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Abstract
Evidence is presented for repeated formation and destruc-

tion of a Mesquite (Prosopis spp.) bosque community on a Gila
River terrace, eastern Arizona. Terrace formation was induced
by a coarse alluvial cone produced by flooding in an ephemeral
tributary, followed by vegetative colonization culminating in
Mesquite. Destruction was accomplished by sustained flood-
ing in the mainstream Gila River.
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Introduction
Extensive bosques of mature Honey and Velvet Mesquite

(Prosopis glandulosa, P. velutina)' vegetated alluvial flood -
plains of subtropical Southwestern rivers in pre- settlement
times (Brandt, 1951; Lowe, 1964; Brown et al., 1977; Davis,
1982). The largest of these (e.g., San Xavier, Komatke, and
Texas Hill) have been destroyed (Minckley and Brown, 1982)
and those which persist are under severe pressure from man's
water diversion and pumpage, agricultural clearing, and cut-
ting for firewood (Phillips et al., 1964; Lacey et al., 1975;
Johnson, 1979; McNatt, 1979; Minckley and Rinne, 1984).
Invasion by introduced saltcedar (Tamarix chinensis) also has
taken its toll. That pest now dominates thousands of hectares
formerly supporting bosques and other native riparian forma-
tions (Horton et al., 1960; Horton, 1964 et seq.; Robinson, 1965;
Haase, 1972; Turner, 1974; Ohmart et al., 1977; Turner and
Karpiscak, 1980; Ohmart and Anderson, 1982). Isolated rem-
nants of native vegetation on terraces along a few Arizona
rivers constitute instructive examples of bosque formations.
Floods in 1978 -79 removed much of one such mature commu-
nity east of Safford, Graham County. That natural event plus
historic documentation of age and origin of the bosque
prompted this report. This paper results in part from research
supported by Contract No. YA- 512 -CT6 -216 between the U. S.
Bureau of Land Management and Arizona State University. Sara
Frischknecht typed the manuscript; P. Marsh, D. Hendrickson
and J. Collins provided comments, which were appreciated.

Description of the Area
Mesquite dominates riparian zones along the Gila River.

Lacey et al. (1975) produced maps from near the mouth of
Bonita Creek upstream to Guthrie, Arizona, indicating 56% of
-657 ha of riparian terraces was covered by mesquite, with
60% of the stands having >50% ground cover (35% >75%). The
bosque we studied (Figs. 1 -5) had an average of 500 mesquite
ha -1, 98.8% of all perennial plants in the community (Minckley
and Clark, 1981). Wolfberry (Lycium spp.), hackberries (Celtis
pallida, C. reticulata), Blue Paloverde (Cercidium floridum), and
Catclaw Acacia (Acacia greggi) were sparse in open sunny
areas. Fremont Cottonwood (Populus fremontii) and Goodding
Willow (Salix gooddingii) also were present, and Seep -willow
(Baccharis salicifolia) was at streamside and in low areas with
adequate moisture. The bosque had been opened by limited
woodcutting and construction of a corral, and such places
were populated by young mesquite. Trees <2 m in height (<4
cm basilar diameter) comprised 19% of the stand, 2- to 9 -m
trees 80.7% (4 to -35 cm diameter), and mesquite >9 m high
were infrequent (1.3 %, to -60 cm diameter) along the cliff
which borders the terrace.

Landward side of the essentially level terrace was -945 m
above sea level in 1976. The Gila River was incised 3.5 to 5.0 m
below that elevation and its degraded north bank formed a
vertical cut. The bosque was a kilometer long, 150 m wide at
its downstream (west) end, 275 m at the widest point, and 115
m wide at the upstream (east) end. The last was at the inflow of

' Bosque is the Spanish word for woodland or forest. The study area is
in a zone of overlap between Prosopis glandulosa and P. velutina
(Kearney and Peebles et al., 1973); the two species were not separated
in the field.
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Mesquite bosque depicted in Figures 1, 3 -4, as it appeared in March 1983.

