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Abstract
DBH data were taken from Fremont Cottonwood (Populus fremontii) in a desert riparian canyon in west -central
Arizona. Recruitment was found to depend on geomorphologic features and flood "refugia" rather than on
the absence of grazing. Populus fremontii is specifically a
"strandline," streamside species, particularly of braided
aggradations and their associated secondary channels, a
microhabitat that ultimately depends on upstream and
upslope erosion. The concept of flood -subclimax succession explains virtually nothing of the ecology of obligate
riparian trees. Riparian classification based upon geomorphology and hydrology are apt to have significant
meaning for biogeography and management.
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Introduction
The riparian habitats of the southwest form a rather
minor portion of the general landscape, but have attracted
a disproportionate amount of attention. Historically, they
have been the primary sites for agriculture, ranching, and
urbanization, while through the eons they have been primary habitats for wildlife. In the not distant past, riparian
habitats were often completely ignored in the literature
of range mangement (Unknown, 1969). Since the late
1970's, however, there has grown a burgeoning literature
on the ecology, management, and political issues of
southwestern riparian landscapes (Brown, Lowe, and Bar stad, 1979; Johnson and Jones, 1977; Johnson et al., 1979,
1985; Thomas, 1979; Unknown, 1986). An excellent review of southwestern riparian botany is presented by
Minckley and Brown (1982).
Pressures from conservation and recreational groups
have resulted in conflicts with ranchers and managers of
public lands over use of these both delicate and resilient
habitats. While most authors emphasize that cattle have
a deleterious impact on riparian habitats (Ames, 1977;
Behnke and Raleigh, 1985; Brown, Lowe, and Barstad,
1979; Carothers, 1977; Reichenbacher, 1984; Rucks,
1979), others emphasize minor influences of cattle, at
least relative to other factors (Crouch, 1979; Szaro and
Pase, 1983). Several studies show that abiotic factors related to flooding and geomorphic patterns may be critical
factors (Brady et al., 1985; Campbell and Green, 1968;
Everitt, 1968; Fenner, 1984, 1985; Nanson and Beach,
1977). Hydrologic changes that accompany changes in upslope vegetation also effect the distribution of riparian
communities (DeBano, 1984; Ffolliott and Thorud, 1974;
Ingebo, 1971).
As a consequence of a series of violent floods in the
early part of this decade, many riparian canyons in central
Arizona were thoroughly scoured, resulting in severe decimation of some populations of riparian trees. Conservationists, ranchers, and public officials sometimes now
seem to feel that a primary reason for decimation of
riparian landscapes is flashflooding rather than overgrazing (Tanaka, 1982; and personal observations). This belief
is an understandibly attractive alternative to those parties
with vested interests in grazing. Given local circumstances, flashflooding cannot be denied as an often catastrophic influence. Yet flashflooding must have been and
continue to be a regular feature in the habitats of riparian
trees throughout the millenia; the species of these landscapes have prevailed nonetheless. Flashflooding and predictably unstable substrata are the habitat in southwestern canyons. The population biology of these
riparian communities could provide a significant testing
ground for theories concerning "stability" and "instability" in the evolutionary development of plant corn petition and biological succession (see the reviews by
Drury and Nisbet, 1973; White, 1979).
In western Arizona, the canyon of Burro Creek (and its
converging tributaries of the Colorado River) is known as
one of the most important nesting areas of the Common
Black Hawk (Buteogallus anthracinus) within the United

States. This species depends upon relatively mature
riparian trees for nesting, especially those clumped in
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Figure

1. The complex stratigraphy of the (geological)
Transition Zone results in a complex waterway and in a
network of seeps and springs at diverse elevations. See
text for details. Photo on Burro Creek, about 3 miles
downcanyon from the Francis Creek Road.

stands (Millsap, 1981; Schnell, 1979). Recent nest -building
by Bald Eagles has been observed along Burro Creek by
MTG. There is widespread fear that the habitat of the
Black Hawks of Burro Creek is widely threatened by overgrazing and /or flash flooding. The Bureau of Land Management, which oversees much of Burro Creek, has initiated a special program for habitat management and
riparian restoration in response to conservation interests
(USDI, 1982, 1983).

