurrence").

The vegetation was also sampled by means of 21 basal 
area plots located in 20 selected reaches of tributary 
streams and on one interfluve (pi. 1). "Basal area" is 
a forestry term that denotes the sum of the cross-sec­ 
tional area of tree boles, expressed in square feet, in a 
given area. It is a measure of woody vegetation, and, 
as used in the study, of the relative local abundance of 
species. The basal area plots consisted of strips 50 feet 
wide and 1,056 feet (0.2 mile) long, designed to include 
representative reaches of valley floors while excluding 
overlap onto side slopes. Area of the plots is 52,800 
square feet, or 1.2 acres. Within the plots, all plants 
with a circumference of at least 6 inches, at breast 
height (4.5 feet) for trees and at ground level for 
shrubs, were tallied.

VARIATION IN THE VEGETATION OF THE UPLANDS

In the study area, large differences in the vegetation 
of the uplands, or habitats other than valley floors, oc­ 
cur primarily with altitudinal differences. Thus, for 
example, the paloverde woodland and the succulents 
characteristic of the Sonoran Desert (Shreve, 1951, pis. 
9,11) present near Redington are 5,000 feet lower than 
the spruce-fir forest growing on the summit of the Rin- 
con Mountains. Smaller variations in the vegetation,
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FIGURE 6. Ranges of selected species.

for example, the difference between the Sonoran Desert 
vegetation growing near Redington and the Desert 
Grassland found on Alien Flat, are probably also due to 
temperature and moisture differences caused by differ­ 
ences in altitude. Alien Flat is 1,500-2,000 feet higher 
than Redington. Variations in the vegetation coincident 
with climatic differences at various altitudes were de­ 
scribed for the Santa Catalina Mountains (Shreve 
1915). In the study area, however, variations in the veg­ 
etation of the uplands occur at the same altitudes. These 
variations are probably due mainly to moisture differ­ 
ences caused by different substrates and topography. 

Variations in the plant cover coincident with differ­ 
ences in topography are conspicuous on the eastern

flank of the San Pedro Valley in the Happy Valley 
quadrangle (fig. 7). There, the relatively undissected 
part of the valley flank, shown on the topographic sheet 
by regular, widely spaced contour lines, supports a 
savanna composed of trees about 10-15 feet tall and 
largely floored by a continuous grass cover (fig. 8). 
When in full foliage, this savanna appears dark green 
from a distance. It is composed primarily of mesquite, 
catclaw acacia, and yucca, and is most extensive in T. 
14 S., where the largest relatively undissected valley 
flank is located.

The dissected parts of the valley flank are, in contrast, 
mantled by shrubs generally above 5 feet tall (fig. 9). 
The vegetation growing on the dissected valley flanks
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FIGURE 8. Savanna composed primarily of mesquite, yucca, and cat- 
claw acacia growing in T. 14 S., R. 20 E. Note the grass cover and 
the smoothness of the slope. The substrate is sandy to gravelly loams 
overlying gravelly to cobbly terrace alluvium. View toward north­ 
east ; south end of the Galiuro Mountains in distance. August 1965.

FIGURE 9.   Shrubs growing on dissected valley flank in Tps. 15 and 
16 S., R. 20 E. Shrubs are mainly creosotebushes. The substrate is 
basin fill (table 2). View toward southeast and Dragoon Mountains. 
August 1965.

is distinctly olive green all year and is usually not 
floored by grasses. This vegetation owes its appearance 
primarily to the abundance of creosotebush, an ever­ 
green shrub that was not observed in the savanna

The savanna and the creosotebush also grow on rela­ 
tively undissected valley flanks   hereafter referred to 
as smooth slopes   and on dissected flanks west of the 
San Pedro Eiver (fig. 7) . They were not observed on 
the bedrock cropping out near The Narrows or on the 
bedrock of the lower mountain fronts in T. 15 S. These 
bedrock outcrops are mantled primarily by shrubs such 
as honeysage, f alse-mesquite, and mimosa, and by cac­ 
tuses such as saguaro, cholla and pricklypear.

The differences in species composition between the 
vegetation growing on the smooth slopes and that grow­

ing on the dissected flanks are shown in table 7 and 
figure 10. On the smooth slopes, mesquite, catclaw acacia, 
graythorn, and lycium plants that are common along 
streams (p. D20-D27) are more common than on the 
dissected valley flanks. Mesquite and catclaw acacia 
also grow as small trees on the smooth slopes, but on the 
dissected slopes they are generally shrubs less than 6 
feet tall. The smooth slopes also support desert-honey­ 
suckle and desertbroom (table 7), species common along 
streams (Kearney and Peebles, 1960, p. 801, 883) and 
apparently absent on the dissected slopes. In general, 
the form and species composition of the vegetation 
growing on the smooth slopes suggests higher moisture 
levels than on the dissected slopes. This hypothesis is 
supported by the differences in surficial substrates of 
these two topographic forms.

The smooth slopes mantled by the savanna are under­ 
lain by brown coarse terrace alluvium which has buried 
fine-grained reddish-brown (pink when dry) basin fill

TABLE 7. Species present on smooth slopes and on dissected 
flanks of the San Pedro Valley in Tps. 14 and 15 S., R. 20 E.

Smooth 
Slopes

Dissected
flanks

Desertbroom. ____________________________ X
Desert-honeysuckle- ______________________ X
Catclaw acacia-__________________________ X
Whitethorn acacia '_______________________ X
Palmer agave____________________________ X
Mountain agave__________________________ X
Four-wing saltbush_______________________ X
Carlo wrightia_ ___________________________ X
Saguaro _________________________________ X
Desert-hackberry _ _ _______________________ X
Blue paloverde_------------_________----- X
Graythorn_ ______________________________ X
Jointfir_ _________________________________ X
Barrel cactus_____________________________ X
Ocotillo_______________________ X
White bur-sage-__________________________ X
Allthorn_______________________ X
Lycium (Lycium berlandierit) ______________ X
Lycium (L. ezserfam?)_____________________ X
Pricklypear (Opuntia engelmannii) __________ X
Pricklypear (0. phaeacantha) _______________ X
Cholla (0. fulgida var. mammillata) _________ X
Cholla (0. versicolor) ______________________ X
Christmas cactus_________________________ X
Mesquite- _______________________________ X
Yucca_ __________________________________ X
Yellow desertzinnia.___________
White desertzinnia_____________
Brickellia (Brickellia californica). 
False-mesquite ________________
Cassia (Cassia covesii) __________
Mexican crucillo______________.
Brittlebush_ __________________
Encelia_ ______________________
Tarbush_ _____________________
One-seed juniper_____________
Creosotebush__ _ _____________
Menodora_ ___________________
Russian-thistle. _______________

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

1 Chihuahuan whitethorn acacia may also be present. Fieldwork was carried out 
during the "leafless stage," when positive identification of these two closely related 
species is difficult.
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(table 2). These deposits are well exposed along the 
escarpment in the NEi/4, sec. 30, T. 15 S., R. 20 E., 
reached by the Keith Ranch road. Deep dark-brown 
sandy to gravelly loams have developed on this allu­ 
vium. These loams, which are in places at least 6 feet 
thick, belong to the White House series (S. W. Buol, 
Dept. Agricultural Chemistry and Soils, Arizona Univ., 
oral commun., 1965). (See Nat. Coop. Soil Survey, 
USA, 1964). Deep dark-brown loams were not seen 
in the dissected portion of the valley fill, where the 
stands of creosotebush and other species occur. The pres­ 
ence of thick dark soils on terrace alluvium or other 
more recent coarse material and the absence of these 
soils on other deposits, primarily fine-grained older 
valley-fill units, is apparently characteristic of the San 
Pedro Valley. This relationship has been observed in the 
Curtis-San Juan area, about 10 miles south of Tres 
Alamos (SmMi, 1963, p. 44-47), near Tombstone (fig. 
1; Renard and others, 1964, p. 472), and near Mammoth, 
about 15 miles north of Redington (Creasey, 1965, p. 
24).

In the Happy Valley quadrangle, smooth slopes, un­ 
derlain by terrace alluvium at least 20 feet thick and 
by deep, friable loams, occur primarily downslope from 
granitic-granodioritic mountain fronts (Arizona Bu­ 
reau of Mines, 1959). The largest of these smooth areas, 
in T. 14 S., R. 20 E., is downslope from an outcrop of

granodiorite that has been eroded into a mesa (Cooper 
and Silver, 1964, p. 26). This granodiorite "disintegrates 
readily into fragments 2 to 10 mm in diameter" and is 
only locally resistant to wea'thering where it is either 
"altered and silicified" or apparently "more resistant as 
a result of structural complications" (Cooper and Silver, 
1964, p. 26-27). The depth of weathering of the gran­ 
odiorite underlying the upper part of the slope in T. 
14 S. is indicated by the driller's log of well (D-14-21) 
19 cad (U.S. Geol. Survey, Tucson, unpub. well rec­ 
ords). This log shows "decomposed granite" to a depth 
of 20 feet, "medium hard granite" between 20 and 200 
feet, and "hard granite" below 200 feet. The availability 
of large amounts of noncohesive-weathering material 
downslope from granite or granodiorite probably causes 
washes to braid or shift channels frequently (See Leo­ 
pold and others, 1964, p. 284-295.)

On the smooth slopes of the Happy Valley quad­ 
rangle it is commonly difficult to distinguish between 
wash bed and interfluve. (See Tuan, 1959, p. 88.) Thus, 
braiding and channel shifting in noncohesive material 
may produce and maintain the smooth slopes by dis­ 
tributing material evenly on a surface. These processes 
probably also tend to disperse moisture throughout a 
slope. In contrast, on a dissected slope, runoff is con­ 
centrated in a more fixed channel network, and a greater 
proportion of this runoff is probably shed from the
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slope. In summary, the interrelationship between rapid 
weathering of crystalline rocks, deposition of coarse or 
relatively coarse material, and formation of deep loams 
seems to have resulted in a relatively moist upland habi­ 
tat. This habitat is sufficiently moist to support small 
trees in an area where, in an average year, only 12 inches 
of rain falls.

The dissected valley flanks in the Happy Valley 
quadrangle are underlain mainly by basin fill and by 
cemented or partly cemented deformed gravels (table 
2). Soils are almost completely lacking on these de­ 
posits. The basin fill is a predominantly fine grained de­ 
posit high in clays and silts that commonly forms nearly 
vertical banks tens of feet high along entrenched washes. 
The basin fill is marked by low surface and subsurface 
permeability.

After summer storms, water was seen standing on 
surfaces underlain by basin fill for at least 2 hours after 
the end of precipitation. A similar puddling of water 
was not observed on the White House loams. In The 
Narrows-Tres Alamos area, the basin fill has such low 
subsurface permeability that it is not considered to be 
an aquifer (Montgomery, 1963, p. 25). At St. David 
and Benson, immediately south of the study area (fig. 
1), artesian ground water results from the confining 
effect of basin fill overlying more porous aquiferous de­ 
posits (Halpenny and others, 1952, fig. 8). The low 
permeability of the basin fill is also shown by the re­ 
sults of a field test of infiltration. The test consisted of 
measuring the length of time water remained at the 
surface after 12 ounces of water was poured from a 
constant height of 15 inches. The mean and median 
times for 93 observations made in sec. 33, T. 14 S., R. 
20 E., sec. 25, T. 15 S., R. 19 E., and sees. 4, 28, and 31, 
T. 15 S., R. 20 E., were 43.5 and 40 seconds. Correspond­ 
ing values for 100 tests made on the White House loams 
in sees. 23, 25, 28, 33, and 35, T. 14 S., R. 20 E., and 
sees. 17, 18,19, 22, and 30, T. 15 S., R. 20 E. were 20.8 
and 20 seconds.

The deformed gravels are either cliff forming or have 
been eroded into badlands, depending upon the degree 
of cementation. They are commonly trenched by can­ 
yons tens of feet deep and less than 10 feet wide (p. D4). 
Areas underlain by the deformed gravels are probably 
also marked by low infiltration and rapid runoff.

Vegetation growing on the dissected valley flanks is 
adjusted to low moisture levels, perhaps the lowest in 
the study area. However, the abundance of certain 
species growing on the dissected valley flank may 
or may not be directly related to moisture regimen. 
For example, the creosotebush is abundant on these val­ 
ley flanks, but it also grows in the channel of the San 
Pedro River. On valley floors or where the land is ir­

rigated, the creosotelbush is commonly more than 10 feet 
tall (Dalton, 1961, fig. 2). Creosotebush is commonly 
on calcareous substrates (Benson and Darrow, 1954, p. 
219) but transplanted creosotebushes "continued to 
grow and thrive" in washed silica sand (Dalton, 1961, 
p. 92). No satisfactory explanation can be offered for 
the distribution of this plant in the study area. Perhaps 
the distribution of this shrub is controlled at the ger­ 
mination-seedling stage of growth, particularly by the 
pH of the substrate. (See Dalton, 1961, p. 51.)

The high frequency of occurrence (52 percent) of 
honeysage on dissected valley flanks reflects the common 
occurrence of this plant on slopes with an angle of more 
than about 15°. On side slopes, this shrub is commonly 
so abundant as to impart a distinctive grayish-green 
(gray in winter, grayish white when the shrubs are in 
bloom) color and fluffy aspect to the vegetation as seen 
from a distance. The occurrence of stands of honeysage 
on side slopes and the absence of these stands on level 
surface is particularly striking at the edge of terraces 
underlain by basin fill (fig. 11). Honeysage is also com­ 
mon on bedrock side slopes (p. D15) and on sandy wash 
floors. It is rare on the gentle, smooth slopes underlain 
by loams. The field relations of honeysage suggest that 
this shrub requires well-drained substrates for survival.

Ocotillo, a striking plant commonly more than 20 feet 
tall with showy red flowers in spring and early summer, 
is common on outcrops of deformed gravels and ce­ 
mented terrace gravels (fig. 12) and in areas of surficial 
caliche or caliche at depths probably not exceeding 5 
feet. Caliche is fairly common within the outcrop area 
of the basin fill (table 2). Ocotillo is rare on the deep 
loams that underlie the smooth slopes.

As the ocotillo is also common on bedrock outcrops 
regardless of bedrock type, it is suggested that this 
species grows abundantly only in areas where consoli­ 
dated material provides an anchorage. Thus, ocotillo 
seedlings grow in areas underlain by fine-grained de­ 
posits where adult ocotillos do not grow. Toppled adult 
ocotillos and saguaros are a common sight in the study 
area, regardless of substrate; apparently both of these 
species topple easily because they are top heavy. The 
relationship between ocotillo and consolidated substrate 
may explain the presence of vast in places, square 
miles stands of this plant in the north half of the Tres 
Alamos-Redington area, where the largest outcrops of 
the Pliocene cemented gravels occur (pi. 1).

VARIATION IN THE VEGETATION OF VALLEY FLOORS

The vegetation growing on the valley floors of tribu­ 
tary washes, creeks, and canyons, and of the San Pedro 
River ranges from stands of shrubs with the same spe­ 
cies composition as those growing on the adjacent
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FIGURE 11. Distribution of honeysage at the edge of a terrace in the 
sec. 10, T. 16 S., R. 20 E.

uplands (fig. 13) to a closed-canopy forest as much as 80 
feet tall, composed mainly of trees that grow only on 
valley bottoms (fig. 14). Many intermediate types of 
valley-bottom vegetation differ from these two extremes 
both in species composition and in height and density 
of the plants.

The valley-floor vegetation includes many species that 
were observed only on valley bottoms or, rarely, on side 
slopes marked by springs or seeps. These plants (table 
8) are referred to as "valley-floor species," to distin­ 
guish them from those plants that grow on both uplands

FIGURE 12. Ocotillo (tall plants) growing on partly cemented gravela 
in sec. 24, T. 15 S., R. 20 E. Other shrubs are creosotebush, cholla, 
and honeysage.

FIGURE 13. Wash with ephemeral flow regimen, located on basin fill 
in the SE%, sec. 18, T. 12 S., R. 19 E. Both side slopes and wash 
floor support saguaro, foothill paloverde, creosotebush, mesqulte, 
catclaw acacia, barrel cactus, and yellow desertzinnia.

FIGURE 14. Bottom-land forest along the San Pedro River near the 
mouth of Soza Wash. Most of the trees are cottonwoods.
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and valley floors. Many valley bottoms of the study area 
do not support any valley-floor species.

VALLEY-FLOOR VEGETATION UNDIFFERENTIATED FROM THAT OF 

ADJACENT UPLANDS

The vegetation growing along an ephemeral wash 
tributary to Tres Alamos Wash may serve as an ex­ 
ample of valley-floor vegetation composed of the species 
that grow on the surrounding uplands. The wash drains 
about 1 square mile underlain by dissected basin fill 
(table 2), located mostly in sees. 1 and 2, T. 16 S., E. 20 
E. The species growing on the wash floor and on the 
side slopes at three sampling points (202, 203, and 204, 
pi. 1) are listed in table 9. Dimensions of the channel 
and valley bottom at the three sample locations respec­ 
tively, are: Width of channel, 10, 12, and 3 feet; total 
width of valley bottom, 70, 12, and 3 feet. None of the 
plants tallied along this wash is a valley-floor species 
(table 8).

TABLE 8. List of valley-floor species

Alder, Arizona 
Arrowweed 
Ash, Arizona or velvet 
Brickellia 1 
Buckthorn 
Bumelia 
Burrobrush 
Buttpnbush
Cassia (Cassia leptocarpa) 
Cottouwood, Fremont 
Cypress, Arizona 2 
Desert-willow 
Elderberry, Mexican 
Grape, Arizona 
Haekberry, paloblaneo 
Hopbush 
Indigobush 
Mulberry, Texas 
Oak, Arizona white 3 

Emory 3

1 Possibly Brickellia jloribunda.
2 Above 4,200 feet; also on uplands underlain by bedrock.
3 Above 4,000 feet; also on uplands underlain by bedrock.
4 Above 4,500 feet; also on uplands.
5 On talus slopes above 5,000 feet.

BOTTOM-LAND CLOSED-CANOPY FOREST

The reaches of Paige Canyon and Turkey Greek lo­ 
cated in Happy Valley, a high basin underlain by un- 
consolidated fill, pi. 1), support a closed-canopy forest 
composed primarily of sycamore and cottonwood mixed 
with ash, walnut, hackberry, and mesquite (table 10). 
This bottom-land forest has a basal area (tables 11 and 
12) comparable to that of forests in the humid Eastern 
United States. (See Hack and Goodlett, 1960, p. 21.) 
The reaches of Paige Canyon and Turkey Creek in 
Happy Valley have fairly gentle slopes (50-100 ft. per 
mile), are wide (more than 100 ft.), and have semi- 
perennial and intermittent flow regimens (fig. 4).