Dry Canyon, a large ephemeral tributary (Fig. 1). Distances
between constraining cliffs at the last three points were,
respectively, 205, 338, and 148 m, thus channel widths2 were
55, 63, and 33 m, down- to upstream. We estimated area of the
bosque in 1976 as 10.0 ha.

Age and Origin of the Community
The Gila River floodplain originally supported a diverse

riparian vegetation including broad- leaved trees as well as
mesquite. Historic descriptions have been reviewed by Burk -
ham (1972), Turner (1974), Davis (1982), and Minckley and
Rinne (1984). Especially dense mesquite, willow, and cotton-
wood were noted during cadastral surveys between 1875 and
1903 (Lapham and Neill, 1904; Burkham, 1972. In 1876, Isador
E. Solomon operated a trading post near the site of Solomon -
ville and supplied charcoal for the Longfellow Mine on Chase
Creek. "For charcoal, Solomon found abundant material in an
almost unbroken mesquite forest that stretched for miles
along the river" (McClintock, 1921).

The period 1870 -89 was one of the driest in almost 250 years

2"Channel," as used here, refers to that part of the system scoured of
perennial vegetation by flooding, while "floodplain" includes all
alluvium influenced by the stream (definitions modified from
Burkham, 1972). In the case of the Gila River the floodplain is bounded
by stony terraces or cliffs. Use of the term "inland strand" by Minckley
and Brown (1982) corresponds to "channel", as used here.

(Stockton and Fritts 1968), followed by floods in 1891 -96 and a
short drought in 1896 -1904 (Burkham, 1970). These years
coincided with regional establishment of vast herds of domes-
tic livestock (reviewed by Hastings and Turner, 1965). The
combination of drought and grazing presumably damaged
ground- covering vegetation and massive erosion resulted from
high precipitation and runoff in 1905.

Flooding was widespread despite droughts from the late
1880s through 1916 (Table 1). Average channel width of the
Gila River was increased from 48.7 to 588.3 m just 10 km
downstream from our study area between 1875 and 1914. Area
of scoured channel in a 24.6 -km reach expanded from 89 ha to
1,207 ha and vegetative cover was reduced from 1,118 ha to
none (Burkham, 1972). Burkham (in Turner, 1974) provided
further evidence that channel widening and clearing was
accomplished between 1903 and 1916, most likely by floods of
1905 -06 (Table 1).

The above observations were at the east end of the broad
Safford Valley. There can be little doubt that flood scour was
accentuated upstream by constraining canyon walls, and that
essentially all riparian habitat including mesquite bosques
was removed. Photographs published by Olmstead (1919)
depict barren sand and gravel bars where dense stands of
woody vegetation had been removed, and where similarly
luxuriant streamside trees lived in 1976 -78. The bosque under
consideration thus could not have been older than 60 or 70
years in 1976. Larger, presumably older trees along cliffs must
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Figure 1. Mesquite bosque along the Gila River, Sec. 29 T65,
R28E, December 1970 (From Brown et al. 1977). The ephemeral
Dry Canyon formed an alluvial fan creating the rapid at upper
right. The line of larger mesquite passing from center to left
probably represents the bank of an earlier (1905- 1610 river
channel. See text for further explanation.

represent remnants of earlier bosque formations. Gavin (1973)
conservatively estimated growth of mesquite to -25 cm
diameter in 60 years on floodplains in southeastern Arizona,
which corresponds well to observed sizes along the Gila River
(Minckley and Clark, 1981).

Mesquite stands may have originated immediately upon
cessation of flooding, or in a period following the event(s), or
both. Large sediment loads were carried by the Gila River
between 1917 and 1940 (Rowalt, 1939; Calvin, 1946), resulting
from erosion of fine alluvium at low elevations. A complex
pattern of deposition occurred, culminating in redeposition of
the floodplain to its pre -1905 status and dimensions (detailed
by Burkham, 1972).