Over the last decade, each of us has become very familiar with a 30-mile reach of Burro Creek from numerous backpacking excursions. It has always been our general impression that riparian trees were faring well on
Burro Creek, in spite of the conspicuous presence of cattle. We have certainly seen occasional damage from flash
flooding, but even in spite of recent extremes of flash
flooding, our general impression has remained that stands
of riparian trees have remained widespread and persistent
through the years.
In this study, the distribution of various riparian trees
were studied along Burro Creek. Emphasis was placed on
demographics of Fremont Cottonwood, Populus fremontii, and its relationship with cattle grazing, flooding patterns, and other plants, both riparian and desertscrub. It
was our objective to assess the relative importance of

biological succession, habitat instability, and grazing as
factors in the reproduction of this riparian tree species.
We wished to understand how the cottonwood could persist in spite of obvious negative influences.

Materials and Methods
Burro Creek lies in western Yavapai and eastern Mojave Counties, in west -central Arizona. It is one of several
streams that drain the volcanic highlands of western Arizona to form the Bill Williams River, a tributary of the
Colorado River. Burro Creek spans 4,000 feet in elevation, beginning near 6,000 feet and descending to below
2,000 feet where it joins the Big Sandy River.
The section of Burro Creek selected for study runs
from "Six-mile Crossing" (T14N, R10W, sec. 18) to 2 km
below Hellzapoppin Canyon (T17N, R9W, sec. 36). The
study area traverses about 25 mi. between 2,300 ft and
3,700 ft in elevation. The area lies at the interface between various Lower Sonoran and Upper Sonoran plant

associations.
Size -class distributions were obtained for more than
1,416 trees (Populus fremontii) located in 37 stands (10 or
more contiguous trees), amounting to what is believed to
be the very large majority of individual trees, and from
almost all of the stands of cottonwoods that existed along
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the 25 mi. stretch. (A "stand" was considered as a group
of 10 or more contiguous trees; or, a series of trees that
appeared to occupy the same continuous geomorphic formation.) Diameters at breast height (DBH) were taken of
all trees in each stand that were a minimum of 5 cm
DBH. Data were obtained from the 26 stands encountered

adjacent to the streamcourse; from 5 stands located on
small tributaries and springs; and from 6 stands on terraces with desertscrub invasion (these terraces appeared
to have become isolated through downcutting).
Observations were also made of various species associations within the riparian communities and between
riparian and desertscrub communities, with particular
reference to the occurrence of seedlings or saplings as
they may be influenced by the presence or absence of
different species of plants. Some data were gathered for
determination of species diversity.
All observations were generally compared with certain
geological features of the environment, especially drainage area, number of channels, and patterns of sediment
transport or deposition.

Description of Study Area
In the western part of Arizona, the northern plateaus
descend to the southern desert lowlands over a gradually
sloping, widely dissected series of volcanic mesa -like formations that lie between Prescott and Kingman in the
Transition Zone Physiographic Province (Wilson, 1962).
The tributaries of the Bill Williams River have dissected
the Province with headland erosion to expose a complex
stratigraphy of basalts, tufa, conglomerates, schists, and
granites that prove a complex geological history, with alternating areas and periods of volcanic activity, lacustrine
deposition, and alluvial cutting and filling (Otton, 1981;
Arizona Bureau of Mines, 1969). The extensive basaltic
and sedimentary deposits of the upper watersheds of
Burro Creek support many seeps and springs that guarantee the perennial nature of Burro Creek throughout almost all of the study area (see Kepner, 1979). These water bearing deposits often lie 1,000 feet thick above the level
of the canyon bottom (Figure 1).
Within the study area, the stream is gently sloping,
rarely exceeding 5% for a few tens of meters. It does cut
through a number of water gaps composed of granite,
schist, loosely structured columnar basalt, or conglomerates that have been well -consolidated with alkaline
salts. In the water gaps or similar narrows the stream
leaves behind deposits of cobble and boulders, usually
from a few decimeters to 1 -2 meters in diameter. Occasional outcrops of bedrock leave boulders of many meters
in diameter along the stream.
According to the stream classification system defined
by Rosgen (1985), the Burro Creek study area is thus
largely of Stream Types C1 -1 through C3, with water gaps
and narrows of Stream Types B1 -1 through B2.
Alternating with the narrows are stretches of flood plains that have resulted from accumulation of colluvium
or valley fill and redistribution by flood action. Downcutting is common in many of the floodplains, sometimes
following sudden degradation in water gaps, leaving relatively abandoned terraces. Colluvium is deposited around
backwaters and in bars of cobble immediately down-
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2. Frequency distribution of monthly totals of
rainfall for a 30-year period. Data for Bagdad, Arizona:
3,712' elevation. Approximately 60% of the rainfall in
the study area comes in winter.
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3. Average monthly rainfall at Bagdad, AZ (see
also Fig. 2), and average daily discharge measured on
Burro Creek at a drainage area of 612 square miles. Discharge data cover only four years.

