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INTRODUCTION. — Riparian vegetation in its
mesophytic environment in the Southwest undoubtedly
uses large amounts of water, but thus far, the various
species and communities associated within confines of
mountain reaches have not been extensively investi-
gated.

Flood plain vegetation of major rivers at relatively
low elevations in the Southwest — the Colorado, Salt,
Gila, Rio Grande, and Pecos — has been surveyed
and mapped with varying degrees of intensity. Large
acreages ll);)rdering these rivers, special management
problems created by exotic species such as Tamarix
pentandra® and Elaeagnus angustifolia, potential wa-
ter savings by vegetation eradication, and economic
value of reclaimed flood plain land, have stimulated
research and management of flood plain vegetation.
Recently, standardized techniques of sampling these
areas have been outlined by Horton, Robinson, and
McDonald (1964), which include some aerial tech-
niques developed by Turner and Skibitzke (1952).

Shreve (1915, 1919, 1922, and 1951), Martin and
Fletcher (1943), Wallmo (1955) and others, have
contributed to the ecology of vegetation in Arizona,
but surveys of channel vegetation along atroyos,
streams, and rivers of foothills and mountains in the
Southwest are lacking. No reliable estimates of area,
species composition, or density of stream-channel
vegetation have been made.

Whittaker and Niering (1964, 1965) give an
ecological classification of the Santa Catalina Moun-
tains of south-central Arizona following life forms
deveoped by Raunkiaer (1934). Nichol (1952) dis-
cusses Prosopis juliflora and associated species in
bosques of the desert region, but does not mention
stream-bank vegetation of higher elevations. Hastings
and Turner (1965) briefly consider -the vegetation
restricted to water courses between 4,000-6,500 feet,
which they term “gallery forests.”” They mention that

!Central headquarters at Fort Collins, Colorado, in coopera-
tion with Colorado State University. Research reported here
was conducted at Tempe, Arizona, in cooperation with Ari-
zona State University.

*Identification and nomenclature follows Kearney and Peebles
(1960). Identifications were verified using specimens from
the Arizona State University Herbarium and the U. S. Forest
Service Herbarium, Forest Hydrology Laboratory, Tempe,
Arizona. See Appendix I for list of common and scientific
names and authorities of plants listed in text, and classifica-
tion of shrubs and trees by the authors as either riparian
(R), or pseudoriparian (P) species.

plants within this type characteristically span a greater
elevational range than on adjacent uplands, and pro-
visionally attribute this to homogenity of temperature '
resulting from cold-air drainage and additional mois- .
ture at all elevations. Lowe (1964) lucidly defines
“riparian association” as ‘‘one which occurs in or
adjacent to drainageways and/or their flood plains
and which is further characterized by species and/or
life-forms different from that of the immediately
surrounding non-riparian climax.” Lowe also recog-
nizes that all species along a stream channel are not
necessarily confined to this zone, but may be in-
digenous to the semiarid environment of adjacent
channel slopes.

In this paper we separate riparian from the pro-
posed term “pseudoriparian,” thus making riparian
of an obligate nature and pseudoriparian facultative.
Pseudoriparian would appﬁ)y to the woody plants
capable of completing their life cycle in relatively
xeric or mesic sites, but which achieve maximum

size and density when additional subsurface moisture

is available. For example, Prosopis julifiora, Cercidium
microphyllum, Acacia greggii, Quercus turbinella,
Juniperus osteosperma, and Pinus edulis found on
certain sectors of Sycamore Creek, central Arizona,
where the data for this study were collected would be -
classified as pseudoriparian. These species as well as
a majority of the shrubs sampled probably become
established within canyon bottoms From seed plants
on adjacent slopes. Their geographical range is not
extended within the channel beyond source of seed
introduction. Seeds of pseudoriparian species are dis-
seminated by wind, gravity, or animals. Obviously, |
the classification of flood-plain species as either .
tiparian or pseudoriparian has limitations. Attempts .
to pigeonhole species often lead to oversimplification
of evolutionary adaptations and complex interaction
between species, but despite problems of interspecific
interactions, ranges of adaptability, and frequent dis-
turbance of stream-channel vegetation, most trees and
shrubs are easily classified as riparian or pseudo- |
riparian (Appendix I). . ,

Concerning  succession, . Lowe (1964) ' maintains
that the riparian association is not “merely a tempo-
rary unstable seral community” but should be re-
garded as “a distinctive climax biotic community.”
On Sycamore Creek, however, large-scale changes in |
habitats caused by recurring floods, erosion, and |
deposition determine to a large extent the resulting
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Figure 1.—Sycamore Creek watershed encompasses approx-
imately 121,000 acres in the Mazatzal Moun-
tains, central Arizona. The channel reach is sub-
divided into six approximately 7-mile lengths
with a total flood plain area of approximately
3,000 acres.

vegetation complex. Because of this vegetation flux,
immature stages of species development is common-
place. Our data and ogserva.tions indicate this riparian
association, including the pseudoriparian species, prob-
ably never reaches a climax hierarchy because of these
physiographic factors.