Development of alluvial fans from tributaries may have
been a major component of this process. Such accumulations
cause major shifts of receiving channels on broad floodplains
with easily eroded sediments. Such a situation on the Gila
River near Bylas, Arizona, was described by Burkham (1972). In
canyon -bound reaches, stony alluvial cones from floods in
ephemeral side canyons temporarily dam desert rivers, creat-
ing rapids, plunge pools, and eddies (Leopold, 1969; Cooley et
al., 1977) where fine sediments accumulate.

An alluvial cone consisting of boulders >1.0 m in diameter
persisted at the confluence of Dry Canyon and the Gila River
in 1976. The mass deflected the river south against a cliff and
created a rapid (Fig. 1). A flash flood of >10 m3 sec-' we observed
in Dry Canyon in 1977 added boulders of -1.0 m diameter to
the partial dam and further deflected the river. We infer that
this obstruction, perhaps formed in the early 1900s and added
to by later floods, promoted progressive deposition of coarse
then finer materials on its downstream side to form the subject
terrace. Low competence of silt -laden floodflows of the period
1916 through 1978 must have helped to disallow removal of
the partial dam. Lesser floods accompanied by wind transport
of river sand and input from adjacent uplands deposited
successive layers of finer alluvium (Fig. 2).

Development of mesquite cover stabilized and enhanced
silt accumulation. Mature mesquite in 1978 had their trunks
buried to >2.0 m above major roots. An apparent tendency for
large trees to be more deeply buried than smaller ones must
have occurred through progressive accumulation of silt accompa-
nied by local rooting of younger trees as suitable habitat
became available.



Figure 2. Bedload gravels and boulders underlying fine
alluvium of the study bosque. Height of the cutbank was
-5.0m at this point in 1979.

Removal of the Community
Severe flooding in October 1972 (Table 1) probably eroded

the bosque to the area and configuration we first observed in
1976 -77 (Figs. 1, 3). The alluvial cone from Dry Canyon was
then degraded and removed in repeated flooding in 1978 -79
(Table 1), resulting in rapid destruction of much of the terrace
and bosque (Fig. 4; color plate). Estimates of changes in surface
area are in Figure 5.

Removal was accomplished by undercutting and collapse.
The channel was abruptly straightened for -1.0 km of its
length. Explosion -like sounds and impacts presumably re-
sulted from cavitation, which resulted in large sections of
terrace falling at one time. About 1.5 ha of the bosque dis-
appeared in March 1978. An additiona13.5 ha were removed in
December -January 1978 -79. Assuming the largest trees on the
study terrace represent remnants of a former bosque com-
munity (Figs. 1; 3 -4; color plate), earlier flooding (of 1904-1916M)
would have removed -8 ha of an equivalent 10 -ha terrace.

The terrace was also overridden by winter floodflows, and an
additional 0.5 m of silt was deposited within the remaining
bosque. Deposition on the south side of the river in 1978 -79
amounted to as much as a meter of relatively coarse alluvium
overlain by sand and silt. Seedling mesquite were established
on the landward side of the aggrading surface by summer 1982.

Discussion
The scenario of origin, development, and partial destruction

of a Gila River mesquite bosque illustrates the dynamics of
desert rivers and their associated biotas. Terraces are promi-
nent features of Southwestern riparian habitats, and until the
recent past supported extensive stands of riparian forest and

woodland. Present rivers appear to be undergoing an erosion
cycle; deep arroyos and cut banks along watercourses are the
rule (Cooke and Reeves, 1976). Terraces are remnants of higher
floodplains, or in canyon -bound reaches often represent flood
deposits in mouths of tributary canyons or associated with
channel obstructions (Cochel and Baker, 1982).