stream from narrows where the terrain just begins to
open into floodplains. These sites of aggradation produce
floodplains and channels that fluctuate laterally in response to occasional, unpredictable massive transport of
coarse materials from upstream degradation. Thus Burro
Creek is not a meandering stream, but instead provides a
mosaic of geologically diverse habitat that varies from
stable, confined channels to open, unpredictably shifting
channels.
The drainage area of the entire study area is approximately 650 square miles. Perennial tributaries drain
areas of 30 to 200 square miles. Some watersheds as small
as 2 square miles contain perennial flowing streams from
emergent aquifers.
Approximately 2/3 of the annual rainfall on the watershed comes during the winter, from October into -occasionally -May (see Figure 2) (Sellers and Hill 1974). The
annual rainfall totals about 13 inches at middle elevations, with 80% of the monthly totals less than 2 inches.
Monthly rainfalls greater than 5 inches do occur (about
5% of the months), and then often create flash floods of
great disproportion. A gauging station installed 5 years
ago by the United States Geological Survey has recorded
discharges as great as 17,500 cfs, although the averages are
very much less (see Figure 3).
The Burro Creek Canyon has been grazed for several
decades, at least since 1928, according to records maintained by the Bureau of Land Management. Retired ranch
hands say that in early decades (1920 -40's) cattle were not
ordinarily run in Burro Creek Canyon because of the
rugged terrain; cattle were largely kept on the mesas
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Figure 4. Schematic diagram of the general distributional pattern of cottonwoods (circles) and mature
sycamores (triangles). There is often, if not typically, one
alternative or secondary waterway that lies generally
trans -canyon from a primary waterway (located at the
top of the diagram). These are binary, and not meandering, floodplains. See text.

proper. Allotments were established in the Canyon beginning in 1946, and continue today as eight separate grazing
allotments leased by various public agencies. On the
Burro Creek allotment, grazing impacts on the riparian
community appear to have been moderate to heavy, although impacts upon the allotment as a whole were considered "moderate" (in -house memo, Bureau of Land
Management).
Burro Creek flows through the ecotone between the
Mojave and Sonoran Deserts, with populations of the
Joshua Tree (Yucca brevifolia) on highlands to the southeast and of Saguaro (Cereus giganteus) extending northward from Burro Creek along the Big Sandy drainage. The
general biological diversity of the region has been widely
recognized; Burro Creek and adjacent areas are the object
of diverse interests in wilderness conservation and
ecological research.

Results and Discussion
Theoretical Considerations.

An elementary principle of reproduction in terrestrial plants is that germination occurs under conditions that rather guarantee a
favorable environment and seasonal timing for the continued development and maturation of the seedling. With
riparian species, this principle might not seem to hold, for
the sites most favorable for germination-moist substrata
near the watercourse -are precisely those sites where

continued survival of the seedling are most unlikely because of subsequent flash flooding. Probabilities of germination are lower at points farther from stream's edge
because of a decreasing moisture gradient; yet once established, seedlings there are less likely to be scoured away
than at sites at water's edge. In terrestrial environments
moist sites can be reasonably expected to remain favorable through the future; in riparian environments under
flash flood regimes the moist sites can be reasonably expected to be scoured out within even one year following
germination. It is not surprising that the vast majority of
seedlings of riparian trees are lost to flash flooding.
However, riparian microenvironments are not equally
subject to scouring, even though all of them may be subject to flooding. Stream banks are mosaics of aggrading,
degrading, and completely stable substrata of great diversity of size, from silts to boulders. This mosaic of physical structure is further complicated by variations in soil
moisture, exposure to sunlight, and in velocity and depth
of flood waters. The diversity of the physical habitats
along any watercourse will be determined by geological
structure or geomorphological processes, such as the alternating of floodplains and narrows, encroachments
upon the watercourse by rockfalls, and alterations in the
rate of colluvial movement. Changes in the loading and
carrying capacity will change the proportions of aggrading
and degrading substrata along the length of a streambed,
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5. Diagram of the salient geomorphological features that effect the patterns in Figure 4. Note the open
(or near surface) water indicated at the ends of the
secondary channel. Such locations commonly provide
water, even in dry years, while affording some or considerable protection from scouring (because they coincide
with eddies or backwaters).

