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ABSTRACT

Plant and nocturnal rodent populations of the Sonoran Desert 

were censused on permanent 0.1 hectare plots in the lowland portions of 

Organ Pipe Cactus National Monument, southern Arizona. The plant com

munities studied included the creosotebush-bursage, paloverde-saguaro, 

and saltbush communities. Plant species diversity ranged from one 

species per 0.1 hectare in an area of fine-textured soil to 26 species 

per 0.1 hectare in an area of coarse, rocky soil. Vegetation cover 

ranged from 3.43 percent to 41.36 percent and was also positively re

lated to coarse soil texture. A positive correlation was found between 

plant species diversity and vegetation cover.

Although the dominant species varied from site to site, total 

numbers and species diversity of rodents were relatively constant be

tween sites. Rodent habitat occupation was strictly segregated on the 

basis of plant cover and soil rockiness. Kangaroo rats were found pre

dominantly in the more open plots and pocket mice were found predomi

nantly in plots with greater vegetation cover. No more them one rodent 

species was common on a single plot.

The effect of grazing on plant and rodent populations was 

assessed by comparison of two pairs of livestock exclosure and control 

plots. Little difference was observed between exclosure and control 

plots in the creosotebush-bur-sage community, but major grazing damage 

was observed in the saltbush community. Plant diversity, cover, and

ix



density, and rodent diversity and abundance were significantly depressed 

outside the exclosure in saltbush.
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CHAPTER 1

INTRODUCTION

Organ Pipe Cactus National Monument is located in western Pima 

County in southwestern Arizona immediately adjoining the Mexican state 

of Sonora. It is situated near the geographic center of the Sonoran 

Desert, and encompasses a unique ecotone between the two major subdivi

sions of that desert (Shreve 1951, Lowe 1964).

Characteristic plant communities of two major phytographic sub

divisions of the Sonoran Desert, the Lower Colorado Section and the 

Arizona Upland Section are represented in Organ Pipe Cactus National 

Monument. A third major subdivision is partially represented by small 

relictual populations of southern species that are characteristic of 

the Mexican Gulf Coast subdivision. Within the monument, the 

creosotebush-bur-sage (Larrea-Ambrosia) community and the paloverde- 

saguaro (Cercidium-Cereus) community are typical of the first two sub

divisions. Local intermixtures of relictual populations of species 

characteristic of the southern Bursera-Jatropha communities with typical 

representatives of the Cercidium-Cereus association constitute a unique 

third plant community. In addition to these three communities, saltbush 

(species of Atriplex)— which occurs mere or less throughout these 

Sonoran Desert subdivisions— forms a fourth important community type in 

Organ Pipe Cactus National Monument.
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The creosotebush-bur-sage community is found on the open and 

relatively level valley bottoms forming one of the simplest and most 

open vegetation types of the monument. At low elevations, in the west

ern part of the monument, creosotebush (Larrea divaricata) and white 

bur-sage (Ambrosia dumosa) cover large areas, often in relatively pure 

stands. These constitute the dominant members of the Lower Colorado or 

California Microphyll desert.

The Arizona Upland subdivision is best developed on the rockier 

upper bajadas and lower mountain slopes. There, the paloverde-saguaro 

community is dominated by trees and arobrescent cacti as well as by 

numerous shrub species. This structurally and florist!cally diverse 

community occurs widely in Arizona at intermediate elevations north and 

to the east of the monument, extending to the northeastern limits of 

the Sonoran Desert near the San Pedro and Gila rivers.

Relictual populations of species of the Bursera-Jatropha com

munity reach their maximum development within the monument in the 

immediate vicinity of Senita Basin. These are species which have their 

metropolis to the south in the arid, low-elevation region of coastal 

Sonora (Shreve 1951? Hastings, Turner, and Warren 1972). The presence 

of these species within the paloverde-saguaro community results in a 

unique and exceptionally diverse plant community at this location.

Saltbush (Atriplex) communities occur mainly in the Sonoyta 

River drainage along the south boundary of the monument where extensive 

stands occur on flat valley bottoms with fine-textured soil.

2
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This investigation has three principal goals. First, to examine 

the basic species composition of perennial plant and nocturnal rodent 

populations in the communities of the lowland portions of the monument, 

and secondly, the study attempted to assess the impact of grazing on 

perennial plants and rodents of the monument. Establishment of perma

nent study plots and the use of easily reproducible techniques are spe

cifically intended to permit future studies to determine the extent and 

nature of changes occurring in these natural communities.

Very little previous biological work has been done in Organ 

Pipe Cactus National Monument. Selected plant associations have been 

described by Mulroy (1971) in a study of species associated with the 

organ pipe cactus. A forage resource inventory by Schultz (1966) in

cludes a non-quantitative assessment of the condition of plant communi

ties in the monument, but does not provide a detailed or reproducible 

analysis of vegetation structure.

No studies have been published concerning rodent populations 

in the monument beyond an annotated record of the occurrence of verte

brate species in the monument by Huey (1942). Although many studies 

of Sonoran Desert rodents have been done in other areas, the present 

study provides information on a slightly different geographic scale 

than most previous work. Several workers have investigated the micro- 

habitat relations of heteromyid rodents (Rosenzweig 1973, Wondolleck 

1975, Price 1976). In such studies the segregation of rodents in rela

tively small areas, on the order of hundreds of square meters, has been 

examined. On the other hand. Brown (1975) has studied patterns of
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rodent community structure on a broad geographic scale including much of 

the southwestern desert region. The present study examines patterns of 

rodent distribution on an intermediate scale in which the study plots 

are separated by distances ranging from less them one mile up to approx

imately twenty-five miles.

Studies concerning grazing in the southwest have reurely dealt 

with the effect of livestock disturbance upon both the natural plant 

and rodent populations, emd generally have not been performed in a way 

that permits analysis of change in these populations over an extended 

period of time. Vorhies and Taylor (1933, 1940), Taylor, Vorhies, and 

Lister (1935), Reynolds and Glendening (1949), and Reynolds (1950, 1958) 

have investigated relationships between small mammals (kangaroo rats, 

woodrats, and jackrabbits) and grazing in desert grassland communities; 

however, they addressed themselves primarily to the question of the 

deleterious effect of native mammals on livestock forage plants. Other 

studies on the effect of grazing on desert vegetation (Hanson and Ball 

1928; Shreve 1929; Shreve and Hinckley 1937; Blydenstein, Hungerford. 

Day, and Humphrey 1957) did not examine relationships between grazing 

and small mammal populations.



CHAPTER 2

METHODS AND MATERIALS

Vegetation Documentation and Analysis

Transects were established in each of the four major plant 

communities employing a series of permanent 0.1 ha study plots (see 

Appendix A for locations). Study plots were established along a gra

dient of decreasing livestock-use intensity radiating outward from 

sites of intensive use, such as corrals and watering facilities 

(Figure 1). Within each community, transects were oriented to minimize 

variation in environmental parameters such as soil texture, topography 

and elevation so that vegetation differences noted between plots could 

be attributed to biotic rather than abiotic factors.

Some previous analyses of Sonoran Desert vegetation have uti- 
2lized 1-m quadrats (McGinnies 1934, Blydenstein et al. 1957). However, 

evaluation of sampling techniques by Costing (1956) and desert vegeta

tion studies by Whittaker and Niering (1965) indicates that larger 

(0.1 ha) plots are more suitable for sampling of the typically arbores

cent vegetation of the Sonoran Desert.

Transect Design

Transect no. 1 was established in a creosotebush-bur-sage com

munity in Growler Valley. From its origin at a livestock watering tank 

1/4 mile west of the Cabeza Prieta-Bates Well Road junction, the

5
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transect extends southeastward for 2.7 miles. Plots along transect no. 1 

(N = 4) were situated on generally level sites with fine-grained soil. 

Areas of desert pavement, which often possess very depauperate vegetation 

(Musick 1975), and swales, with stands of mesquite, were avoided.

Transect no. 2 originates in a saltbush community at Aguajita 

Spring. The transect extends eastward for 2.6 miles, parallel to the 

monument boundary, and crosses rolling terrain dissected by washes.

Along the transect, study plots (N = 4) were located at sites with 

approximately level terrain and fine-textured soil. A primary consid

eration in the selection of plot sites was the presence of saltbush as 

a community dominant.

Transect no. 3 originates near the mouth of Alamo Canyon, an 

area of high livestock activity due to the proximity of two watering 

sites. The transect extends southward along the base of the Ajo Moun

tains for 4.9 miles through the paloverde-saguaro community of the 

upper bajada. Factors considered when selecting study plot sites 

(N = 5) were soil texture (coarse structure and many cobbles) and slope 

(gentle but not level). Community dominants at each plot site include 

paloverde (Cercidium microphyllum) and saguaro (Cereus giganteus).

Study plots along transect no. 4 were selected with the inten

tion of sampling representative stands of the unique vegetation of 

that area, but had no relation to grazing intensity. Each plot (N = 3) 

was located in approximately level terrain with coarse gravelly soil of 

granitic origin. The plant community at each plot site included organ 

pipe cactus (Cereus thurberi), limberbush (Jatropha sp.), and trees

such as paloverde and ironwood (Olneya tesota).
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The lengths of transects 1, 2, and 3 were based on the maximum 

distance from water at which livestock can effectively forage (Schultz 

1966). The greatest impact from grazing occurs in the immediate vicinity 

of watering sites and disturbance decreases rapidly with increasing dis

tance from origin. Therefore, the interval (approximately 1/2 mile) be

tween the origin .and the second plot in each transect was the shortest. 

Additional plots in each transect were located at approximately 1-mile 

intervals.

Vegetation Sampling

The southeast corner of each 0.1 ha plot was used as the origin 

point for sampling. The baseline for sampling each plot extended north 

along the east side (the long axis) of each plot. Each plot was out

lined with steel surveyor's tapes. Beginning at the origin comer, 

transect lines were oriented perpendicular to the baseline at 5-m inter

vals along the baseline providing a total of 11 parallel 20-m transects 

per plot. Perennial plant cover was measured on each of these lines 

using the line intercept method of Canfield (1941; also see Mueller- 

Dombois and Ellenberg 1974), with measurements starting from the base

line. Three additional lines established parallel to the baseline at 

5-m intervals were used to subdivide the plots into forty 5 x 5-m sub

plots. Within each of these subplots all perennial plants were identi

fied and counted, yielding data on total density and species presence.