As noted before, riparian plant communities in areas of
broad floodplains have been largely destroyed through man's
activities such as clearing, are replaced by introduced salt -
cedar, or have disappeared as a result of more natural events
such as channel incision that can result in declines in water
tables required to support riparian trees (Bryan, 1928; Ohmart
and Anderson, 1982). Pumping from alluvial aquifers has the
same result as the last event.

Formation of bosque communities on terraces also can
result from increasing depth to the water table. Mesquite do
not grow in waterlogged soils, but are notoriously capable of
deep root penetration in search of water (Minckley and Brown,
1982). Alternatively, the invasion of vegetation including
mesquite on a newly -formed river bar enhances further
accumulation of alluvium and progressively elevates the
surface above river level, hence above the local water table.
Invaders such as the hydrophilic Baccharis salicifolia and
Tessaria sericea, woody shrubs with remarkable capacities to
resist scour of floods (Gary, 1963; Fisher and Minckley, 1978),
first line the bar. Accrual of sediments is enhanced through
decreased flow velocity through stands of these plants, and
accumulations of organic debris (Minckley and Rinne, 1984)
aid in deflection of scouring currents. The abrupt decrease in
velocity in marginal vegetation zones stimulates formation of
natural levees, further promoting landward deposition of fine



Figure 3.Mesquite bosque depicted in Figure 1 as it appeared
in 1977. Flooding of 1972 presumably straightened the channel
and removed part of the downstream portion of the terrace.

Figure 4. Mesquite bosque depicted in Figures 1, 3, as it
appeared in June 1979.
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Table 1. Floods in the upper Gila River, Arizona, 1891 -1979.

Measurement Volume
Date(s) Locale m3sec -1 Authority( ies)

Feb. 1891 24 km E 2,904.3 Lippincott, 1900
Florence

Sept. -Oct. 1895 Solomon- "Destructive" Local newspaper,
Safford in Burkham, 1970

Oct. 1896 Solomon- "Destructive" Local newspaper,
Safford in Burkham, 1970

Jan. 1905 Solomon- "Destructive" Local newspaper,
Safford in Burkham, 1970

Feb., Mar., Solomon- "Destructive" Olmstead, 1919
Apr. 1909 Safford

Nov. 1905 San Carlos 4,247.5 Smith and
Heckler, 1955

Nov. 1905 Near Florence 5,380.2 U.S. Army Corps
of Engineers, 1914

Dec. 1906 Clifton (San 4,064.6 Olmstead, 1919
Francisco R)

Dec. 1914 Solomon- 1,415.8 U.S. Army Corps
Safford of Engineers, in

Burkham, 1970

Jan. 1915 Solomon- 1,359.2 Burkham, 1970
Safford

Jan. 1916 Solomon- 2,831.7 Burkham, 1970
Safford

Jan. 1916 Solomon- 792.9 Smith and
Safford Heckler, 1955

Summer 1984

Datels)
Measurement Volume

Locale m3sec -1 Authoritvliesl

Oct. 1916

Sept. -Oct. 1941

Dec. 1965

Dec. 1965

Oct. 1972

Solomon- 1,922.7 Olmstead, 1919
Safford

Solomon- 903.3
Safford

Solomon- 1,243.2
Safford

Solomon- 594.7
Safford

Solomon- 1,277.1
Safford

Oct. 1972 Solomon -
Safford

Mar. 1978 Solomon -
Safford

Nov. 1978 Solomon -
Safford

Dec. 1978 Solomon -
Safford

Jan. 1979 Solomon -
Safford

Patterson and
Somers, 1966

Patterson and
Somers, 1966

Patterson and
Somers, 1966

U.S. Geological
Survey, publ.
periodically

688.1 U.S. Geological
Survey, publ.
periodically

492.5 U.S. Geological
Survey, publ.
periodically

688.1 U.S. Geological
Survey, publ.
periodically

1775.5 U.S. Geological
Survey, publ.
periodically

688.1 U.S. Geological
Survey, publ.
periodically

alluvium. Water transport of alluvium from adjacent uplands
may also contribute to terraces, and along the Gila River
production of dunes through aeolian transport of sand seems a
significant factor in sediment accumulation.