while factors that constrain lateral movement of the
stream, that generate eddies and backwaters, will determine the location of the stable substrata. Given this
model, classical meandering floodplains may be understood as riparian environments of low physical diversity
and poor stability; springs and seeps in small, protected
watersheds are riparian environments also of low physical diversity but very great physical stability. Additional
details concerning stream dynamics may be found in
Heede (1980) and Wolman and Leopold (1957).
The study of the distribution of seedlings of riparian
trees may thus have limited, if special significance in
understanding the distribution of recruitment and of mature trees. Of greater importance is the study of size -class
specific survivorship and of the environmental correlates
of recruitment. The distribution of populations of trees
with both immature and newly mature trees indicate special sites where both germination and continued survival
of saplings occur. Such sites may well vary from species
to species depending upon germination requirements (see
Table 1), age when first bearing fruit, resistance to scour-

constrained portions of a watercourse, a general pattern of
distribution of riparian trees may be observed (Figure 4).
Cottonwoods are usually clumped either upstream or
downstream, or both, from obstructions to stream flows
(refer to Figure 5). These obstructions are commonly land
masses such as cliffs, water gaps through bedrock, or
boulder falls. Usually the stands of trees are associated
with a single channel system that is the secondary, alternative streamcourse other than the present or primary
stream channel. Brady (1985) refers to these as "overflow
channels." Within the stands of trees, or "nursery bars,"
there occurs a distinct differential distribution between
different sizes of trees; the larger trees are usually located
nearest the narrows of a constrained channel. As one proceeds toward the widest levels of the flood plain, follow-

ing, et cetera.

Distributions of Cottonwoods. Cottonwood trees
attain greater or lesser abundance according to the drainage area, presence of secondary "abandoned," or
"spillover ") channels, and accompanying aggradation and
braiding. As one proceeds between constrained and un(

Table

1. Time of seed drop and conditions for germination in the species of riparian
trees that occur in the study area. Based on USDA (1974) and personal observations.

Species

Seed drop

Stratify

Conditions

Cottonwood

Mar-Apr

no; viable
few weeks

open, lighted, moist inorganic surface

Sycamore

Oct-Apr

weeks

June

no

Ash

Sept-Oct

±90 days

Walnut

Sept-Oct

120-190 days

Alder

Sept-Oct

few days

Willow

burial, some shading
as for Cottonwood

light or shade shallow, ± wet burial

moist, deep burial
light or shade, surface or slight burial,
even under water.
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ing the groups of trees, one finds trees in greater
abundance and of smaller diameter. Swaths of seedlings
may also be found in areas where established trees do not
occur, especially along the downstream stretches of flood
plain that parallel the main channel. As described above,
these swaths of seedlings rarely attain sapling size, presumably because of scouring. The oldest (i.e., largest)
trees are very often closer to mainstream channels than
are the youngest trees. They are often closer to water
than are stands of younger trees that become established
on gravel bars immediately downstream. Occasionally a
very old cottonwood may be found on a terrace, but these
are the exception to the general case. Stands of trees that
are located along the main channel are usually mature
trees, from 20 cm DBH and up. Seedlings may occur along
water line, but recruitment does not occur along the main
channel.
The geomorphology and flow dynamics of these small
flood plains (Figure 5) must be understood to interpret the
distributions of cottonwoods as described (Figure 4). During flood stage, waters emerge from narrows and around
constraints at relatively great rates and high sediment
loads. The flood waters spread upon entering the flood
plain (emerging from the narrows), rapidly losing velocity
and dropping suspended matter in strands, often at angles
in opposition to the original channel or stream flow. As
waters recede, water courses at low levels find themselves shifted, often from one side of the flood plain to
the other. Where suspended matter drops repeatedly, in a
zone of aggradation, the stream is directed
back and forth across the flood plain.
Along the downstream portions of the flood plains are
found zones of degradation. Here, as one approaches another narrows, flood waters again accelerate, increasing
sediment transport. Where waters move faster, particles
of greater size become mobilized, leaving a stream bed
that drops more precipitously and contains rock of increasing size closer to the narrows.
Eddies and backwaters provide unique sites of aggradation and protection from scouring. At points downstream
from constrictions in the canyon, or rockfalls, etc., heavier materials continue in downstream direction while
finer materials are transported laterally, following the detour of a portion of the floodwaters into eddies. Within
eddies, there are depositions of silts and sands into bars
and, where floodwaters actually emerge onto terraces,
into new layers of sediments on top of terraces. Within
eddies there are areas that are exceedingly stable, neither
receiving nor yielding materials, in accordance with the
speed and sediment load of incoming waters. Backwaters
occur where onrushing waters meet and are deflected by
constraining landforms. Where deflection occurs, currents drop sediments and build high ground or an elevated
stream bottom where surface flow can actually disappear
during seasons of low flow. Again, these are zones of relatively great topographic stability, interspersed between
the zone of degradation of the flood plain and any zone of
aggradation that may occur in a backwater.
The importance of the secondary channels for the survival of stands of cottonwoods cannot be overstated. The
importance lies in the fact that the secondary channels
provide reliable water at all times of year, while providing
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various degrees of protection from scouring during flooding, depending upon distance from channel constraints.
As waters leave narrows, they divide into surface and
subsurface flow. The subsurface flow percolates through
the variously consolidated materials under the floodplain,
and often generates surface flow in two portions of the
main secondary channel, one area near each end of the
floodplain. The upper pool is often blocked from the main
channel by a high boulder or cobble bar, deposited by the
most recent flood of grand scale. The lower pool is usually open to the main channel, as it occurs within the
general zone of degradation. To a greater or lesser extent,
there appears to be water available in these stretches of
secondary channels even during the driest seasons of the
driest years. Thus the secondary channels do contain water at times other than flood stage during spring runoff;
they should not be recognized simply as "overflow channels [that] receive flow only during floods" (Brady et al.,
1985).