Height measurements were made of important forage species be

ginning at a random point within the plot and measuring the nearest 

neighbor of the species until sample size of 25 to 35 individuals was



obtained. Specimens of all unknown or unusual species were collected 

and compared with herbarium specimens at The University of Arizona to 

aid in identification.

The four corners of each plot were marked with 1/2 inch 

reinforcing-steel stakes with approximately six inches exposed above 

ground. An aluminum tag attached to each corner stake was stamped with 

the following information: transect number, direction from the transect

origin, plot number, and corner designation. At origin plots, zeros are 

substituted for direction and plot number. Thus, the southeast corner 

of the origin plot of transect no. 2 is indicated by: 200 SE; the south

east corner of the second plot is indicated by: 2E2 SE, etc.

The Student t-test (Simpson, Roe, and Lewontin 1960) was used 

for statistical comparison of data from plots along each transect. Each 

line transect within each plot was treated as an individual sample

(N = 11 per plot). For density comparisons, four adjacent 5 x 5-m sub-
2plots were considered as individual 100 m samples (N = 10 per plot). 

Species diversity of perennial plants in each plot was estimated by the 

Shannon-Wiener formula (Pielou 1966).

Scientific and vernacular names for plants follow Kearney and 

Peebles (1969) except for cacti which follow Benson (1969). Voucher 

specimens have been deposited at the Department of Ecology and Evolu

tionary Biology, The University of Arizona.

Livestock Exclosures

Two fenced livestock exclosures, established in March 1963, 

were examined and compared with adjacent unprotected control plots.

9
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The larger of the two exclosures, located in a creosotebush community 

near Armenta Well on the north monument boundary, encloses an area of 

approximately 4.0 ha. The second exclosure, located in a saltbush com

munity on the south monument boundary near Dos Lomitas, encloses an area 

of approximately 1.3 ha. Six-strand barbed-wire fencing effectively ex

cludes livestock and perhaps deer? however, small mammals are not 

affected.

At the Armenta Well site, a 4 ha control plot was established 

30 m east of the exclosure. The dimensions (128 x 315-m) and orienta

tion of the control plot are the same as those of the exclosure. Each 

corner of the control plot is marked by a 1/2-inch reinforcing-steel 

stake with an aluminum tag stamped "AWC" and identifying corner location 

(i.e., NE, SW, etc.).

The origin point for the exclosure data is the southeast comer. 

The southwest corner is the origin point of the control plot. The base

line for both plots extends north from the plot origin point. Line 

transects (N = 9) for estimating cover were oriented perpendicular to 

the baseline at 31 m intervals. Three additional lines placed parallel 

to the plot baseline spaced at 32 m intervals across the plot were used 

to divide the exclosure into forty 31 x 32-m subplots.

All perennial plants within each subplot were identified and 

counted. Creosotebushes, which often grow in clones, were considered 

to be individuals if their stems were more than 1 m apart or if there 

was less than 50% crown overlap with adjacent plants.

One-half of the control plot was sampled in a manner similar 

to that used for the exclosure. Beginning at the plot origin, the



11

southern half of the control (2 ha) was sampled as described above, 

providing a total of twenty 31 x 32 subplots and five 128 m line tran

sects. Each subplot and each line transect was considered as an indi

vidual sample for statistical comparison. Density values were converted
2to number of plants per 100 m for comparison with 0.1 ha transect plots.

' A 1.3 ha control plot at Dos Lomitas was established 20 m north

and 40 m west of the exclosure. It is oriented parallel to and is the

same size as the exclosure (173 x 77-m) . The corners of the Dos Lomitas

control plot are marked in the same manner as other plots using steel

stakes and aluminum tags (plot symbol "DLC"). The southwest corner of

each plot is the origin point for plant measurements. The long axis of

each plot runs east-west and in both cases the south side of the plot

was used for the baseline. Nine 77 m line transects spaced at 17.3 m

intervals were oriented perpendicular to the baseline of each plot.

All measurements originated from the plot baselines. Three additional

lines placed parallel to the baselines of the plots spaced at 19.2 m

intervals across the plot-were used to divide each plot into 40 17.3

x 19.2-m subplots in which all perennial plants were counted. For

statistical comparison, all line transects and subplots were considered

as individual measurements. Density data were converted to number per 
2100 m for comparison with the 0.1 ha study plots.

Ground level photographic documentation of the vegetation in

volved photography at the study plots and at permanent photo points 

throughout the monument (Figure 1). Wherever possible, permanent photo 

points were located at U.S. Coast and Geodetic Survey benchmarks, which
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are located at 1-mile intervals along many of the monument roads. At 

each photo point, photographs were taken from atop a car (approximately 

10 feet above ground level) in four directions. Photographs were also 

taken from the top of windmills at several wells in the monument.

Wherever possible, photographs were taken overlooking each study plot 

from atop a car on the adjacent road as well as from the side of the 

plot away from the road. Each study plot was also photographed in four 

seasons with large-scale, color-infrared aerial photography.

Mammal Census Technique

Live trapping with Sherman traps was used to census mammal popu

lations in all plots. Rodent population estimates based on the recapture 

of marked animals were calculated using the Lincoln Index method de

scribed by Andrewartha (1967) and Eisenberg (1972). The limitations 

inherent in population estimates derived by this technique have been 

thoroughly reviewed (Jolly 1963, Eisenberg 1972). However, it is the 

most practical technique available for the present study.

All study sites were trapped during two or more different months 

to assure that all species present were represented in the census 

(Bradley and Mauer 1973). Live trapping data were gathered for a total 

of 3,555 trap nights, with at least 100 trap nights at each study plot. 

The interval between mark and recapture trapping periods varied from 4 

days to 4 weeks. However, comparison of density estimates from Dos 

Lomitas indicates that the differences in length of interval did not 

result in great variation in population estimates.



13

At each 0.1 ha study plot, 52 traps spaced at 10 m intervals 

were arranged in a 30 x 130-m rectangular grid of four rows of 13 traps 

each oriented parallel to the long axis of the plot. Trapping grids 

were laid out starting at the plot origin corner and extended beyond 

the plot boundaries on two sides.

Both the exclosure and control plots at Armenta Well were sam

pled using 100 traps spaced at 10 m intervals on a 90 x 90-m square 

grid (10 x 10 traps). Both trap grids were contained wholly within 

the plot boundaries. The trap grids were laid out starting from the 

plot origin corners.

At each of the Dos Lomitas plots, 100 traps were spaced at 8 m 

intervals on a 72 x 72-m square grid (10 x 10 traps). The exclosure 

plot trap grid was laid out north and east from the origin comer.

The control plot grid was positioned in the approximate center of the 

plot to align it with the exclosure plot grid. Both trap grids were 

contained wholly within the plot boundaries.

Physical Environment Sampling

Storing precipitation gauges fabricated from 1-quart metal 

containers installed at four study sites were read at approximately 

2-month intervals from the start of the study.

At each 0.1 ha plot and each exclosure site, a soil sample pit 

was dug to a depth of 1 m. Soil samples were taken at 10 cm intervals 

to the bottom of each pit, sealed in soil tins, and returned to The 

University of Arizona where water content was determined by drying.
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The rock component of each sample was removed in the field and its 

contribution to soil structure estimated as percent by volume. Mech

anical analyses and total soluble salts analyses were performed by 

The University of Arizona College of Agriculture Soil, Water Testing 

Laboratory. Total soluble salts were recorded as parts per million

of a saturated soil extract.



CHAPTER 3

RESULTS AND DISCUSSION

Creosotebush Communities— Armenta Well 

The creosotebush community of the lower bajada at the Armenta 

Well site is the simplest, structurally and floristically, of those 

examined in Organ Pipe Cactus National Monument (Figure 2). With a 

single dominant species, and only a few rare associated species, the 

Armenta Well site possesses the lowest perennial plant species diver

sity of any community sampled (Table 1).

Creosotebush (Larrea divaricata) occurs with similar densities 

and cover in both the exclosure and control plots. Only two additional 

species, barrel cactus (Ferocactus wislizeni) and crucifixion-thorn 

(Holacantha emoryi), occur in both the exclosure and control plots.

Four species, pincushion cactus (Mammillaria microcarpa), mesquite 

(Prosopis juliflora), wolfberry (Lycium sp.), and coyote-melon 

(Cucurbita digitata), which occur in the exclosure are absent from the 

control plot. However, these minor species are present in such low 

densities (less than one individual per 0.1 ha) that they make no 

important contribution to the structure of the plant community.

Twelve years of protection from livestock grazing has resulted 

in no large differences between the perennial plant community in the 

Armenta Well exclosure and the adjacent control plot. Creosotebush, by 

far the most abundant plant at the site, is not palatable to livestock

15



Figure 2. Creosotebush-bur-sage community at Armenta Well —  This is the most open and 
depauperate of the plant communities in the monument. Photographed from the 
east side of the exclosure, 20 June 1976.

H
CTi



17

Table 1. Perennial plant density (individuals/0.1 ha) and cover (%) 
in the creosotebush community, Amenta Well exclosure and 
control plots

Species
Exclosure 

Density Cover
Control

Density Cover

1. Larrea divaricate 56.55 12.29 41.85 9.96

2. Ferocactus wislizeni 0.23 — 0.15 —

3. Holocanthus emoryi 0.03 — 0.15

4. Mammillaria microcarpa 0.03 —— — ——

5. Prosopis juliflora 0.03 — — ——

6. Lycium sp. 0.03 —— — —

7. Cucurbita digitate 0.03 — —— —

Total 56.93 12.29 42.15 9.96

Species Diversity (H1) 0.053 0.021

and suffers little from grazing damage. To a large extent the occur

rence of other species in this habitat is limited by edaphic factors, 

such as the low plant-available soil moisture of fine-textured lower 

bajada soils (Yang and Lowe 1956). Perennial species that do sustain 

grazing damage occur in such low abundance that such damage is rela

tively minor when considering the community as a whole.

Although no notable differences exist in the perennial vegeta

tion of the two plots, large differences in the abundance of dead annual 

plants were observed. These differences are particularly apparent in 

aerial photographs of the site. Shallow swales and runnels in the



exclosure contain dense stands of dead annuals. In the control plot, 

dead annuals were almost completely lacking. In the absence of live

stock activity, dead annual plants remain in place for many months as 

evidenced by their persistence within the Armenta Well exclosure 

throughout the course of this investigation. Standing dead annuals act 

to reduce rainwater run-off and inhibit erosion such as that presently 

occurring 150 meters south of the exclosure site.