STUDY AREA. — Sycamore Creek heads near Mt.
Peele in the Mazatzal Mountains in eastern Maricopa
County, Arizona, at an elevation of about 5,500 feet,
and joins the Verde River some 25 miles northeast of
Phoenix (Fig. 1). The Creek flows south except for
the lower 8 miles of the reach, which flows generally
southwest. The watershed has a total area of approx-
imately 121,000 acres and a flood-plain area of about
3,000 acres, excluding all tributaries. Sycamore Creek
is about 42 miles long, Channel gradient on the lower
21-mile sector is about 40 feet per mile. Average
gradient on the upper 21-mile sector is about 155
feet per mile, with the upper 7 miles of this sector
having a gradient of approximately 235 feet per mile.

The upper 21-mile sector of Sycamore Creek is in
mountainous terrain primarily of granite, schist, and
volcanic material, and small amounts of consolidated

alluvia] sediments. Small, discontinuous deposits of .

unconsolidated alluvial material occur along the
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stream channel, or in some areas the stream channel
is cut on bedrock. The lower 21-mile sector of the
watershed has primarily low relief and gentle slopes
of consolidated alluvium consisting of sandstone, silt-
stone, conglomerate, and sandy clay. The channel is
underlain by unconsolidated gravel, sand, silt, and
clay to various depths (Thompson and Schumann,
1964). Intermittent flowing water or stagnant pools
characterize the tigper 21-mile sector in the spring
and summer months, with continuous flow in the fall
and winter. On the lower 21-mile sector in areas
where the stream channel is constricted, surface water
may flow only at night during summer months, pre-
sumably because evapotranspiration (ET) losses re-
duce flows during the day. In the deep, unconsolidated
alluvium characteristic of the lower 8 miles, surface
flow occurs at flood peaks but seldom reaches the
Verde River.

A vegetation-type map of the Sycamore Creek
watershed shows a marked change in vegetation on
upland slopes at about 3,000 feet, approximately 21
miles above the Sycamore-Verde confluence (Troxel,
et. al., 1965). At this and higher elevations, upland
slopes are dominated by chaparral species instead of
desert grassland or desert shrub.

CLIMATE. — Average annual precipitation on the
watershed varies between 9 inches at the Verde-Salt
River confluence to 22 inches at Mt. Ord at an eleva-
tion. of 7,000 feet (Fig. 1). The Mt. Ord station is
located on an exposed peak, and therefore is probably
influenced by prevailing high-velocity southwesterly
winds, because precipitation is considerably below
measurements at similar elevations on surrounding
mountains. Actual precipitation at the Mt. Ord sta-
tion is probably between 25 to 30 inches annually,
based on a State isohyetal map of precipitation data
from 1931-60. The 13-year average at Sunflower
(3,500 feet) is about 20 inches annually. The ratio
of summer to winter precipitation is about 40:60
throughout the reach. Late-summer convectional storms
cause periodic flooding and high sediment movement,
while winter precigitation is generally from low-
intensity and long-duration storms, primarily in the
form of rain below 4,000 feet and snow and sleet at
higher elevations. Snow usually melts or sublimates
within 1 day after falling, except on north-facing
slopes. :

METHOD. — For sampling purposes, the 42-mile
reach was arbitrarily divided into 7-mile lengths, with
the first sector nearest the Sycamore-Verde confluence
(Fig. 1). On the 42-mile reach, 402, 0.05-acre strati-
fied, randomly located quadrats were used to deter-
mine numbers and heights of each species of shrubs
and trees. The number of quadrats on each 7-mile
reach was determined statistically, depending on
homogenity of dominant species. Selected quadrat
size was believed to be large enough to reduce the
objections posed by Greig-Smith (1964, p. 33). Slopes
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of adjacent canyon walls or terraces exceeding 15
percent were not sampled, and thus determined lateral
boundaries of quadrat locations. Species with a fre-
quency of less than approximately 20 percent were
probably unavoidably undersampled. Supplemental
data, such as d.b.h. of trees, ocular estimates of cover,
site elevations, slope and aspect of canyon walls,
channel slope, and surface soil type were noted for
each quadrat.

One hundred and fifty permanently located 9.6-
square-foot quadrats were used to estimate percent
cover of fo;Ls and grasses throughout the 42-mile
reach during one summer and winter. Twenty-five
quadrats on a terrace containing between 2 to 10
acres represented forb and grass vegetation on each
7-mile sector. Adequacy of this sample number was
not determined statistically. Species were ranked into
classes from 1 to 5, depending upon estimation of
cover of each. Crown cover percent of shrubs and
trees above each quadrat was recorded.

RESULTS AND DISCUSSION. — A total of 29
species of trees was recorded on the 0.05-acre quad-
fats on the entire 42-mile reach. Three species occurred
only in the lower 21 miles, 14 only in the upper 21
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miles, and 12 in both. A chi-square test suggests that -
differences this great might occur in the sample by

chance while no real differences in composition existed

between the two sectors. On empirical grounds, how-

ever, it can be stated that some species actually do

occur in the upper and not in the lower, and vice

versa.

Sixty-five species of shrubs were recorded on the
0.05-acre quadrats on the entire 42-mile reach (Table
1). Eight species occurred only in the lower 21 miles,
44 species only in the upper 21 miles, and 17 in both
Species found within the lower and upper areas did
not occur together as often as expected by chance
(X2=15.33%*),

Density of shrubs was much greater on the lower
sector (average 6.1 per quadrat) than on the upper -
(1.5). Density of trees did not differ greatly (1.4
and 1.7). Likewise, average frequency of shrubs on
the lower and upper sectors was 41.7 and 29.5, re-
spectively, while average frequency of trees was 32.5
and 35.6. Thus trees appeared to be more evenly
distributed along the reach than shrubs.