Fine alluvium overlying coarser bedload of the river (Fig. 2)
remains moist through capillarity even in the absence of
rainfall. Saturated conditions are within the deeper, coarser
sediments. Soil moisture above the water table is used far more
by mesquite than is water from the saturated zone (McQueen
and Miller, 1972). Mature mesquite in protected places along
river cliffs and in canyons provide an abundant source of seeds,
which are buried by wind or water or by rodents (Glendening
and Paulsen, 1955) and germinate readily under conditions of
moist well aerated soils in open sunny locations. Rapid
development of deep rooting in mesquite allows exploitation
of available water, and the porous nature of river -bar alluvium
precludes development of heavy, poorly aerated soils.

After a few seasons, thick stands of young mesquite add to
alluvium- retaining features of the habitat and a terrace
presumably continues to grow vertically along with its
heightening trees. With closure of a mesquite canopy other
plants are generally excluded and a bosque is formed. In cases
where protection is afforded by alluvial cones, such as in our
study area below Dry Canyon, origin and destruction of such a
community may thus correspond with flooding of 50- to 100 -
year recurrences, and may be considered a quasi -climax.

Absence of saltcedar invasion in canyon -bound segments of
Southwestern rivers was attributed by Minckley and Clark
(1981) to the erosive nature of such habitats. We further

hypothesize that such invasion also is precluded by the nature
of terrace surfaces. Despite capillarity, which is obviously
sufficient for germination of mesquite, the surface 5 to 10 cm
of these habitats are extremely dry. In addition, continuing
accumulation of alluvium on terrace surfaces may build 3 to 5
m or more above river level and thus far above the water table.
Saltcedar requires a long period of saturated soil for germina-
tion and a high water table to establish (Warren and Turner,
1975). Its windblown seeds may thus be unable to germinate or
establish on terraces more than a few meters from the water's
edge. Such habitat along newly- formed bars and cut banks of
terraces in canyon -bound river reaches apparently remain too
prone to scour for habitation by most plant species, including
saltcedar.

Literature Cited
Burkham, D. E. 1970. Precipitation, stream flow, and major floods at

selected sites in the Gila River drainage above Coolidge Dam,
Arizona. U. S. Geological Survey Professional Paper 655 -B: 1 -33.

Burkham, D. E. 1972. Channel changes of the Gila River in Safford
Valley, Arizona, 1848 -1970. U. S. Geological Survey Professional
Paper 653 -G: 1 -23.

Brandt, H. 1951. Arizona and its Bird Life. The Bird Research
Foundation, Cleveland, Ohio.

Brown, D. E., C. H. Lowe, and J. F. Hausler 1977. Southwestern riparian
communities: their biotic importance and management in Arizona.
In, R. R. Johnson and D. A. Jones, Technical Coordinators,
Importance, preservation, and management of riparian habitat: a
symposium. U.S.D.A. Forest Service General Technical Report
RM -43: 201 -211.



Minckley and Clark Mesquite Bosque 29

i' 1978

' --- -- - '-_ , ` /
'

1976-77, \\:` _ J:
i

...,

'
'/-r

---
\J

1970 CHANNEL
"I"

Figure 5. Diagramatic representation of estimated areal loss
of terrace and mesquite bosque habitat depicted in Figures 2,
3, 4, and color plates with successive flooding 1970 -1983.

Bryan, K. 1928. Change in plant associations by change in groundwater
level. Ecology 9: 474 -478.

Calvin, R. 1946. River of the Sun - Stories of the Storied Gila.
University of New Mexico Press, Albuquerque, New Mexico.

Cochel, R. C., and V. R. Baker. 1982. Paleoflood hydrology. Science
215: 353 -361.

Cooke, R. V., and R. M. Reeves. 1976. Arroyos and environmental
change in the American Southwest. Oxford University Press,
Oxford, England.