Rodent populations in both the exclosure and control plots are 

essentially the same (Table 2). Estimated population densities of 

Merriam's kangaroo rat (Dipodomys merriami), the most abundant species, 

were higher than those found at any other site in the monument, although 

it is the dominant species at several other localities. The vegetation 

at Armenta Well had the lowest cover of any site sampled except for a 

few plots in the saltbush community which were severely damaged by 

grazing. It seems likely that the abundance of Merriam's kangaroo rat 

at Armenta Well is due to the very open vegetation in which their bi

pedal locomotion allows them to forage most effectively.

Both the rodent community and the plant community at Armenta 

Well are the least diverse of any sampled in the monument. Two minor 

members of the rodent community, the desert kangaroo rat (Dipodomys 

deserti) and the desert pocket mouse (Perognathus penicillatus), were 

captured infrequently. Armenta Well is the only site at which desert 

kangaroo rats were found. The occurrence of these animals, which char

acteristically occupy areas of sparse vegetation and fine-textured, 

loose soil, reflects the depauperate, open nature of the vegetation at



Table 2. Population data for rodents in Armenta Well exclosure and control plots —
Captures are number of individuals captured per 100 trap nights; density is 

estimated number of individuals per 0.5 hectares; relative abundance 
calculated from density estimates; trapping was carried out during June 1975, 
July 1975, February 1976, and April 1976.

Species Captures

Exclosure
Relative

Density Abundance Captures

Control

Density
Relative
Abundance

Dipodomys merriami 14.8 71 0.97 13.5 68 0.93

Dipodomys desert! 1.6 2 0.03 1.9 3 0.04

Perognathus penicillatus - •— - 1.5 2 0.03

Total 16.4 73 1.00 16.9 73 1.00

Species diversity (H1) 0.058 0.131

Total trap nights 257 260
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this location. Desert pocket mice occur in low densities and it is 

likely that their numbers are limited by the lack of sufficient vegeta

tion cover to provide suitable foraging habitats.

Creosotebush Communities— Growler Valley 

The predominant vegetation of the Growler Valley is a creosote- 

bush community similar to that at Armenta Well. However, the slightly 

coarser soil texture (United States Department of Agriculture, Soil 

Conservation Service 1972) and greater topographic relief permit greater 

plant species diversity. The area is characterized by alternating gen

tle rises, topped with desert pavement, and level swales of creosote- 

bush (Figure 3). Mesquite occurs in the scattered drainageways.

The four most important species in this community are creosote- 

bush (Larrea divaricata), triangle bur-sage (Ambrosia deltoidea), tobosa 

grass (Hilaria mutica), and white ratany (Krameria grayi) (Table 3).

Only one of these species, white ratany, is utilized to a large extent 

by livestock as a forage plant, the others being of insignificant forage 

value (Schultz 1966). Although the presence of other less abundant 

perennial species varied from plot to plot, their presence or absence 

did not significantly alter the composition of the community.

Creosotebush is the dominant species on all four plots, its 

coverage far surpassing that of all other species combined. It is the 

most abundant species on plots 1SE1 and 1SE2. On the other two plots, 

100 and 1SE3, it is surpassed in density, but not cover, by triangle 

bur-sage, white bur-sage, and tobosa grass. Creosotebush showed no
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Figure 3. Creosotebush-bur-sage community in Growler Valley —  The mosaic distribution of 
plants with intervening patches of desert pavement shows clearly here. Photo
graphed looking north-west across plot 100, 19 December 1974.

toH



Table 3. Perennial plant density (individuals/0.1 ha) and cover (%) in the creosotebush- 
bur-sage community, transect no. 1, Growler Valley

Species
Plot

Density
100
Cover

Plot
Density

1SE1
Cover

Plot 1SE2 
Density Cover

Plot 1SE3 
Density Cover

1. Larrea divaricate 47 8.32 50 8.43 88 6.82 77 17.00

2. Ambrosia deltoidea 79 1.80 21 - 41 0.73 61 1.71

3. Ambrosia dumosa 1 - 116 1.84 4 - 29 0.39

4. Krameria gray! 12 0.75 51 2.39 3 - - -

5. Hilaria mutica - - 67 2.54 - 12 0.89

6. Lycium andersoni 2 - - - - - 1 0.11

7. Ferocactus wislizeni 2 - 3 - - - - -

8. Prosopis juliflora 1 - - - - - - -

9. Opuntia leptocaulis - - - - 1 - - -

Total 144 10.87 308 15.20 137 7.55 180 20.10

Species diversity 0.474 0.661 0.377 0.539

to
to
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evidence of grazing damage and did not change importantly in density or 

coverage along the transect.

Triangle bur-sage is found on all plots in moderate densities 

and nowhere does it show grazing damage. White bur-sage also occurs on 

all plots, and shows evidence of hedging due to grazing. Large varia

tions in density of white bur-sage which occur from plot to plot show no 

consistent relationship to distance from the origin. A large portion of 

the variation in density is due to very small individuals, and probably 

reflects variation in germination success at the different sites.

Of the four community dominants, white ratany was hedged to the 

greatest extent by grazing. Wherever present it is heavily used and 

typically grows closely appressed to the ground, unlike its shrubby as

pect in undisturbed areas. The sporadic occurrence in the plots of 

other species such as barrel cactus (Ferocactus wislizeni), wolfberry 

(Lycium sp.), and Christmas cactus (Opuntia leptocaulis) reflects their 

sparse and adventitious distribution in the community.

Although all of the species present along transect no. 1 showed 

variation in density and coverage between plots, the variation beyond 

plot 1SE1 seems to be unrelated to increased distance from the transect 

origin. Recent analysis of desert soils (Musick 1975) has shown that 

large changes in plant cover are associated with marked increase in soil 

salinity and alkalinity in regions of desert pavement such as occur in 

the Growler Valley. It is likely that the variation seen in the plant 

community along this transect is attributable to such local variations 

in soil characteristics and to differences in microtopography, both of 

which can affect soil water availability.



The small mammal communities at each of the study plots were 

dominated by Merriam's kangaroo rat (Dipodomys merriami), the most com

mon rodent of the creosotebush-bur-sage community. Two species of 

pocket mice, the desert pocket mouse (Perognathus penicillatus) and the 

Arizona pocket mouse (Perognathus amplus) occurred occasionally and a 

single grasshopper mouse (Onychomys torridus) was captured (Table 4).

The abundance of rodents increased with density and cover of perennial 

plants. Increased rodent abundance was due primarily to increased den

sities of pocket mice, which forage preferentially under plant cover 

rather than in open microhabitats (Wondolleck 1975). Increase in plant 

cover evidently allows a greater population density of pocket mice by 

increasing available foraging microhabitat. There was no evident corre

lation between rodent density or diversity and distance from the origin 

of the transect.
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Saltbush Community— Aguajita Spring 

Saltbush is found as a community dominant only along the south

ern edge of the monument where it is found on silty floodplain soils in 

almost pure stands, such as at Dos Lomitas (Figure 4). To a lesser ex

tent it occurs on the coarser soils of the lower bajada where it is 

found in mixed stands with other bajada species. The Dos Lomitas plots 

sampled the latter of these two situations. Saltbush communities in the 

area are best developed near the bottom of the valley of the Rio 

Sonoita. Evidence there of periodic flooding suggests that this factor 

probably controls creosotebush, which is otherwise dominant on soils

with fine texture.



Table 4. Population data for rodents of the creosotebush-bur-sage community, Growler Valley —  
Captures are number of individuals captured per 100 trap nights; density is estimated 

number of individuals per 0.5 hectares; relative abundance calculated from density 
estimates; trapping was carried out during February and April 1976.

Plot 100 Plot 1SE1 Plot 1SE2 Plot 1SE3
Cap

tures
Den
sity

Rel.
Abun.

Cap
tures

Den
sity

Rel.
Abun.

Cap
tures

Den
sity

Rel.
Abun.

Cap
tures

Den
sity

Rel.
Abun.

Dipodomys
merriami

18.2 14 0.88 14.6 14 0.64 13.0 11 0.79 11.3 7 0.88

Perognathus
amplus

1.0 2 0.12 2.3 4 0.18 - - - - - -

Peroanathus
penicillatus

- - - 3.1 4 0.18 2.0 3 . 0.21 - - -

Onychontys
torridus

- - - - - - - - - 0.8 8 0.12

Total 19.2 16 1.00 20.0 22 1.00 15.0 14 1.00 12.1 8 1.00
Species

diversity (H1) 0.164 0.394 0.226 0.164
Total trap nights 100 130 100 133

toin



Figure 4. Saltbush community at Dos Lomitas —  Vigorous plants to the right of the fence (inside 
the exclosure) are much larger, and bear more fruit, than severely hedged plants on the 
left. Grazing has essentially eliminated reproduction among unprotected saltbush, as 
well as reducing the plant's size and density. Severe erosion is evident in the 
immediate vicinity. Photographed looking north along the exclosure fence,
1 December 1975.

to
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Several major changes occur in the vegetation as one moves east

ward along transect no. 2 from Aguajita Spring. Species diversity in

creases with respect to both total number and evenness (Table 5). This 

is shown by a two-fold increase in the number of species present and a 

more equitable distribution of the relative abundance of plant species, 

i.e., the community is not dominated by a small number of species.

Species diversity increases rapidly then levels off to a value slightly 

more than twice that observed at the transect origin.

In addition to the change in species composition of the community 

along transect no. 2, a change is seen in the structural character of the 

vegetation. Density of perennial plants is relatively constant along the 

transect; no statistically significant differences were found between 

plots (Appendix B). Perennial plant coverage, however, increased with 

distance from Aguajita Spring. Plant coverage increases abruptly as one 

moves away from the origin.

The three dominant species at the transect origin, seepweed 
(Suaeda torreyana) and two species of saltbush (Atriplex polycarpa,

A. linearis), all members of the Chenopodiaceae, are characteristically 

indicators of saline soil. The almost complete absence of other species 

at the origin suggests that vegetation differences seen along transect 

no. 2 may be due to corresponding differences in soil characteristics. 