Oak, Mexican blue 3
scrub 3 

Poison-ivy 
Rabbitbrush 4 
Ragweed, canyon 
Saltcedar, five-stamen 
Seepwillow, batamote 
Soapberry 5 
Squawbush 
Sumac
Sumac, M'ttMeaf 3 
Sycamore, Arizona 
Tree tobacco 
Trumpetbush 
Walnut, Arizona 
Willow, black or Goodding

Bonpland
yew-leaf

TABLE 9. Valley-floor (VF) and side-slope (SS) vegetation of a 
tributary of Tres Alamos Wash at locations 202, 203, and 204 
(pi. 1)

Location

202 203 204

VF SS VF SS VF

Whitethorn acacia__________
Catclaw acacia.____________
Honeysage,. ________________
Mexican crucillo.___________
Barrel cactus______________
Tarbush_ __________________
Octotillo___ ________________
White bur-sage_____ ________
Allthorn- __________________
Creosotebush_ _ ___________
Lycium (Lycium berlandieril). 
Cholla (Opuntia versicolor) 
Mesquite_ _________________
Yucca_ ____________________
Yellow desertzinnia_________
White desertzinnia__________

XXXXXX
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 X _______
_______ X -__-.___ X
___________ X ________

TABLE 10. Speoies composition of valley-bottom vegetation of 
Paige Canyon near Watkins Ranch

Cassia 1 

Hackberry 1 
Rabbitbrush 1 
Ash 1 
Walnut 1 

One-seed juniper

Pricklypear (Opuntia
engelmannii) 

Sycamore 1 
Cottonwood 1 
Mesquite 
Black willow 1 
Arizona grape*

1 Denotes valley-floor species as defined on page D18.

TABLE 11. Basal area in plot located along Paige Canyon at 
locality 6 (pi. 1)

Species Basal area
toffi

Sycamore. 
Walnut...

Cottonwood. 
Hackberry. . 
Mesquite- -.

132. 66
9.70
8. 65
5. 31
.29
. 90

Total basal area______-_______-_-___--_-_-.._ 156. 70

TABLE 12. Basal area in plot located along Turkey Creek at 
locality 5 (pi. 1)

Species Basal area 
(sgffi

Sycamore. _ _ 
Cottonwood.

Walnut. _ 
Mesquite

6470
1 57. 09

2. 41
2. 17
.49

Total basal area______________---_-_--------- 126. 86

1 Contribu ted by four trees.
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VARIATION IN THE VEGETATION OF EPHEMERAL STREAMS

The two foregoing examples have shown the striking 
difference in valley-floor vegetation between a small 
ephemeral wash and two streams with longer lasting 
flows. Variations in the valley-floor vegetation occur, 
however, between streams that have ephemeral flow 
regimen but different drainage areas. These variations 
also serve as examples of vegetation types intermediate 
between the two extremes described above.

The valley-floor vegetation of Great Bajada Wash 
at the location of basal-area plot 10 (pi. 1), where this 
ephemeral stream has a drainage area of about 2.8 
square miles, has the same species composition as that 
growing on the adjacent uplands. Compared to the 
vegetation on the uplands, that along the wash has 
seven times as much basal area, is taller, and has a 
greater proportion of catclaw acacia (table 13). The 
vegetation in plot 10 is representative of the valley- 
floor vegetation growing along Great Bajada Wash 
between this plot and the San Pedro River. Total drain­ 
age area of Great Bajada Wash is 3.8 square miles.

TABLE 13. Basal area of valley-floor and upland vegetation 
along Great Bajada Wash at locations 10 and 11 (pi. 1)

[Drainage area at location 10 is 2.8 square miles]

Basal area (sq ft)

Valley floor 
(10)

Upland 
(11)

Catclaw acacia. _ _. 
Mesquite- ______..
Whitethorn acacia .

9.73
2. 93
2. 18

0.05
1. 68
.36

Total basal area___________

Maximum height of vegetation (ft).

14.84 2.09

12.00 8.0

In contrast, the vegetation growing along the ephem­ 
eral lower reach of Roble Canyon, at a point where the 
drainage area is about 12.25 square miles (loc. 74, pi. 1), 
includes two species desert-willow, a tree, and burro- 
brush that were seen only on valley floors. Other 
species at location 74 (pi. 1) are: catclaw acacia, white­ 
thorn acacia, blue paloverde, graythorn, pricklypear 
(Opuntia engelmannii}, and mesquite. In plot 19, near 
location 74, the basal area is also almost four times that 
measured along Great Bajad'a Wash at location 10. 
(Compare tables 13 and 14.) The data for plot 19 also 
show that the basal area of vegetation growing along an 
ephemeral stream can be as much as half that of the 
bottom-land forest of Turkey Creek (table 12). A basal 
area exceeding 50 square feet was also measured in the 
middle reach (location 18) of Teran Wash, where this 
ephemeral stream has a drainage area of about 14 
square miles (table 15). The vegetation of Roble 
Canyon and Teran Wash at locations 18 and 19 con­

sists primarily of thickets of mesquite and catclaw 
acacia about 20-30 feet tall, mixed with burrobrush, 
graythorn, and desert-willow. This vegetation is char­ 
acteristic of ephemeral streams with more than about 
10 square miles of drainage area. Such streams also 
commonly support hackberry (pi. 2), a tree present 
along Roble Canyon and Teran Wash but not in plots 
18 and 19.

TABLE 14. Basal area of valley-floor vegetation of Eoble Canyon 
at location 19 (pi. 2). Drainage area is about 12.3 square miles

[Maximum height of vegetation about 30 feet]

Catclaw acacia _ _. 
Mesquite- _______
Desert-willow. _ _. 
Whitehorn acacia. 
Graythorn_ ______
Blue paloverde_ _. 
Burrobrush-

Total basal area.

Basal area 
(sqft)

3t). 38
27. 43
3.02
9.91

. 18

.07

.03

71.02

TABLE 15. Basal area of valley-floor vegetation of Teran Wash at 
location 18 (pi. #). Drainage area is about 14 square miles

[Maximum height of vegetation about 30 feet]

Basal area 
(sq ft)

Mesquite---------------------------------------- 52.84
Catclaw acacia.______________________-_------_-_- 5. 63

Total basal area--_-___-___---_-_-_-----_--- 58. 47

The botanical data for Great Bajada Wash, Rdble 
Canyon, and Teran Wash show that the larger the 
drainage area, the denser and taller the valley-floor 
vegetation of ephemeral streams. Streams with drainage 
areas the size of those of Roble Canyon (total drainage 
area 13.5 sq mi) and of Teran Wash (total drainage 
area 16.3 sq mi) also support species that were observed 
only on valley floors. Comparison of the vegetation 
of Roble Canyon and Teran Wash with that of Turkey 
Creek (drainage area about 8 sq mi) shows, on the other 
hand, the importance of flow regimen in determining 
the aspect and species composition of valley-floor vege­ 
tation irrespective of drainage area. Plate 2 also shows 
that the upper reach of Great Bajada Wash, at a point 
where the drainage area is about 1 square mile, supports 
hackberry, desert-willow, and soapberry, three valley- 
floor trees that do not grow at location 10 (drainage 
area 2.8 sq mi), farther downstream. The upper reach 
of Great Bajada Wash is located on bedrock. Thus, 
drainage area, flow regimen, and geology affect the dis­ 
tribution of species on the valley floors.

The effect of drainage area and geology on the distri­ 
bution of plants, whatever the ultimate causal relation,
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is eliminated by sustained flows. This is illustrated by 
the vegetation growing near Kiper Spring, SW'1,4, sec. 
10, T. 16 S., R. 19 E., on a slope underlain by basin fill 
and marked by seepage. This vegetation consists of 
cottonwood, ash, black willow, walnut, hackberry, buck­ 
thorn, Texas mulberry, mesquite (about 35 ft tall), 
Arizona white oak, and Emory oak. The seepage area 
also supports fig and osage-orange, two exotic species 
that were probably dispersed from a nearby abandoned 
ranch.

VALLEY-FLOOR VEGETATION OF TRES ALAMOS WASH AND ASH CREEK

The valley-floor vegetation of Tres Alamos Wash and 
Ash Creek, the two streams that form the south bound­ 
ary of the study area, was sampled from the headwaters 
of the mainstem to the confluence with the San Pedro 
River. The data for these two streams show the entire 
range of variation in the valley-floor vegetation along 
two streams, as well as the botanical contrast between 
two tributaries with similar mainstem elevations (table 
1) but greatly dissimilar basin topography, geology, 
and flow regimens (pi. 1). Tres Alamos Wash is located 
on gently sloping valley fill and has ephemeral flow 
regimen throughout its course. Ash Creek, with steep 
headwaters located on bedrock, has flow regimens rang­ 
ing from semiperennial to ephemeral. Although Ash 
Creek has a drainage area (51.75 sq mi) less than one- 
half that of Tres Alamos Wash (134.75 sq mi), its 
valley-floor vegetation includes more valley-floor spe­ 
cies and is generally taller and denser than that of the 
larger tributary across the San Pedro River.

The valley-floor vegetation of the headwaters of Tres 
Alamos Wash on Alien Flat is composed mostly of 
mesquite, yucca, and beargrass, plants which are com­ 
mon in the Desert Grassland (p. D12) that occupies that 
high basin. Valley-floor species such as hackberry, des­ 
ert-willow, and rabbitbrush were seen only at and down­ 
stream from a point where the drainage area is about 12 
square miles (pi. 2; table 16). The largest number of 
valley-floor species grow in the middle reach flanked by 
the bedrock of the Johnny Lyon Hills. In the lower 
reach located on valley fill, the number of valley-floor 
species is smaller (table 16; pi. 2). The density and 
maximum height of the vegetation are least on Alien 
Flat, greatest in the middle reach flanked by bedrock, 
and relatively low in the lower reach (table 17). The 
vegetation of the lower reach consists primarily of the 
mesquite and catclaw acacia thickets characteristic of 
large ephemeral streams.

The valley-floor vegetation of Tres Alamos Wash is 
another example of vegetation increasingly differen­ 
tiated from that of the uplands with increasing drain­ 
age area. However, in a basin underlain by unconsoli- 
dated deposits and with low relief such as Alien Flat,

TABLE 16. Species present on the valley floor of Tres Alamos 
Wash at selected locations (pi. 1)

[Figures in parentheses are approximate drainage areas (sq mi) at sampling points]

Locations *

22(4.5) 19(15) 45(110) 16(134)

Beargrass_ _________________
Yucca____________________
Mesquite-_________________
Rabbitbrush 2 ____________
Hackberry 2______________
Desert-willow 2 _____________
Ash 2___________________
Littleleaf sumac 2 ___________
Soapberry 2 ________________
Whitethorn acacia__________
Graythorn_________________
Walnut 2___________________
Burrobrush 2 _______________
Catclaw acacia_____________
Cholla (Opuntia versicolor) 
Pricklypear (0. engelmannit) _ 
Lycium (Lycium berlandieri?). 
Creosotebush__ _ __________
Desertbroom_ ______________

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

1 Sampling points listed in order from headwaters to confluence with San Pedro 
River.

2 Valley-floor" species (p. D18-D19). Rabbitbrush was observed only on valley 
floors on Alien Flat.

TABLE 17. Basal area of valley-floor vegetation of Tres Alamos 
Wash in upper (plot 17), middle (plot 16), and lower (plot 12} 
reaches (pi. 1)

[Figures in parentheses are approximate drainage areas (sq. mi) at the site of the 
basal-area plots]

Mesquite _ _
Walnut » _ __ _ _ _
Hackberry l _ _

Ash 1 _ _ _ __ __ _ __ ___ _ __

Burrobrush »_ _ _ _ _

Total basal area
Maximum height of vegetation (ft) _

Basal area (sq ft)

17(60) 16(110)

0. 07 34. 19
_______ 20.07 __

_ __ _ 16. 14 _.
____ 9.49
__ _ __ 1. 84 _
_______ .73 __
_______ . 17
_ ____ . 11 __
_______ .07

0. 07 82. 81
8 40

12(132)

26. 39

8.35

.97

.39

36. 10
20

i Valley-floor species (p. D18-D19).

this differentiation occurs gradually, as large drainage 
areas are indirectly required to support valley-floor spe­ 
cies. Tables 14,15, and 17 also show that the basal area 
of the vegetation of Tres Alamos Wash at a point where 
the drainage area is about 60 square miles (plot 17) is 
a fraction of the basal area measured along Roble Can­ 
yon and Teran Wash at points where the drainage area 
is less than 15 square miles. In contrast to Tres Alamos 
Wash, Roble Canyon and Teran Wash have steeper 
headwaters located on bedrock. The presence of dense 
tree vegetation in the middle reach of Tres Alamos 
Wash flanked by bedrock suggests that geology affects 
the distribution of plants without causing a visible dif­ 
ference in flow regimen.
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The vegetation of the lower reach of Tres Alamos 
Wash indicates that, beyond a point where the drain­ 
age area is a certain size, the size of the catchment basin 
does not affect the composition and form of the vege­ 
tation. Comparison of the basal area data for Tres Ala­ 
mos Wash in plot 12 with those for Great Bajada Wash, 
Koble Canyon, and Teran Wash (tables 13, 14, 15, and 
17) reveals that the density of thickets along ephem­ 
eral streams does not increase indefinitely with increas­ 
ing drainage area. The basal area measured at a point 
where the drainage area is more than 100 square miles 
(Tres Alamos Wash, plot 12; table 17) may even be 
less than that measured at points where the drainage 
area is less than 15 square miles (Roble Canyon and 
Teran Wash; tables 14,15). In general, there is consid­ 
erable botanical variation between a stream with a 
drainage area of less than 3 square miles (Great Ba­ 
jada Wash, table 13) and streams draining more than 
10 square miles (Koble Canyon, Teran Wash; tables 
14,15). However, the vegetation of streams with drain­ 
age areas of more than 10 or more than 100 square miles 
may have about the same density and species 
composition.

The valley-floor vegetation of Ash Creek includes 
valley-floor species at points where the drainage area 
is between 2 and 3 square miles (pi. 2) and, at most loca­ 
tions farther downstream, a greater number of these 
species than the vegetation of Tres Alamos Wash 
(tables 16, 18). The contrast between the valley-floor 
vegetation of Ash Creek and that of Tres Alamos Wash 
is also shown by the basal-area data given in table 19. 
At comparable distances from the San Pedro River, the 
valley-floor vegetation of Ash Creek is consistently 
taller and denser than that of Tres Alamos Wash, de­ 
spite smaller drainage areas. In the ephemeral lower 
reaches, at distances from 3 to 4 miles from the river, 
the botanical differences between the two tributaries are 
not as pronounced, although the dense stands of hack- 
berry and walnut present along Ash Creek are not found 
in the corresponding reach of Tres Alamos Wash. The 
lower reach of Ash Creek also supports ash, seepwillow, 
and large individual walnut trees (fig. 15). Ash and 
seepwillow were not seen along the lower Tres Alamos 
Wash, and the walnut along the lower 8 miles of this 
stream is generally a shrub less than 15 feet tall. In 
common with the vegetation of other tributaries, the 
vegetation of the lower reach of Ash Creek has, how­ 
ever, a progressively smaller number of valley-floor 
species in a direction approaching the San Pedro River 
(fig. 20).

The valley-floor vegetation of Ash Creek, especially 
when compared with that of Tres Alamos Wash, in­ 
dicates that geology, by either concentrating or dispers-

TABLB 18. Species present on the valley floor of Ash Creek at 
selected locations

Location (pi. 1) ---        ._._.-     --..-. 
Flow regimen 1 --       -   -    ----  - 
Approximate drainage area...      (sq mi).

67 64 59 66 9
PP PP I SP E
2 4 21 31 50

Sotol _ _ _____ . _ .

TTa r»lrV\-^TT*'\7' 2

Yew  leaf willow 2

Walnut 2

Texas mulberrv 2

Rabbitbrush 2 ____ -------------- -

...-_ 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
X

X

X
X
X
X

X
X

1 PP, persistent pools; I, intermittent; SP, semiperennial; E, ephemeral.
2 Valley-floor species (p. D18-D19).

FIGURE 15. Valley-floor vegetation of Ash Creek near location 77 
(pi. 1). Trees are mainly walnut, mesquite, and desert-willow. Large 
walnut in the center of the picture has a diameter at breast height 
(4.5 ft) of 5 feet. The water table in this reach of Ash Creek is 
about 60 feet deep.

ing moisture, strongly affects the distribution of plants. 
Bedrock, for example, seems to compensate for small 
drainage areas. On bedrock, valley-floor species occur 
at points where the drainage area is smaller than in 
basins underlain by unconsolidated deposits. On bed­ 
rock, streams may also have sustained flows. Reaches
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TABLE 19. Basal area (sq ft) of valley-floor vegetation of Tres Alamos Wash (TA) and Ash Creek (A) at selected locations

3-4

Stream __ ...... __ ...

Plot No....... ..... .... .
Flow regimen i_ __ ___ .. __ ._ __ ._ __ __ .

Catclaw acacia
Mesquite
Desertbroom _ _ __
Whitethorn acacia
Burrobrush 2 _ _ _ _
Desert-willow 2 _ _ _ _ _ .
Walnut 2 - _
Graythorn _ _
Emory oak
Arizona white oak
Mexican blue oak _ _
Scrub oak _
Arizona cypress. _ _ _ __ .
Mimosa. __
Ash 2 _ _________________________
Sycamore 2 _
Hackberry 2 ______ _ _ _.
Black willow 2 _ _ _
Cottonwood *

Total basal area _____

TA

          15
.-   -  ..._ E

___________ 5.67 .
___________ 3.77 .
___________ .04 .

1Q
.__.__ _ __ 3.26 .
_________ _ .45 .

___________ 13.38

A

4
SP

5.34 _
2.65 .
2. 22 .
1.59 .
.50 .
.22 .

16. 06 .
8. 10 .
5.86 .

42.54

T^A A T A

14 13 3 1 12
E E I I E

10. 68 1. 28 _ _ 0. 89 8. 35 .
8. 72 2. 91 _ _ . 22 26. 39

97
.19 .46 __ _ _ ____ _ .39 .

.______. . 10 _____ .02 _ _ ___ .
1. 12 .18 _ 1. 06 _ _ _ .

._ _________ ___ 59.03 6.07 _____ __.
________________________ 36.75 _________
.__ _ ___ __ __ .61 3.87 _ __ __
._ _ _ ___ _______ _ 3.41 _ _ __.
________________ 2.0 _________-_--_.-.

20. 71 4. 93 61. 64 52. 29 36. 10

A

7 8
E E

. ___ _ 0.98
6. 08 9. 01

______ _ 8.49
. __ ___ 28. 89

________ .18

31. 13 . 13

37. 21 47. 68

1 E, ephemeral; I, intermittent; SP, semiperennial.
2 Valley-floor species (p. D18-D19).

with these flows support many species that do not grow 
along streams with ephemeral regimen. The geology and 
topography of upper basins also seem to indirectly affect 
moisture levels in lower reaches. This is suggested by the 
botanical differences between the lower reaches of Ash 
Creek and Tres Alamos Wash. These lower reaches are 
both located on gently sloping valley fill. The lower 
reach of Ash Creek, a stream with headwaters in steep 
mountains, supports more valley-floor species and denser 
vegetation than the corresponding reach of Tres Alamos 
Wash. Tres Alamos Wash rises in a relatively level 
basin underlain by valley fill. The effect of the geology 
and topography of the upper basins on the flow in the 
lower reaches was observed in December 1965, when 
concentration of runoff in the headwaters of Ash Creek 
resulted in sustained flows in the lower reach of this 
stream (pi. 1); in contrast, the mainstem of Tres Alamos 
Wash did not flow at all.