Cooley, M. E., B. N. Aldridge, and R. C. Euler. 1977. Effects of the
catastrophic flood of December 1966, North Rim area, eastern
Grand Canyon, Arizona. U. S. Geological Survey Professional Paper
980: 1 -43.

Davis, G. P. 1982. Man and Wildlife in Arizona - the American
Exploration Period 1824 -1865. N. B. Carmony and D. E. Brown,
Editors, Arizona Game and Fish Department, Phoenix, Arizona.

Fisher, S. G., and W. L. Minckley. 1978. Chemical characteristics of a
desert stream in flash flood. journal of Arid Environments 1: 25 -33.

Gary, H. L. 1963. Root distribution of five -stamen tamarisk, seep -
willow, and arrowweed. Forest Science 9: 131 -134.

Gavin, T. E. 1973. An Ecological Survey of a Mesquite Bosque. Un-
published Master's Thesis, University of Arizona, Tucson, Arizona.

Glendening, E. E., and H. A. Paulsen, Jr. 1955. Reproduction and
establishment of velvet mesquite as related to invasion of semi -desert
grasslands. U.S.D.A. Forest Service Technical Bulletin 1127: 1 -50.

Haase, E. F. 1972. Survey of floodplain vegetation along the lower Gila
River in southwestern Arizona. Journal of the Arizona Academy of
Science 7: 75 -81.

Hastings, J. R., and R. M. Turner. 1965. The Changing Mile. University
of Arizona Press, Tucson, Arizona.

Horton, J. S., F. C. Mounts, and J. M. Kraft. 1960. Seed germination and

seedling establishment of phreatophyte species. U. S. D. A. Forest
Service Station Paper 48: 1 -26.

Horton, J. S. 1964. Notes on the introduction of deciduous tamarisk.
U.S.D.A. Forest Service Research Note RM -16: 1 -7.

Horton, J. S. 1973. Evapotranspiration and water research as related to
riparian and phreatophyte management. U.S.D.A. Forest Service
Miscellaneous Publication 1234: 1 -192.

Horton, J. S. 1977. The development and perpetuation of the perma-
nent tamarisk type in the phreatophyte zone of the southwest. In, R.
R. Johnson and D. A. Jones, Technical Coordinators, Importance,
preservation, and management of riparian habitat: a symposium.
U.S.D.A. Forest Service General Technical Report RM -43: 124 -127.

Johnson, R. R. 1979. The lower Colorado River: a western system. In, R.
R. Johnson and J. F. McCormick, Technical Coordinators, Strategies
for protection and management of floodplain wetlands and other
riparian ecosystems. U.S.D.A. Forest Service General Technical
Report WO -12: 41 -55.

Kearney, T. H., and R. H. Peebles, and collaborators. 1973. Arizona
Flora, 2nd Edition, with supplement by J. T. Howell, E. McClintock,
and collaborators. University of California Press, Berkeley and Los
Angeles, California (4th printing).

Lacey, J. R., P. R. Ogden, and K. E. Foster. 1975. Southern Arizona
riparian habitat: spatial distribution and analysis. Office of Arid
Lands Studies, University of Arizona Bulletin 8: 1 -148.

Lapham, M. H., and N. P. Neill. 1904. Soil survey of the Solomonville
area, Arizona. Field Operations of the Bureau of Soils (1903),
U.S.D.A., Washington, D. C.

Leopold, L. B. 1969. The rapids and pools - Grand Canyon. In, The
Colorado River region and John Wesley Powell. U.S. Geological
Survey Professional Paper 669: 131 -145.

Lippincott, J. B. 1900. Storage of water on Gila River, Arizona. U. S.