High summer temperatures common to this semi
arid region cause correspondingly high potential ET

Table 1. Summary of shrubs and trees sampled on Sycamore Creek floodplain. Elevation: 1,400-5,500 feet. Den-
sity and frequency values are for plants occurring on 10 percent or more of quadrats. Density = Num-
ber plants per unit area. Circular quadrats are 0.05 acre.

Range in elevation (feet) of six sectors Entire area
Site characteristics i (42-mile reach)
and type 1400-1550  1550-1950  1950-2250 2250-3300 3300-3850  3850-5500 Total Average
Distance from confluence
(mi.) 0-7 - 7-14 14-21 21-28 28-35 35-42
Mean channel gradient
(ft. per mi.) 21 57 43 150 78 236
SHRUBS:
Number of species 14 12 17 35 25 40 65 10.8
Average density 2.9 8.2 7.2 1.7 1.8 1.1 3.8
Average frequency 48.2 36.5 40.3 22.6 33.3 32.7 35.6
TREES:
Number of species 6 i 11 13 16 15 . 20 29 4.8
Average density 1.1 - . 9 2.2 1.6 2.7 9 1.6
Average frequency  38.7 . 20.0 38.7 30.3 48.1 28.4 34.1
TOTAL SHRUBS
AND TREES:
Number of species 20 23 30 52 41 60 94 15.7
Average number of
species per sample 5.3 3.7 4.7 8.3 11.1 11.3 7.4
Percent cover 38 29 56 46 66 64 50.0
Number of quadrats 43 50 69

73 o 96 402 67.0
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losses. However, high temperatures within the chan-
nel of Sycamore Creek are buffered somewhat by
cold-air drainage, thus factor interaction causing in-
creased available moisture may help to account for
range extension of some riparian species. Some com-
mon trees of the Transition Zone (6,500-8,500 feet),
such as Pseudotsuga menziesii and Pinus ponderosa,
occurred along the stream channel to elevations as
low as 4,500 feet (Fig. 2). Platanus wrightii and
Juglans major frequently occurred within the channel
proper below 3,000 feet where night temperatures
were low but summer day temperatures often exceeded
100°F. Other trees common in the Upper Sonoran
Zone such as Fraxinus pennsylvanica, Sambucus mexi-
cana, Salix gooddingii and Populus fremontii are not
restricted in distribution by high day temperatures.
These plants occur below 1,300 feet on the Salt River
flood plain where maximum temperatures frequently
exceed 110°F in summer months. Riparian species of
shrubs, e.g. Baccharis glutinosa, Pluchea sericea, and
Salix exigua are only found on wet sites in Sycamore
Canyon and, when within the Salt River Valley at
elevations below 1,300 feet, on rivers and unlined
canal banks. Pseudoriparian species of shrubs from

Larrea tridentata
Condalia lycioides
Cercidium floridum
Celtis pallida

Lycium andersonii
Hymenoclea monogyra
Chilopsis linearis
Acacia greggii
Prosopis juliflora
Celtis reticulata
Baccharis glutinosa
Juniperus osteosperma
Fraxinus pennsylvanice
Populus fremontii
Platanus wrightii
Juglans major
Quercus turbinella
Mimosa biuncifera
Rhus trilobata
Rhamnus crccea
Rhamnus californica
Quercus arizonica
Pinus edulis
Amelanchier mormonica
Quercus emoryi

Pinus ponderosa

Pseudotsuga menziesii
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the chaparral type invade the stream channel proper
from adjacent canyon walls and hillsides. Once estab-
lished, they neither migrate down nor upstream.
Migration downstream is probably limited because
transpiration exceeds maximum rate of water absorbed
by roots. The limiting factor of up-channel migra-
tion is provisionally attributed to the lower winter
temperatures at the higher elevations especially as
influenced by cold air drainage.

Most shrub species sampled have a wider ecological
amplitude than trees with respect to variation in soil
moisture. Ninety-five {)ercent of the shrub species
occur on both relatively mesic and xeric sites thus
classified as pseudoriparian versus only 52 percent of
the trees.

In summary, ripatian vegetation on Sycamore Creek
does not have a distinct zonation at approximately
3,000 feet where the stream channel bisects a sharply
demarked vegetation zone on adjacent canyon wafls,
but rather the species appear to be diffused and spread
either down or up the channel. A similar conclusion
was drawn on the Rio Grande in New Mexico
(Campbell and Dick-Peddie, 1964). Pseudoriparian

1500 2500

:
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Figure 2.—Presence data showing distribution of common flood plain species in relation to elevation on Sycamore Creek.
These data represent only localized conditions as they occur on this reach.
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species, however, particularly the shrubs, do show
this zonation along the stream channel at an eleva-
tion of about 3,000 feet.