However, total soluble salt concentrations in surface soil samples show 

that salinity is not excessively high and is actually lower at the 

origin than at other plots along the transect (Appendix C). It is not 

clear what factors exclude other species from the origin plot, but the



Table 5. Perennial plant density (individuals/O.1 ha) and cover (%) in the saltbush 
community, transect no. 2 , Aguajita Spring

Species
Plot

Density
200
Cover

Plot 2E1 
Density Cover

Plot 2E2 
Density Cover

Plot 2E3 
Density Cover

1. Atriplex polycarpa 17 0.25 137 4.80 54 0.98 113 4.75
2. Atriplex linearis 50 0.09 90 1.34 73 1.02 114 1.43
3. Larrea divaricata 1 - 17 0.98 54 6.84 24 1.61
4. Ambrosia deltoidea 1 - 33 2.41 149 1.91 3 -
5. Suaeda torreyana 226 3.09 11 0.98 - - - -
6. Ambrosia dumosa - - 1 - 82 0.64 40 0.73
7. Opuntia Stanley! - - 2 - 6 0.27 1 -
8. Echinocereus engelmanni - - 1 - - - 2 -
9. Olneya tesota - - 1 - 2 2.32 - -

10. Krameria gray! - - - - - - 8 -
11. Prosopis juliflora - - 1 - - - 2 1.23
12. Mammillaria microcarpa - - - - 1 - 3 -
13. Opuntia fulgida — — 2 - — - - -
14. Opuntia leptocaulis - - 2 - — - - —
15. Cercidium microphyllum - - - - 2 1.86 - -
16. Fouquieria splendens - • - - - 1 0.80 - -
17. Lycium andersoni - - 1 - - - - -
18. Cereus greggi — — — — — — 1 —
Total 295 3.43 299 10.51 424 16.64 312 9.75

Species diversity (H1) 0.305 0.621 0.716 0.643

woo
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presence of periodic standing water due to flooding may be of impor

tance .

Only one species, seepweed, decreases in abundance with increas

ing distance from the transect origin. Other species occurring along 

the transect are either absent at the origin, or occur at the origin but 

increase in abundance with distance from Aguajita Spring. Creosotebush 

(Larrea divaricate) and triangle bur-sage (Ambrosia deltoidea), both 

uncommon at the origin, occur as dominants in all other plots along the 

transect. Two other shrub species that occur in relative abundance near 

the end of the transect, white bur-sage (Ambrosia dumosa) and white 

ratany (Krameria grayi), are absent at the origin.

Transect no. 2 represents the lowest elevation on the bajada at 

which trees and cacti are virtually absent from the very fine soil of 

the lower bajada. Although these species occur in relatively low den

sities at this location, their growth form makes a major contribution 

to the physiognomy of the vegetation. Due to their typically low den

sities, however, tree species may be absent from a sample plot even 

though they are a characteristic member of the community. For example, 

mesquite (Prosopis juliflora) which occurs all along the transect, is 

absent from plot no. 1 despite its general abundance in the area.

Six species of cacti occur along transect no. 2: jumping

cholla (Opuntia fulgida), Christmas cactus (0. leptocaulis), devil 

cholla (0. stanlyi), nightblooming cereus (Cereus greggi), hedgehog 

cactus (Echinocereus engelmanni), and pincushion cactus (Mammillaria

microcarpa). Of these, three species— Christmas cactus, nightblooming
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cereus and pincushion cactus— are generally found only under the pro

tective canopy of shrubs or trees. The occurrence of these cacti along 

transect no. 2 is associated with increased perennial plant cover, 

which provides protective habitat for these species.

Rodent species diversity along transect no. 2 increases with 

plant species diversity (Table 6). The lowest rodent species diversity 

was found at plot 200 where Merriam's kangaroo rat is the dominant 

species. A few desert pocket mice (Perognathus penicillatus) are also 

present. Merriam's kangaroo rat and the desert pocket mouse are the 

dominant members of the rodent community throughout the length of the 

transect. As one moves away from the origin however, several addition

al species occur. These species include the Arizona pocket mouse 

(P_. amplus), Bailey1 s pocket mouse (P_. baileyi) , the white-throated 

woodrat (Neotoma albioula), and the southern grasshopper mouse 

(Onychomys torridus).

Bailey's pocket mouse is commonly associated with rocky soils 

and its occurrence is attributed to the increasing abundance of cobbles 

in the soil as one moves away from the transect origin. The other 

additional species, the white-throated woodrat, seems to require a 

habitat with more protective vegetation cover than Merriam's kangaroo 

rat or the desert pocket mouse. The woodrat's occurrence in plots 

distant from Aguajita Spring is attributed to the greater availability 

of nest sites on those plots, particularly in the area of fallen 

branches around the base of mesquite trees.



Table 6. Population data for rodents of the saltbush community, transect no. 2, Aguajita Spring —  
Captures are number of individuals captured per 100 trap nights; density is estimated 

number of individuals per 0.5 hectares; relative abundance calculated from density 
estimates; trapping was carried out during February and May 1976.

Species

Plot 200 
Cap- Den
tures sity

Rel.
Abun.

Plot 2E1 
Cap- Den
tures sity

Rel.
Abun.

Cap
tures

Plot 2E2 
Den
sity

Rel.
Abun.

Plot 2E3 
Cap- Den
tures sity

Rel.
Abun.

Dipodomys
merriami

20.0 12 0.71 6.0 4 0.33 9.0 12 0.35 4.9 6 0.46

perognathus
penicillatus

4.0 5 0.29 5.0 5 0.42 4.8 10 0.29 3.9 5 0.39

Perognathus
amplus

— — — 1.0 2 0.17 2.1 5 0.15 1.0 2 0.15

Perognathus
baileyi

— — - - - - 0.5 2 0.06 - - -

Neotoma —  — - - - - 2.1 5 0.15 - - -
albigula

Onychomys
torridus "  '

1.0 1 0.08
" ‘ '

Total 24.0 17 1.00 13.0 12 1.00 18.5 34 1.00 9.8 13 1.00
Species

diversity (H') 0.262 0.536 0.636 0.438
Total trap nights 100 100 188 102
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Saltbush Community— Dos Lomitas

Desert saltbush (Atriplex polycarpa) and narrow-leaf saltbush 

(Atriplex linearis) are the dominant species within both the exclosure 

and control plots at Dos Lomitas. Many of the less abundant species 

in the area also occur in both plots. However, there are several im

portant differences between the two plots (Table 7). Density and cover 

of perennial plants within the exclosure were approximately twice that 

observed in the control plot. The total density of perennial plant 

species is significantly higher (p <0.05) in the exclosure than in the 

control plot (Figure 5). To a large extent this higher density is due 

to larger numbers of narrow leaf saltbush in the exclosure, where it 

is approximately three times as abundant as in the adjacent control 

area. The desert saltbush is also more abundant in the exclosure, 

showing a twenty percent greater density than in the control plot. 

Secondary species common to both plots occur in approximately the same 

densities in both places.

Higher species diversity and density within the exclosure is 

enhanced by the occurrence of several species in the exclosure which 

are absent from the control plot: For the most part these species are

herbaceous root-perennials or suffrutescent sub-shrubs such as thorn- 

apple (Datura discolor), desert tobacco (Nicotiana trigonophylla), and 

Ditaxis neomexicana. Three root-perennial species found only in the 

protection of the exclosure are the coyote melon (Cucurbita digitata), 

Turoamoca macdougali, and Aristolochia watsoni, all of which are herba

ceous vines which commonly grow in the canopy of associated shrub or

tree species.
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Table 7. Perennial plant density (individuals/O.1 ha) and cover (%) 
in the saltbush community, Dos Lomitas exclosure and 
control plots

Species
Exclosure 

Density Cover
Control

Density Cover

1. Atriplex polycarpa 89.7 7.51 73.7 3.41
2. Atriplex linearis 101.7 3.41 34.7 0.22
3. Prosopis juliflora 3.4 5.07 1.7 3.68
4. Lycium andersoni 1.3 0.14 2.7 0.15
5. Opuntia leptocaulis 1.5 - 1.3 0.01
6. Ambrosia deltoidea 1.2 0.06 1.6 -

7. Lycium parish! 1.0 0.08 0.3 -
8. Mammillaria microcarpa 1.0 - 0.4 -
9. Opuntia acanthocarpa 1.0 - 0.3 -

10. Larrea divaricata 0.2 - 0.3 -
11. Cereus giganteus 0.1 - 0.3 -
12. Opuntia fulgida 0.1 - 0.1 -
13. Condalia globosa 0.1 - 0.1 -
14. Cereus greggi — ■ — 0.1 —
15. Datura discolor 0.4 - - -
16. Ditaxis neomexicanus 0.4 - - -
17. Echinocereus engelmanni 0.4 - - -
18. Cucurbita digitata 0.3 - - -
19. Opuntia spinosior 0.2 - - —
20. Cercidium floridum 0.1 - — —
21. Nicotiana trigonophylla 0.1 - - -
22. Tumamoca macdougali 0.1 - — —
23. Aristolochia watsoni 0.2 —

Total 204.2 16.27 117.4 7.47

Species diversity (H1) 0.454 0.440
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EXCLOSURE CONTROL
Figure 5. Comparison of vegetation cover and density in Dos Lomitas 

exclosure and control plots —  Plant density and cover are 
depressed outside the exclosure by livestock grazing.
Bars indicate mean, range and 95% confidence interval, 
with density (individuals/0.33 ha) on the right of each 
pair of bars.
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Perennial plant cover within the exclosure is also substantially 

higher than in the control. The major differences are once again found 

in the two dominant species, with narrow-leaf saltbush cover 15 times 

greater in the exclosure and the cover of desert saltbush in the ex

closure twice that of the control. Other relatively abundant species 

such as mesquite (Prosopis juliflora) and wolfberry (Lycium andersoni) 

have similar cover values in both plots. However, the functional sig

nificance of mesquite cover outside the exclosure is reduced due to the 

absence of fallen branches and other detritus under the trees; shade

seeking cattle have destroyed the protective value of the mesquite 

canopies by trampling the ground beneath them. The low saltbush cover 

outside the exclosure is a result of heavy browsing by livestock, as 

evidenced by the severely hedged condition and almost complete absence 

of inflorescences and fruit on unprotected plants (Figure 4).

Greater density and cover of the plant community in the exclo

sure is reflected by differences in the small mammal population density 

and structure as shown in Table 8. Merriam's kangaroo rat and the 

desert pocket mouse are the dominant species, and occur with similar 

densities in both plots. They are only slightly more abundant in the 

exclosure than in the control. The important differences in rodent 

populations between the plots lie with the secondary species.