KELSEY CANYON

In Kelsey Canyon, as in Tres Alamos Wash, the num­ 
ber of valley-floor species increases with increasing 
drainage area of the upper reach, reaches a maximum 
in the middle reach located on bedrock, and then de­ 
creases in the lower reach located on valley fill (table 
20). In the lowest reach, near the confluence with the 
San Pedro River, burrobrush is apparently the only val­ 
ley-floor species growing in the channel and flood plain

TABLE 20. Species present at selected locations along Kelsey
Canyon

Location (pi. I)..........   ..   -      . 13 10 40 57
Flow regimen L..--...     .----.- --.       E E SP E

Cholla (Opuntia versicolor) _________ X
Yucca__ ___________-__________--_--_-
Rabbitbrush 2 ____ _ _ ______ _ _____
Desert-willow 2 ___________________-___
Littleleaf sumac 2 _____________-___-__-
Mesquite _ __________________________
Catclaw acacia_ ______________________
Seepwillow 2__ ________________________
Hackberry 2_ _________________________

X 
X 
X 
X 
X 
X

X 
X X 

X

Cottonwood 2 ___________________
Saltcedar 2_______________.
Desertbroom_ ___________________
Blue paloverde._________________
Burrobrush 2 ____________________
Whitethorn acacia______________.
Pricklypear (Opuntia engelmannii).

X 
X 
X 
X 
X 
X 
X

X 
X 
X

1 E, ephemeral; SP, semiperennial.
2 Valley-floor species (p. D18-D19).

of Kelsey Canyon. Kelsey Canyon and Tres Alamos 
Wash both rise on Alien Flat. In contrast to the middle 
reach of Tres Alamos Wash, that of Kelsey Canyon has 
semi-perennial flow regimen. This reach supports cot- 
tonwood, seepwillow, and saltcedar, species that were 
not seen in the middle reach of Tres Alamos Wash 
(table 16, loc. 45). The middle reach of Kelsey Canyon 
is also the only known station of saltcedar away from 
the San Pedro Kiver channel in the study area.
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LOWER REACH OF HOT SPRINGS CANYON

The preceding examples have shown that streams lo­ 
cated on bedrock commonly have sustained flows, or 
flows other than ephemeral, and that these streams 
generally support many valley-floor species and dense 
and tall woody vegetation. However, not all reaches 
located on bedrock and having sustained flows support 
dense vegetation sharply differentiated from that grow­ 
ing on the adjacent uplands. For example, reaches of 
Hot Springs Canyon that have perennial flow support 
only low thickets of mesquite and burrobrush (fig. 16). 
In the lower reach of Hot Springs Canyon, tall vege­ 
tation containing many valley-floor species and having 
a basal area comparable to that measured along Paige 
Canyon or Turkey Creek (tables 11 and 12) grows near 
the canyon mouth, where the valley floor widens and 
perennial flow ends (table 21). Thus the width of the 
valley floor also seems to control the distribution of 
valley-floor vegetation.

FIGURE 16. Reach of Hot Springs Canyon with perennial flow at 
location 51 (pi. 1). Valley-floor vegetation consists of mesquite and 
burrobrush.

Farther downstream from the canyon mouth, the 
vegetation along Hot Springs Canyon consists mainly 
of the mesquite and catclaw acacia thickets character­ 
istic of reaches with ephemeral flow regimen (table 22). 
The changes in the vegetation of the lower Hot Springs 
Canyon, at the transition from bedrock canyon having 
sustained flows to a wide reach located on valley fill 
and having ephemeral flow regimen, occur with some 
variations along all tributaries at the point where the 
streams leave the mountain front. The changes in val­ 
ley-floor vegetation at or downstream from the moun­

tain fronts-valley fill contact are probably the most strik­ 
ing examples in the study area of the effect caused by 
differences in geology and flow regimen on vegetation.

TABLE 21. Basal area of valley-floor vegetation of Hot Springs 
Canyon at location 21 (pi. 1)

[Approximate maximum height of vegetation, 60 feet]

Species
Basal 
area 

(W ft)

Black willow J _ _ _. 
Mesquite_ _______
Ash 1_______. 
Sycamore *____. 
Cottonwood r _ _ _ _
Desert hackberry. 
Burrobrush J _____
Seepwillow 1 ___.

33.30
25.46
21.87
16.40
10.93

.68

.06

.02

Total____________________________ 108. 72

1 Valley-floor species (p. D18-D19).

TABLE 22. Species present at selected locations along the lower 
Hot Springs Canyon

TTplpWlPTTV 2

Ash 2 __ ...

Black willow 2 _ _____

Walnut 2 . _ _

.     .  51 50

..-_   .  P P

_______ X X
_______ X X
_____________ X
_____________ X
_____________ X
_____________ X
_____________ X
_____________ X
--_--________ X
_____________ X
__________ _ X
_____________ X
_____________ X

47
E

X
X

X
X
X
X

8
E

X
X

X

1 P, perennial; E, ephemeral.
2 Valley-floor species (p. D18-D19).

VARIATIONS IN VALLEY-FLOOR VEGETATION DOWNSTREAM FROM THE 
MOUNTAIN FRONT

The valley-floor vegetation of all tributaries that were 
sampled changes at the contact between bedrock and the 
valley fill. Flow regimen usually changes at this con­ 
tact, as base flows commonly disappear at the point 
where the stream emerges onto the valley fill. The 
changes in the valley-floor vegetation can, however, be 
abrupt or gradual. An abrupt change from a tall bot­ 
tom-land forest composed primarily of trees that grow 
only on valley floors to scattered thickets of mesquite 
and catclaw acacia can be seen, for example, in Redfield 
Canyon at the point where this stream leaves the Gali- 
uro Mountains (fig. 17). Perennial flow in Redfield 
Canyon ends at the contact between the bedrock and 
the valley fill (pi. 1). Individual sycamores grow, how­ 
ever, as far as a point about half a mile downstream 
from the canyon mouth.
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FIGURE 17. Aerial view of Redfleld Canyon at the contact between bedrock and valley fill in SE%, 
sec. 34, T. 11 S., R. 19 E. Trees with rounded crowns are mainly sycamores. Direction of flow 
is from east to west.

In a direction approaching the San Pedro Kiver, the 
valley-floor vegetation of Kedfield Canyon, in common 
with that of other tributaries, includes a progressively 
smaller number of valley-floor species (table 23). Thus 
the valley-floor vegetation of Kedfield Canyon varies 
most conspicuously with the change from bedrock to 
valley fill, at the point where perennial flow disappears. 
Downstream from the mountain front, in the ephem­ 
eral lower reach located on valley fill, the vegetation 
changes, but more gradually. These gradual changes in 
the vegetation suggest a gradual decrease in moisture 
available to plants in a direction approaching the San 
Pedro Kiver. The presence of individual sycamores, or 
trees generally associated with sustained flows, in the 
reach immediately downstream from the canyon mouth 
suggests that this reach has a flow regimen intermediate 
between perennial and ephemeral.

The valley-floor vegetation of the lower reach of 
Paige Canyon is an example of vegetation that changes 
gradually downstream from a bottom-land forest com­ 
posed mainly of valley-floor species to the mesquite and 
catclaw acacia thickets characteristic of ephemeral lower 
reaches. The gradual reduction in the number of valley -

TABLE 23. Species present at selected locations along Redfield
Canyon

Distance from canyon mouth. _ (miles) _ .......

Alder 2 _ ._ ___ _ _ __ _ __

Hopbush 2 _ _ _
Ash 2 _ _ . _ _ _ __. _______ __
Walnut 2 _ _ _

Cottonwood 2 _ _ _ _

Hackberry 2 __ _ _ _

Mesquite __ _ _ _ _

Burrobursh 2 _ _

71
0
P

X
X
X
X
X
X
X
X
X
X
X
X
X

68
0.8 
E

X
X
X
X
X
X
X

65
3.5 
E

X
X
X
X

22
5.5 
E

X

X

X
X

1 P, perennial: E, ephemeral.
2 Valley-floor species (p. D18-D19).

floor species in a downstream direction is shown in table 
24. Plate 2 also shows that in the lower reach of Paige 
Canyon the ranges of seepwillow, ash, and sycamore
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extend for at least 1 mile downstream from the canyon 
mouth. The gradual change in valley-floor vegetation 
of the lower reach of Paige Canyon is attributed to a 
more gradual reduction of moisture available to plants 
away from the mountain front than occurs for example, 
along Kedfield Canyon. Paige Canyon is unique in the 
study area in that it does not leave the mountain front 
at near a right angle, but rather is flanked on one side 
by bedrock for about 3 miles after leaving the bedrock 
canyon (pi. 1).

TABLE 24. Species present at selected locations along the lower 
Paige Canyon

Location (pi. 1)    ......._...................... 190 188 73 72 11
Flow regimen i______._______.._____.._ SP I I E E
Distance from canyon mouth miles._..._......... 0 1.0 1.8 2.5 3.8

X 
X 
X 
X 
X

XXX

X 
X 
X 
X

X 
X 
X 
X 
X

Cassia 2 ___________________________ X
Cottonwood 2 ______________________ X
Soapberry 2 __________________________ X
Trumpetbush 2 ___________________ X
Seepwillow 2________________________ X
Hackberry 2__________________ _ _ X
Ash 2____________ _ X
Walnut 2 ___________________________ X
Sycamore 2 _________________________ X
Burrobrush 2 _____________________________ X
Mesquite._______________________________ X
Desert-willow 2 _______________________________ X
Whitethorn acacia________________________________ X
Catclaw acacia.__________________________________ X
One-seed juniper__________________________________ X
Lycium (Lycium berlandieri?) ______________________ X X
Pricklypear (Opuntia engelmannii) ______________________ X
Barrel cactus_______________________________________ X
Graythprn___________________________________________ X
Four-wing saltbush___________________________________ X
Jointfir______________________________________________ X

1 SP, semiperennial; I, intermittent; E, ephemeral.
2 Valley-floor species (p. D18-D19).

Paige Canyon cuts through a narrow mountain spur 
in its lower reach before flowing into the San Pedro 
River. Most of the reach between the canyon mouth and 
the gap in the mountain spur was found to have inter- 
mitten flow regimen during the period October 1964- 
April 1965 (pi. 1). Sycamores, either solitary or in clus­ 
ters, occur as far downstream as the gap in the moun­ 
tain spur. Downstream from the gap, the only valley- 
floor trees (walnut, hackberry, and desertwillow) are 
those commonly found in ephemeral lower reaches of 
large tributaries (pi. 2). The only tributary in the study 
area whose extreme lower reach supports sycamore and 
soapberry in addition to walnut, hackberry, and des­ 
ertwillow at points only 0.5 mile from the San Pedro 
River is Buehman Canyon (figs. 19,20). Buehman Can­ 
yon is also the only tributary whose entire lower reach 
has intermittent flow regimen (p. D7). The valley-floor 
vegetation of the lower Buehman Canyon is marked, 
however, by the characteristic downstream reduction in 
the number of valley-floor species (table 25).

TABLE 25. Species present at selected locations along the lower 
reach of Buehman Canyon

Location (pi. 1). 
Flow regimen 2.

23 > 
I

Seepwillow 3_. 
Hackberry 3 ___. 
Sycamore 3____. 
Soapberry 3 ____ 
Graythorn_ 
Desert-willow 3 . 
Burrobrush 3__. 
Walnut 3___. 
Catclaw acacia. 
Mesquite_____.

X 
X 
X 
X 
X 
X 
X 
X 
X 
X

X 
X 
X 
X 
X

' Location 23 is only 0.4 mile downstream from location 24.
2 1, intermittent.
3 Valley-floor species (p. D18-D1S).

LOWER REACH OF SOZA CANYON

The valley-floor vegetation of the lower reach of Soza 
Canyon has, in common with that of other tributaries, 
a progressively smaller number of valley-floor species 
downstream from the mountain front. In the extreme 
lower reach of Soza Canyon, however, this number in­ 
creases again (table 26). This reach also supports spe­ 
cies (seepwillow, ash, yew-leaf willow) not commonly 
found in ephemeral streams or reaches of streams (pi. 
2). The extreme lower reach of Soza Canyon is the only 
one in the study area that is located on bedrock. The 
changes in valley-floor vegetation that occur in the lower 
reach of Soza Canyon thus probably reflect a dispersal 
of moisture in that part of the lower reach on valley fill 
and relatively higher moisture levels in that part of the 
lower reach on bedrock. The vegetation of Soza Canyon 
is another example of botanical variations coinciding 
with geological differences; the effect of these differences 
is probably to alter the amount of moisture available to 
plants without causing, as in the middle reach of Tres 
Alamos Wash, a conspicuous change in flow regimen.

TABLE 26. Valley-floor species present at selected locations along 
Soza Canyon

GcoloEV ^

Ash_____ _ _ _ ______-__--

Black willow. _ _ _ _ _

Walnut- ____ _ _
Burrobrush

.  --.   .     80

................. SP
. .... ........ B

____ ______ X
__ X

___________ X
___ X

X
_.__ _____ X

__ X
_-- X

____ _____ X
__ X

_ __ ______ X

36
E
VF

X
X
X
X

84
E
B

X
X

X
X

X

X
X
X
X

1 SP, semiperennial; E, ephemeral.
2 B, bedrock; VF, valley fill.
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VEGETATION OF THE SAN PEDRO RIVER BOTTOM LANDS

The valley floor of the San Pedro River constitutes 
an environment which differs considerably from the 
tributary valley floors previously described. In the 
study area, the San Pedro River drains more than 2,000 
square miles of arid basin, whereas the largest tributary 
within the study area drains only about 135 square miles. 
The tributaries also flow less than 25 miles, and com­ 
monly have headwaters in humid mountains. In con­ 
trast, the San Pedro River flows about 100 miles across 
a basin underlain largely by unconsolidated deposits 
upstream from Tres Alamos. In the study area, the San 
Pedro River is the only stream located mainly on val­ 
ley fill that has predominantly semiperennial flow 
regimen.

The vegetation growing within the entrenched chan­ 
nel of the San Pedro River is unique in the study area 
in that it consists primarily of thickets of saltcedar. 
Saltcedar was not observed, however, in a 7-mile reach 
near Redington (pi. 2). In November 1964, saltcedar 
covered 451 acres of bottom land between Tres Alamos 
and Redington. This area was measured from color 
aerial photographs taken at a time when the deciduous 
saltcedar was conspicuously yellow orange. Away from 
the San Pedro River, saltcedar occurs apparently only 
in the middle reach of Kelsey Canyon, where several 
small trees are present. Other species common along the 
San Pedro River are seep willow, mesquite, cottonwood 
(fig. 14), and black willow (table 27).

TABLE 27. List of species observed within the channel of the 
San Pedro River

[Figures in parentheses indicate the percentage of 31 sample plats In 
which the most common species grow. !The sample plots were spaced 
about 1 mile apart between 'Tres Alamos and a point about 4 miles 
north of Redington]

Seepwillow (100)
Mesquite (84)
Saltcedar (81)
Cotton wood, (58)
Black willow (52)
Graythorn (32)
Lycium (Lyciumberlandieri?)

(29)
Rabbitbrush (23) 
Catclaw acacia 
Whitethorn acacia 
Honeysage 
Four-wing saltbush

Desertbroom
Haekberry
Desert-willow
Ash
Burrobrush
Walnut
Creosotebush
Tree tobacco
Prieklypear (Opuntia

engelmannii) 
Cholla (0. versicolor) 
Sycamore 
Arrowweed

The channel of the San Pedro River supports two spe­ 
cies tree tobacco and arrowweed that were not seen 
on tributary valley floors. On the other hand, many 
valley-floor species present along tributaries with per­ 
ennial or semiperennial flow regimens were not ob­ 
served along the San Pedro River, either in the study 
area or at higher altitudes upstream. These species are: 
alder, Arizona cypress, Arizona grape, brickellia, buck­ 
thorn, bumelia, buttonbush, cassia, canyon ragweed,

hopbush, indigobush, littleleaf sumac, Mexican elder­ 
berry, oak, poison-ivy, soapberry, squawbush, sumac, 
trumpetbush, Bonpland and yew-leaf willow. Ash, wal­ 
nut, hackberry, and sycamore trees common on tribu­ 
tary valley floors are relatively rare along the San 
Pedro River. In the study area, most of them grow in 
the perennial reach flanked by bedrock downstream 
from Cascabel (pis. 1 and 2). Except for hackberry, 
which grows at one location in the SE'^4, sec. 33, T. 14 
S., R. 20 E., none of these trees was observed south of 
Cascabel. Sycamore was seen at only one location, about 
two miles north of Redington, near the mouth of Edgar 
Canyon.

The difference between the vegetation growing in the 
channel of the San Pedro River and that of tributaries 
with flow regimens similar to those of the mainstem is 
probably due to differences in water quality between 
the San Pedro River and its tributaries. The water on 
the bottom lands of the San Pedro River is presumably 
more mineralized than that of tributaries. This hy­ 
pothesis is supported by the presence of large salt in­ 
crustations and efflorescences along the San Pedro River, 
particularly south of Cascabel. In November 1964, for 
example, salt efflorescences in sees. 4 and 9, T. 15 S., 
R. 20 E., covered an area of about 10 acres near the 
river. These efflorescences were mapped from aerial 
photographs and checked on the ground. Salt efflores­ 
cences were not seen along tributaries. Of 29 published 
analyses of water "from representative wells and 
springs" in the lower San Pedro Valley, the eight sam­ 
ples with less than 20 percent sodium (Na) 3 were all 
from the underflow of tributaries such as Soza Canyon, 
Hot Springs Canyon, and Aravaipa Creek (fig. 1), or 
from valley-floor springs in tributary reaches in the 
mountains or near the mountain fronts flanking the San 
Pedro River (Halpenny and others, 1952, table IT). 
The average sodium content of four shallow wells 
sunk in the bottom lands of the San Pedro River in the 
study area was44.5 percent (Halpenny and others, 1952, 
table 17). Total dissolved-solids content is, however, 
not necessarily lower away from the San Pedro River 
bottom lands (Halpenny and others, 1952, table IT). 
The waters along the San Pedro River are thus not 
consistently more mineralized than those of tributary 
basins, but the concentrations of some elements may 
be sufficiently higher along the river as to be toxic to 
some plants. Sodium content, for example, is locally 
so high on the bottom land of the lower San Pedro 
Valley that waters are not suitable for irrigation (Hal- 
penny and others, 1952, p. 99).