Combined counts of forb and grass species both
summer and winter are highly significant (X*=
36.14**) between the lower 21-mile and the upper
21-mile sectors (Table 2). Of a total of 32 species
sampled on the lower sector, 20 (62.5 percent) also
occurred above; on the upper 21-mile sector, of a
total of 95 species recorded, about 21 percent were
also found below. Herbs, with the exception of
aquatics, found within the channel proper were also
found on adjacent slopes. Throughout the year, forbs
on all sites were more predominate than grasses.
Summer forbs, such as Euphorbia spp., Pectis pap-
posa, and Cassia baubinioides characterized all sites,
while winter forbs, such as Erodium circutarium,
Plagiobothrys arizonicus, and Amsinckia intermedia
characterized the lower six sectors. In the summer,
no individual grass species was common to all sectors,
but Boutelona aristidoides was present on the lower
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35 miles of the reach. In the winter, Schismus bay.
batus was common on the lower 35 miles, with 100
percent frequency on one of the sectors.

Because of disturbances in the flood-prone chan-:
nel, species form mosaics of seral stages of com.
munities with different combinations of species
dominating each stage; thus, the vegetation probably
never reaches a ‘climax” hierarchy. Some riparian
species recorded on Sycamore Creek appear to have
become established primarily because geomorpho-:
logical conditions influenced the microclimate. Factors’
such as steep, north-facing bluffs or high ridges paral-.
lel to the south of the channel reduce absotbed radia.:
tion, thus lower potential ET. Also, constrictions in
the channel or a stream sector cut on bedrock, create’
aquifers of various size which retain water in suffi-.
cient quantities to support riparian vegetation during
dry cycles. The alluvium deposited in eddies created
by rocks, debris, and stream meandering often sup-
ports numerous seedlings after floods (Fig. 3). De--
pending on the degree of protection, one or more:

Table 2. Summary of forbs and grasses sampled on Sycamore Creek floodplain. Elevation: 1,400-5,500 ieet.\

Circular quadrats are 9.6 square feet.

Entire area
Site characteristics Range in elevation (feet) of six sectors (42-mile reach)
and type data 1400-1550 1550-1950 1950-2250 2250-3300 3300-3850 3850-5500 Total Average,
Distance from confluence
(mi.) 0-7 7-14 14-21 21-28 28-35 35-42
Mean channel gradient
(ft. per mi.) 21 57 43 150 78 236
GRASSES:
Number of species —
Summer 2 4 4 4 8 1 11 1.8
Winter 1 4 2 2 4 1 7 1.2
Present all year 0 2 0 1 3 0 4 7
Total 3 6 6 5 9 2 13 2.2
Percent cover —
Summer 33 3 55 36 40 13 30
Winter 7 5 11 24 15 20 ’ 14
Average number of
species per sample —
Summer 0.5 - 04 0.6 0.6 1.1 0.3 0.6
Winter 0.7 1.0 1.0 1.6 0.8 0.1 ‘ 0.9
FORBS:
Number of species —
Summer 7 7 10 8 26 29 67 11.2
Winter 9 11 9 9 22 8 - 37 6.2
Present all year 1 2 2 1 7 0 9 1.5
Total 15 16 17 16 41 37 95 15.8
Percent cover —
Summer 53 79 38 37 60 83 58
Winter 43 78 84 66 67 39 63
Average number of
species per sample — . .
Summer 1.6 1.5 2.0 1.6 3.8 29 ‘ 2.2
Winter A X 3.5 2.5 2.4 2.7 04 2.5
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species will inhabit the site until the stream channel
cﬁanges course. Apparently, establishment of a species
depends not only on its ecological amplitude, but also
on chance factors such as time of year of flooding,
stem-sprouting ability of the species, and viable seeds
deposited on the site. Once established, factor inter-
action between species for light, water, or nutrients
does not appear to cause major changes in species
composition, More important to a species survival
than competitive exclusion is its ability to recover
from periodic torrential flows where stems are dam-
aged by debris, covered by sediment, or whole plants
are uprooted and redeposited farther downstream.
Vegetation communities on Sycamore Creek are
not well defined or easily delineated, although some
generalities can be made. In the lower 21-mile sector,
the channel is bordered by 1 or more terraces 3 to 15
feet above the channel floor (Fig. 4). Species with
the highest frequency in the lower 21 miles were

“; -v', *v‘ _'*@ ‘ k.
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Prosopis juliflora, Hymenoclea monogyra, Acacia
greggii, and Baccharis glutinosa. The frequency of
Prosopis juliflora tended to increase laterally away
from the channel onto the first or second terrace. It
developed best on the first terrace, where its deep
tap root probably draws on ground-water supplies.
Its degree of dependence on ground water is not
known, but leaf drop has been observed on these
sites when the water table was known to be more
than 45 feet below the surface, presumably because
of soil-moisture stress. Undoubtedly, physiographic
factors such as good soil aeration and flood protection
account for Prosopis juliflord’s higher abundance on
terraces than within the channel proper. Hymenoclea
monogyra occurred most frequently within the chan-
nel proper. Its ability to propagate from buried stems
and rootstock no doubt helps to account for its success
in flood-prone areas. Baccharis glutinosa was restricted
to sites near the surface water or where ground water

Figure 3.—Reinvasion of Populus fremontii and Baccharis glutinosa (arrow) in October following flood ﬂowsA in channel of

Sycamore Creek at an elevation of about 3,200 feet. High water flows frequently wash out these riparian species in
this straight channel except on adjacent (protected) terraces.
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was approximately 6 feet or less from the surface.
Adjacent to the ribbon formed by Baccharis glutinosa,
individuals of Salix gooddingii, Celtis reticulata, Pla-
tanus wrightii, or Fraxinus pennsylvanica were irregu-
larly spaced, depending on degree of flood protection.
Because riparian trees were taller and had a higher
density than adjacent desert shrubs, trees formed a
conspicuous vegetation type.