Higher rodent density and species diversity in the exclosure 

is due largely to the presence of two species of cricetid rodents and 

two heteromyid species which were not found in the control plot. The 

two cricetid species require fairly high plant cover (Bradley and



Table 8. Population data for rodents in Dos Lomitas exclosure and control plots —  
■Captures are number of individuals captured per 100 trap nights; density is 
estimated number of individuals per 0.5 hectares; relative abundance 
calculated from density estimates; trapping was carried out during May 1975,
September 1975, January 1976, and April 1976

Species Captures

Exclosure
Relative

Density Abundance Captures

Control

Density
Relative
Abundance

Dipodomys merriami 11.2 16 0.54 12.4 15 0.83

Perognathus penicillatus 4.7 5 0.17 1.7 2 0.11

Onychomys torridus 0.3 1 0.03 0.6 1 0.06
Neotoma albigula 1.4 3 0.10 - - -

Peromyscus eremicus 1.1 2 0.07 - - -

Perognathus amplus 0.6 1 0.03 - - -

Perognathus baileyi 0.3 1 0.03 - - -

Sylvilagus auduboni - 1 0.03 - - -

Total 19.6 30 1.0 14.7 18 1.00

Species diversity (H') 0.639 0.246

Total trap nights 354 358



Mauer 1973), and are evidently excluded from the control by the very 

sparse, overgrazed nature of the vegetation there. Similarly Bailey's 

pocket mouse (Perognathus baileyi) has a preference for foraging in 

shrubby rather them open microhabitats (Wollondeck 1975). Desert 

cottontail (Sylvilagus audubonii), although they occur in low densities 

in the exclosure, make a large contribution to the total biomass of the 

mammal community. The high density and biomass of small mammals found 

within the protection of the Dos Lomitas exclosure strongly suggests 

that considerably larger populations of dependent carnivorous animals 

such as kit foxes (Vulpes macrotis), coyotes (Canis latrans), and rap

torial birds occur in the absence of livestock grazing pressure.

Elephant Tree— Limberbush Community

.37

Senita Basin

The soil at Senita Basin is intermediate in texture between 

that of the sites previously discussed and soils of the extreme upper 

bajada. It contains a substantial proportion of rock and gravel, but 

it is not immediately underlain by bedrock as is the case at higher 

elevations (see Appendix D). The coarse-textured soil, in combination 

with surrounding granite hills which provide a thermal buffer, allows 

much higher plant species diversity them that at previously described 

sites and permits several frost-sensitive species characteristic of 

the coastal desert to the south to survive in Senita Basin.

The vegetation in Senita Basin is, in some respects, among the 

most diverse of any sampled in the monument (Table 9). Although a
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Table 9. Perennial plant density (individuals/O.1 ha) and cover (%) 

in the Bursera-Jatropha community in Senita Basin

Plot
Species Density

400
Cover

Plot
Density

4W1
Cover

Plot
Density

4W2
Cover

1. Ambrosia deltoidea 446 15.23 330 10.36 473 13.11
2. Larrea divaricate 31 4.91 89 8.50 58 4.64
3. Opuntia fulgida 16 0.21 4 ' - 5 0.89
4. Encelia farinosa 6 - 1 - 54 1.14
5. Fouquieria spendens 6 0.96 7 0.36 3 -
6. Cereus giganteus 7 0.09 6 0.21 3 -
7. Jatropha cardiophylla 2 - 2 0.68 8 -
8. Mammilaria microcarpa 8 — 2 - 3 -
9. Cereus schotti 2 0.48 4 1.75 - -

10. Cereus thurberi 3 1.23 1 - - -
11. Cercidium microphyllum 2 0.14 - - 7 7.98
12. Lycium andersoni 6 0.91 - - 2 -
13. Sapium biloculare 2 - - - 1 -
14. Echinocereus engelmanni — — 1 — 1 —
15. Jatropha cinerea - - 2 - — —
16. Olneya tesota 3 3.05 - - — —
17. Ambrosia ambrosioides 7 1.77 - - — —
18. Hyptis emoryi 5 0.73 - - — —
19. Prosopis juliflora 2 1.05 - — ** —
20. Acacia constricta 1 1.50 - — — —
21. Abutilon sp. 1 0.46 - - — —
22. Krameria gray! - - - - 10 0.32
23. Ambrosia dumosa - - - - 2 0.16
24. Lyrocarpa coulteri - - - - 30 —
25. Psilostrophe cooperi — — - — 9 —
26. Opuntia acanthocarpa - - - - 3
27. Acacia greggi 2 - - — —
28. Ferocactus wislizeni 1 - - - — —
29. Calliandra .eriophylla - - - - 1 —
30. Unknown 1 — — — 2

Total 560 32.72 449 21.86 675 28.24

Species diversity (H1) 0.455 0.368 0.,525
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greater number of species and higher species diversity values were 

found along transect no. 3 near the Ajo Mountains, Senita Basin is 

unique among the study sites for its abundance of arborescent species 

(Figure 6). Density and cover values are also higher them those ob

tained from any other study site except some plots along transect no. 3.

The numerically dominant shrub species in Senita Basin are the 

same as those found in many other parts of the monument. Creosotebush 

(Larrea divaricata) and triangle bur-sage (Ambrosia deltoidea) are the 

two most abundant shrubs. They also constitute the greatest portion of 

perennial plant cover. Other shrub species of widespread occurrence 

such as brittlebush (Encelia farinosa), wolfberry (Lycium andersoni), 

and white ratany (Krameria grayi) make an important contribution to the 

total shrub density. Three species, desert lavender (Hyptis emoryi), 

whitethorn (Acacia constricta), and catclaw (A. greggi) are predominant

ly "desert riparian" species in Organ Pipe Cactus National Monument and 

are associated in plot 400 with the wash which crosses one end of the 

plot.

Among the arborescent members of the plant community in Senita 

Basin, several are common trees of the Sonoran Desert. These include 

ironwood (Olneya tesota), mesquite (Prosopis juliflora), and foothill 

paloverde (Cercidium microphyllum). These three species, together with 

most of the shrubs mentioned above, constitute the dominant species of 

the Arizona Upland subdivision of the Sonoran Desert as well as the Cen

tral Gulf Coast subdivision. The unique identity of these two subdivi

sions is determined by several consistently occurring but numerically



Figure 6. Bursera-Jatropha community in Senita Basin —  The abundance and variety of columnar 
cactus here is unique for southern Arizona. Found here are three species of limber- 
bush (Jatropha) and the elephant tree or torote (Bursera microphylla) found on low 
hills in the background, all of which are characteristic of the Sonoran gulf coast. 
Photographed looking north across plot 4W1, 8 February 1975. o



less abundant species. Two species of arborescent cacti, the senita 

(Cereus schotti) and organpipe (Cereus thurberi), together with three 

species of lirriberbush (Jatropha cardiophylla, J. cinerea and cuneata) 

and the elephant tree or torote (Bursera microphy11a, which occurs on 

hillsides near the transect plots) are characteristic members of the 

Central Gulf Coast subdivision of the Sonoran Desert (Shreve 1951). It 

is these species which give Senita Basin an aspect that is unique for 

southern Arizona. The flora of Senita Basin constitutes one of the 

northern-most associations containing major representation of species 

characteristic of the Sonoran Gulf Coast subdivision.

The cacti are one of the dominant families occurring in Senita 

Basin, accounting for one-half of the species in plot 4W1. In addition 

to the three arborescent species— senita, organpipe and saguaro— five 

cactus species are found in the study plots. These include barrel 

cactus (Ferocactus wislizeni), pincushion cactus (Mammillaria micro- 

carpa), hedgehog cactus (Echinocereus engelmanni), jumping cholla 

(Opuntia fulgida) and staghorn cholla ((>. acanthocarpa).

The rodent community in Senita Basin is composed of species 

which were found in the lower bajada situations, such as Growler Valley 

or Aguajita Spring. However, the relative abundance of the species is 

very different (Table 10). Merriam's kangaroo rat occurs in lower den

sities in Senita Basin than in typical lower bajada areas. The desert 

pocket mouse was found to occur in higher densities than at any other 

study site in the monument.

It appears that the desert pocket mouse has replaced Merriam's 

kangaroo rat as the dominant rodent species in response to high
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Table 10. Population data for rodents, transect no. 4, Senita Basin---
Captures are number of individuals captured per 100 trap nights; density is 

estimated number of individuals per 0.5 hectares; relative abundance calculated 
from density estimates; trapping was carried out during November 1975 and 
June 1976.

Species

Plot 400 
Cap- Den
tures sity

Rel.
Abun.

Plot 4W1 
Cap- Den
tures sity

Rel.
Abun.

Plot 4W2 
Cap- Den
tures sity

Rel.
Abun.

Perognathus penicillatus 16.4 21 0.84 24.2 18 0.69 21.4 26 0.87

Dipodomys merriami 2.1 2 0.08 6.8 8 0.31 0.8 1 0.03

Neotoma albigula 1.6 2 0.08 - - - 0.8 1 0.03

Peroanathus bailevi - - - - - - . 2.3 2 0.07

Total 20.1 25 1.00 31.0 26 1.00 25.3 30 1.00

Species diversity (H1) 0.239 0.269 0.225

Total trap nights 189 132 131
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vegetative cover. Relatively dense plant cover may impede the mobility 

of the bipedal kangaroo rats and provide more protected foraging area 

preferred by the pocket mice (Price 1976, Wondolleck 1975). In other 

areas white-throated woodrats were associated with mesquite trees under 

which they commonly constructed nests. In Senita Basin woodrats were 

encountered at sites where mesquite was relatively scarce. At this 

location the numerous erect arms of columnar cactus served as a protec

tive canopy for the woodrat nests.

Paloverde-Saguaro Community

Ajo Mountains
/

The plant community of the upper bajada along the western foot 

of the Ajo Mountains is the richest in plant species diversity of any 

community studied. The structural complexity of this paloverde-saguaro 

community, which includes trees, shrubs of varying sizes, suffrutescent 

species, vines, and cacti, is also among the highest observed in the 

monument (Figure 7).

Several noteworthy changes in the vegetation along transect 

no. 3 occur with increasing distance from the origin at the mouth of 

Alamo Canyon. Although a slight overall decrease in species abundance 

was noted, species diversity values increase dramatically along the 

transect and are consistently higher than for any other part of the 

monument sampled in this study (Table 11). It is likely that some of 

the above noted changes in vegetation that occur along this transect 

are due to local variations in topography and soil rockiness. In such 

situations, increased soil rockiness can contribute to greater species
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Figure 7. Paloverde-saguaro community at the mouth of Alamo Canyon —  The plots with greatest 
species diversity and plant cover were found in this community. Rocky soil and 
numerous small trees are typical of the upper bajada. Photographed looking north 
across plot 100, 10 April 1975.