The wet ends of the secondary channels are additionally protected from the worst of scouring from flash
flooding. The bulk of transported rubble follows the main
channel to a great extent; abrasive boulders or cobble
does not carry into the eddies where these coincide with
the secondary channel.
Thus the secondary channels and eddies provide the
best sites for satisfying the needs for both germination
and subsequent recruitment: reliably available water,
even during dry years; and relatively high levels of protecof the
substratum.
The "age gradient" of cottonwood populations (refer to
Figure 4) can be understood similarly. Where predominantly large trees occur, where seedlings are scarce, flooding is very common in the eddies during spring runoff;
conditions in the eddies then are unfavorable for germination. Yet, waters in eddies are not abrasive or degrading,
and established cottonwoods remain. Further toward the
main portions of the floodplain, flood waters are more
likely to contain scouring materials, and both channels
and substrata are more apt to shift during the early life of
any sapling or tree. Water and substrata can thus be favorable for germination, but an environment that guarantees
recruitment is lacking. Age gradients in cottonwoods
thus represent gradients in the balance between requirements for germination and recruitment. Where older
trees predominate and seedlings are scarce, germination
is highly unlikely and recruitment is highly likely; where
saplings predominate and older trees are nonexistent, the
chances of recruitment are slight while the chances for
germination are high.
A schematic cross -section profile of a canyon
floodplain is seen in Figure 6. Such a profile is usually
interpreted in terms of a "successional" model of riparian
communities where the "oldest" assemblage is seen at
(A) and the "youngest" assemblage is at (D) (see Reichenbacher, 1984; Irvine and West, 1979). This interpretation
reflects the inexorable downcutting of a stream, leaving
formations of increasing age as one proceeds upwards and
laterally from a present streambed.
The concept of biological succession appears to be
troublesome when applied to southwestern riparian
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Figure

6. Cross -sectional profile of a canyon floor, with
an elevational gradient from higher terraces (A), to intermediate flood plains (C), and to streamside (D) where
beavers browse. The secondary channel is at (B). Such a
profile is often, but erroneously, interpreted as "succession. " See text.

zones. While Lowe (1964) regarded these communities as
a distinctive form of climax community, Campbell and
Green (1968) argued that the physical habitat was so unstable that riparian tree communities could only exist in
a state of "perpetual succession." While this position
seems to hold some appeal, it must be remembered that
biological succession is defined in terms of habitat /species changes generated from the biological activity of a
sequence of species; habitat instability is not a criterion
for demonstrating biological succession. In fact, the persistent, predictable disturbance regimes in southwest
canyons should preclude or seriously reduce the evolution or existence of successional dynamics between species (Drury and Nisbet, 1973; White, 1979).
Some evidence does indeed exist for actual biological
succession in certain riparian systems, namely those of
meandering rivers, often supporting Populus deltoides or
other plains inhabitants (Everitt, 1968; Johnson et al.
1976; Nanson and Beach, 1977; Wilson, 1970).
However true that the streamside contours that are
located at higher grade might generally be the older, this
generalization can be misleading. For example, if down cutting occurs in a floodplain, the newly entrenched
channels (primary and secondary) are equally "new" as
the terrace that is left behind. Furthermore, during extended, high flooding, combined with a generally wet
winter period, conditions favoring germination may be
expected across an entire profile (Figure 6, A thru D), all
in the same season. The success of germination will vary
among the species depending upon the requirements for
germination (see Table 1). On high terraces (A), germination (and, of course, establishment) is more likely for
mesquite, walnut, and hackberry, and less for sycamore,
than it is for willow, ash, or cottonwood (see also