In the upper 21 miles of Sycamore Creek, Prosopis
f#liflora continued to be a common but not conspicu-
ous species. Acacia greggii, associated with Prosopis
juliflora in the lower three sectors, was replaced
almost entirely by Mimosa biuncifera. These, as well
as many shrub species common to the chaparral zone,
formed a rather dense understory beneath the canopies
or in the openings between Platanus wrightii, Populus
fremontii, Salix gooddingii, Juglans major, Fraxinus
pennsylvanica, Quercus arizonica, Q. emoryi, and
Cupressus arizonica (Fig. 5). Juniperus osteosperma,

Figure 4.—Low, relatively stable stream channel on Sycamore Creek at approximately 2,200 feet containing Cynodon dactylon

a common but small tree, was frequently found be.
neath canopies of large trees.

Percentages of association between species of trees
and shrubs that occur on approximately 20 percent .
or more of the quadrats are shown in Tables 3.7
Because of changing species, elevation, and climate,
association indexes (Dice, 1945) and chi-square tests
of frequency of occurrence of species were computed
for each 7-mile sector. Tabular data from the second -
7-mile sector have been omitted because only 4 species
were sampled in sufficient numbers to be analyzed,
and of these, only Hymenoclea monogyra and Acaciq’
greggil occurred together in numbers greater than
expected by chance. Species are listed in Tables 3.7
in order of decreasing numbers of occurrence to ind;. .
cate their relative densities by sector. The ecological
amplitude of species, geomorphological barriers, or
small sampling numbers cculd influence values of
relative densities.

.

sod and mixed community of Prosopis juliflora, Acacia greggii, scattered Populus fremontii on the terrace, and
Baccharis glutinosa along channel banks. Young Baccharis glutinosa dot the channel bed, but will be washed out

or covered by sediment during the next flood flow.
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o

Figure 5.—Sycamore Creek in July at approximately 3,300 feet, showing typical mixed stand of Platanus wrightii (a), Populus
fremontii (b), Fraxinus pennsylvanica (c), and Cupressus arizonica (d) on a relatively stable stream channel.

Table 3. Association index converted to percentages of shrub and tree species occurring on approximately 20
percent or more of the floodplain plots in the first 7-mile sector above the Sycamore-Verde confluence.
Elevation: 1,400-1,500 feet.

(1) (2) (3) (4) (5) @6 - M (8) (9)

(1) Hymenoclea monogyra 77 81 69* 75 64 50* 80 80
(2) Prosopis juliflora ¥71 74 88* 75 71 86 60 50
(3) Acacia greggii 65 65 54 55 64 64 60 80
(4) Lycium andersonii 53* 74 52 70 64 79 50 60
(5) Larrea tridentata 44 48 41 54 64! 50 20 20
(6) Franseria deltoidea 26 32 33 38 50 29 20 30
(7) Condalialycioides 21* 39 33 42 35 29 30 30
(8) Baccharis sarothroides 24 19 22 19 10 14 21 40
(9) Cercidium floridum 24 16 30 23 10 21 21 40

*The association index H ymenotlea/P;:a;opi; indicates that, on 71 percent of the plots where Hymenoclea monogyra occurs it
is associated with Prosopis juliflora; likeswise, when Prosopis occurs, Hymenoclea occurs 77 percent of the time (Inverse Asso-
ciation Index, Prosopis/Hymenoclea=77 petcent).

Greater than percentages expected from chance: * (P=.05), * (P=.01).
Less than percentages expected from chance: * (P=.05), * (P=.01).
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Table 4. Association index converted to percentages
of shrub and tree species occurring on ap-
proximately 20 percent or more of plots on
the third 7-mile sector beginning approx-
imately 14 miles above the Sycamore-Verde
confluence. Elevation: 1,950-2,250 feet.

(1) (2 3 @) () ()

(1) Prosopis juliflora 82 79 90 100" 100
(2) Baccharis glutinosa 78 87 90 sS7* 60
(3) Hymenoclea monogyra 52 60 57 48 40
(4) Salix gooddingii 33 35 32 14 20
(5) Acacia greggii 36t 22* 26 14 531
(6) Celiis reticulata 26 160 16 14 38

Greater than percentages expected from chance:
! (P=.05), * (P=.01).

Less than percentages expected from chance:
* (P=.05), * (P=.01).

On the lower 7-mile sector, the association indexes
(AL) Lycium/Hymenoclea of 69 percent and
Lyceum/Prosopis of 88 percent are significant and
highly significant, respectively (Table 3). Field ob-
servations indicated Lycium andersonii existed only
beneath the shade of associated species, and preferred
Prosopis juliflora. Lycium was recorded in sectors 2
and 3, although not in numbers great enough to be
analyzed. As elevation increased, Lycium began to
exist in open sites and be less dependent upon shade
of neighboring plants. Apparently, microclimate be-
neath canopies of some plants on the first sector
created an environment suitable for Lycium, and a
resulting range extension of the species. Density and
foliage production of many herbs also tended to
increase with increased shade of the overstory. This
was especially noticeable in the lower 3 sectors in
the spring, when annuals exposed to full radiation
died several weeks before plants of the same species
growing beneath trees. The range extension of
Lycium to lower elevations, and longer growing
period of annuals beneath trees, is attributed to
factor interaction of lower temperatures, which re-
duces transpiration by understory species and extends
the period of available soil moisture.