Table 11. Perennial plant density (individuals/0.1 ha) and cover 
of the paloverde-saguaro community, transect no. 3,
Ajo Mountains

Species
Plot

Density
300

Cover
Plot 3S1 

Density Cover
Plot 3S2 

Density Cover

!
Plot 3S3: 

Density :Cover
Plot 3S4 

Density Cover

1. Larrea divaricata 36 8.07 160 19.55 114 22.55 •
:

146 116.55 1
22. Ambrosia deltoidea 3217 11.29 146 2.32 1 186 3.23 22 1.14
3. Encelia farinosa 3 0.14 643 9.39 44 0.71 — 414 13.50
4. Psilostrophe cooperi 18 - 101 0.36 4 95 i 0.84 — -
5. Opuntia fulgida 11 1.23 21 0.59 6 j 14 0.55
6. Opuntia acanthocarpa 36 2.57 13 1.36 8 0.30 io ! 7 —
7. Simmondsia chinensis 3 - 36 0.09 18 0.80 13 0.32 50 4.64
8. Krameria grayi 1 - - - 16 0.11 51 0.20 3 -
9. Cereus giganteus 8 - 9 0.32 8 0.09 4 1 —
10. Lycium andersoni 8 0.77 24 0.95 4 4 0.25 7 0.4911. Cercidium microphyllum 1 - 8 5.00 1 0.23 2 ; 9 6.5212. Prosopis juliflora 3 - 1 0.34 — 10 0.2313. Jatropha cardiophylla - - 6 0.73 1 — 8 0.0514. Cassia covesii 71 - 24 - 3 — 3 1015. Janusia gracilis 7 — 57 0.23 1 — 1716. Olneya tesota 8 2.57 - - — 1 0.2317. Mammillaria microcarpa 3 - 3 - 3 — 2 418. Echinocereus englemanni - - 2 - 8 0.04 3
19. Cereus thurberi - - - - 1 0.59 2. 20. Opuntia phaeacantha 1 - — — 1 - 6 : 0.68
21. Opuntia leptocaulis 3 — — — - - 1 — —
22. Acacia greggi 1 - — — - - ! - — —
23. Fouquieria splendens - - — — 2 — — —
24. Bouteloua sp. - - 207 0.02 ■ _ ;
25. Hibiscus coulter! - - 10 0.11 i
26. Allionia incarnate - - 44 - ■ _ — — 9 .
27. Abutilon sp. - - — 16 - — — - 13 0.14
28. Dalea sp. - - 17 - __ — — _
29. Ditaxis lanceolate - - 11 - — — — —
30. Lyrocarpa coulter! - - 5 - • - 9 —
31. Calliandria eriophylla - - 2 - _ _ - — 3 —
32. Ayenia pusilla - - 7 - — | - - —
33. Euphorbia albomarginata - - 3 - — — - -
34. Atriplex linearis - - - - _ - 2 0.07
35. Siphonoglossa longiflora - - - - __ - 14 —
36. Coursetia glandulosa - - - - — - 1 -
37. Unknown - - - - 1 - - - 9 -
Total

Species diversity (H1)
3439

0.

27.64

158

1576

0.909

41.36 244

0.828

25.51 536

0.752

22.46
!

629

0.671

27.74
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diversity by increasing soil moisture (Yang and Lowe 1956; Appendix E). 

Observed differences in the vegetation of these plots, therefore, can 

be only partially ascribed to patterns of differential utilization by 

livestock.

The low species diversity value at the transect origin is the 

result of a relatively high density of triangle bur-sage (Ambrosia 

deltoidea), especially of young individuals (Figure 8). The exceptional 

local abundance of this species effectively reduces the relative impor

tance of all other species. Other plots along the transect which con

tain a number of species conparable to that of the origin plot have 

much higher species diversity values as a result of the more equitable 

representation of the species. Results similar to these were found by 

Blydenstein et al. (1957) who reported higher densities of triangle bur- 

sage in areas subject to grazing pressure as compared to areas protected 

from grazing. Two factors may be at work to enhance the density of 

triangle bur-sage. First of all, the presence of livestock may provide 

improved seed dispersal for the bur-sage, the fruit of which sticks in 

the fur of passing animals with small curved hooks. Second, disturbance 

of soil by the hooves of cattle may improve conditions for seed germina

tion; however, since increased seedling densities were not observed for 

other species, the first explanation seems the most likely.

The vegetation along transect 3 is dominated numerically by 

shrubs, although the general aspect of the upper bajada is dominated by 

trees and larger cacti. Of these groups, shrubs revealed the clearest 

patterns of abundance along the transect. Jojoba (Simmondsia chinensis),



47

> 150

MILES FROM ORIGIN

Figure 8. Density of triangle bur-sage (Ambrosia deltoidea) along
transect no. 3, Ajo Mountains —  The high density at plot 
300 is due to a large number of young individuals. 
Livestock activity, by means of improved dispersal or 
soil scarification, seems to enhance triangle bur-sage 
germination success.
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a shrub of primary importance as a browse plant, showed the greatest 

increase in density and cover along the transect. It is very sparse at 

the transect origin and increases in abundance to a position of domi

nance at the end where it is surpassed in density only by brittlebush 

(Encelia farinosa). Jojoba's increase in importance in the community 

is paralleled by an increase in the mean size of individual jojoba 

plants with distance from the transect origin (Table 12).

Table 12. Height (cm) of jojoba (Simmondsia chinensis) along 
transect no. 3, Ajo Mountains.

Plot N Mean (+_ SB) Range

300 30 33.50 + 3.51 13 - 76

3S1 35 34.50 + 2.96 8 - 77

3S2 25 46.30 + 5.51 12 - 138

3S3 29 42.80 + 3.04 13 - 82

3S4 35 65.34 + 5.03 18 - 158

The stunted stature of jojoba at Alamo Canyon is the result of heavy 

grazing pressure. At the mouth of Alamo Canyon the only jojoba indi

viduals approaching the size typical of specimens in undisturbed areas 

are those growing within the protective canopy of larger shrubs, trees, 

or cacti. White ratany is another shrub species which shows a trend 

towards increasing abundance along transect no. 3, apparently in re

sponse to decreasing grazing pressure.
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No major variation in abundance of cacti was found along tran

sect no. 3. Large cacti, such as jumping cholla, staghorn cholla and 

saguaro, which are characteristic members of the community, occur in 

moderate density on most plots. Less abundant cactus species such as 

Christmas cactus, pincushion cactus, prickly-pear, hedgehog cactus and 

organpipe cactus occur sporadically along the transect and show no 

particular pattern.

Five suffrutescent perennial species which generally grow under 

the protection of a larger plant were found on the upper bajada. These 

are Janusia gracilis, Ayenia pusilla, Siphonoglossa longiflora, rose- 

mallow (Hibiscus coulteri) and lyre pod.(Lyrocarpa coulteri). These 

sensitive species occur rarely or not at all in heavily grazed and 

sparsely vegetated plots, but rather are associated with high plant 

cover and density such as on plots 3S1 and 3S4.

Rodent populations were similar in all plots along transect 3 

(Table 13). The differences in rodent populations between the upper 

bajada and lower sites such as the Growler Valley reflect two important 

differences between the upper and lower bajada habitats. These differ

ences , increasing rockiness of the soil and the greater plant cover of 

the upper bajada, serve to exclude Merriam1 s kangaroo rat which re

quires fine-textured soil and open vegetation (Bartholomew and Caswell 

1951). Bailey's pocket mouse was found strictly associated with rocky 

soil and occurs in peak densities on the rocky upper bajada. Cactus 

mice, which lack the heteromyid1s facility for jumping and digging, 

are restricted to areas of protective plant cover and have larger popu

lations on the upper bajada than elsewhere (Lewis 1972).



Table 13. Population data for rodents, transect no. 3, Ajo Mountains —
Captures are number of individuals captured per 100 trap nights? density is 

estimated number of individuals per 0.5 hectare; relative abundance calculated 
from density estimates; trapping was carried out during February and June 1976.

Species

Plot 300 
Cap- Den- Rel. 
tures sity Abun

Plot 3S1 
Cap- Den- Rel. 
tures sity Abun.

Plot 3S2 
Cap- Den- Rel. 
tures sity Abun.

Plot 3S3 
Cap- Den- Rel. 
tures sity Abun.

Plot 3S4 
Cap- Den- Rel. 
tures sity Abun.

Perognathus
baileyi

16.7 20 0.87 36.8 37 0.95 21.7 30 0.86 16.2 20 0.87 12.2 10 0.64

Peromyscus
eremicus

0.9 2 0.09 1.3 2 0.05 1.9 4 0.11 0.6 1 0.04 1.7 2 0.12

Neotoma
albigula

0.4 1 0.04 - - - - - - - - - 1.1 2 0.12

Dipodomys
merriami

- - - - - - 0.5 1 0.03 2.3 2 0.09 - - -

Perognathus
penicillatus

- - - - - - - - - - - - 1.7 2 0.12

Total 18.0 23 1.00 38.1 39 1.00 24.1 35 1.00 19.1 23 1.00 16.7 16 1.00

Species 
diversity(H1) 0.203 0.086 0 .207 0.203 0.456

Total trap nights 233 152 212 173 181
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The less common rodents showed a tendency to occur more fre

quently at sites distant from the transect origin, resulting in a 

general pattern of increasing rodent diversity with increasing dis

tance from Alamo Canyon. This pattern may reflect a negative effect 

of livestock disturbance on rodent populations.

In addition to the distributional patterns noted above, large 

seasonal differences were seen in populations of the two dominant spe

cies, Bailey's pocket mouse and the cactus mouse (Table 14).

Table 14. Seasonal activity (captures/100 trap nights) of the common 
rodents along transect no. 3, Ajo Mountains (June 1975- 
February 1976)

Species June July November February

Perognathus baileyi 25.8 21.2 3.5 6.9

Peromyscus eremicus 0.2 - 1.8 4.3

Dipodomys merriami 0.3 - 1.8 0.9

Total 26.3 21.2 7.1 12.1

The pocket mouse was most active in the hot summer months, the cactus 

mouse during the winter. The reason for these seasonal activity peri

ods is not clear, but may be due to seasonal food availability and 

differences in the diets of the two species.