Reichenbacher, 1984). On portions of floodplains near
waterways, conditions favor germination of willow, cottonwood, and ash rather than mesquite, walnut, and hack berry. On intermediate floodplains, where the substrate is
most diverse, all species may be represented, at least as
seedlings or saplings.
Thus, with allowance for intraspecific competition,
species -specific differences in survivorship, and vegetative reproduction, all of the obligate "big five" riparian
tree species are "invasive." The same tree species are
present in new seedling strands "nursery bars" of other
authors) as well as in older, long-established terrace communities. There is no species replacement between these
species and therefore-by definition -no biological succession. (Below springs in very stable, small watersheds,
it is likely that the vegetatively reproductive sycamore,
and accumulation of organic litter, may inhibit reproduction in the cottonwood. Furthermore, the large- seeded
facultatively riparian trees such as hackberry and juniper
may often respond to a pre- existing community of obligate riparian species. We are now studying this phenomenon in further detail.)
Size -class Structures of Cottonwoods. The size class structures of stands of cottonwoods differ markedly
among specific classes of sites. Classes of sites were terrace, main channel, secondary channel, small drainage
area (less than 200 square miles), and large drainage area
(200 square miles and larger).
Below large drainage areas, two -thirds of the stands of
trees occur in the secondary and tertiary channels. Of all
the habitats in the watershed, recruitment is here the
most common (Figures 7 -8). Below large drainage areas,
about '/3 of stands of cottonwoods occur along or parallel
to the main channel; these show no recruitment (Figure
(
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Table 2. Shannon Diversity Indeces for selected types of stands of riparian trees of
mixed species.
Stand types:
No. stands:

Plains

2nd Channels

4

3

Cottonwood

141

Willow
Sycamore

146

86
223

31

14

5

18

()

0

(1

3

Totals

323

344

H'
H(max)'
H' /H(max)'

1.01

.95

1.39
.73

1.61
.59

Ash

Walnut
Alder

Channels
km (discont.)

1st
8

50

Rincon
1

8

31

19

69
87
o
0

65

237
1.32
1.39
.95

7
I

0
1(X)

1.03
1.61

.64

The regression analysis (Figure 8) is interesting, for it
should show a "break" in the slope at the time when
cattle were introduced into the habitat; such is not apparent, at least statistically speaking. (Although the "annual"
rings of cottonwoods are obscure, some conspicuous rings
were found on cores taken from a few trees. From 44 rings
from 8 trees, we estimate that one centimeter of diameter
represents about 2.5 rings. Thus trees of about 50 cm
DBH became established in the mid- 1920's, about the
same time as the introduction of grazing.)
In and below small drainage areas, channel shifting
becomes minimal, reflecting that movement of coarse
substrata, and scouring, is relatively minimal. Here the
sycamore becomes the most common tree, followed by
cottonwood, willow, ash, walnut, and alder (see color
plate). In this habitat, recruitment and reproduction in
cottonwoods become conspicuously reduced (Figure 10).
Often where the streambed becomes relatively steep or
sharply curved, not allowing for the accumulation of sediment and organic debris, cottonwood and willow become
more common than sycamore. We suspect that recruitment of cottonwoods, where they do persist in small
drainages, is low because of competition with mature,
well established cottonwoods that are only rarely, if ever,
uprooted by shifting substrata. (The data for Figure 10
include a stretch of 52 cottonwoods in People's Canyon, a
small drainage near Burro Creek. People's Canyon is regarded as a virtually "virgin," ungrazed canyon (USDI,
1982). Obviously a low proportion of young cottonwoods
is not necessarily a sign of a declining population, or of
overgrazing.)
On terraces, reproduction and recruitment in cottonwoods is absent, most conspicuously so when invasion of
upland vegetation is most extensive (Figure 11). (We are
not suggesting that upland shrubs inhibit cottonwoods;
but rather, they indicate the absence of sustained flooding
for considerable periods of time.) Sycamores appear to
outlast cottonwoods on terraces because they reproduce
vegetatively, sprouting from the crown or surface roots
and leaving behind younger trees as the parent tree ages
and dies.
Upland species that invade riparian terraces include
Juniperus sp., Pinus monophylla, Rhus ovata, Celtis sp.,
Prosopis juliflora, Sapindus saponaria, Cercidium micro phyllum, Condalia lycioides, Acacia greggii, Calliandra
eriophylla, Mimosa biuncifera, many species of Opuntia,
and Cereus giganteus, with differences depending upon
elevation. Many riparian terraces, or most of the area of
9).
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any one terrace, is invaded by upland species wherever
the terrain is open and unshaded by riparian trees, which
appear to inhibit encroachment by the desert. Biological
succession, as a positive process, does not apparently
govern any change from riparian to upland species.
The little data collected to show species diversity are
presented in Table 2. They suggest that the greatest
amount of species diversity (H') and of evenness (H',,,aX)
are seen in confined straightaways, the single environment in the canyon where flooding and scouring are
probably the most frequent. Trees here do not form
continuous stands, but instead grow singly in scattered,
small refugia. Biological interaction would here be at a