3 Presumably denned as percent Na = ' where a11 ionic
c +M +Na + K'

concentrations are expressed in milliequivalents per liter. (See Todd, 
1959, p. 191.)
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The growth of saltcedar, the characteristic plant of 
the San Pedro River bottom lands, may be favored by 
relatively high salt content of the water in and near 
the river. Saltcedar seems to reach its maximum volume 
density in areas where ground water has a dissolved- 
solids concentration of more than 8,000 ppm (parts per 
million) (Gatewood and others, 1950, p. 80). Saltcedar 
apparently "grows well" where the common salt 
(sodium chloride) content is high, although it also toler­ 
ates a wide range of water quality (Robinson, 1958, 
p. 16). A relationship between saltcedar growth and 
mineralized water is also suggested by the presence of 
this plant in the middle reach of Kelsey Canyon (p. 
D23), in an area of Cretaceous (?) and Tertiary (?) 
sedimentary rocks that apparently yield highly min­ 
eralized water. Water drawn from well (D-12-20) 
23dc, located about 1.5 miles from the middle reach of 
Kelsey Canyon, had a total dissolved-solids concentra­ 
tion of 9,160 ppm, a total hardness as calcium carbonate 
of 724 ppm, and a sodium content of 89 percent (Hal- 
penny and others, 1952, table 17).

Relatively high mineralization of water may, on the 
other hand, account for the absence or rare occurrence 
of many species along the San Pedro River. Ash, hack- 
berry, and walnut, for example are most common along 
the reach having perennial flow north of Casabel (pi. 
2), where the San Pedro River channel is presumably 
underlain at shallow depth by bedrock (pi. 1). In that 
reach, perennial surface flows and shallow underflow 
may prevent harmful accumulations of salts. Ash, syca­ 
more, walnut, and hackberry are either absent or rare 
south of Cascabel, where salt efflorescences are most com­ 
mon. Sycamore, a tree reputed to 'be an indicator of 
"good" water (Meinzer, 1927, p. 78), is the rarest of 
these trees along the San Pedro River. Only three syca­ 
mores, those growing north of Redington (pi. 2), were 
seen between Mammoth and the Mexican border (fig. 
1). Sycamore grows, however, in the headwaters of the 
San Pedro River in Sonora, Mexico (J. R. Hastings, 
Inst. of Atmospheric Physics, Arizona Univ., oral 
commun., 1965). In contrast, cotton wood and black wil­ 
low are relatively common along the San Pedro River 
(table 27), which suggests that these two trees may be 
more tolerant of highly mineralized water.

On the San Pedro River bottom lands, the only known 
forest composed of walnut, hackberry, ash, sycamore, 
willow, and cotton wood similar to forests growing in 
some tributaries is outside the study area, near the mouth 
of Edgar Canyon in the SW*4, sec. 26, T. 11 S., R. 18 E. 
This location is about 2 miles north of Redington. The 
headwaters of Edgar Canyon are above 8,000 feet in the 
Santa Catalina Mountains, and the stream frequently 
flows in the spring as a result of snowmelt in those

mountains. The occurrence of the forest near the mouth 
of Edgar Canyon may thus be related to a local reduc­ 
tion of the mineralization of water on the San Pedro 
River bottom lands. Such a local decrease in dissolved- 
solids content along a river due to inflow from tribu­ 
taries has been shown for the Gila River in the Duncan 
basin (Halpenny and others, 1952, p. 38, pi. 4).

The presumed pre-1880 flood plain of the San Pedro 
River, which is generally 20-30 feet above the en­ 
trenched channel, supports mesquite forests (bosques) 
composed of trees about 30-35 feet tall. These forests 
contain scattered catclaw acacia, graythorn, lycium, 
pricklypear, cholla, allthorn, and other shrubby, her­ 
baceous (commonly jimsonweed), and grassy (Gram- 
ineae) species. (See 'Shreve, 1951, p. 71.) The forests are 
being cleared to make room for irrigated agriculture. 
By late 1965, about 3,900 acres or about half of the mes­ 
quite forests growing on the presumed pre-1880 flood 
plain between Tres Alamos and Redington had been 
cleared. The mesquite forests grow on a surface now 
presumably no longer reached by channeled flow, and 
therefore their relation to streamflow is indirect. These 
forests are discussed only in connection with the role of 
vegetation in the regional hydrology (p. D41-D42).

SUMMARY

The vegetation of valley floors ranges from stands 
of shrubs that have the same species composition as the 
vegetation of the adjacent desert uplands to a closed- 
canopy forest composed mainly of trees that grow only 
on valley bottoms. Many intermediate types of valley- 
floor vegetation occur. Common examples of these are 
vegetation with the s'ame species composition as that of 
the adjacent uplands but appreciably taller and denser 
and thickets of species that also occur on uplands but 
mixed with trees that were seen only on valley floors.

Valley floors support many species, referred to as 
valley-floor species, that either were not seen on uplands 
or were seen only on uplands below certain altitudes. 
Valley-floor species occur at and downstream from 
points with certain minimum drainage areas. With 
increasing drainage area, the number of these species 
present on the valley floor increases, the maximum 
usually occurring in the middle reaches of tributaries. 
Downstream from the mountain front, the number of 
valley-floor species in ephemeral lower reaches located 
on valley fill progressively decreases. In Soza Canyon, 
however, the number of valley-floor species increases 
again in the extreme lower reach. The extreme lower 
reach of Soza Canyon is the only such reach in the study 
area located on bedrock.

Away from the basin divide, the points of first oc­ 
currence of valley-floor species have considerably larger 
drainage areas on valley-fill than on bedrock. The
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largest number of valley-floor species and dense bot­ 
tom-land forests occur in wide middle reaches flanked 
by bedrock and having intermittent, semiperennial, or 
perennial flow regimens, or near the mouths of can­ 
yons. Constricted canyons with semiperennial or peren­ 
nial flows are commonly almost devoid of woody 
vegetation. The most conspicuous and abrupt changes in 
valley-bottom vegetation occur at or immediately down­ 
stream from the bedrock-valley fill contact, where for­ 
ests composed mainly of valley-floor trees grade into 
open thickets of desert shrubs within a few tens of yards. 
In most large tributaries, however, individual valley- 
floor trees like ash or sycamore may grow half a mile 
or more downstream from canyon mouths. Changes in 
valley-floor vegetation at the bedrock-valley fill contact 
is either abrupt or gradual, apparently depending upon 
whether the change in surface-flow regimen is abrupt or 
fairly gradual.

The valley-floor vegetation of the San Pedro River, 
the mainstem in the study area, has a different species 
composition from that of tributaries with flow regimens 
similar to those of the San Pedro River. The character­ 
istic vegetation form along the San Pedro River is thick­ 
ets of the saltcedar, a species that was seen at only one 
location away from the mainstem.

The variations in the vegetation of valley floors have 
been related mainly to either concentration or dispersal 
of moisture, depending upon the presence of either bed­ 
rock or unconsolidated valley fill. Given uniform geo­ 
logy, the effect of drainage area on relative moisture 
levels on the valley floor is also reflected in the 
vegetation. As shown by the vegetation growing 
along Tres Alamos Wash, however, the differentiation 
between the vegetation of the valley floor and that of 
the adjacent uplands does not increase indefinitely with 
increasing drainage area. Beyond an optimum drain­ 
age area, the valley-floor vegetation varies in a fashion 
suggesting decreasing moisture availability. The vege­ 
tation along the San Pedro River, a stream draining 
more than 2,000 square miles, differs from that of con­ 
siderably smaller tributaries presumably because dif­ 
ferences in quality of water also affect the distribution 
of vegetation.

GERMINATION OF VALLEY-FLOOR SPECIES

The ranges of most plants at the adult stage probably 
represent contractions of their ranges at the seedling 
stage, as many seedlings do not survive into adulthood. 
The rang^ of adult plants is evidence that conditions 
necessary for survival of those plants obtain in certain 
habitats; it is not necessarily indicative, however, of the 
conditions under which the plants germinated and sur­ 
vived the early days or weeks of growth. In the study

area, variations in the plant cover seem to reflect, for 
example, broad hydrologic differences. Without data on 
germination and seedling survival, however, it is impos­ 
sible to determine whether plant distributions reflect 
hydrologic conditions at the time plants become estab­ 
lished, or whether distributions reflect recurrent condi­ 
tions that insure the survival of adult plants. A knowl­ 
edge of germination behavior also helps to identify 
those plants that may become established as a result of 
infrequent alluvial processes.

Seepwillow

Seepwillow requires sustained flows and stranding in 
saturated alluvium for germination and seedling sur­ 
vival (Horton and others, 1960, p. 16). Seepwillow 
seedlings survive if the sediments are saturated during 
the first 2-4 weeks of growth (Horton and others, 1960, 
p. 16). Germination occurs from late March through 
the summer (Horton and others, 1960, p. 16; per­ 
sonal observation). The seep willow seedlings observed 
in the spring of 1965 were confined to saturated alluvi­ 
um along semiperennial and perennial flows.

Hackberry

Hackberry seedlings were seen in the spring of 1965 
in the sand of large ephemeral streams that had not 
flowed since the previous fall. Seedlings were also grow­ 
ing in saturated alluvium in reaches with sustained 
flows.

Ash

Ash seedlings were first seen on January 28, 1965, 
along the 'perennial flow of Redfield Canyon. Concen­ 
trations of hundreds of seedlings were seen, however, 
only in late March and early April, a period that may 
be the seasonal peak in ash germination. Ash seedlings 
were seen in the perennial and semiperennial reaches of 
Redfield Canyon, Ash Creek, Soza Canyon, Rincon 
Creek, Pantano Wash at the Vail gaging station, Sa- 
bino Canyon, and Buehman Canyon. Pantano Wash, 
Rincon Creek, and Sabino Creek are gaged streams in 
the Tucson basin and are included in the study as con­ 
trols (p. D43-D44). In Pantano Wash at Vail, for exam­ 
ple, ash seedlings were confined to a narrow (3 ft. or 
less) band of saturated sand along the perennial flow. 
Many seedlings were half submerged along the edge of 
the flow. Values of seedling density on April 5, 1965, 
were 26, 30, 46, 48, and 54 seedlings per square meter. 
Along Rincon Creek in sec. 16, T. 15 S., R. 17 E., hun­ 
dreds of ash seedlings were also growing in secondary 
channels, dry on April 5,1965, that were densely shaded 
by tangled vegetation. In places, the concentrations of 
seedlings ended at the end of the canopy of vegetation, 
at the boundary between moist and dry sand.
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The distribution of ash seedlings was examined in 
detail along the intermittent and semiperennial middle 
and lower reaches of Ash Creek (pi. 1) in late March 
and late August, 1965. In late March, the range of seed­ 
lings coincided with the extent of the semiperennial 
flow; no seedlings were observed in the intermittment 
reach, in which no flows occurred between November 
11, 1964, and March 1965. The intermittent reach sup­ 
ports groves of ash (table 18), presumably germinated 
in years of unusual sustained runoff in this reach. In 
late August, the range of the seedlings, by then about 4 
inches high, had contracted, but not as much as the ex­ 
tent of semiperennial flow. (See pi. 1). Many seedlings 
were growing in late August in dry sand (fig. 18) near

L ^k K%^'
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FIGURE 18. Ash seedlings in the channel of Ash Creek in the SW%, 
sec. 9, T. 16 S., R. 19 E. These seedlings germinated in the spring 
of 1965, when this reach had sustained flow. August 31, 1965.

location 65, in a reach which had sustained flow in the 
spring.

Ash seedlings, still bearing cotyledons, were growing 
in silt around pools in Ash Creek near location 66 in late 
August 1965. Thus ash germinates in the summer, but 
if the data for Ash Creek are representative, the range 
and number of summer seedlings are smaller than in 
the spring. No summer seedlings were seen, for example, 
in the semiperennial reach of Buehman Canyon, where 
even most of the spring seedlings had disappeared.

Ash germinates in ephemeral and intermittent reaches 
affected by winter discharges. Ash seedlings were seen 
in early April 1965 in silty depressions, but not in dry 
sand, in the lower reaches of Buehman and Soza Can­ 
yons. In Soza Canyon the seedlings were seen in the

sec. 12, T. 13 S., E. 18 E., at a point well within 
the reach wetted by winter discharges (table 4). In 
Buehman Canyon, ash seedlings were numerous in the 
NEi/4, sec. 4, T. 12 S., E. 18 E. Buehman Canyon flowed 
to the San Pedro Eiver for as long as 7 consecutive days 
during the winter of 1965 (table 5). None of the seed­ 
lings in the intermittent lower reach of Buehman Can­ 
yon was left on August 30, 1965. Survival of ash in 
ephemeral and intermittent reaches where it germinates 
as a result of slowly advancing and retreating winter 
discharges is apparently difficult, as also suggested by 
the small number of adult ashes in these reaches and 
by the absence of ash in many reaches subject to winter 
discharges.
Sycamore

Sycamore seeds were ubiquitous, beginning early in 
March, in the streams where this species grows. How­ 
ever, gemination was observed only in a slough on the 
flood plain of Eincon Creek in the NE'^4, sec. 16, T. 15 
S., E. 17 E., where, on April 5, 1965, several seedlings 
were emerging from a half-submerged seed ball. Syca­ 
more seedlings about 6 inches high, apparently germi­ 
nated in the spring of 1965, were seen in the semi- 
perennial reach of Buehman Canyon in late August 
1965.

Cottonwood

Germination of cottonwood was not observed in 
March and early April 1965. Cottonwood seed is ap­ 
parently ripe in April, and it loses all viability 7 weeks 
thereafter (Horton and others, 1960, p. 2-3).

Black Willow

Numerous willow seedlings about 4-6 inches high 
were growing in the semiperennial reach of Ash Creek 
in sec. 9, T. 16 S., R. 19 E. and along the semiperennial 
reach of Buehman Canyon in late August 1965. Willow 
presumably germinates during a short period in the 
spring when seed is briefly viable (E. M. Turner, U.S. 
Geol. Survey, oral commun., 1965).

Saltcedar *

Saltcedar germinates on saturated sediment and even 
while seed is floating in water. Slowly receding spring 
and summer flows are particularly conducive to abun­ 
dant germination and seedling establishment. The 
seedlings grow slowly and are sensitive to drying; 
survival seems to depend on sediment remaining satu­ 
rated during the first 2-4 weeks of growth. Rapidly re­ 
treating flows and quickly drying bed and bank material 
are, therefore, unfavorable to saltcedar establishment. 
Saltcedar can, on the other hand, withstand several

* Data from Horton, Mounts, and Kraft (1960, p. 5,16).
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weeks of submergence. The germination and establish­ 
ment of saltcedar are similar to those of seepwillow, 
which probably explains the similarity in the distribu­ 
tion of these two species along the San Pedro River. 
The dependence of saltcedar and seepwillow on slowly 
retreating flows for germination and seedling establish­ 
ment may explain why these two species are apparently 
absent or rare in the 7-mile reach near Kedington (pi. 
2). This is the longest reach of the San Pedro River 
observed in or near the study area that has only inter­ 
mittent flow regimen (pi. 1).

Observations and published data on germination and 
seedling establishment indicate that seepwillow, ash, 
sycamore, black willow, and saltcedar require substrate 
saturated or moistened by sustained flows, or flows other 
than ephemeral, in order to germinate and survive 
beyond the seedling stage. The same is probably also 
true of cottonwood. The seedlings of these species that 
were seen in the spring of 1965 were all growing in 
reaches that had experienced sustained flows in the 
winter of 1964-65 or in early spring of 1965. No 
seedlings were seen on uplands or in ephemeral streams 
even though seepwillow, ash, and sycamore seeds were 
commonly seen in these streams. In contrast, hackberry 
apparently can germinate and survive the seedling stage 
in substrates moistened only by precipitation; the dis­ 
tribution of adult hackberries indicates, however, that 
this tree can survive only on valley floors. Thus dura­ 
tion of surface flow seems to be an important control in 
the distribution of many valley-floor species because of 
the requirements of these species at the germination and 
seedling stages of growth.

Germination of ash, hackberry, cottonwood, black 
willow, sycamore, and probably also walnut (winter- 
deciduous trees) seems to occur primarily in late winter 
and in spring, when sustained flows are most extensive. 
This is also suggested by the coincidence of the ranges 
of ash, willow, cottonwood, and sycamore with the most 
extensive winter-early spring flows observed, rather 
than with the shorter summer flows (pis. 1 and 2). Judg­ 
ing from the observations of ash seedlings in Ash Creek 
and Buehman Canyons, the contraction of base flows in 
the summer apparently also destroys seedlings of trees 
that germinate in the spring. Thus in southern Arizona, 
although most of the rain and runoff occur in the sum­ 
mer, the establishment of many common valley-floor 
trees is geared to flow conditions in late winter and 
early spring. In contrast, the establishment of most 
Southwestern desert plants (mesquite, acacias, cactuses, 
desert-willow, creosotebush) is probably dependent 
mainly on summer rains.

The data on germination indicate the need to con­ 
sider the seasonal changes in streamflow in order to ex­

plain distributions of valley-floor species. These data 
also help to interpret unusual distributions of plants. 
Thus, the presence of species known to require sustained 
flows for germination and seedling establishment (for 
example, ash and seepwillow) in ephemeral streams or 
reaches of streams suggests the occurrence of occasional 
sustained flows, such as those observed in December 
1965-January 1966. Data on the effect of surface flow 
regimen or germination also help to explain why in the 
lower reaches of tributaries, despite progressively shal­ 
lower ground water downstream, the valley floors do 
not support those species usually present at wet sites.

GENERAL INTERPRETATION" OF THE ECOLOGY OF 
VALLEY-FLOOR VEGETATION

HEADWATERS LOCATED ON VALLEY FILL

Headwaters located on valley fill have ephemeral flow 
regimen as a result of arid climate, deep water tables, 
and low concentration of runoff on pervious deposits 
with subdued relief. (See headwaters of Tres Alamos 
Wash, pi. 1.) Away from the basin divide the valley- 
floor vegetation has at first the same species compo­ 
sition as the vegetation growing on the adjacent up­ 
lands. See headwaters of Tres Alamos Wash and Kel- 
sey Canyon, tables 16, 20. With increasing drainage 
area, the vegetation becomes appreciably taller and 
denser than that of the surrounding uplands (Great 
Bajada Wash, table 13), though the species composition 
may be similar on both valley floor and uplands. Valley- 
floor species (p. D18-D19) have their uppermost sta­ 
tions along a stream at the point where the drainage 
area has a threshold size. In the study area, this size is 
about 3 square miles. The first valley-floor species seen 
in a downstream direction is generally burrobrush. This 
shrub is generally the only valley-floor species growing 
along washes flowing on valley fill that have a drainage 
area of between 3 and 6 square miles.

Along streams with a larger drainage area, valley- 
floor trees generally grow at and downstream from 
points where the drainage area exceeds 5 square 
miles. Hackberry, desert-willow, and walnut are seen 
roughly in that order downstream along the headwaters 
of a stream with ephemeral flow regimen. The increase 
in the number of valley-floor species on the valley floor 
of a stream flowing on valley fill apparently continues 
until the stream has a drainage area of 20-50 square 
miles. With drainage areas exceeding this size, the num­ 
ber and the species present remain about the same, or 
the number may decrease (Tres Alamos Wash, table 
16). In the study area, streams with ephemeral flow 
regimen and flowing on valley fill apparently cannot 
support valley-floor trees other than hackberry, blue
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paloverde (at altitudes where t'Ms species grows only 
on valley floors), desert-willow, soapberry, and walnut, 
regardless of drainage area size.