General Patterns of 
Distribution and Abundance
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Plant Diversity

Regression analysis of the combined results from all the study 

plots in the monument reveals patterns of perennial plant species diver

sity that are closely correlated with structural characteristics of the 

plant community. These patterns of increased diversity are generally 

related to an elevational gradient from the lower bajada, creosotebush- 

bur-sage community to the more complex upper bajada, paloverde-saguaro 

community (Yang 1957).

The close correlation of perennial plant species diversity with 

plant cover (Figure 9) is attributed primarily to two factors, one en

vironmental and one biotic. The soils of the upper bajada are generally 

coarser in texture than those of the lower bajada (Appendices D and E) 

allowing greater rainwater penetration rates and higher water availabil

ity to plants (Yang and Lowe 1956;. Kramer 1969). The generally higher 

plant-available soil moisture on the upper bajada allows more luxuriant 

plant growth, producing greater density and cover. The survival of 

species with higher minimum water availability tolerances is also per

mitted, resulting in a high correlation between species diversity and 

structural features of the community.

Vegetation diversity/structure relationships are further en

hanced by biotic factors in the form of interdependent relationships 

between some plant species. The presence of high species diversity at 

sites of high plant cover, as shown in Figure 9, is the result of the



y=.643x +.036

CROWN COVER (PERCENT)

Figure 9. Relationship between perennial plant species diversity and cover at Organ Pipe Cactus
National Monument —  Increased plant cover permits a greater abundance of suffruteacent 
and root-perennial species which are dependent upon more robust species for protection.

mw
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dependent association of less robust species with protective larger 

species. Several weakly-perennial suffrutescent members of the complex 

paloverde-saguaro community are found without exception under the canopy 

of larger plants. As the abundance of suitable host plants increases, 

the number of dependent species increases, thus increasing overall 

species diversity.

Rodent Habitat Segregation

Rodent distribution was found to be closely related to physical 

habitat differences. The most abundant heteromyid rodents were found 

to segregate their distributions very predictably on the basis of two 

habitat variables, plant cover and soil rockiness. The combined trap

ping results for all heteromyid rodents show clear correlations between 

plant cover and the abundance of the two genera (Figure 10). Kangaroo 

rats (Dipodomys) show a strong negative correlation with cover and 

pocket mice (Perognathus) show a strong positive correlation. These 

patterns almost certainly reflect the more extreme adaptation to open 

plant communities on the part of the kangaroo rats, such as a large 

hind foot/body length ratio, for activity in open areas.

The exact mechanism by which the habitat partitioning observed 

here is maintained is not clear. It has been suggested that rodents of 

different body size select different size seed clumps (Price 1978) and 

that seeds occur in different size clumps in different habitats 

(Reichman 1976). Thus kangaroo rats, which select fairly dense, dis

crete clumps forage in open level terrain where clumps of that type 

are predominant. A second explanation for heteromyid habitat
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( O  II • I 30 35
VEGETATION COVER (%)

Figure 10. Abundance of Dipodomys and Perognathus with respect to 
vegetation cover at Organ Pipe Cactus National 
Monument —  The data show a predictable association of 
Dipodomys with open vegetation and Perognathus with more 
closed vegetation. Open circles are Dipodomys and closed 
circles are Perognathus.
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segregation on the basis of vegetative cover considers only locomotor 

ability and predator avoidance. Dipodomys may be at a disadvantage in 

dense vegetation where bushes will not permit effective bipedal movement 

for quick escape, and in which the larger kangaroo rats cannot move 

easily. At the same time Perognathus are not sufficiently large and 

fast to escape in large open areas. The observed distributions could 

therefore be a function of effective predator escape on the part of the 

two genera.

Within the constraints of the genus-level habitat segregation, 

further partitioning was observed at the species level. Of the two 

Dipodomys species, the desert kangaroo rat (D̂. deserti) was found only 

in the most depauperate of any vegetation found in the monument. These 

large rodents were captured only rarely on the very fine-textured soil 

of creosotebush flats, and probably occur in the monument as a marginal 

population of a species which occur primarily on open, sandy areas to 

the west. The two most common pocket mice, P_. penicillatus and 

P_. baileyi, both found in areas of high vegetation cover, were further 

separated in those areas on the basis of soil texture (Table 15)• When 

vegetation cover exceeded twenty percent Perognathus replaced Dipodomys 

as the dominant rodent genus. However, the presence of rocky soil al

most invariably indicated the presence of Bailey's pocket mouse, where

as the desert pocket mouse was associated with fine-textured soil.

As a result of the patterns of habitat segregation described 

above, relatively few rodent species were captured at any one site 

(Table 15) and only one species was ever found to be common at a single



Table 15. Summary of environmental characteristics and trapping results at study plots (N=20)
in Organ Pipe Cactus National Monument- - Rodent abundance expressed as captures per 100 
trap nights; plots are arranged by increasing vegetation cover.

Vegetation 
% Cover No. Spp.

% Soil 
Rocks D.mer. P.pen . P.bail.

Rodent Abundance 
P.amp. N.alb. P.ere. O.tor. D.des.

No
Spp.

Plot 
: too.

Lower bajada
3.43 5 0 20.0 4.0 - - - - - - 2 200
7.47 6 0 12.4 1.7 - - - - 0.6 - 3 DLC
7.55 5 0 13.0 2.0 - - - - - - 2 1SE2
9.75 11 50 4.9 3.9 - 1.0 - - - - 3 2E3
9.96 1 0 13.5 1.5 - - - - - 1.9 3 AWC

10.51 13 30-60 6.0 5.0 - 1.0 - - - 3 2E1
10.87 7 0 18.2 - - 1.0 - - - - 2 100
12.29 2 0 14.8 - - - - - - 1.6 2 AWX
15.20 6 0 14.6 3.1 - 2.3 - - - - 3 1SE1
16.27 9 0 11.2 4.7 0.3 0.6 1.4 1.1 0.3 - 7 DLX
16.64 10 80 9.0 4.8 0.5 2.1 2.1 - - 5 2E2
20.10 5 0 11.3 - - - - - 0.8 — 2 1SE3

Upper bajada
21.86 12 0 6.8 24.2 - - - - - - 2 4W1
22.46 15 30 2.3 - 16.2 - - 0.6 - - 3 353
25.51 20 60 0.5 - 21.7 - - 1.9 - - 3 352
27.64 19 60 - - 16.7 - 0.4 0.9 - - 3 300
27.74 24 50 - 1.7 12.2 - 1.1 1.7 - - 4 354
28.24 19 30 0.8 21.4 2.3 - 0.8 - - - 4 4W2
32.72 22 10 2.1 16.4 - - 1.6 - - - 3 400
41.36 26 60 36.8 1.3 2 351

m



site. Each of the predominant rodent species was found to occur in 

peak density in areas which can be predictably identified on the basis 

of vegetation cover and soil rockiness.

These results differ somewhat from those of other workers who 

have studied rodents near the eastern edge of the Sonoran Desert 

(Rosenzweig and Winakur 1969, Price 1976). In. studies conducted at 

the Santa Rita Experimental Range near Tucson, Price (1976) frequently 

captured two or three heteromyid species at one site in approximately 

equal, relatively high densities. Similar observations have been made 

by Rosenzweig and Winakur (1969) and Wondolleck (1975) in areas of 

desert grassland which adjoin the Sonoran Desert along its eastern edge 

(Lowe 1964, Humphrey 1958) . Comparison of these results from a rela

tively productive area (11 to 13 inches rain/year) with the results 

from the monument (7 to 9 inches rain/year) show a pattern of increas

ing habitat segregation with decreasing food resource availability 

(Sellers and Hill 1974).

The implication of this pattern is that each rodent species has 

a structurally defined habitat in which it performs most efficiently 

and that as food resources become limiting, each species must confine 

itself more strictly to its optimum habitat. The basic mechanism en

forcing this segregation may be either foraging efficiency limitations 

or predator escape, or both, but in either case the result is the same. 

These conclusions differ somewhat from those of previous investigators. 

Price (1976) and Rosenzweig and Winakur (1969) provided evidence that 

the mechanism promoting heteromyid coexistence within small areas



59

((1 ha.) is microhabitat partitioning with respect to structural en

vironmental variables, such as vegetation cover. The results of the 

present study indicate that those results are true in situations of 

high productivity, but with conditions of low productivity (spatially 

and perhaps also temporally) rodent coexistence is mediated by fairly 

precise habitat partitioning at a much larger scale. This may not 

be due primarily to competition, but rather to purely behavioral effi

ciency.



CHAPTER 4

SUMMARY AND CONCLUSIONS

Plant and rodent populations of lowland portions of Organ Pipe 

Cactus National Monument in the Sonoran Desert were studied employing 

permanent study plots that will permit evaluation of future ecological 

changes in the monument. This study describes the existing natural 

communities of the monument, identifies primary patterns of distribu

tion and abundance of the plant and rodent populations, and evaluates 

the effect of livestock grazing on those communities.

Four biotic communities were examined, ranging in diversity 

from the creosotebush-bur-sage community, which may occur as almost 

single-species stands, to the paloverde-saguaro community, which may 

contain up to 26 plant species per 0.1 hectare and five growth forms. 

Patterns of plant species diversity are closely related to structured, 

characteristics of the plant community and soil characteristics. Plant 

species diversity increased with vegetation cover and with soil rocki

ness .

Desert rodent populations under 7-9 inches rainfall were char

acterized by fairly low local diversity and well-defined habitat seg

regation of the heteromyid species. Only one rodent species was found 

to be common at any one site, and each species showed a predictable 

pattern of abundance related to vegetation cover and soil rockiness.

60
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Members of the genus Dipodomys were generally restricted to 

very open vegetation and fine-textured soil whereas Perognathus species 

and cricetid rodents were found primarily in more dense vegetation.

The Perognathus species further segregated their distribution on the 

basis of soil texture. Evidence indicates that under conditions of 

low food availability heteromyid habitat segregation occurs at a 

fairly large scale and is controlled by foraging or predator escape 

efficiency, rather than by competitive interactions.

Results from transects along grazing intensity gradients were 

inconclusive in assessing grazing damage. At distances from watering 

sites greater than approximately 1/4 mile variation in vegetation 

caused by topographic and edaphic factors are greater than variation 

caused by grazing. However, a few of the most palatable plant species 

did show a negative correlation between grazing intensity and plant 

size and abundance. Results from transects and exclosures indicate 

that suffrutescent plant species which require the protection of more 

robust species may be eliminated by livestock grazing.

