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ABSTRACT

The perennial plant species associated with the organpipe cactus 
were studied in nine 0.1 hectare quadrats placed in habitats representa
tive of organpipe populations in Organ Pipe Cactus National Monument, 
southwestern Arizona. The species present and their percent coverage 
in each quadrat were determined. Results of mechanical, moisture 
tension, and pH analyses are reported for surface soil samples from 
each quadrat.

The vegetation associated with the organpipe varied in composi
tion depending on soil parent material, slope exposure, and topographic 
position of the quadrat. The soils, characterized by coarse texture, 
low moisture retentivity, and a slightly alkaline pH, were relatively 
homogenous from quadrat to quadrat, and were similar in these respects 
to soils from other paloverde associations within the Southwestern 
Desertscrub Formation. The organpipe was best represented on slopes 
having a southerly exposure.

The analysis of the flora associated with the organpipe cactus in 
this area of southwestern Arizona reveals the overall desertscrub community 
to be characterized by over 90 perennial plant species, the majority of 
which are distributed primarily southward into Latin America and terminate 
their northward continental distribution at or shortly beyond the northern 
limit of the organpipe cactus in Pima County, Arizona.

vii



INTRODUCTION

Dasertscrub communities supporting organpipe cactus and associated 
perennials on granitic, basaltic, and andesite porphory soils, were 
studied in Organ Pipe Cactus National Monument in Pima County, south
western Arizona. Nine permanent 0.1 ha quadrats were established, with 
2 quadrats on gentle south-facing slopes, 3 on steep rocky slopes (S, E, 
W), 2 on bajadas, and 2 in washes dissecting bajadas. In addition to. 
the enumeration of the species present in these nine vegetation samples, 
species coverage by line intercept, and certain soil parameters were 
measured.

The northernmost populations and isolated individuals of organ- 
pipe cactus occur a few miles north of the Monument. The investigation 
reported here, at Lat. 32° lU1 N, is part of a broader analysis of the 
plant communities in which organpipe cactus is a conspicuous component 
in thomscrub and desertscrub communities from Sinaloa, Mexico into 
southern Arizona.

The vegetation of the Monument (except on the higher mountains) 
is part of the Southwestern Desertscrub Formation and consists primarily 
of paloverde and creosotebush associations (see Lowe 1961*)• The area 
of investigation lies in the Sonoran Desert in a region of transition 
between two major vegetational subdivisions of this desert, the Lower 
Colorado Valley (microphyllous) from the west, and the Arizona Upland 
(crassicaulescent) from the east (Shreve 1951)• Floral and faunal 
elements from each subdivision are found within the study area.

1
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Rainfall in the Monument is biseasonal with a typical pattern of 
gentle widespread winter rains from the Northwest, followed by an arid 
foresummer (May-June) during which virtually no rain falls (0.01"). From 
July to September a pattern of sunnier monsoons exists. These are char
acterized by local torrential afternoon thundershowers coming from the 
Southeast. Precipitation records from the Monument headquarters (elev. 
1663 ft.) over the period 19hh-1953 indicate mean yearly precipitation 
of 7.W" with about h6% of that total falling during the summer monsoon 
(Smith, 19565 see also Sellers, I960).

Temperatures are hot (ca. 100°F) during the summer months, and 
mild during winter months. Relative humidity is low. Freezing tempera
tures occur with less frequency and severity than in most Sonoran Desertt.
localities in Arizona but nevertheless appear limiting for many species 
in this area. Adequate temperature records are not available for this 
area; see Hensley (1951)) for additional information.

Slope exposure and texture of the substratum are two fundamental 
abiotic environmental factors that are important in determining the 
character of the vegetation present in a given habitat within the South
western Desortscrub Formation. Among other things, slope exposure 
determines moisture and thermal characteristics of the environment at a 
given locality. The influence of slope exposure in a given area increases 
with the steepness of the slope. Soil texture determines the amount of 
support available to a shallow rooted plant, the amount of drainage, and 
the amount of plant-available moisture present. In general, the coarsely 
textured soils on the rockslopes and upper bajadas yield more support.
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more plant-available moisture, and are better drained than the more finely 
textured soils of the lower bajadas and the valley floor (see Shreve 19f>lj 
Tang and Lowe 1956).



METHODS

The perennial plant species were studied in permanent 0.1 ha 
quadrats located in selected habitats representative of organpipe 
populations. The nine 0.1 ha quadrats ($0m x 20m) were laid out with 
the long axis perpendicular to the slope, when a slope was present, and 
the two quadrats on washes were positioned with the long quadrat axis 
centered along the wash. The corners of each quadrat were marked with 
h" steel angle irons.