The increasing differentiation between valley-floor 
and upland vegetation with increasing drainage area 
along streams with ephemeral flow regimen is attributed 
to increasing volumes of alluvium on the valley floor 
and greater storage of moisture replenished by longer 
lasting ephemeral flows. The differentiation has limits, 
however, presumably because beyond a certain point 
along a stream, amounts of moisture available to plants 
between ephemeral flows remain the same or decrease 
(p. D3T). The increase in the number of valley-floor 
species and in the density of the vegetation along 
ephemeral streams probably cannot be directly related 
to an increase in discharge, especially peak discharge, 
or to greater frequency of discharge.

Plant distributions cannot be directly related to size of 
discharge because the volume of runoff in the channel 
is not important to plant growth. For example, a peak 
discharge of either 50 cfs or 1,000 cfs may saturate the 
entire thickness of the alluvium at a given point along 
an ephemeral stream. What is important to the plants is 
that the flow has occurred and that locally the maxi­ 
mum storage of moisture in the substrate has taken 
place. Thus only the moisture that can be stored locally 
is important to plants, and not surface runoff. (See Hack 
and Goodlett, 1960, p. 29-30.) In eastern Arizona, there 
is also a poor relationship between drainage area and 
size of discharge within the range of 1 to about 150 
square miles of catchment basin (Kennon, 1954, figs. 
5 and 9). Small ephemeral streams frequently have 
disproportionately large discharges. For example, 
Great Bajada Wash, a stream with a drainage area of 
3.8 square miles, has had a peak discharge of 6,700 cfs 
(Smith and Heckler, 1955, p. 5; wash referred to by 
location). In contrast, the maximum discharge re­ 
corded in Sabino Creek, a stream near Tucson (fig. 1) 
with a drainage area of 35.5 square miles, in 40 years 
is only 5,100 cfs (U.S. Geol. Survey, issued annually).

Small ephemeral streams may discharge more fre­ 
quently than large ephemeral streams. For example, a 
wash draining about 1 square mile underlain mainly by 
bare basin fill and located mostly in sec. 31, T. 15 S., E. 
20 E. is known to have discharged three times during 
the winter of 1964-65, whereas Tres Alamos Wash 
(134.75 sq mi) last flowed on October 17, 1964. The 
small wash, hereafter referred to as Eed Silt Wash, 
flowed at the road crossing in the NW*4, sec. 31, on 
January 31, February 7, and February 8, 1965, when 
0.34, 0.03, and 0.03 inch of precipitation were re­ 
corded at Benson (data from U.S. Weather Bureau). 
Tres Alamos Wash is not known to have ever flowed as

a result of winter rains (Frank Coons, lifetime resident 
of Tres Alamos area; George Sherman, foreman, Tres 
Alamos Eanch, oral commun., 1965).

The washes that drain the disected basin fill of T. 16 
S., Es. 20 and 21 E. (fig. 9) also seem to flow more fre­ 
quently than Tres Alamos Wash and to have unusually 
large peak discharges. These washes are regarded by 
residents of Pomerene as flood hazards (Mrs. F. Gil- 
lespie, Wagner Eanch, oral commun., 1964). Partial 
flooding of Pomerene by some of these washes was ob­ 
served on October 16-17, 1964, August 29, 1965, and 
September 4, 1965. In contrast, on September 4, 1965, 
Tres Alamos Wash did not flow at all, despite a series 
of storms over its basin. On October 16-17, 1964, and 
August 29,1965, the peak discharges observed in washes 
in the NW^, sec. 27, T. 16 S. and the SW*4, sec. 21, T. 
16 S., E. 20 E., were estimated to exceed the peak dis­ 
charge in Tres Alamos Wash by several hundred cubic 
feet per second.

Another example of a small stream flowing on valley 
fill (mainly basin fill) and having unusually large and 
frequent discharges is Tucson Arroyo in Tucson. The 
original drainage area of this stream was 27 square 
miles; this was reduced to 8.2 square miles by flood- 
control structures (U.S. Geol. Survey, 1964, open-file 
report). The maximum discharge on record in this 
stream is 5,000 cfs, measured after the drainage area 
had been reduced to 8.2 square miles. Since 1940, Tucson 
Arroyo has had at least six peak discharges exceeding 
2,500 cfs (U.S. Geol. Survey, issued annually). In con­ 
trast, in Sabino Creek (35.5 sq mi) only four discharges 
have exceeded 2,500 cfs since 1932 (U.S. Geol. Survey, 
issued annually). Small ephemeral streams thus may 
have relatively frequent and large discharges. The val­ 
ley floors of these streams commonly support vegeta­ 
tion with the same species composition as that growing 
on the adjacent uplands (Eed Silt Wash; Great Bajada 
Wash on valley fill; washes in T. 16 S., Es. 20 and 21 
E.). Apparently large and fairly frequent ephemeral 
flows alone do not cause large amount of moisture to be 
available to plants.

With increasing drainage area, valley floors of streams 
located on valley fill have increasingly larger volumes 
of alluvium. The alluvium or Eecent fill is generally 
more porous than the underlying older valley fill (table 
2; fig. 19). This difference in texture alone partly ex­ 
plains why the valley floors of small ephemeral streams 
that seldom flow support vegetation different from that 
growing on the adjacent uplands underlain by valley 
fill (Great Bajada Wash, table 13). For example, on the 
morning after the storms of August 29,1965, the sandy 
alluvium of small washes on the smooth slope in T. 14 
S. (fig. 7) was wet to a depth of at least 3 feet, whereas
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FIGURE 19. Red Silt Wash in the NW%, sec. 31, T. 15 S., R. 20 E. 
Width of the channel is 6 feet. Average and maximum depths 
of the alluvium are 9 and 11 inches. The dark deposit is basin 
fill (table 2).

the loams of the adjacent uplands were visibly moist 
only to depths ranging from 3 to 6 inches. Thus, even 
where the drainage area is small, concentrated runoff 
and porous alluvium result in higher moisture levels on 
valley floors than on uplands underlain by unconsoli- 
dated older valley fill or by soils.

The larger the volume of alluvium, presumably the 
larger the amount of moisture stored. In the middle 
reach of Tres Alamos Wash, for example, the Recent 
fill is probably tens of feet thick (Cooper and Silver, 
1964, pi. 2, sec. G-G'). As the channel width of the mid­ 
dle reach of this wash generally exceeds 50 feet, plants 
growing in the reach can tap a large volume of moist 
substrate. In March 1965, the alluvium of Tres Alamos 
Wash at location 45 (pi. 1) was sufficiently moist at 
depths below 2 feet to leave a film of moisture on the 
blade of a shovel. Tres Alamos Wash received moisture 
only from precipitation during the winter and spring 
of 1964-65. In contrast, in March 1965, the thin allu­ 
vium of Eed Silt Wash (fig. 19) was dry to the touch. 
The middle reach of Tres Alamos Wash supports five

valley-floor tree species, whereas the vegetation lining 
Ked Silt Wash has the same species composition as that 
growing on the surrounding uplands.

With increasing drainage area and volumes of runoff 
and alluvium, the duration of ephemeral flows increases. 
(See Kincaid and others, 1966, p. 387.) The sequence of 
events observed in or near Tres Alamos Wash at the 
Pomerene-Cascabel road ford during a storm is shown 
in table 28. The streamflow record of Walnut Gulch, a 
stream about 25 miles south of Tres Alamos (fig. 1), 
indicates, for example, that flows lasting 10 hours or 
more apparently do not occur in tributaries with a 
catchment area of less than 5 square miles (U.S. Agr. 
Research Service, 1963, p. 63.1). This difference in flow 
duration probably causes differences of moisture stor­ 
age on the valley floors, which, in turn, affect the 
distribution of vegetation. For example, walnut was ob­ 
served only along the mainstem and tributaries of Wal­ 
nut Gulch at and downstream from points where the 
drainage area is about 5 square miles.

TABLE 28. Flow events in and near Tres Alamos Wash at the 
Pomerene-Cascabel road on August 29, 1965

Time (p.m.) Event 
4:00__________________ Start of precipitation.
4:04__________________ First runoff on compacted road bed.
4:08__________________ Flood in Tres Alamos Wash reaches

road ford; initial bore about 6
inches high. 

4:15__________________ Peak discharge in Tres Alamos Wash;
estimated at 300-500 cfs. 

4:40__________________ Peak apparently sustained until this
time; rapid decline thereafter. 

4:55__________________ End of precipitation; flow in Tres
Alamos Wash levels off at about
15 cfs. 

5:00__________________ First-order streams in the vicinity
dry. 

6:40__________________ End of flow in Tres Alamos Wash;
total duration of flow 2 hours 32
minutes. 

7:00__________________ Alluvium in Tres Alamos Wash
still saturated below 1 foot of
depth.

The increase in the number of valley-floor species 
along ephemeral streams and in the density of valley- 
floor vegetation with increasing drainage area is prob­ 
ably related to an increasing "valley storage" which is 
difficult to measure directly. The increase in this mois­ 
ture storage on the valley floor is due to longer lasting 
ephemeral flows wetting progressively larger volumes 
of alluvium. With increasing drainage area, the period 
required for the depletion of moisture between ephem­ 
eral flows is thus correspondingly longer.

HEADWATERS LOCATED ON BEDROCK

Headwater basins located on bedrock contain greater 
concentrations of moisture than do headwater basins 
underlain by valley fill. Steep side slopes and valley 
floors underlain by bedrock either at the surface or at
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shallow depth contribute to the concentration of runoff 
and to the retention of water at or near the surface of 
valley floors. Within 1-2 miles from the drainage divide, 
a stream located on bedrock may have pools of water 
that has been retained for months beyond storm dis­ 
charges, or it may have intermittent flow regimen 
(headwaters of Ash Creek, Keith Ranch Creek, and of 
Davis Canyon, pi. 1). As a result, headwater reaches 
located on bedrock support valley-floor species at points 
where the drainage area is less than 3 square miles (Ash 
Creek, Keith Ranch Creek, and two creeks immediately 
south of Keith Ranch Creek; figs. 19, 20). Sustained 
flows or persistence of water at the surface also allows 
species like seepwillow, ash, and buttonbush to ger­ 
minate and become established. Thus, headwaters lo­ 
cated on bedrock not only support valley-floor species 
at points where the drainage area is less than in basins 
underlain by valley fill, but these species are generally 
different from those growing on unconsolidated de­ 
posits. Even without sustained flows, headwater reaches 
located on bedrock may support valley-floor trees at 
points where the drainage area is less than 3 square 
miles (upper reach of Great Bajada Wash, pi. 2).

If a stream leaves the bedrock of its upper basin to 
flow onto the valley fill, the valley-floor vegetation 
growing on valley fill is generally different from that 
growing in the reach located on bedrock (Keith Ranch 
Creek, two creeks immediately south of Keith Ranch 
Creek, and Great Bajada Wash, pi. 2). At the bedrock- 
valley fill boundary, flow and water regimen generally 
change from intermittent or persistent pools to ephem­ 
eral. As a result, the range of species dependent on 
prolonged saturation of the surficial substrate for ger­ 
mination (for example, ash and seepwillow) generally 
ends at that geologic contact. The range of these species 
may, however, extend for several miles onto the valley 
fill (Davis Canyon and tributaries of Tres Alamos Wash 
draining the Winchester Mountains, pi. 2) if frequent 
sustained flows extend onto the valley fill (fig. 4). These 
flows apparently cause a saturation of the alluvium of 
sufficient duration for species like ash and seepwillow to 
become established.

Trees that grow in headwater reaches located on bed­ 
rock and having ephemeral flow regimen may not grow 
downstream from the bedrock-valley fill contact, des­ 
pite increasing drainage area. (See the ranges of hack- 
berry, desert-willow, and soapberry along Great Ba­ 
jada Wash, pi. 2.) The dispersal of moisture that occurs 
on valley fill presumably prevents the survival of these 
trees. On the other hand, if the headwater basin under­ 
lain by bedrock is sufficiently large (2 square miles or 
more), the lower reach located on valley fill may support 
valley-floor trees not generally found in ephemeral

streams of comparable drainage area but with basins 
underlain mainly or entirely by valley fill. (See the 
ranges of hackberry and desert-willow in the lower 
reaches of Keith Ranch Creek and two creeks immedi­ 
ately south of it and of walnut in the lower reach of 
Redrock Creek, pi. 2.) This relationship is strikingly 
shown by the difference in valley-floor vegetation be­ 
tween the lower reaches of streams draining the Little 
Rincon Mountains and the lower reaches of the streams 
draining the west flank of the Johnny Lyon Hills (pi.
2>'

Steep headwater basins several square miles in area
and underlain by bedrock presumably concentrate run­ 
off sufficiently to support, indirectly, valley-floor trees in 
the lower reaches flowing on unconsolidated deposits. 
(See also the contrast between the vegetation of Davis 
Canyon, which has headwaters on bedrock, and that of 
Kelsey Canyon, which rises on the valley fill of Alien 
Flat, pi. 2.) Unusually heavy rainfall in winter or 
spring (p. D9-D10) can also cause such lower reaches 
to have flows lasting several weeks (pi. 1). These infre­ 
quent sustained flows may explain the presence of, for 
example, ash in Davis Canyon on Alien Flat in a reach 
that generally has ephemeral flow regimen (pis. 1 and
2).

Along a stream located entirely on bedrock, valley- 
floor configuration will gradually change 'downstream 
from a V-shape to a box shape. Alluvium will accumu­ 
late on the valley floor, and aquifers in the alluvium 
maintain either perennial or semiperennial base flows 
(Ash Creek, Paige Canyon, Hot Springs Canyon). 
Concurrently with these physical changes, changes in 
the valley-floor vegetation occur in a downstream direc­ 
tion. Trees like sycamore, cottonwood, willowr, and wal­ 
nut grow on the valley floor, and, where the valley 
bottom is sufficiently wide, form a closed-canopy forest 
(Ash Creek, Davis Canyon, Paige Canyon). The down­ 
stream changes in valley-bottom vegetation are prob­ 
ably related to increased moisture storage in greater 
volumes of alluvium, larger surfaces on which trees can 
grow, and reduced flood damage with increasing valley- 
floor width and decreasing slope.

Judging from distributions, some valley-floor trees 
seem more sensitive than others to amounts of alluvium 
present and to constriction of the valley floor, whatever 
the ultimate physiologic effect of these physical condi­ 
tions. Ash, for example, seems least sensitive, as it is 
usually the first valley-floor tree seen downstream from 
the basin divide (Ash Creek, Keith Ranch Creek, two 
creeks south of Keith Ranch Creek, and Davis Can­ 
yon) ; hackberry, as suggested by its distribution, re­ 
quires conditions roughly similar to those for ash (pi. 
2). Sycamore and cotton wood, on the other hand, are
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probably most sensitive, as suggested by their absence 
in several well-watered but relatively narrow canyons 
(Buehman Canyon, Ash Creek in the canyon cut across 
the mountain spur, Paige Canyon, pis. 1 and 2). The 
presence or absence of these trees may be determined 
by their ability to resprout after flood damage, by the 
volume of alluvium present, and by the effect of the 
alluvium as an "equalizer" in smoothing out fluctuations 
in moisture caused by precipitation and runoff.

The densest and tallest valley-floor forests composed 
almost entirely of valley-floor trees occur in level, wide 
reaches with sustained flows (Paige Canyon and Turkey 
Creek in Happy Valley basin). In these reaches, estab­ 
lishment and survival are presumably favored because 
large areas of valley bottom are reworked and wetted 
by sustained flows, moisture is stored in thick alluvium 
and is replenished by frequent or perennial surface flow 
or shallow underflow, and the force of floods is spent 
over a wide channel and flood plain.

MIDDLE REACH LOCATED ON BEDROCK

Some streams flowing almost entirely on valley fill 
and with ephemeral flow regimen may have a short 
reach located on or flanked by bedrock. In the study 
area, the stream that best fits this description is Tres 
Alamos Wash (pi. 1). An increase in the number of 
valley-floor species present and in the density and height 
of the vegetation occurs in such a reach located on bed­ 
rock (Tres Alamos Wash, tables 16, 17). The effect of 
the bedrock is probably to increase the local runoff from 
side slopes and to form a partial seal under the alluvi­ 
um, thus increasing moisture levels on the valley floor. 
In the middle reach of Tres Alamos Wash there is no 
evidence that the bedrock under the alluvium acts as an 
aquiclude for a permanent or semipermanent perched 
aquifer (log of well D-15-21/27bad). No sustained flow 
has ever been seen in this reach (Mr. Thomas Moor- 
head, Cross X Ranch, oral commun., 1965). The bed­ 
rock may, however, partly prevent deep percolation of 
moisture after ephemeral flows. At one point in the 
NW*4, SEi/4, sec. 22, T. 15 S., R. 21 E., for example, 
excavation showed that bedrock underlies the alluvium 
in the middle of the channel at a depth of 2.5 feet. Water 
that was poured into the excavation remained on the 
bottom for as long as the excavation was kept open, 
about 15 minutes. Elsewhere in the middle reach of Tres 
Alamos Wash near location 45, the bedrock was at 
depths greater than 6 feet, and water that was poured 
into the excavations quickly drained away.

The middle reach of Tres Alamos Wash supports 
ash, a tree whose presence suggests sustained flows (p. 
D29-D31). Judging from locations, these trees prob­ 
ably became established either near pools of water on the

exposed bedrock along the channel and subsequently sent 
roots down rock fractures or as a result of sustained 
flows from tributaries draining the Little Dragoon 
Mountains and Johnny Lyon Hills (pi. 1). Ash thus 
germinated apparently can survive only in the thick 
alluvium of Tres Alamos Wash and not in that of the 
local tributaries.

A stream whose basin geology is similar to that of 
Tres Alamos Wash basin is Walnut Gulch, a tributary 
of the San Pedro River about 25 miles south of Tres 
Alamos (fig. 1). Walnut Gulch has mainly ephemeral 
flow regimen. Most of Walnut Gulch basin is on a gently 
sloping valley flank underlain mainly by valley fill 
(Gilluly, 1956, pi. 5). About 2 miles northwest of the 
city of Tombstone, however, about 1.5 miles of the mid­ 
dle reach of Walnut Gulch is on an intrusive mass of 
bedrock.5 In this reach, the channel consists of a series 
of troughs in the bedrock, filled with alluvium 6-30 feet 
thick.

The regional water table of the area is about 200 feet 
deep. A.S flash floods move down Walnut Gulch trans­ 
mission losses occur, perhaps of as much as 80 acre-feet 
per mile. In the reach located on bedrock, these losses 
from surface runoff fill the troughs in the bedrock and 
form a perched aquifer. This aquifer has persisted for 
as long as 309 days without replenishment from surface 
runoff, although during dry spells it may break up into 
a series of small water pockets. Given sufficient re­ 
charge, the perched aquifer occasionally reaches the 
surface, and a base flow is maintained for months be­ 
yond the last runoff event. These occasional base flows 
probably enable cottonwood, seepwillow, and black 
willow to become established. These species were not 
seen in any other reach of Walnut Gulch. The shallow 
ground water may also insure the survival of cotton- 
wood and willow. However, these trees tolerate a water 
table at least 7 feet below the surface of the channel, as 
the perched water table has dropped to a level at least 
that deep.