30 Desert Plants 6(1)

Geological Survey Water -Supply Paper 33: 1 -98.
Lowe, C. H. 1964. The Vertebrates of Arizona. University of Arizona

Press, Tucson, Arizona.
McClintock, J. H. 1921. Mormon Settlement in Arizona. Manufac-

turing Stationers, Phoenix, Arizona.
McNatt, R. M. 1979. Possible strategies for preservation of the San

Pedro River riparian community. U.S.D.A. Forest Service General
Technical Report WO- 12:201 -206.

McQueen, I. S., and R. F. Miller. 1972. Soil- Moisture and energy
relationships associated with riparian vegetation near San Carlos,
Arizona. U.S. Geological Survey Professional Paper 655 -E: 1 -51.

Minckley, W. L., and T. O. Clark. 1981. Vegetation of the Gila River
Resource Area, eastern Arizona, Desert Plants 3: 124 -140.

Minckley, W. L., and D. E. Brown. 1982. Wetlands. In, D. E. Brown,
Editor, Biotic communities of the American Southwest. Desert
Plants 4: 222 -287, 333 -341, + lit. cited.

Minckley, W. L., and J. N. Rinne. 1984. Large organic debris in hot
desert streams: an historical review. In Review.

Ohmart, R. D., and B. W. Anderson. 1982. North American desert
riparian ecosystems. Pp. 433 -479, In, G. L. Bender, Editor, Reference
handbook on the deserts of North America. Greenwood Press,
Westport, Connecticut.

Ohmart, R. D., W. O. Deason, and C. Burke. 1977. A riparian case
history: the Colorado River. In, R. R. Johnson and D. A. Jones,
Technical Coordinators, Importance, preservation, and management
of riparian habitat: a symposium. U.S.D.A. Forest Service General
Technical Report RM -43: 35 -47.

Olmstead, E. H. 1919. Gila River flood control - a report on flood
control of the Gila River in Graham County, Arizona. 65th
Congress, 3rd Session, Senate Document 436: 1 -94.

Patterson, J. L., and W. P. Somers. 1966. Magnitude and frequency of

Summer 1984

floods in the United States - Part 9, Colorado River basin. U.S.
Geological Survey Water -Supply Paper 1683: 1 -475.

Phillips, A., J. Marshall, and G. Monson. 1964. The Birds of Arizona.
University of Arizona Press, Tucson, Arizona.

Robinson, T. W 1965. Introduction, spread and areal extent of
salt -cedar (Tamarix) in the western States. U.S. Geological Survey
Professional Paper 491 -A: 1 -12.

Rowalt, E. M. 1939. Soil defense of range and farm lands in the
southwest. U.S.D.A. Miscellaneous Publications 338: 1 -51.

Smith, W, and W. L. Heckler. 1955. Compilation of flood data in
Arizona, 1862 -1953. U.S. Geological Survey Open -File Report, 113 p.,
Tucson, Arizona.

Stockton, C. W, and H. C. Fritts. 1968. Conditional probability of
occurrence for variations in climate based on widths of annual tree
rings in Arizona. Laboratory of Tree -ring Research, University of
Arizona, Annual Report 1967: 1 -24.

Turner, R. M. 1974. Quantitative and historical evidence for vegetation
changes along the upper Gila River, Arizona. U.S. Geological Survey
Professional Paper 655 -H: 1 -20.

Turner, R. M., and M. M. Karpiscak. 1980. Recent vegetation changes
along the Colorado River between Glen Canyon Dam and Lake
Mead, Arizona. U.S. Geological Survey Professional Paper 1132: 1 -125.

U. S. Army Corps of Engineers. 1914. San Carlos Irrigation Project,
Arizona. U.S. 63rd Congress, 2nd Session, House Document 791:
1 -168.

U.S. Geological Survey. Published periodically since 1961. Water
resource data for Arizona - Part 1, Surface water records. Variable
pagination. U.S. Geological Survey, Phoenix, Arizona.

Warren, D. K., and R. M. Turner. 1975. Saltcedar (Tamarix chinensis)
seed production, seedling establishment, and response to inunda-
tion. Journal of the Arizona Academy of Science 10: 135 -144.