All perennial plant species within each quadrat were sampled, and 
the number of species and species coverage determined. In addition, 
collections of any perennial species not occurring in the plot were made 
in an area of approximately one hectare centered on the plot. Cover of 
perennial plant species was measured by line-intercept (see Phillips 
19$9} Greig-Smith 196U), using 11 lines of f>0m each per quadrat (5f>0ra). 
Values are reported only for species with coverAl^> i.e., a total 
intercept distance of £.5>m or greater in a quadrat.

Voucher specimens of the plant species sampled are deposited in 
the University of Arizona Ecology Herbarium, with duplicate specimens on 
deposit in the University of Arizona herbarium. Nomenclature, with minor 
exceptions (see Ifelger and Lowe 1969) follows Benson (1969) for cacti, 
Gould (1951) for grasses, and Kearney and Peebles (196k) for the other 
vascular plants and ferns.

Elevation of the quadrats was determined to the nearest $0* 
from U.S.G.S. 1$ minute series topographic maps.

k



Two soil samples (surface to 6” depth) were taken, from different 
points in each quadrat. These samples were analyzed for texture (mechan
ical analysis), for water retentivity at 1/3 atm and 1$ atm metric 
suction (moisture tension analysis), and for pH.

Mechanical (soil texture) analysis was made following Day's (1956) 
modification of the Bouyoucos (1936) hydrometer method. Rock and gravel 
were separated from the sand, silt, and clay and colloid fractions using 
a 2mm sieve. The weight of the rock and gravel separate thus obtained 
was reported as a percentage of the sample weight. The remainder of the 
soil sample (< 2mm) was then subjected to hydrometer analysis, and the 
sand, silt, and clay and colloid fractions were reported as percentages 
of the whole sample weight (including rock and gravel).

Moisture tension analysis by the pressure-membrane technique 
(see Black et al., 1965) was carried out at pressures of 1/3 and 15 atm. 
Two samples from each plot were analyzed at both pressures. For the 
1/3 atm determination, a porous ceramic membrane was used, while at 
15 atm a cellulose acetate membrane was employed. The amount of water 
retained by the sample after 2k hrs at a given pressure is divided by 
the dry weight (2li hrs @ 105 C) of the sample and the quotient is 
expressed as percentage retentivity.

Measurements of pH were made using ca. ^0 gm of dry screened soil. 
Deionized water was mixed into the sample until a barely saturated 
plastic paste was formed. The pH of this paste was read on a Beckman pH 
meter, after the sample had been allowed to equilibrate for 2k hrs in a 
sealed container. The values reported are the means, + the standard 
error of the mean, for 5 readings on each of two samples from each quadrat



RESULTS AND DISCUSSION

Lists of the perennial plant species present and their coverage 
in each plot are given in Tables 1-9. Table 10 lists the “characteristic” 
plant species with coverage >1% and the coverage of these species in the 
plots in which they occurred. Table 11 enumerates all perennial species 
encountered in this investigation, and the plots in which they occur (see 
Appendix, also). Locality, elevation, slope exposure, topography, and 
soil parent material are given for each quadrat in Table 12. Selected 
physical properties of the soils (texture, moisture tension, pH) are 
listed for each quadrat in Table 13.

Plant Species
Within the area sampled, the organpipe cactus occurs only within 

the paloverde-saguaro (Cercidium microphyllum-Cereus giganteus) commu
nity, and in ecotones between that community and the creosotebush-bur-sage 
(Larrea divaricata-Franseria dumosa) community. Foothill, paloverde 
(Cercidium microphyllum) and white brittlebush (Encelia farinosa) were 
associated with the organpipe in all nine plots. Saguaro (Cereus 
giganteus), hedgehog cactus (Echinocereus engelmannii), buckhom cholla 
(Opuntia acanthocarpa), triangle bur-sage (Franeria deltoidea), 
creosotebush (Larrea divaricate), Trixis califomica, and Ditaxis 
lanceolata were found with the organpipe in 7 or 8 of the nine quadrats.

The number of perennial plant species in each plot varied 
considerably from plot to plot, depending in part on the topographic 
position of the plot. The lowest numbers of species per plot was

6
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Table 1. The perennial plant species and the coverage of these species
in 0.1 ha plot No. 1, situated on an essentially flat bajada
near the mouth of Alamo Canyon (OPCNM).— Species with no listed
coverage value have coverage of less than one percent.

Species Coverage (%)

1. Franseria doltoidea 
, 2. Larrea divaricata 
3. Opuntia fulgida 
U. Abutilon pringlei 
$• Acacia greggii 
6. Aristida temipes 
7« Ayenia pusilia
8. Cassia covesii
9. Cercidium microphyllum

10. Cereus gigantcus
11. Cereus thurberi
12. Ditaxis lanceolata
13. Echinocereus englemannii 
Hi. Encelia farinosa
19* Gonolobus narvifolius
16. Janusia gracilis 
17• Lycium andersonii
18. Mammillaria microcarpa
19. Olneya tesota
20. Opuntia phaeacantha var. discata
21. Opuntia acanthcarpa
22. Phoradendron califomicum
23. Prosopis juliflora 
2U. Sapium bioculare 
2̂ . Tridens pulchellus
26. Trixis californica

13.6 %5.8
1.8
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Table 2. The perennial plant species and the coverage of these species
in 0.1 ha plot No. 2, situated on a small wash adjacent to
plot No. 1 (OPCNM).— Species with no listed coverage value
have coverage of less than one percent.