The middle reaches of Tres Alamos Wash and Wal­ 
nut Gulch have similar geology. It is also conceivable 
that perched aquifers occasionally form in the middle 
reach of Tres Alamos Wash for brief periods. The dif­ 
ference in valley-floor vegetation between the two 
reaches shows primarily the effect of surface-flow regi­ 
men on the distribution of plants on valley floors.

MIDDLE REACH LOCATED ON VALLEY FILL

Streams flowing primarily on bedrock may, in places, 
cross valley fill sufficiently thick to cause differences in 
flow regimen and valley-floor vegetation. If the stream

5 Except for the vegetation, the discussion of this reach is based on 
Renard, Keppel, Hickey, and Wallace (1964, p. 471-473).
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has a low semiperennial base flow, this flow will not 
usually be maintained in the reach underlain by valley 
fill. Ash Creek is one such stream; Paige Canyon, on the 
other hand, is a stream crossing a basin underlain by 
valley fill, but the semiperennial flow is maintained in 
the basin (pi. 1). Reaches located on valley fill but not 
far from bedrock or semiperennial flow are generally 
characterized by intermittent flow regimen (Turkey 
Creek, Ash Creek, pi. 1). These reaches are dry most of 
the year but probably have sustained flows annually 
owing to the downstream extension of semiperennial 
flow or to shallow ground water rising to the surface. 
In the intermittent middle reach of Ash Creek, for 
example, ground water was at the surface of the channel 
between October 17 and November 11, 1964, after an 
unusually heavy and late series of convective storms, 
and in early January 1966, after the record rainfall of 
December 1965 (p. D9).

Reaches with intermittent flow regimen are habitats 
intermediate between ephemeral streams and streams 
with semiperennial or perennial flow. The valley-floor 
vegetation of reaches with intermittent flows shows an 
adjustment to these intermediate conditions, as it 
usually consists of a mixture of species characteristic 
of streams with ephemeral flows as well as those with 
perennial or semiperennial flows (middle reach of Ash 
Creek, table 18). The occasional sustained flows prob­ 
ably allow species like ash, seepwillow, sycamore, cot- 
tonwood, and black willow to become established, and 
the relatively shallow water table probably enables some 
of these species to survive. On the other hand, species 
that are most common in reaches with deep water tables 
but rare along streams with semiperennial or perennial 
flows (desert-willow, desertbroom, catclaw acacia, 
graythorn, burrobrush), are also common were flows are 
intermittent. Thickets of mesquite and catclaw acacia 
mixed with desert-willow, walnut, ash, sycamore, and 
seepwillow are probably the most common type of vege­ 
tation in reaches with intermittent flows (Turkey 
Creek and lower reach of Paige Canyon, table 24, pi. 
2). Desert-willow grows with ash, walnut, and seep­ 
willow in the reach of Redrock Creek located in a small 
high basin (pis. 1 and 2). Sustained flows in that reach 
of Redrock Creek were seen only following the heavy 
rainfall of December 1965 (p. D9-D10; pi. 1). Thus 
vegetation that suggests intermittent flow regimen may 
reflect sustained flows that may not occur every year.

BEDROCK CANYON IN MIDDLE TO LOWER REACH

Most of the large tributaries in the study area flow 
in narrow, deeply entrenched canyons before emerging 
onto the valley fill of the lower valley flank. These can­ 
yons commonly support few valley-floor species. Trees

like sycamore and cottonwood are commonly absent in 
canyons that support other woody vegetation (pi. 2). 
Given sufficient constriction of the canyon floor, vege­ 
tation may be almost entirely missing.

In canyons, concentration of runoff and confinement 
of ground water at shallow depth may be such that 
perennial flow is maintained even in a warm, arid cli­ 
mate (pi. 1). With increasing constriction of the valley 
floor, however, the amount of alluvium decreases, or al­ 
luvium may be almost entirely missing, and with the 
reduction of the cross-sectional area the destructiveness 
of floods increases. Insufficient substrate for growth and 
flood damage may partly explain why narrow but well- 
watered canyons commonly support little or no woody 
vegetation.

LOWER REACH LOCATED ON VALLEY FILL

The lower reaches of most tributaries in the study area 
have ephemeral flow regimen, as ground water generally 
occurs at depths exceeding 100 feet within half a mile 
downslope from the mountain front (pi. 1). At the bed­ 
rock-valley fill boundary, the valley-floor vegetation 
commonly changes abruptly (fig. 17), as the change 
from sustained surface flows to ephemeral flow regimen 
apparently prevents the establishments on the valley 
fill of those species that require prolonged saturation of 
the substrate for germination and seedling survival. 
Deep water tables downstream from the mountain front 
may also prevent the survival of some species, possibly 
black willow, cottonwood, and sycamore. Sycamore and 
ash may, however, occur as far as half a mile to several 
miles downstream from the mountain front (pi. 2). The 
occurrence of these trees in reaches that are dry most 
of the year is attributed to the slow advance and re­ 
treat often occurring over a period of several days  
of winter or spring flows emerging from bedrock can­ 
yons (table 4). These sustained flows presumably satu­ 
rate the alluvium for periods sufficiently long for the 
germination of ash and sycamore. The flows may also 
replenish moisture in the alluvium with sufficient regu­ 
larity to insure the survival of these trees in a reach lo­ 
cated on unconsolidated deposits.

If a stream is flanked on one side by bedrock for 
some distance after leaving the bedrock canyon, the 
changes in surface flow regimen and in valley-floor 
vegetation in the lower reach are more gradual than 
along a stream that leaves the mountain front at near 
a right angle. This can be seen in the lower reach of 
Paige Canyon (table 24; pi. 2), where intermittent flow 
regimen and ground water less than 40 feet deep occur 
for about 3 miles downstream from the canyon mouth 
(pi. 1). These hydrologic conditions are probably di­ 
rectly or indirectly the result of bedrock close to the
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surface of the valley bottom. The vegetation in the 
lower reach of Paige Canyon, a bottom-land forest com­ 
posed mainly of valley-floor trees gradually replaced 
downstream by thickets of plants common along 
ephemeral streams probably reflects a gradual decrease 
in moisture availability.

In lower reaches located on valley fill, the number of 
valley-floor species decreases downstream, despite in­ 
creasingly shallower ground water in the extreme lower 
reach (pis. 1 and 2). In general, in a downstream direc­ 
tion the valley-floor vegetation contains an increasing 
number of species that also grow on adjacent uplands. 
These changes in vegetation, which suggest a decrease 
in moisture available to plants away from the mountain 
front, are probably due to channel losses. In the San 
Pedro Valley, about half of the runoff emerging from 
the mountain valleys is probably lost immediately 
downstream from the mountain front to deep percola­ 
tion in the valley fill (Halpenny and others, 1952,. p. 17).

In Walnut Gulch basin, about 25 miles south of Tres 
Alamos (fig. 1), channel losses of 25 acre-feet per mile 
have been measured in dry channels, and a maximum 
rate of loss of 80 acre-feet per mile has been computed 
on the basis of the texture and amount of alluvium pres­ 
ent (Keppel and Renard, 1962, p. 59, 67). The extreme 
lower reaches of tributaries do not support species 
characteristic of wet habitats despite shallow ground 
water, presumably because the species composition of 
the valley-floor vegetation is primarily determined at 
the germination-seedling stage of growth by surface 
flow regimen. In the study area, the lower reach located 
on valley fill in which sycamore, seepwillow, and ash 
grow close to the mainstem is also the only reach that 
has intermittent flow regimen (Buehman Canyon, pis. 
1 and 2). These intermittent flows are, in turn, caused 
by the proximity of the bedrock canyon and semiperen- 
nial flow to the mainstem.

EXTREME LOWER REACH LOCATED ON BEDROCK

In the study area, Soza Canyon crosses valley fill 
after leaving the mountain front but again flows on 
bedrock before reaching the San Pedro River (pi. 1). 
The lower reach of Soza Canyon has ephemeral flow 
regimen, but the underflow in this stream is exception­ 
ally shallow and frequently reaches the surface up­ 
stream from the confluence with the San Pedro River 
(fig. 3). The lower reach of Soza Canyon is the only 
such reach in the study area in which the number of 
valley-floor species decreases away from the mountain 
front and then increases again in the reach located on 
bedrock (table 26).

The valley-floor vegetation of the extreme lower reach 
of Soza Canyon grows in a reach with unusually shallow

underflow. However, the presence of shallow ground 
water that never reaches the surface does not seem to 
alter the composition of valley-floor vegetation. Ash, 
seepwillow, and yew-leaf willow, species present in the 
lower reach of Soza Canyon, also grow in the middle 
reach of Ash Creek, where the water table may be 30^0 
feet deep (pis. 1 and 2). The presence of ash and seep­ 
willow suggests sustained discharges, but until the un­ 
usually heavy runoff of December 1965-January 1966, 
no such discharges had been seen in the lower reach of 
Soza Canyon, except near the confluence with the San 
Pedro River.

One explanation for the presence in the lower reach of 
So>za Canyon of plants usually associated with sus­ 
tained flows is suggested by the distribution of the 
plants. Groups of seepwillows and ashes are common 
near the mouths of small tributaries draining the bare 
conglomerate side slopes of the reach and near the 
break in slope between the bed of Soza Canyon and the 
side slopes. This distribution suggests that the species 
become established in response to flow events in the 
tributaries rather than to those in Soza Canyon itself. 
Small alluvial cones in the bed of Soza Canyon near 
the mouths of tributaries draining only several acres 
also suggest more frequent discharges than occur in 
Soza Canyon. Runoff from the conglomerate side slopes 
was observed on several occasions during the winter of
1964-65, in August 1965, and in January 1966. On these 
occasions, small tributaries flowed after light rainfall 
that did not cause runoff elsewhere (fig. 20). These trib­ 
utaries commonly support maidenhair fern (Adiantum 
sp.) and Texas mulberry, plants usually found at wet 
sites. Thus concentration of runoff on the bedrock side 
slopes may cause flows or seepage sufficient to allow ash 
or seepwillow to germinate in the bed of Soza Canyon. 
These species may survive only in the presumably thick 
alluvium of Soza Canyon.

An alternative explanation for the unusual vegeta­ 
tion of the lower Soza Canyon became apparent as a 
result of the exceptionally heavy runoff of December
1965-January 1966 (p. D9-D10). Ash, seepwillow, and 
yewleaf willow may become established in the extreme 
lower reach of Soza Canyon whenever unsually pro­ 
longed winter runoff causes the underflow to reach and 
stay at the surface for periods of weeks. Or the valley- 
floor vegetation in the extreme lower reach of Soza Can­ 
yon may reflect a combination of unusually high con­ 
centration of runoff on bare conglomerate slopes and 
infrequent sustained flows due to saturation of the al­ 
luvium. The growth of ash, seepwillow, and yew-leaf 
willow, as well as that of other plants, is probably also 
favored by the presence of the permanent shallow 
underflow.
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FIGURE 20. Flow in small tributary of Soza Canyon in the
see. 30, T. 12 S., R. 19 B. Note bare conglomerate side slopes. 
January 1966.

Another unique botanical feature of the lower Soza 
Canyon is the presence of black willow at points as far 
as 220 feet from the confluence with and 6 feet above 
the San Pedro River. Black willow is a common tree 
along the San Pedro River. The willows growing in the 
extreme lower reach of Soza Canyon may have become 
established as a result of flood waters from the San 
Pedro River backing up into this tributary. The back­ 
ing up of flood waters probably occurs in all the lower 
reaches of tributaries; however, willow germinated un­ 
der these circumstances may survive in Soza Canyon 
only because of the unusually shallow underflow in this 
tributary. These willows may have also become estab­ 
lished at times of heavy runoff, when the point of emer­ 
gence of the underflow shifted upstream because of 
saturation. Such a shift occurred in January 1966.

SUMMARY

The many variations in valley-floor vegetation ob­ 
served in the study area have been explained by means 
of the adjustments between geology, hydrology, and 
plants found in selected valley-floor environments.

These adjustments can be further summarized as 
follows:

On bedrock, runoff is concentrated, and on valley 
floors ground water is confined and either held at shal­ 
low depth or forced to the surface. The shallow ground 
water sustains base flow. Small drainage areas are re­ 
quired to support valley-floor species. Sustained surface 
flows enable many valley-floor species to germinate and 
become established on saturated alluvium. Shallow 
ground water or frequent recharge in the alluvium in­ 
sures the survival of some of these species. Given an 
optimum combination of volume of alluvium, valley- 
floor width, and sustained flows, streams flowing on bed­ 
rock may support a closed-canopy forest, composed 
mainly of valley-floor trees, whose density, stem devel­ 
opment, and height are comparable to those of forests 
in humid areas.

A "law of diminishing returns" applies to the distri­ 
bution of valley-floor vegetation along streams located 
on bedrock. Where entrenchment in bedrock concen­ 
trates runoff and confines ground water sufficiently to 
maintain a perennial or nearly perennial flow even in a 
warm, arid climate, the amount of alluvium generally 
is small, and flood damage due to the constriction of the 
valley bottom is great. As a result, well-watered can­ 
yons are commonly devoid or almost devoid of woody 
vegetation.

On valley fill, runoff is less concentrated than on bed­ 
rock, and evaporation or deep percolation of runoff re­ 
sults in deep water tables. Flow regimen is usually 
ephemeral. Relatively large drainage areas are required 
to concentrate moisture sufficient to support the growth 
of valley-floor species. The absence of sustained surface 
runoff greatly limits the number of valley-floor species 
that can germinate and become established along 
ephemeral streams. Deep ground water or infrequent 
recharge may prevent the growth of some species.

A "law of diminishing returns" also applies to the 
distribution of valley-floor vegetation along ephemeral 
streams flowing on valley fill. The number of valley- 
floor species and the density of vegetation increase as 
drainage area and attendant moisture storage increase. 
However, beyond a threshold drainage area size be­ 
tween 20 and 50 square miles the number of valley- 
floor species and the density remain about the same or 
decrease, as presumably there is a limit to the amount 
of moisture that can be stored within reach of plant 
roots on the valley floors between ephemeral flows. 
Channel losses also increase with increasing length of 
the channel system. As a result, the lower reaches of 
large ephemeral streams presumably carry smaller and 
shorter lasting flows that recharge the alluvium less 
than do larger discharges upstream.
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Streams flowing on valley fill but with a drainage 
area of thousands of square miles may, on the other 
hand, have base flows. The water of streams drain­ 
ing large arid basins is, however, appreciably more min­ 
eralized than the water of tributaries draining less than 
150 square miles. Quality of water may partly account 
for the differences between the valley-floor vegetation of 
a stream the size of the San Pedro Eiver and that of 
tributaries with similar flow regimens.

The main changes in valley-floor vegetation occur 
at the point where the surface flow regimen changes 
from sustained flow to emphemeral storm runoff. Thus 
differences in duration of surface flow are probably 
the main cause of variations in valley-floor vegetation. 
The duration of surface flows determines the moisture 
levels in the superficial layers of the alluvium, and 
these in turn determine which species can germinate 
and survive the seedling stage. Many more species can 
become established in substrate saturated by sustained 
flows than in substrate wetted by the occasional storm 
runoff. The composition of the valley-floor vegetation is 
no doubt also determined by differential survival of 
plants on valley bottoms with different moisture regi­ 
mens at and below the surface.

SELECTED ASPECTS OF VALLEY-FLOOR PLANT 
ECOLOGY

VALLEY-FLOOR VEGETATION, ROOTING DEPTHS, AND GROUND-WATER 
WITHDRAWALS

Valley bottoms support vegetation generally different 
from that growing on uplands presumably because 
of greater concentration of moisture in the drainage 
system. Valley-floor vegetation may, however, depend 
for growth on moisture in the alluvium or on moisture 
drawn from the water table. The exact source of mois­ 
ture used by plants is difficult to determine. Neverthe­ 
less, plant geography may help determine the propor­ 
tion of valley-floor vegetation that is, with reasonable 
certainty, independent of the water table for its growth. 
The method of analysis has been to review data on root­ 
ing depth of desert, plants and on the capillary rise 
from saturated layers so as to determine depths below 
which ground water is not withdrawn by plants. Given 
these depths and maps of plant distributions and of 
water tables, the proportions of seemingly phreatophy- 
tic and nonphreatophytic valley-floor vegetation can be 
determined.

BOOTING DEPTHS

The maximum and average rooting depths of wild- 
growing plants are not well known. Even if these depths 
were known, it would be risky to assume a rooting depth 
for a particular plant at a particular location in the 
field, as vertical and lateral development of roots is

highly individualized (Eussell, 1961, p. 452-454). The 
plasticity of root systems has limits, however, and the 
data shown in table 29 provide perspective on these 
limits. The maximum vertical length of roots of most 
desert plants is probably less than 50 feet and more 
commonly less than 30 feet. Rooting depths exceeding 
60 or even 100 feet seem to occur only in dune sand or 
in fractured rock (Meinzer, 1927, p. 55; Oppenheimer, 
1960, p. 109); reports of such depths, however, are usu­ 
ally not well documented (see Oppenheimer, 1960, p. 
109).

Deep penetration of roots is usually prevented by 
compacted substrates, poor drainage, and poor aeration 
(Kramer, 1949, p. 123). Withdrawals of moisture from 
deep layers by plants is also made difficult by low tem­ 
peratures. The lower the temperature, the greater the 
suction of water in the soil, so that net diffusion of wa­ 
ter into the plant ceases earlier at depth, even though 
more water may be available than at the surface (Gard­ 
ner, 1960, p. 52; Meyer and others, 1960, p. 126-128). At 
depth, realtively low temperatures, as well as low oxy­ 
gen concentrations, may also affect the physiology of 
root cells in such a way as to impede diffusion of water 
into the plant (Meyer and others, 1960, p. 126-127). In 
an arid area, high salt content at depth may be an addi­ 
tional obstacle to water absorption by plants (Wad- 
leigh, 1955, p. 360-361). The main advantage of deep 
rooting, tapping of moisture from large volumes of sub­ 
strate, is thus increasingly offset with increasing depth 
by low temperatures, poor aeration, salinity, and meta­ 
bolic changes in the root cells. As a result, even desert 
plants have roots that rarely exceed a few tens of feet. 
Regardless of rooting depth, plants tend to dry out the 
superficial layers of the substrate where most of the 
roots are before withdrawing water from greater 
depths and horizontal distances (Gardner, 1960, p. 54; 
Meyer and others, 1960, p. 113; Russell, 1961, p. 406- 
409). One study found that orchard trees growing on 
permeable well-drained soils were able to withdraw wa­ 
ter at levels 9-12 feet deep, but that wilting and other ill 
effects due to drought set in if the top 6 feet of soil was 
dried out to the wilting coefficient (Russell, 1961, p. 
406).