Domestic livestock grazing has a minor inpact upon the . 

creosotebush-bur-sage community, but causes major degradation of the 

saltbush community as shown by study of livestock exclosures. Over

all vegetation density and cover is drastically reduced and plant 

species diversity is depressed in saltbush communities subjected to 

intensive grazing pressure, as compared with ungrazed vegetation 

protected by livestock exclosures. Associated rodent communities



are also depressed, to the point of eliminating species which require 

high plant cover.



LOCATION OF PERMANENT 0.1 HECTARE STUDY PLOTS 

IN ORGAN PIPE CACTUS NATIONAL MONUMENT

APPENDIX A

Plot No. Location

100

1SE1

1SE2

1SE3

200

2E1

2E2

2E3

300

3S1

0.25 mi. west of Cabeza Prieta-Bates Well Rd. 
junction, 10 meters north of road.

0.4 mi. south of Cabeza Prieta-Bates Well Rd. 
junction, 10 meters west of road.

0.4 mi. south of Cabeza Prieta-Bates Well Rd. 
junction, 10 meters west of road.

2.4 mi. south of Cabeza Prieta-Bates Well Rd. 
junction, 10 meters west of road.

0.05 mi. east of Aguajita Spring turnoff,
10 meters north of Puerto Blanco Drive.

0.75 mi. east of Aguajita Spring turnoff,
30 meters east of USCGS benchmark A308-1952,
10 meters north of road.

1.85 mi. east of Aguajita Spring turnoff,
10 meters north of road, opposite USCGS 
benchmark B308-1952.

2.85 mi. east of Aguajita Spring turnoff,
10 meters north of road, next to USCGS 
benchmark C308-1952.

3.1 mi. east of Highway 85 on Alamo Canyon Rd., 
10 meters north of road.

South of Alamo Canyon Campground heading 160° 
to top of saddle, south of saddle heading 170° 
1/2 mi., 50 meters west of ridge.
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Plot

352

353

354 

400 

4W1 

4W2

No. Location

9.0 mi. along Ajo Mountain Drive from Highway 85, 
10 meters west of road.

1.9 mi. along Ajo Mountain Drive from plot 3S2,
10 meters north of road.

1.3 mi. along Ajo Mountain Drive from plot 3S3,
10 meters west of road.

0.3 mi. west of the end of Senita Basin Rd.,
10 meters north of road.

0.2 mi. west of plot 400 along Senita Basin Road, 
10 meters north of road.

0.75 mi. west of plot 4W1 along Senita Basin Road, 
10 meters west of road.



APPENDIX B

STATISTICS FOR TOTAL DENSITY (NUMBER PER 100 m2) 

AND COVER (%) OF PERENNIAL PLANTS IN STUDY PLOTS 

AT ORGAN PIPE CACTUS NATIONAL MONUMENT

Plot Measurement N Mean Range

100 density 10 14.40 + 2.25 4 - 2 4

cover 11 10.87 + 3.00 0.00 - 34.00

1SE1 density 10 30.80 + 4.25 13 - 54

cover 11 17.59 + 2.17 4.50 - 27.00

1SE2 density 10 13.70 + 1.31 9 - 2 1

cover 11 7.55 + 1.78 0.00 - 18.00

1SE3 density 10 18.00 + 2.85 4 - 4 4

cover 11 20.09 + 2.92 0.00 - 34.25

200 density 10 29.50 + 2.56 1 7 - 4 4

cover 11 3.43 + .0.97 0.00 - 11.50

2E1 density 10 30.10 + 2.83 19 - 46

cover 11 10.51 + 1.89 3.75 - 26.00

2E2 density 10 42.40 + 7.40 15 - 71

cover 11 16.64 + 3.87 0.75 - 41.75

2E3 density 10 31.20 + 3.42 19 - 48

cover 11 9.75 ±. 1.91 3.00 - 22.50
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Plot Measurement N Mean Range

300 density 10 343.90 + 24.73 195 - 434

cover 11 26.63 + 4.36 8.50 - 48.75

density^ 10 321.70 + 28.61 190 - 420

cover^ 11 11.79 + 1.64 1.50 - 21.5

3S1 density 10 157.60 + 17.98 42 - 226

cover 11 41.52 + 5.48 7.25 - 69.75

density* 10 14.60 + 5.69 0 - 4 7

cover* 11 2.32 + 1.47 0.00 - 15.75

352 density 10 24.40 + 2.66 12 - 38

cover 11 25.54 + 3.00 9.00 - 39.75

density* 10 0.01 - 0 - 1

cover* 11 0.00 - — —

353 density 10 53.60 + 6.64 3 1 - 8 9

cover 11 22.39 + 5.15 1.75 - 44.75

density* 10 18.50 + 6.09 0 - 5 7

cover* 11 3.23 + 1.25 0.00 - 12.50

354 density 10 62.90 + 5.41 42 - 105

cover 11 27.68 + 4.97 8.25 - 60.75

density* 10 2.20 + 1.99 0 - 2 0

cover* 11 1.14 + 0.62 0.00 - 6.75

400 density 10 56.00 ^ 8.19 12 - 93

cover 11 32.68 + 2.59 18.50 - 45.00
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Plot Measurement N Mean Range

4W1 density 10 44.90 + 4.32 18 — 60

cover 11 21.86 + 2.22 11.25 - 34.75

4W2 density 10 66.50 + 7.43 31 - 113 .

cover 11 28.50 + 4.41 6.25 - 54.75

AWX density2 40 56.90 + 1.562 40 - 76

cover 9 12.29 + 0.98 7.04 - 16.72

AWC density2 20 42.15 + 2.184 28 - 67

cover 5 9.96 + 1.61 6.06 - 14.84

DLX density2 40 69.40 + 6.53 2 - 147

cover 9 16.07 + 4.16 3.27 - 41.14

DLC density2 40 40.05 Hh 3.52 7 111

cover 9 7.47 + 2.17 0.92 — 17.12

^Triangle bur-sage (Ambrosia deltoidea) only 
^Number of individuals per sub-plot



APPENDIX C

PRECIPITATION AT FOUR STUDY SITES, 

ORGAN PIPE CACTUS NATIONAL MONUMENT 

MAY 1975-APRIL 1976

Location
May-
July

August
October

November-
January

February-
April Total

Alamo Canyon 1.30 3.03 1.82 0 6.15

Dowling Well 0.78 0 0.22 1.39 2.39

Dos Lomitas - 0.27 1.20 0.97 2.44

Amenta Well - 1.55 1.06 1.27 3.88

Mean 0.52 1.21 1.08 0.91 3.72

26-year Mean 1944-19701 9.17

^■Monument headquarters, Sellers and Hill 1974
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APPENDIX D

SOIL TYPE, STRUCTURE, AND SOLUBLE SALTS 

CONTENT AT EACH STUDY PLOT IN

ORGAN PIPE CACTUS NATIONAL MONUMENT, 0-5 CM DEPTH

Plot Soil Type1
Sand
%

Silt
%

Clay
%

2TSS
PPm

100 fine sandy loan 58.5 31.0 10.5 217
1SE1 fine sandy loam 57.2 32.3 10.5 322
1SE2 fine sandy loan 65.0 26.5 8.5 368
1SE3 fine sandy loam 52.8 36.7 10.5 305
200 fine sandy loam 49.5 37.5 13.0 382
2E1 gravelly loam 65.0 22.2 12.8 329
2E2 gravelly loam 47.5 35.7 16.8 704
2E3 gravelly loam 59.2 30.3 10.5 1267
300 very gravelly loam 38.5 37.3 24.2 336
3S1 very gravelly loam 48.5 31.5 20.0 347
3S2 very gravelly loam 42.5 42.5 15.0 228
3S3 very gravelly loam 46.0 36.2 17.8 200
3S4 very gravelly loam 55.0 28.2 16.8 319
400 gravelly loam 63.5 23.7 12.8 259
4W1 gravelly loam 71.2 18.0 10.8 231
4W2 gravelly loam 65.5 21.7 12.8 298
DLX fine sandy loam 26.0 56.0 18.0 308
AWX very fine sandy loam 41.0 44.0 15.0 280

From U.S.D.A. Soil Conservation Service, 1972 
2Mean of two determinations. Values greater them 2800 ppm 

considered saline (U.S. Soil Salinity Laboratory, 1954)
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APPENDIX E

SOIL WATER CONTENT IN THE TOP METER OF SOIL 

AT EACH STUDY PLOT IN ORGAN PIPE CACTUS NATIONAL 

MONUMENT, EARLY JUNE 1975

Depth of Sample (cm)
Plot 0 10 20 30 40 50 60 70 80 100

100 0.89 1.75 2.59 3.88 4.59 5.28 5.42 5.73 5.51 5.64
1SE1 0.75 2.34 4.06 5.22 5.87 5.87 6.31 7.22 7.86 7.57
1SE2 1.12 2.83 3.85 4.30 4.14 4.77 4.66 5.67 5.92 5.65
1SE3 1.28 3.34 3.93 3.91 3.97 4.28 3.99 3.95 3.81 3.97
200 0.61 2.61 8.06 3.73 3.87 3.05 3.09 3.17 2.49 2.35
2E1 0.39 1.98 3.36 3.49 2.94 2.34 3.02 3.02 2.83 3.26
2E2 0.98 2.75 3.86 4.17 4.56 5.15 5.26 4.98 6.13 6.54
2E3 1.10 ' 4.34 5.92 6.50 7.03 6.48 8.31 7.33 7.62 7.59
300 2.28 3.93 8.23 10.15 8.46 10.27 - - - -

3S1 1.29 3.77 7.27 7.98 7.16 8.34 11.09 -9.97 - -
3S2 1.64 3.22 4.42 6.31 6.86 7.01 - - - -
3S3 2.08 0.97 2.54 8.65 6.77 2.44 5.66 7.59 - -

3S4 7.62 8.69 5.72 2.20 20.08 8.66 4.95 1.73 5.56 6.00
400 1.84 0.74 2.13 1.98 0.87 0.93 1.14 1.93 1.97 1.88
4W1 1.81 1.91 2.17 2.20 2.35 2.72 2.38 2.19 2.24 2.17
4W2 1.89 2.28 2.35 2.60 2.40 2.50 2.40 2.04 2.63 2.46
AWX 1.30 4.34 6.28 4.89 4.24 4.18 3.69 2.52 4.16 1.95
DLX 1.59 4.34 5.83 3.29 2.79 2.74 2.73 2.50 2.53 2.90

Missing values indicate caliche which prevented sampling to a 
greater depth
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