minimum.
The data also suggest that the potential diversity
(H'max) of floodplains is comparable with straightaways,
both being relatively lower in H',,1, than any of the other
habitats. Rincons and secondary channels show high potential diversity, but the lowest in evenness. Here the
potential for biological interaction is at its greatest, for all
the species tend to be in continuous -canopy, mixed
stands (with segregation due to germination requirements). Further discussion on this matter needs much
more data than we present here.

Conclusions and Recommendations
While germination in cottonwoods is relatively widespread, populations that show recruitment are most common where there is aggradation of materials derived from
upstream degradation and erosion. Particularly important
are secondary and tertiary channels, abandoned by braiding and channel shifting, where subsurface water is reliably present and maximum protection from scouring
is afforded.
Populus fremontii is a streamside species below watersheds of little surface stability, that is, relatively high
rates of erosion. It fails to reproduce on terraces that result from downcutting. Its February -March seed drop requires a predominantly February -March highwater precipitation regime, combined with a lower highwater from
summer storms, if saplings are not ultimately to be removed by summer flooding.
The distribution of riparian species of trees is relatively easily understood within any one watershed in
terms of abiotic, geomorphic factors, relative to reproductive capacities and requirements of each species. Indeed,
each species of cottonwood in Arizona appears to have
specialized reproductive strategies that predispose its distribution to more -or -less geomorphic niches (Asplund,
in prep.).
In the American Southwest, biological succession does
not seem to apply among obligate riparian trees in canyon
habitats, and probably not on open floodplains either
where secondary, "spillover" channels are of recognized
importance. Germination and establishment of each species of riparian tree occur with or without the presence of
another (but for shade intolerance in Populus and Salix);
all species are represented in seedling beds as well as in
aged, established stands. Species replacement and therefore biological succession does not occur. Lowe's (1964)
position holds true; "It is incorrect to regard this biotic

Asplund and Gooch

Fremont Cottonwood

25

30

N =
N =

0

2

876 trees
in 14 stands

0

78 trees
in 6 stands

lo-

Q,

Q
m

LA-

20

10

40

30

cm

50

70

60

80

90

100

5

.

0

r10

20

Size -class

DBH

30

40

cm DBH

Figure 7. DBH -class distribution for stands of trees located along strandlines of protected, secondary channels.
An example of such a stand can be seen in Figure 1.
Maturity is reached at a DBH > 20 cm.

50

60

70

80

90

100

Size -class

Figure 9. DBH -class distribution for trees along the
main channel below large drainage areas (greater than
200 square miles). Recruitment in this group is limited.
15-

432-

Y =

N =

-.05X

r =

+ 3.45

169 trees
in 5 stands

.93

1-

0-I

IO

-2-

-3.

0

20'

3e

40

50'

cm DBH
1

1

1

20

1

40

cm DBH

I

I

60

1

1

80

I

I

100

Size-class

60

70

'801

Size -class

i90

b
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scarce. Recruitment along these main channels appears
to be more common than along main channels down canyon. It appears that as drainage area increases,
groups of trees, and recruitment, become increasingly restricted to secondary channels and other ref ugia.