In the study area, mesquite is probably the deepest 
rooting species. Along the cut banks of the San Pedro 
River, exposed mesquite tap roots are commonly 30 
feet long, and in places are 35-40 feet long. It is prob­ 
ably conservative to assume that mesquite roots rarely 
exceed vertical lengths of 40-45 feet, especially in the 
fine-grained compacted deposits characteristic of the 
San Pedro River bottom lands. Comparison of the Hap­ 
py Valley quadrangle topographic map (1958) with a 
map of average ground-water depths (pi. 1) re veals that
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TABLE 29. Maximum rooting depths observed in arid and semiarid areas of the world

Common name, genus, or species Location Rooting depth 
(ft)

Source and remarks

Catclaw acacia______________ Southern Arizona__________ 18 +
Acacia raddiana- ____________ Near East-_________________ 7. 5
Acacia sp________________________do_____________________ 4. 5
Alfalfa.____________________ Irrigated western United 33. 0

States(?).
Do________________________do_________________ 66. 0

Apple (Mains) _______________ Nebraska_________________ 30.0
Four-wing saltbush__________ Southern Arizona__________ 15+
Atriplex halimus. ____________ Near East._________________ 25. 0
Seepwillow__________________ Arizona.___________________ 1. 9

Do__________________._.___do____._________:____ 4 +
Most cactuses______________- Southern Arizona__________ 1.0
Hackberry _ ______________________do_____________________ 15 +
Desert-willow. __________________ _do__ ___________________ 4 +

Ash______________.._____________do_____________________ 7+
Guayule (Parthenium argen- Texas._____________________ 16. 0

tatum).
Walnut___________________ Southern Arizona__________ 7.0

Creosotebush________________ Arizona.___________________ 6. 3
Arrowweed___--_-_-___-_-_____-do_____________________ 4. 3
Cottonwood_______________ Southern Arizona__________ 7 +
Prosopis farcata--.-. _________ Near East-_________________ 45.0
Mesquite, __________________ Arizona. ____ _ _______ 175.0

Do.___________________________do___________._________ 30-40?
Do__________________________do_____________________ 22+
Do_______________________ Southern Arizona____________ 30 +

Retama raeiara_______________ Near East__________________ 60.0
Tamarix aphylla. _________________do_____________________ 30. 0
T. jfoH«co________________________do_____________________ 7. 5
T. pentandra. _______________ Arizona.___________________ 12. 0
Tamarix or Acacia- __________ Suez Canal excavation. ______ 90. 0
Various species._____________ Campos Cerrados, Brazil-____ 55-58

Do_____________________ Caspian Sea area, U.S.S.R__ 45.0
Welwitschia mirabilis _________ South Africa._______________ 55. 0
Black willow________________ Southern Arizona__________ 7.0

Personal observation. 
Zohary (1961, p. 201). 
Oppenheimer (1960, p. 109). 
Kramer (1949, p. 122)

Meinzer (1927, p. 55); not well documented.
Kramer (1949, p. 122); in loess.
Personal observation.
Zohary (1961, p. 201).
Gary (1963, p. 312); average maximum depth.
Personal observation.
Cannon (1911).
Personal observation.
Personal observation. Lateral roots about 4 in. in

diameter and at least 30 ft long. 
Personal observation.

Personal observation. Juglans noted for deep roots 
in both Old and New Worlds (Oppenheimer, 1960, 
p. 110).

Cannon (1911, p. 60).
Gary (1963, p. 312); average maximum depth. 
Personal observation. 
Oppenheimer (1960, p. 109).
Phi-lips (1963, p. 424); on alluvial fan or pediment. 
Cannon (1911, p. 8, 80). 
Gatewood and others (1950, p. 9). 
Personal observation. 
Zohary (1961, p. 201); in dune sand. 
Zohary (1961, p. 201).

Do.
Gary (1963, p. 312); average maximum depth. 
Oppenheimer (1960, p. 109); not well documented. 
Oppenheimer (1960, p. 109).

Do.
Do. 

Personal observation.

the mesquite forests of the San Pedro River bottom 
lands (p. D28) as depicted on the topographic map coin­ 
cide areally with ground-water depths of about 45 feet 
or less. This relationship is particularly evident in sees. 
31 and 32, T. 15 S., R. 20 E., where both shallow ground 
water and mesquite forests "bulge" away from the river 
on the two maps. In general, away from the river where 
water-table depths exceed 40 feet, the closed-canopy 
mesquite forests about 30-35 feet tall are replaced within 
50-100 feet 'by open stands of shrubs or by the savanna 
described on page D13. This observation agrees with 
earlier descriptions by Cannon (1913, p. 421) and by 
Meinzer (1927, p. 43-54).

In the Tres Alamos-Redington area, as elsewhere, the 
bulk of the roots of most plants and thus the zone of 
maximum moisture withdrawals are probably in the 
superficial layers. However, in an arid basin such as the 
San Pedro Valley this zone may be as much as 25 feet 
thick, as opposed to a maximum thickness of perhaps 10 
feet in humid areas.

CAPILLAEY EISE

The capillary rise generally is a fraction of an inch 
in gravel, 1 foot in sand, and several feet in clay (Todd,

1959, p. 22). Figures of less than 1 foot (0.1 m) in gravel, 
1-3.3 feet (0.1-1 m) in sand, and 6-12 feet (2-4 m) in 
clay have also been given (De Wiest, 1965, p. 200). The 
capillary fringe is usually included in the zone of satu­ 
ration (De Wiest, 1965, p. 143), but most of the fringe 
is only partly saturated (Lambe, 1951, p. 424). The 
transition from saturation, or ground water to soil mois­ 
ture thus occurs in a short distance above the water 
table.

The capillary rise is probably negligible under field 
conditions, especially in areas of water tables several 
tens or hundreds of feet deep (Meyer and others, 1960, 
p. 106-107). Under laboratory conditions, water can 
move upward at "appreciable rates" from water tables 
as deep as 7 meters, about 25 feet (Gardner, 1960, p. 
50). The capillary rise observed in sand models in lab­ 
oratories is, however, "disproportionately large com­ 
pared to that occurring under field conditions" (Todd, 
1959, p. 308). The capillary rise is of only limited value 
to plant life. In moist soils, water normally cannot rise 
more than about 1 meter (3.3 ft) at a rate sufficient to 
sustain a transpiring plant (Gardner, 1960, p. 50; Rus­ 
sell, 1961, p. 409). To be of use to terrestrial plants, wa­ 
ter tables must be immediately below the root zone
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(Gardner, 1960, p. 54; Kramer, 1949, p. 47; Meyer and 
others, 1960, p. 120).

PLANT GROWTH AND SOURCES OF MOISTURE

The data presented above provide some perspective 
on the relationship between rooting depths and with­ 
drawal of moisture from saturated layers in arid areas. 
The data suggest that desert plants generally have root 
zones in the top 25 feet of substrate, althought some are 
more deeply rooted. In the study area it is doubtful that 
rooting depths, including those of mesquite, exceed 40 
or 50 feet. (See Meinzer, 1927, p. 43, 77.) Thus water 
tables deeper than about 45 feet probably do not sup­ 
port plant life.

Physical and biological processes also set a limit to 
the depth from which plants can withdraw moisture. 
Deep water tables do not seem to affect the growth of 
adult plants or the distribution of valley-floor species. 
The ranges of many of these species are largely de­ 
termined at the germination-seedling stage by a match­ 
ing of physiologic requirements with conditions of 
surface flow. The small number of valley-floor species 
along ephemeral streams, even where ground water is 
shallow, indicates the importance to plant life of mois­ 
ture conditions at or near the surface.

If it is true that water tables deeper than 50 feet are 
not tapped by plants, and that even where ground water 
is nearer the surface the plants still obtain most of their 
moisture from the upper part (20 ft?) of the root zone, 
then most of the valley-floor vegetation in the study 
area grows independently of regional water tables (pis. 
1 and 2). In addition, species that may withdraw mois­ 
ture from the water table in some reaches where ground 
water is shallow also grow in reaches where water tables 
are more than 100 feet deep. Examples are such common 
valley-floor trees as ash, desert-willow (p. D42-D43), 
mesquite, catclaw acacia, walnut, hackberry, and soap­ 
berry. In general, observations of water levels in wells 
have suggested that ground-water drafts by most species 
in the Western United States decrease "substantially'' 
beyond a depth as shallow as 7 feet (Eobinson, 1958, 
p. 27). Data on the effect of plant growth on ground- 
water levels deeper than 7 feet are, however, "meager" 
(Eobinson, 1958, p. 22).

In the study area, the vegetation that is most cer­ 
tainly dependent only on soil moisture for most of its 
growth is by no means negligible. In the middle reach 
of Tres Alamos Wash, for example, the basal area meas­ 
ured where ground water is about 300 feet deep (well 
D-15-21/27bad) amounts to 82 square feet per 1.2 acres, 
or more than was measured along the semiperennial and 
intermittent reaches of Ash Creek (table 19). In one 
plot (20, pi. 1) in the ephemeral lower reach of Soza

Canyon, the vegetation growing where the water table 
is about 90^100 feet deep has a basal area of 72 square 
feet per 1.2 acres, contributed mainly by mesquite and 
catclaw acacia. Maximum basal area measured in the 
study area is 156 square feet per 1.2 acres in a reach of 
Paige Canyon where ground-water levels probably fluc­ 
tuate between the surface and 20 feet of depth. The large 
walnut and other tall vegetation shown in figure 21 grow 
in a reach where ground water is about 60 feet deep.

The vegetation growing in the reaches of Tres Ala­ 
mos Wash and Soza Canyon described above probably 
depends for growth on pellicular and gravitational 
water (Todd, 1959, p. 18) or on small perched aquifers 
replenished by precipitation and occasional storm run­ 
off. It is not known whether vegetation prevents a peri­ 
odical recharge, however slight, to ground water by 
withdrawing moisture that conceivably could accumu­ 
late beyond the field capacity of the alluvium. Where 
the zone of aeration is several hundred feet thick, 
ground-water recharge is probably negligible even 
without vegetation, except locally and infrequently fol­ 
lowing unusually heavy runoff (Arizona State Land 
Dept., 1963, p. 39-47). In the study area, plants prob­ 
ably affect ground-water conditions not so much by 
preventing ground-water recharges as by withdrawing 
moisture from shallow saturated layers. Field evidence 
suggests, however, that plants may or may not depend 
on ground water for growth even in areas of shallow 
water tables.

As described on page D40, the mesquite forests grow­ 
ing on the bottomlands of the San Pedro River coin­ 
cide areally with ground water generally no deeper 
than about 40-45 feet. The roots of mesquite are capable 
of reaching water babies at least that deep. The bulk of 
the roots are, however, in the first 20-25 feet below the 
surface, as can be easily seen along the cut banks of the 
San Pedro River. Moisture in the upper 20-25 feet is 
recharged largely during floods, when the San Pedro 
River becomes an influent stream (Arizona State Land 
Dept., 1963, p. 74-75), and by rainfall. Thus if the pres­ 
ence of dense and tall mesquite forests is clearly an indi­ 
cation of higher moisture levels, it is not incontrover­ 
tible evidence of heavy and constant withdrawals of 
moisture from the water table. The dense growth of mes­ 
quite may be due primarily to more regular moisture 
recharge by the rising and falling river than occurs on 
surfaces higher above the valley bottom. The mesquite 
forests may depend for growth mainly on bank storage 
below the amount required for saturation. The absence 
of large groves of mesquite in reaches of tributaries 
where the water table is permanently shallow (tables 11, 
12) and the presence of dense mesquite thickets in 
reaches where the water tables are deep (tables 14,15,
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17) also suggest that mesquite is relatively intolerant 
of shallow ground water. Within the study area, how­ 
ever, the vast and dense bottom-land mesquite forests 
 along the San Pedro Eiver are probably the heaviest 
consumers of moisture, including moisture withdrawn 
from the water table. These forests are being cleared to 
make room for agriculture (p. D28).

Of the large valley-floor trees in the study area, cot- 
tomvood, black willow, sycamore, and alder grow pri­ 
marily in areas where ground water is generally less 
than 40 feet deep (see Meinzer, 1927, p. 56-59, 62). 
These are all species known or thought to germinate 
and become established only in sediment saturated at 
the surface for periods of perhaps more than 1 or 2 
weeks. In the intermittent middle reach of Ash Creek, 
cottonwood, black willow, and sycamore grow where 
water tables may decline, at least in late spring and 
early summer, to about 30-40 feet below the valley 
floor (wells D-16-19/8dbb, I7aba). As these trees are 
probably shallow rooted (maximum depth 20 feet?; fig. 
21), even they may depend for growth during at least 
part of the year only on moisture in the alluvium. These 
trees probably grow most vigorously in late spring and 
summer, when the water tables reach their annual low 
point. It is possible, of course, that the trees contribute 
to that decline. Cottonwood also occurs on Alien Flat in 
a tributary of Tres Alamos Wash (fig. 19), where 
ground-water depths exceed 300 feet (wells D-13-22/ 
28'bca, 28).

FIGURE 21. Root mass of a cottonwood that grew beside a stream 
with semiperennial flow. The root mass is about 5 feet thick and 
15 feet wide.

The importance of shallow ground water to plant 
growth may lie primarily in the maintenance of more 
frequent and regular surface flows and thus in the more 
frequent recharge of moisture to the surficial layers of 
the substrate. It is not ruled out, however, that some 
species at some stage of the life cycle especially 60- to

80-foot tall cotton woods and sycamores cannot survive 
in the arid climate of the San Pedro Valley unless they 
can withdraw moisture from saturated layers during at 
least part of the year. On the tributary valley floors of 
the study area, the species suspected of withdrawing 
moisture from the water table probably do not cover a 
sufficient area to appreciably affect the regional hydrol­ 
ogy. The same may also be true of the saltcedar growing 
in the channel of the San Pedro Eiver (p. D27). These 
plants also grow where water is at or near the surface 
and presumably would be lost through evaporation were 
there no plants present.

DISTRIBUTION AND ECOLOGY OF DESERT-WILLOW

The distribution of desert-willow, a common valley- 
floor tree, is generally mutually exclusive with that of 
perennial and semiperennial flow and of bedrock (pis. 1 
and 2). Thus in a desert area, trees that grow only on 
valley floors may not necessarily grow where there is 
shallow ground water. Desert-willow grows in the lower 
reaches of large tributaries, along most of Tres Alamos 
Wash, and in middle and upper reaches with intermit­ 
tent or ephemeral flow regimen (middle reach of Ash 
Creek, Hot Springs Canyon between Antelope Ranch 
and Hookers Hot Springs, along Eedrock Creek in 
small high basin, and along Turkey Creek in Happy 
Valley; pi. 2). Desert-willow was not seen along Davis 
Canyon in Alien Flat, a reach marked by bouldery 
alluvium. Desert-willow also grows along the San Pedro 
Eiver on flood plains at least 100 feet wide; it is particu­ 
larly abundant near Cascabel (pi. 2), where the chan- 
nal of the San Pedro Eiver is commonly more than 500 
feet wide. Desert-willow grows primarily in wide (more 
than 50 feet) sandy to gravelly beds, commonly where 
water tables are hundreds of feet deep. (See Meinzer, 
1927, p. 57.)

A clue to the ecology of desert-willow is provided by 
data on the germination of this species. Under con­ 
trolled conditions, desert-willow seeds germinate faster 
if kept buried in wet sand for several days; in addition, 
for best results in germination tests, temperatures above 
80° F are "preferable" (U.S. Forest Service, 1948, p. 
137). The best conditions for the germination of desert- 
willow may thus obtain in the sandy channels of 
ephemeral streams subject to flash floods in the summer, 
where seeds are buried in reworked alluvium and subse­ 
quent temperatures are high. Conditions for germina­ 
tion are presumably least favorable in canyons, where 
shade and sustained surface flows probably keep the 
temperature of the alluvium below that of sediment in 
wide, open channels. As desert-willow generally grows 
in reaches where ground water is deeper than 40 feet, 
intolerance of permanently shallow water tables may 
also control the distribution of this tree.
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Desert-willow generally grows downstream from 
points where sustained or flood runoff is dispersed or ab­ 
sorbed. This tree is commonly absent in reaches im­ 
mediately downstream from the mountain front (pi. 2), 
where sustained flows frequently advance and retreat 
and where presumably the maximum transmission losses 
occur during flash floods. Desert-willow is common in 
reaches with intermittent flows. These are primarily 
reaches in which flows cannot be maintained throughout 
most of the year because of the presence of thick 
alluvium.

Other species which, on valley bottoms, have a dis­ 
tribution similar to that of desert-willow are catclaw 
acacia, burrobrush, and desertbroom. The germination 
requirements of these species may also be best met on 
wide, sandy channels wetted and reworked by the oc­ 
casional summer flood. These species, like desert-willow, 
could also be intolerant of prolonged saturation of the 
superficial layers of the alluvium.

VALLEY-FLOOR VEGETATION OF GAGED STREAMS IN THE TUCSON BASIN

The valley-floor vegetation of five gaged streams in 
the Tucson basin, the next basin west of the San Pedro 
Valley, was sampled near the gaging site in order to 
obtain partial control data for the relationships estab­ 
lished in the study area. The variations in the vegeta­ 
tion (table 30) of the streams, whose hydrologic charac­ 
teristics are shown in table 31, are similar to those ob­ 
served in the Tres Alamos-Redington area in streams 
with comparable physical characteristics. Table 30 
shows the species present at the gaging sites of the five 
different streams sampled; the tabulation of the species 
thus does not reflect any distribution of vegetation from 
upper to lower reach as in earlier tables. The variations 
in valley-floor vegetation observed in the Tucson basin 
confirm primarily the importance of surface flow dura­ 
tion as a control in the distribution of plants. However, 
as in the study area, amounts of alluvium present and 
quality of water also seem to influence the composition 
of valley-floor vegetation.

Bear Creek

The channel of Bear Creek at and upstream from the 
gaging station is cut into the Catalina gneiss, and only 
scattered, thin alluvial deposits are present (M. E. 
Cooley and A. M. Saltnass, U.S. Geol. Survey, unpub. 
data). The flow regimen of Bear Creek is semi-peren­ 
nial, and the valley-floor vegetation is similar to that 
of semi-perennial streams in the study area (Ash Creek, 
Paige Canyon). Sycamore is absent from Bear Creek 
near the gaging station, as it is from many reaches of 
the study area that have only small amounts of allu­ 
vium (p. D34r-D36).