The Al Larrea/Franseria of 50 petcent was sig-
nificantly greater association than by chance. Both
species occupied similar ecological zones and have
similar growth forms. Larrea tridentata appatently
occupied Franseria deltoidea sites slightly more often
than the reverse.

On the second 7-mile sector, only 4 species were
recorded in numbers great enough to be analyzed,
therefore the table is not reproduced. Pertinent in
this sector is the significant A.l. Acacia/Hymenoclea
of 73 percent. Apparently, Hymenoclea monogyra
occurred on sites occupied by Acacia greggii more
often than the reverse — the inverse association index
(LA1) Hymenoclea/Acacia, was 40 percent.

The 100 percent A.l. Acacia/Prosopis and the 36
percent I.A.I. (Table 4) indicates complete depend-

-sector. On the fourth sector (Table 5) the same
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ence of Prosopis juliflora to sites occupied by Acaciy
greggii, yet Prosopis had the highest density on this

significant relationship exists between Prosopis and
Acacia, with Prosopis again having the highest rela.
tive density. This indicates Acacia was limited to 3.
more restricted range of environmental conditions
than Prosopis, and probably on Sycamore Creek the
limiting factor was available soil moisture. :

Species association on the upper 21 miles of Syca
more Creek are indicated in Tables 5, 6, and 7. The
problem of understanding the vegetation relation:
ships in this area is complicated by the fact that
channel flooding, scouring, and deposition continually
introduce new seral stages of community develop-
ments. These disturbances within the channel are
influenced by intensity and duration of rainfall
geomorphological characteristics of the watershed and -
channel, channel gradient, and vegetation types. For
instance, in the "V type channel near the head of
Sycamore Creek and the “narrows” created by water
erosion some 21 miles above the confluence with the
Verde River, the occasional destructive floods create
vegetation communities whose entire population is
relatively immature. Presumably because of the above
factors, the d.b.h. and height of trees recorded on:
quadrats in the upper 21-mile sector decreased with
increased elevation. Riparian and pseudoriparian spe-
cies (Tables 5 and 7), when significant are generally
negatively associated. Riparian, ot pseudoriparian
species, are usually positively associated with like
types. For example, in Table 5, the A.I between a
ripatian and pseudoriparian species (Fraxinus penn-
sylvanica/Acacia greggii=22) indicates significantly
lower association than expected by chance. The asso-
ciation of two pseudoriparian species (Prosopis juli-
flora/ Acacia greggii—=45) was significantly higher
than by chance.

SUMMARY. — The community aspects of channel
vegetation with respect to changing elevation on
Sycamore Creek, Maricopa County, Arizona, were
studied by means of association indexes of dominant
species, Data were collected from 402 stratified
random, 0.05-acre quadrats to determine shrub and
tree composition, while 150 permanently located 9.6-
square-foot quadrats were used to determine grass
and forb composition. Ninety-five percent of the
shrub species sampled and approximately 50 percent
of the tree species are indigenous to the semiarid
mountain slopes, and are not dependent upon addi-
tional subsurface moisture in the channel for survival.
These species, which have a wide ecological amplitude
with respect to variation in soil moisture, are termed
“pseudoriparian”; they invade the channel sites per-
pendicularly from adjacent slopes. Pseudoriparian
species remain confined to their area of introduction;
they neither migrate upstream nor downstream beyond
major vegetation types of adjacent slopes. The riparian
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Table 5. Association index converted to percentages of shrub and tree species occurring on approximately 20
percent or more of plots on the fourth 7-mile sector beginning approximately 21 miles above the
Sycamore-Verde confluence. Elevation: 2,250-3.300 feet.

(1) (2) 3) () (5) (&) (7) (8) (9) (10) (11) (12) (13) (14)

(1) Prosopis julifiora 41° 68 70* 82° 41° 72 78 758 65 60 79" 23* 44
(2) Fraxinus pennsylvanica v 38° 49 64* 39 89° 32* 52 45 95 55 58 - 82° 69
(3) Celsis reticulata 63! 49 700 93° 41 52 748 95* 45 40 79* 32 44
(4) Platanus wrightii sgt 57t 62° 64 56 36 65' 70° 65° 60 79" 27° 44
(5) Juniperus osteosperma 58 30 70° 55° 15* 36  65° 100° 35 30 79° 5t 25
(6) Salix gooddingii 28 65° 30 45 14* 20° 39 15 70° 45 32 68 50
(7) Acacia greggii 45t 22 35 27 32 19° 39 30 10* 35 26 18 13°
(8) Mimosa biuncifera 45 32 46" 45" 54 33 36 55° 45 40 47 14 13
(9) Berberis haematocarpa 380 24 51 42 71 11° 24 48 25 30 63° 519
(10) Baccharis glutinosa 33 51° 24 39* 25  52° 8 39 25 451 37 36 50
(11) Aplopappus laricifolius 30 30 22 36 22 ' 33 28 35 30 45! 32 9 31
(12) Juglans major 38" 30 41° 45° S6* 22 20 39 60* 35 30 18 19
(13) Cephdlanthus occidentalis 13 49° 19° 18 4* 56 16 13 5* 40 10° 21 56
(14) Populus fremontii 18 30 19 21 14 30 g’ 9 15 40" 25 16 41°

Greater than percentages expected from chance: * (P=.05), * (P=.01).
Less than percentages expected from chance: * (P=.05),* (P=.01).