Species Coverage (%)

1. Larrea divaricata 2k.9 %
2. Franseria deltoidea 13.2
3» Prosopis juliflora 5-9
U. Cercidium microphyllum 3.8
5>. Olnsya tesota 2.7
6. Franseria cordifolia 2.0
7. Lycium andersonii 1.8
8. Opuntia fulgida 1.8
9. Lycium sp. B 1.510. Coltis pallida 1.511. Sapium bioculare l.k

12. Opuntia acanthocarpa 1.1
13. Acacia greggii 1.1
lU. Ayenia pusilla
15. Brickellia coulter!
16. Carlowright!a arizonica
17* Cassia covesii
18. Careus giganteus
19* Encelia farinosa
20. Euphorbia polycarpa
21. Gonolobus parvlilius
22. Janusia gracilis
23. Lycrocarpa coulter!
2k* Mammiilaria microcarpa
2̂ . Phoradendron californicum
26. Simmondsia chinensis
27. Sipliohogiossa longiflora
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Table 3» The perennial plant species and the coverage of these species
in 0.1 ha plot No. 3, situated on a west-facing rockslope
above plots No. 1 and No. 2 (OPCNM).—  Species with no listed
coverage value have coverage of less than one percent.

Species Coverage (%)

1. Coursetia nicrophylla 10.6 %
2. Sirnmondsia chinensis 8.2
3. Encelia farinosa 7*1
1*. flranseria cordifolia U.2
5* Larrea divaricata 3*3
6. Sapium biloculare 2.U
7« Olneya tesota 2.2
8. Cercidium microphyllum 2.0
9. Brickellia coulter!

10. Carlourightia arizonica
11. Cereus giganteus
12. Cereus thurberi 
13• Croton sonorae 
lit. Pit aids lanceolate
13>. Echinocereus engleraannii 
16. Gallium stellaturn 
17• Jatropha cardiophylla
18. Lycium andersonii
19. Lycium sp. B
20. Lyrocarpa coulter!
21. Hammillaria microcarpa
22. Mirabilis bigelcvii
23. Notholaena standleyi 
2U. Opuntia acanthocarpa
25. Tragia nepetaefolia
26. Tricachne calii'ornica
27. Tridens pulchellus
28. Trixis californica

f
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Table i»» The perennial plant species and the coverage of these species
in 0.1 ha plot No. b, situated on a south-facing rockslope at
the mouth of Alamo Canyon (OPCNM).— Species •with no listed
coverage value have coverage of less than one percent.

Species Coverage (%)

1. Encelia farinosa 6.3 %
2. Simmondsia chinensis I4.3
3. Coursetia microphylla 3.6
U. FouquiofXa splendens 2.5
5. Cercidium tnicroohyllum 2.5
6. Franseria cordifolia 2.U
7. Sapiun biloculare 1.8
8. Abutilon pringlei
9. Aristida to mines

10. Ayenia pusilla
11. Bouteloua filiform!s
12. Cereus thurberi
13. Croton sonorae 
lb. Daloa parryi
15. Ditaxis lancoolata
16. Echinocereus englemannii
17. Ferocactus covillei
18. Franseria deltoidea
19. Haplophytcn crooksii
20. Heteropogon contortus
21. Hibiscus denudatus
22. Jacquemontia pringlei
23. Janusia gracilis 
2b. Lycium andsrsonii
25. Muhlenbergia porteri
26. Notholaena standleyi 
27• Tragia nopetaefolia
28. Tricachne califomica
29. Tridens muticus
30. Tridens pulchellus
31. Trixis califomica
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Table $• The perennial plant species and the coverage of these species
in 0.1 ha plot No. situated on an east-facing rockslope in
Alamo Canyon (OPCNM).—  Species •with no listed coverage value
have coverage of less than one percent.