TABLE 30. Species present at gaging sites of streams in the 
Tucson basin

Bear Rincon Pantano Rillito
Creek Creek Wash Creek

SP I-SP P E-I

..-..-........-.....--.--..-. Sabino
Creek 

Flow regimen 1........-----..-........ SP

X 
X 
X 
X

X 
X 
X 
X 
X

X 
X 
X 
X 
X

X 
X

X

Seepwillow 2______________ X
Ash 2_____.___._._.._______ X
Cottonwood 2____..______ X
Black willow 2 ...._______ X
Hackberry 2 ______________ X
Hopbush 2 ____-_.______..__ X X
Sycamore 2_________________ X ____
Emory oak 2 _______________ X ____
Mexican blue oak 2________ X ____
Buckthorn 2.._________ X ....
Soapberry 2 _____.__________ X ____
Arizona grape 2 _____________ X ____
Bonpland willow 2_________ X ____
Desert-hackberry_ __________ X ____
Sotol___________-__________ X ___.
Mimosa.__________________ X ____
Pricklypear (Opuntia

en0eZmanrm)-_____________ X X
Cholla (0. versicolor) ________ X X
Mesquite_ _________________ X X
Desertbroom 2 __ ____________ X X
Buttonbush 2 _______________ X ___________
Cassia 2_____________________ X _______
Arizona cypress 2 ___________-____-______ X __________
Burrobrush 2 _____________________ X .___ X
Walnut 2 __-_______________-__-_._ -..--_ X ______ X
Yew-leaf willpw 2 __-____________________ X __________
Catclaw acacia_________________________ X ______ X
Blue paloverde 2 ___________________________________- X
Desert-willow 2 ___---_______-__--_____-__--_-______- X
Lycium (Lycium

berlandierit) __ _ _________________________________ X
Creosotebush_ _ ____________________________________ X

1 E, ephemeral; I, intermittent; SP, semiperennial; P, perennial.
2 Valley-floor species at the particular altitude.

Pantano Wash at Vail

Flow in Pantano Wash at the Vail gaging station is 
perennial because a dam built across the bedrock con­ 
striction at the gaging site forces ground water to the 
surface (U.S. Geol. Survey, issued annually). Pantano 
Wash is primarily a "lowland" stre'am in the Tucson 
basin, as it skirts around the western flank of the Rincon 
Mountains (fig. 1). The valley-floor vegetation at the 
Vail gaging site is smilar to that of the San Pedro River 
in the perennial reach flanked by conglomerate (p. D28). 
No saltcedar was observed, however, along Pantano 
Wash near Vail. Sycamore and shrubs characteristic of 
perennial or semi-perennial mountain streams (for ex­ 
ample, buttonbush, hopbush, buckthorn, yew-leaf wil­ 
low) were not seen in Pantano Wash.

About half a mile downstream from the gaging sta­ 
tion, Pantano Wash has a wide (100-150 feet), sandy 
channel flanked by bedrock. Flow regimen is either 
intermittent or ephemeral. The valley-floor vegetation 
includes h'ackberry, walnut, and 'ash mixed with thickets 
of mesquite, catclaw acacia, graythorn, and desert- 
broom. At the same location, a leaky irrigation pipe 6- 
10 feet above the stream is paralled by seepwillow, black 
willow, tree tobacco, ash, and walnut. Black willow and
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TABLE 31. Hydrologic characteristics of gaged streams in the Tucson basin

[Data from U.S. Geol. Survey, issued annually]

Stream

Bear Creek 2 . _ _____________
Pantano Wash at Vail 3 _ _________
RUlito Creek 4 __ __ ___________
Rincon Creek 5 _ _ _ _ _
Sabino Creek 6 ______ _ ____

Drainage area Average Average 
at gaging annual annual 
station discharge peak dis- 
(sq mi) (cfs) charge (cfs)

_____ 16.
______ 457.
..____ 918.
______ 44.
_____ 35.

3 
0 
0
8 
5

4.2 
7.0 

16. 0 
4.0 

11.3

6, 
5,
2,

329 
603 
380 
176 
725

Maxin 
dischs 

known

ium Annual number of days of no flow
ITgC
(cfs) Maximum Minimum

575 
38, 000 
24, 000 
8,250 
5, 100

254 
0 

356 
322 
120

62 
0 

320 
137

17

Mean

155 
0 

334 
236 

66

Flow- 
regimen i

SP
P
E-I 
I-SP 
SP

1 P, perennial; SP, semiperennial; I, intermittent; E, ephemeral.
2 Period of record water years 1960-1965.
3 Period of record water years 1960-1965.
4 Average annual and maximum known discharge for 57-year period; all other data for period 1950-1965.
s Period of record water years 1953-1965.
6 Average annual and maximum known discharge for 40-year record; all other data for period 1950-1965,

tree tobacco are species characteristic of streams with 
semiperennial or perennial flows.

About a mile downstream from the gaging station, 
Pantano Wash flows on valley fill, and its regimen is 
ephemeral. The regional water table in the area is about 
430 feet deep (Arizona Univ., Agr. Eng. Dept., unpub. 
data, 1964). The species along Pantano Wash are those 
characteristic of ephemeral streams in the Tres Alamos- 
Redington area: catclaw acacia, desertbroom, desert- 
hackberry, blue paloverde, desert-willow, graythorn, 
burrobrush, creosotebush, lycium (Berlandien^i}^ and 
mesquite.

Rillito Creek

At the gaging station near the Oracle Road, Rillito 
Creek flows on valley fill, and flow regimen is ephem­ 
eral. The regional water table in the area of the gaging 
site is about 90 feet deep (Arizona Univ., Agri. Eng. 
Dept., unpub. data, 1964). The valley-floor vegetation 
of Rillito Creek is similar to that of ephemeral streams 
in the study area such as Tres Alamos Wash, despite the 
large difference in drainage area. The drainage area of 
Rillito Creek at the Oracle Road gaging station is 918 
square miles.

Flows lasting as long as several weeks occasionally 
occur in Rillito Creek at the Oracle Road gaging sta­ 
tion. Such flows occured, for example, in the spring of 
1958 (U.S. Geol. Survey, issued annually) and in De­ 
cember 1965-Jaiiuary 1966 (personal Observation). 
These occasional sustained flows probably account for 
the presence of seepwillow, black willow, cottonwood, 
and saltcedar as far downstream as a point about 3 miles 
upstream from the gaging station. In 1966, the reach 
that supports these species was still flowing on Janu­ 
ary 9 and probably flowed for several additional days, 
whereas flows at the Oracle Road gaging station ceased 
about 6 days earlier. This difference in flow duration, 
whatever its average or extremes, apparently prevents 
the establishment or survival at the Oracle Road gaging

station (alt 2,284 ft) of species characteristic of 
streams or reaches with sustained flows.

The difference in duration of flow in Rillito Creek at 
die Oracle Road gaging station and at Wrightstown, 
about 8 miles upstream, is shown by the few compara­ 
ble data available (fig. 22). The sustained flow in 
Rillito Creek at Wrightstown is caused primarily by in­ 
flows from semiperennial mountain streams, such as 
Sabino Creek, in winter and early spring. At Wrights­ 
town, the valley-floor vegetation of Rillito Creek in­ 
cludes cottonwood, willow, seepwillow, saltcedar, and 
ash. At the Oracle Road gaging station, the vegetation 
is, as noted above, characteristic of ephemeral streams.

Sabino Creek (Canyon) and Rincon Creek

Sabino Creek has semiperennial flow regimen and is 
nearly perennial in some years. Rincon Creek, on the 
contrary, frequently qualifies as having only intermit­ 
tent flow regimen as defined in the present study. This 
liydrologic difference may account for the smaller num­ 
ber of valley-floor species near the Rincon Creek gaging 
station as compared to the number in Sabino Canyon. 
In Rincon Creek, the sycamore grows to a point about 
1.5 miles upstream from the gaging station.

DISCUSSION

Study of the vegetation in the middle reach of the 
San Pedro Valley has shown that variations in this 
vegetation can be explained largely in terms of current 
recognizable differences in the surface hydrology of the 
area. Geology and topography are important indirect 
causes of the variations in the plant cover because they 
determine the liydrologic differences by either concen­ 
trating, retaining, or dispersing moisture. In an arid 
region, variations in the vegetation coextensive with 
topographic or geologic units are commonly striking, 
presumably because plants are more dependent on long- 
term moisture storage in the substrate than in humid
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FIGURE 22. Number of days of flow in Rillito Creek near Wrights- 
town (1) and at the Oracle Road gaging station (2) in 1941-45. 
The two stations are about 8 miles apart; Wrightstown is the up­ 
stream station. Solid lines indicate total annual number of days of 
flow, dashed lines total number of days of flow in winter and spring, 
December 21 through June 21. Data from U.S. Geol. Survey, issued 
annually.

regions. Where the rainfall is more frequent and abun­ 
dant, the differences in plant life between habitats at 
different topographic locations or with different geology 
are considerably reduced. Hence, in humid regions the 
contrasts in vegetation between, for example, valley 
floors and uplands or valley floors with different flow 
regimens are less conspicuous.

On the valley floors of the study area, the vegetation 
varies primarily with flow conditions that are prob­ 
ably present most of the time. These are the perennial 
flows, the semiperennial flows that can be recognized as 
such mainly in the dry early summer, and the absence 
of flow save during a few hours following convective 
storms in the summer in those streams that have ephem­ 
eral flow regimen. However, variations in the vegeta­

tion also coincide with flows that are average, in the 
sense that they probably occur annually, but that are 
not as readily apparent from field inspection as the flow 
regimens described above. Such flows have been called 
intermittent because they are intermediate in duration 
between ephemeral and semiperennial flows. These flows 
seem to occur mainly as a result of prolonged frontal 
precipitation in the winter and early spring. The distri­ 
bution of some plants in the San Pedro Valley also 
seems to reflect flow events that are not normal; they 
may have a recurrence interval of perhaps as much as 
20 years. An example of such a distribution is the pres­ 
ence of ash, a tree generally associated with sustained 
flows, in streams with ephemeral flow regimen. Ash may 
become established in these streams as a result of un­ 
usually heavy and sustained runoff, as occurred in De­ 
cember 1965 and January 1966.

Some of the relationships between plants and environ­ 
ment observed in the San Pedro Valley were described 
in earlier studies of desert vegetation. In the Sonoran 
Desert, the occurrence of distinctive types of vegetation 
in streams with different flow regimens, volumes of al­ 
luvium, or altitudes of headwaters was recognized by 
Shreve (1951, p. 69-72). Shreve (1915, p. 19-21) also 
noted that the differential extension of canyon vegeta­ 
tion away from a desert mountain range such as the 
Santa Catalina Mountains depends indirectly on the 
size of the stream, the volume of its flow, and on how far 
this flow is maintained away from the mountain front. 
In the Egyptian desert, the presence of certain species on 
valley floors is apparently related to the size of the catch­ 
ment basin (Kassas and Girgis, 1964, p. 117). A sorting 
of distinctive assemblages of species in different valley- 
floor habitats with different moisture regimens was de­ 
scribed in studies of the Hoggar and Tibesti massifs of 
the Sahara desert (Quezel, 1954; 1958). In the Hoggar 
massif, abundant regeneration of tree species occurred 
in wadis following unusually heavy rains and sustained 
runoff (Quezel, 1954, p. 8-9, 47, 109). Such trees sur­ 
vive subsequent years of drought (Quezel, 1954, p. 47). 
The establishment of trees on the valley bottoms of the 
Hoggar massif is apparently related mainly to infre­ 
quent flow events.

The study of the vegetation of the San Pedro Valley 
supports the view that the plants are constantly adjust­ 
ing to a dynamic environment. (See Hack and Goodlett, 
1960, and Heinselman, 1963, for statements on humid 
regions.) In a desert, as elsewhere, plants are adjusted to 
the environment at any given time, for growth cannot 
occur under any other circumstances. On the other hand, 
in a desert the establishment, and, hence, the distribu­ 
tion, of plants may be related to processes of widely 
different frequency of occurrence. Some distributions
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may be related to processes that favor the establishment 
of plants but may not recur during the lifespan of the 
same plants.
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floods --     _.  ....           _.   ___     . 9
relation of water quality to vegetation _.... %7
vegetation of bottom lands............... 27

San Pedro Valley .-.------................. 37
Cenozoic geomorphic history............. 6
effect of topography on plant cover....... 13
ground water.......   ...............-   -. 9
precipitation --.     .     .............---- 7
soils.  --------------------------------- 16
stream terrace    ..               __   _  4
structure -.   .               _     _   __.  2
valley fill ..--.-..-.-......------.-... 4
variations in vegetation. --.-.....  ...... 2

Sandpaperbush..........___-____....     ..__ v, 12
Santa Catalina Mountains.______ _    ___.   . 4
Santa Cruz River, floods__.__       .._______- 9
Sapindus saponaria........................... vi
Scrub oak...     _-.   ___--   _-..   v, 19, 22, 23 
Seepwillow...--.-----.-.--.- vi, 19, 34, 36, 37, 43

Ash Creek-----.----..............-.----. 22
Buehman Canyon.-..   .       .   .   .     26 
germination. -         _     ____   _   _. 29
Hot Springs Canyon,--.         .  ...... 24
Kelsey Canyon_..........   ..--....... 23
maximum rooting depth__.............. 40
Paige Canyon..   .  _   -.-.  ....     26
Redfield Canyon...-. --   --__._     ..  25 
San Pedro River........................ 27
Soza Canyon..-   ...   -     .   _.     ..   . 26

Page 
Soapberry.................... vi, D19,27,32,41,43

Buehman Canyon........................ 26
Great Bajada Wash...................... 20
Hot Springs Canyon..................... 24
Paige Canyon..._._-_._._._.-.___-_._...- 26 
Soza Canyon.---------.-------.-.--...-.- 26
Tres Alamos Wash.-... ................. 21

Soil, San Pedro Valley..._._.....____...._... 16
Soil groups ----.-..----....-.-..-------------- 6
Sonora, Mexico.------------------------------ 2
Sonoran Desert floristic region. ____...____.__. 12
SotoL.----------------------------------- vi,22,43
Southwestern white pine.__.___  .._.._._-   - v 
Soza Canyon..-.----...-.-...--.-.-... 29,37,38,41

effect of bedrock on flow.................. 8
ground-water depths................   .  9
streanoflow data.-.          ...-.-.---.-. 7,8
variations in valley-floor vegetation..._.__ 26 

Spruce. --       --   -              ---       -- 12
Engelmann_ -..._.............-..     ..- vi

Squawbush..  .         ..         ...-..... vi, 19, 27
Stream terrace, San Pedro Valley .   .   ..... 4
Streamflow, seasonal changes. -.   ....--.   .  9
Streamflow data -.-____._   -__-._.  -   .   .. 7
Sumac _..._----.----._-_   _- vi, 11,19,27

littleleaf.------------------------ vi, 19,21,23,27
Sustained flows, definition...---------------- 7
Sycamore-------------.-.-----, vi, 19,34,36,42,43

Ash Creek....---_---..---_-.---   - 22,23
Buehman Canyon...  ___        ._     -- 26
germination. __-_.__-__._._   .--._-..   --. 30 
Hot Springs Canyon...-.--.-..--..   ---- 24
Paige Canyon.._._._._...-.------------ 19,26
Redfield Canyon.....-_-.---.-------   - 25
San Pedro River_-_.-..__.____..-.-   - 27,28
Tres Alamos Wash....-.-.--------------- 23
Turkey Creek.--...__.-_-    _-_       -- 19

T 
Tamirix...................................... 40

aphylla................................... 40
gallica. .-.   ------     ----       ---------- 40
pentandra................................. v,40

Tanque Verde Creek, streamfiow character­ 
istics. -.-     _-_   -   -             9

Tarbush....___._.___- ..-.-.......--. vi, 12,15,19
Tecoma stans................................. vi
Temperatures, seasonal mean.- ------------ 6
Teran Wash, valley-floor vegetation_.__..__ 20 
Terrace alluvium..  ------------------------- 5
Tertiary volcanics, Galiuro and Winchester

Mountains-., _ _     _             5
Texas mulberry.---_-_..-_...   --- v, 19,21,22,37 
Three-awn,........-..   .....-.---.   ---   .. vi, 12
Tobacco, tree.-.-...-----..-------------- vi,19,27
Tres Alamos formation...........--.   .   ---. 5
Tres Alamos Wash................ 32,33,34,35,41,42

valley-floor vegetation.___     --           H
Trumpetbush-.---------------------- vi, 19,26,27
Tucson Arroyo.                                 32
Tucson basin, hydrologic characteristics of

gaged streams...-               44
species present_   _.__  _       -. --..... 43

Turkey Creek.____._____....-...------- 19,35,36,42

U 
Upland species ............................... 16,20
Upland vegetation..........-.---.----.....-- 12

V

Valley fill, San Pedro Valley. ......
Valley-fill geology -.__._   _____. .--
Valley flanks, variations in vegetation.
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Valley-floor vegetation__................... D17

capillary rise.......        _   _       .. 40
ecology. -------------------------------- SI
effect of bedrock canyon in middle to lower

reach...-.-..-....--.---  .-..-... 36
effect of extreme lower reach located on

bedrock..  -   .       .     _..  37
effect of headwaters located on bedrock-.. S3
effect of headwaters located on valley fill. SI
effect of lower reach located on valley fill- S6
effect of middle reach located on bedrock. 35
effect of middle reach located on valley fill. 35
effect of perched aquifer.._---   _-   ._._.- 35
effect of volume of alluvium _...     ..   .. 34
germination. _ ------   -     -             29
relation to width of valley floor. _._._._.-. 24
rooting depths    ___    _-_             _ 39
Tucson basin. -   _   -_._.   -_..     _.---.. 43

Vegetation sampled, description.___.._--.   -- 12
Velvet ash........----------..--------- v, 19
Verbenaceae..________.  ...     ____   _       _ 11
Vttis arizonica................................. v

W

Walnut.----------.- vi, 11,19,31,32,33,34,36,41,43
Ash Creek  ._-______.-----.-.   --- 22,23
Buehman Canyon.._________-         ---- 26
Hot Springs Canyon..............-..   .- 24
maximum rooting depth..                 40
Paige Canyon...---------------------- 19,26
Redfield Canyon..-------------------- 25
San Pedro River-.--.----   ----.--- 27,28
Soza Canyon..-----------   --   .-     .--- 26
Tres Alamos Wash  ----------------- 21,23
Turkey Creek...--.--.------------------- 19

Walnut Gulch.------.------------------- 33,35
Walnut Gulehbasin.  .-.   -----       - 37
WelwUschia mirabUis.......................... 40
White bur-sage...------------------------- v, 15,19
White desert zinnia..-------.------.---.-- vi, 15, 19
White fir ....-.---------------------- v
White House soil series...-------------------- 6,16
Whitethorn acacia..-  .          ---------- v

Great Bajada Wash...------------------- 20
Hot Springs Canyon.--     .---       -  24 
Kelsey Canyon__._   -  ._   .__-   __-  23 
Paige Canyon     -   --             -   - 26
Redfield Canyon..-------------------- 25
Roble Canyon..---------------------- 20
San Pedro River---------------- 27
Tres Alamos Wash.----..-  --------- 21,23
valley flanks..-------------------------- 15
valley floors....                            19

Willow..-..  --------------------------- H.34
black. See Black willow.
Bonpland.------------------------ vi, 19,27
Goodding. See Black willow, 
yew-leaf------------- vi, 19, 22,26,27,37,43

Winchester Mountains. ____         -         4,5,34
Tertiary volcanics..  ------------------- 5

Y 
Yellow desert zinnia.---.------  ------- vi, 15,19
Yew-leaf willow............   vi, 19,22,26,27,37,43
Yucca------------------- vi, 11,12,13,15,19,21,23
Yucca elata.-.-------------------------------- vi

Zinnia, white desert...___--   ------ "----- vi, 15,19
yellow desert-...-.-------------------- vi, 15.19

Zinnia, grandiflora........ _ __            --  vi
pumffa----------------------------------- vi

Zygophyllaceae                   ------- 11
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