Table 6. Association index converted to percentages of shrub and tree species occurring on approximately 20
percent or more of plots on the fifth 7-mile sector beginning approximately 28 miles above the
Sycamore-Verde confluence. Elevation: 3,300-3,850 feet.

(1) (2 ) @) () (&) (7)) (8) (9) (10) (11) (12) (13) (14)

(1) Juniperus osteosperma 89 88 84 95* 89 94 93 81 95! 90 95 90 87
(2) Rbus trilobata 82 g84* 82 84 93 8 93 8 78 83 90 100° 91
(3) Mimosa biuncifera 80 84' 80 82 85 81 84 8 81 8 80 95 87
(4) Platanus wrightii 75 80 79 80 83 72 81 83 70 73 65 90 78
(5) Celtis reticulata 85" 82 80 80 87° 72 84 74 8 77 90 95' 83
(6) Quercus turbinella 67 777 70 69 73 64 77 64 59 57 70 86 70
(7) Opuntia engelmannii 56" sS4 52 47 47 S0 53 55 62 70° 65 57 65
(8) Rbhamnus crocea 66 71° 64 64 65 72 64 64 65 73 60 86 52
(9) Fraxinus pennsylvanica 56 61 61 64 56 59° 64 63 51 60 55 62 61
(10) Prosopis julifiora 57" 52 54 47 58 . 48 64 56 45 63 65 57 61
(11) Berberis haematocarpa 44 45 43 40 42 37 58 51 43 51 40 43 39
(12) Cupressus arizonica 31 32 29 24 33 30 36 28 26 35 27 43 35
(13) Ceanothus greggit 31 38 36 35 36" 39" 33 42 31 32 30 45 30
(14) Juglans major 33 38 36 33 35 35 42 28 33 38 30 40 -33

Greater than percentages expected from chance: * (P=.05), * (P=.01)
Less than percentages expected from chance: * (P=.05), * (P=.01)




Vol. 5.

96

JOURNAL OF THE ARIZONA ACADEMY OF SCIENCE

(10°=d) , ‘($0'=d)  :9uey> worj papadxs safejuadiad ueyy sso
(10=d) ; ‘(50°'=d) , :9ouey> woiy pajadxa sadejuadiad ueyy Iojearn)

1 0z L1 8¢ ALY 9T 91 11 12 0¢ e €1 81 61 LT K SR 44 vivqoyst sngy (81)
€1 oy Lt .8 5€ €¢Iy F9 6T €€ 0T  S€  46¢ ¥y LE 8¢ Lz vurnxsuosu viusqoy (L1)
44 oy 12 91 (174 8y 2SS 9¢ 4 AV T 0¢ b (4 1€ 8¢ 02 sussssavyf vhiwn (91)
L1 91 0z 44 €1 ,0¢ 9z 194 14 0z 91 o¢ 9T ¢ 61 87 9z piaasu snssppousqurd (S1)
0¢ 8 91 194 <€$ 9z T Il 81 T 9T LT 174 (44 %4 T 0¢ paruozar snssosdn?y (y1)
19 W g4 L1 79 LE 61 WL 9t 0¢  F¥ 81 194 Lz A 44 1€ vazfrountq viouty (€1)
0¢ 9¢ 4 €€ 82 €¢ 49 94 jz4 ¢¢  o¢ 8T 6€ 4% 44 9¢ FT suaSund sojhqdrisopsy (T1)
44 <CS 89 112 91 (174 66 9% 4% 9F  0¢ LE K34 [4° 0% ALV LT Hhaows sn24on0 (11)
€1 2L oy 67 Il L 9z w 6¢ ¢ vT. &y Y 0¢ T4 ¢ uappusf vsoy (01)
g |44 474 11 8z 11 €€ 6¢ 49 6¢ 8¢ Ly 147 184 ¢ LY 0y  rtuouious s3tqruvisuy (6)
19 ¥9 9L 8¢ oy Ly 6< .89 LS Ly 0s Ly 9¢ 49 << ¢ R4 v22047 Snuwrqy (8)
L oy ¥ro gtt AN 2 9¢ 8y 194 0¢ 4 Ly ¥ 159 8¢ K44 r4s viiourqiny snasonQy (L)
S€ 8 L S 0 L€ €9 1L 6 yL 19 9¢ SL oL €9 8L 89 suvarpra sngy (9)
8y 96 78 L9 9¢ 0¢ 68 8 96 99 FLo S LL L9 1L <£8 29 va1uozi sn24onQ (S)
rds 09 L 88 9 LS yL L 89 89 L ¥9 €L 69 €9 L L9 varuoztar st (y)
yL 6 9L 0g 9¢ L9 8L I8 6L 8¢ yL Tl 9 gzl 79 oL €9 4olvu surignf (¢)
4S¢€ 96 96 SL 9S LY S8 L6 96 (6L 9L §9¢ £8 A8 9L €L €9 vorusoftps snuurgy (2)
L8 6,89 6 00T L8 gL L 96 68 08 88 <6 <8 68 <8 98 mqdum snuviryd (1)
(81) (L1) (91) (s1) (¥1) (€1} (zr) (1) (o1) (6) (8) (L) (9) () () (¢) () (1)