formation as merely a temporary unstable, serai community. It is an evolutionary entity with an enduring
stability equivalent to that of the landscape drainageways
which form its physical habitat. That is, it is a distinctive
climax biotic community."
The cottonwoods that exist on Burro Creek are reproducing, in spite of what is popularly expected from
grazing pressures and the massive flooding /scouring of
this decade. On the contrary, we conclude from this and
other studies that upper slopes and streamcourses "destabilized" by flashflooding are required for significant
reproduction and recruitment in Populus fremontii.
Uncontrolled studies that "correlate" the presence of
cattle with reduced or absent recruitment in riparian
trees need to consider the sediment dynamics and tree
distributions over a long stretch of an entire watershed.
Only thus can natural geomorphic processes be eliminated as a factor in any local demise of riparian habitat.
The impact of cattle on cottonwoods remains obscure.
We suspect that grazing has not reduced the number of
groves of cottonwoods where geological processes encourage recruitment. On the other hand, in habitats that
might be marginal for cottonwoods, restricted grazing

might enlarge existing stands of trees, or improve the
diversity and productivity of riparian landscapes generally. Different topographic sites should respond differently to reduced grazing. Conservation efforts should
include experimental exclosures from those topographic
features where cottonwood recruitment already occurs or
becomes likely. Encouraging or managing aggradation
might also be attempted, including building check dams,
especially in water gaps, to match the grade of abandoned
upstream terraces.
Practices that. "stabilize" the upland soils, that greatly
decrease the sediment load in streams, may threaten the
integrity of riparian habitats in canyons. Extended fire
suppression is such a practice, when concomitant reductions in upslope erosion can be expected to result in
downcutting (see Heede, 1980) and converting of
floodplains to terraces -allowing desert encroachment.
A particularly threatening future practice might well
be conversion of upland habitats to grasslands (a popular
prospect among certain public agencies). Of great benefit
to riparian communities, however, may be the conversion
of overgrown uplands to a mosaic of earlier stages of
succesion through the use of fire. Chaparral conversion

Figure

logarithmic plot of the DBH -class data (percentages) in Figure 7. Trees greater than 50-60 cm DBH
were established before grazing became common prac8. A

Desert Plants

26

15'

N

9(1)

1988

tonwoods can indeed continue under the impact of "considerable" grazing pressure. (An unreasonable alternative
is that cattle selectively avoid grazing cottonwoods along

=164 frees
in 6 stands

secondary channels and aggrading portions of

10-

20

30

40

50

60

70

80

o

100

cm DBH Size -class

floodplains.) While reductions in grazing might change
the numbers of trees in favorable sites, it seems unlikely
that the number of stands of trees would be similarly
affected. At least in canyon habitats, reductions in grazing might only increase the general understory of vegetation. Conservationists might do best to concentrate on
the entire riparian community, its physical habitat and
vegetational structure, rather than on a single species

Figure U. DBH -classes of stands of cottonwoods located

within it.

on terraces stranded by various degrees of downcutting.

Biological succession is not a valid concept to describe
the interspecific dynamics of the riparian tree species in
this habitat. There is no species replacement, and each
species is equally "invasive" within species- specific
tolerances of the march of conditions required for germination. All of the species encountered can be found as
seedlings along strandlines, independent of one another,
and as mature trees on older terraces abandoned via
downcutting and invaded by desertscrub (with the possible exception of alders, which die quickly when a
stream wanders from "braiding ").
Downcutting was observed as a consequence of apparently catastrophic degradation of poorly consolidated water gaps. It could also result from extended fire suppression on upland slopes, which might reduce the sediment
load below historically established levels. Fire management of chaparral may benefit riparian communities by
increasing the sediment loads, as well as by improving
water flow along higher reaches. Furthermore, resource
managers that are frustrated with the costs of artificial
plantings of trees might find more cost -effective measures in the use of site -specific exclosures, installing
check dams, and "shoring -up" of naturally degrading
water gaps.

Upslope vegetation (primarily desertscrub) occupies
open areas of the terraces, avoiding the remnant riparian
community. The majority of cottonwoods in these habitats may predate the introduction of cattle.

to earlier succession is known to improve water flow
in even small watersheds (Ingebo, 1971; Ffolliott and
Thorud, 1974) and encourages development of new
riparian communities (DeBano et al., 1984).
While environmental damage has finally proved the
detrimental effects of overzealous fire suppression, we
would hope that the positive role of erosion in southwestern ecosystems is appreciated before extensive,
irreversible mistakes are made. Many authors have admonished that management practices must take into account the positive effect of sediment deposition, or the
negative effect of flood control or channelization, on cottonwood reproduction. Others have stated that management must consider entire watersheds or drainage areas
when planning management strategies for lowland
reaches. Yet those management practices that emphasize
channel or floodplain stabilization seem to reflect an inclination opposite to, or ignorant of, these admonishments. Such a resistance would be understandable. After
all, sediment deposition can only result from upstream
erosion and, ultimately, wasting of upland slopes. These
processes are hardly seen in great favor.
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