199} 00§°S-0S8'C TUONIDAS[T "92UINUOD IPISA-2I0OWDNIAS 9Y} 9A0gD Ssofiut G Aaypuxoirddp Huruurbeq I0309S S[IW-4 YIXIS

oy} uo sjoid Jo arowr 10 juearad gz Alejpwrxorddp uo Hurunado serdeds 9913 puD qniys Jo sabpiusdiad 0} PIHIGAUOD XIPUI UONDIIOSSY "L SIGDL




October 1968

CAMPBELL-GREEN — STREAM-CHANNEL VEGETATION

species exist only where additional subsurface moisture
is available in addition to annual precipitation. Ripari-
an species are found along the stream channel in a
relatively narrow band that sometimes bisects sharply
demarked vegetational zones. The channel vegetation
probably never reaches a climax hierarchy due to
periodic flood disturbances such as erosion, inunda-
tion, and deposition. As a result, mosaics of various

seral stages with different dominant species charac-

terize the vegetation communities.

APPENDIX 1
Trees and Shrubs

Acacia greggii Gray
Alnus spp.

Amelanchier mormonica
C. K. Schneid

Aplopappus laricifolius Gray
Arctostaphylos pungens
H.B.K

Baccharis glutinosa Pers.
Baccharis sarothroides Gray

Berberis haematocar pa
‘Wooton

Ceanothus greggit Gray
Celtis pallida Torr.

Celtis reticulata Torr.
Cephalantbus occidentalis L.
Cercidium floridum Benth.
Cercidium microphyllum

(Torr.)
Rose & Johnston

Chilopsis linearis (Cav.)
Sweet

Conddalia lycioides (Gray)
Weberb.

Cupressus arizonica Greene
Elacagnus angustifolia L.
Franseria deltoidea Torr.

Fraxinus pennsylvanica
Marshall

Garrya flavescens S. Wats.

Hymenoclea monogyra
Torr. & Gray

Juglans major (Torr.)
Heller

Juniperus osteosperma
(Torr.) Little

Larrea tridentata (DC.)
Coville

Common Name
catclaw acacia
alder

Mormon serviceberry
turpentine bush

pointleaf manzanita
seepwillow baccharis
broom baccharis

red mahonia

desert ceanothus
spiny hackberry
netleaf hackberry
common buttonbush
blue paloverde

Littleleaf paloverde

desertwillow

Southwestern condalia
Arizona cypress
Russian-olive

bur-sage

green ash
yellowleaf silktassel

singlewhor! burrobrush
Arizona walnut
Utah juniper

Coville creosotebush

Class

A gmw"Y" ®"WHEYW WY B

W W ® ® "w® woWd ® 9.

Lycium andersonii Gray

Mimosa biuncifera Benth.

Opuntia engelmannii
Salm-Dyck

Pinus edulis Engelm.

Pinus ponderosa Lawson

Platanus wrightii Wats.

Pluchea sericea (Nutt.)
Coville

Populus fremontii Wats.
Prosopis juliflora
(Swartz) DC.

Pseundotsuga menziesii
(Mirb.) Franco

Quercus arizonica Sarg.
Quercus emoryi Torr.
Quercus turbinella Greene

Rhamnus californica
Eschsch.

Rbamnus crocea Nutt.
Rbus radicans L.

Rbus trilobata Nutt.
Robinia neomexicana Gray
Rosa fendleri Crepin

Salix exigua Nutt.

Salix gooddingii Ball
Salix spp.

Sambucus mexicana Presl
Tamarix pentandra Pall.

Amsinckia intermedia
Fisch. & Meyer

Cassia baubinioides Gray
Erodium circutarium (L.)
L'Her.
Euphorbia spp.
Pectis papposa
Harv. & Gray
Plagiobothrys arizonicus
(Gray) Greene

Bouteloua aristidoides
(H.B.K.) Griseb.

Cynodon dactylon (L.) Pers.

Schismus barbatus (L.)
Thell.

Parthenocissus inserta
(Kerner) K. Fritsch

Vitis arizonica Engelm.

Anderson wolfberry
catclaw mimosa

Engelmann pricklypear
pinyon

ponderosa pine
Arizona sycamore

arrowweed pluchea
Fremont cottonwood

common mesquite

Douglas-fir
Arizona white oak
Emory oak

shrub live oak

California buckthorn
hollyleaf buckthorn
poison-ivy, poison oak
skunkbush sumac
New-Mexican locust
Fendler rose

coyote willow

* Goodding willow

willow
Mexican elder

five-stamen tamarisk,
salt cedar

Forbs

fiddleneck

senna

alfileria
euphorbia

cinchweed

blood-weed

Grasses

needle grama
Bermudagrass

. »
Mediterraneangrass

Vines

thicket creeper
canyon grape
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