Species Coverage (%)

1. Encelia farinosa 10.8 %
2. Simmondsia chinensis 8.8
3. Franseria cordifolia $.1
ii. Coursetia microphylla 2.7
*>• Fouquicria splendens 2.6
6. Cercidium microphyllum 2.3
7* Janusia gracilis 2.2
8. Franseria deltoidoa 1.1
9. Abutilon (=Gayoides) crispum
10. Abutilon pringlei
11. Agava desert!
12. Aristida temipes 
13* Ayenia pusilla""
lU. Boutoloua filifomis
15. Cereus thurberi
16. Croton sonorae •
17. Dalea parryi
18. Ditaxis lanceolata
19. Echinocereus englemannii
20. Eriogonum fasciculatum
21. Evolvulus alsinoides
22. Ferocactus covillei
23. Gallium stellatum 
2i». Heteropogon con tortus
25. Hibiscus coulter!
26. Jacquemontia pfinglei
27. Jatropha cardiophylla
28. Krameria gray!
29. Lycium andersonii
30. Lyrocarpa coulter!
31. MetasteIma arizen!cum
32. Mirabilis bigelovii
33. Muhlenbergia portori 
3U« Notholaena stanoleyi 
35* Opuntia acanthocama
36. Pellaoa longiriucronata
37. Sapium bilocularo
38. Tragia nepetaefolia
39. Tricachne califomica 
IiO. Tridens muticus
Ul. Tridens pulchellus 
I42. Trials califomica
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Table 6. The perennial plant species and the coverage of these species
in 0.1 ha plot No. 6, situated along a broad shallow wash in
Senita Basin (OPCM).— Species with no listed coverage values
have coverage of less than one percent.

Species Coverage (%)

1. Larrea divaricata 10.3 %2. Cercidiutn microphyllum 10.0
3. Franseria ambrosioides 5.0
U. Hyptis emoryl it.3
5* Franseria deltoidea 3.96. Jatropha cineria 2.0
7* Acacia greggii 1.7d. Beloperone califomica 1.5
3* Behbia juncea 1.310. Lyciura sp. C
11. Abutilon (=Gayoides) crispurn
12. Abutilon pringlei
13. Acacia constrieta 
lU. Acal^ha pringlei 
1$. Ayenia pusilla
l6. Brickellia coulter!
17• Carlowrightia arizonica
18. Cereus giganteus
19. Ooreus thurberi
20. Commicarpus scandens
21. Dalea parry!
22. Ditaxis lanceolate
23. Echinocereus englemannii 
2h» Encelia farinosa

1.1

2$. Euphorbia pediculifera
26. Euphorbia polycarpa
27. Euphorbia setiloba
28. Fouquieria splendens
29. Janusia gracilis
30. Krameria gray!
31. Lyrocarpa couiteri
32. Hirabilis bigelovii 
33• Opuntia acanthocarpa 
3U. Opuntia fulgida
35• Penstemon parryi 
36. Porophyllum gracile 
37• Stophanomeria pauciflora 
38. Trixis californica
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Table 7• The perennial plant species and the coverage of these species
in 0.1 ha plot No. 7, situated on a south-facing slope in
Senita Basin (OPCNN).— Species with no listed coverage values
have coverage of less than one percent.

Species Coverage {%)

1. Cercidium microphyllum
2. Jatropha cuneata
3* Eranseria deltoidsa
U. Olneya tesota
5>. Fouquieria splendens
6. Acacia constrieta
7. Ayenia pusilla
8. Pursers nicrophylla 
9» Cassia covesii

10. Cereus giganteus
11. Cereus thurberi
12. Dalea parry!
13* Ditaxis lanceolate 
lit. Dyssodia porophylloides 
!$• Echinocereus engleraannii
16. Encelia farinosa 
17* Euphorbia polycarpa 
18. Fagonia “califomica 
19* Ferocactus covillei
20. Hibiscus denudatus
21. Larrea divaricate
22. Lycium andersonii 
23* Lyciura sp. B
2U* Mamnillaria raicrocarpa 
25:. Opuntia bigelovii
26. Opuntia acanthocarpa
27. Phoradendron californicuta
28. Porophyllum gracile
29. Tridens muticus
30. Tridens pulchellus 
31* Trixis califomica

12.2 % 
7*U 
5*0 2.1 
1.1
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Table 8. The perennial plant species and the coverage of these species
in 0.1 ha plot No. 8, situated on an essentially flat basaltic
bajada (OPCHM).— Species with no listed coverage value have
coverage of less than one percent.

Species Coverage (%)

1. Franseria deltoidsa 10.lt %
2. Cercidium microphyllum 3-9
3* Olneya tesota 2.0
It. Lyciwn andersonii 1.8
£. Encelia farinosa l.it
6. Larrea divaricate
7. Aristida ternipes
8. Cassia covesii
9. Cereus giganteus
10. Cereus thurberi
11. Ditaxis lanceolata
12. Echinocereus englemannii
13. Euphorbia polycarpa 
lit. Fouquieria splendens 
15• Janusia gracilis
16. Lycium sp. B
17. Mammillaria microcarpa
18. Kuhlenbergia porteri

1.0

19. Opiintia acanthocarpa
20. Phoradendron californicum
21. Porophyllum gracile
22. Tridens pulchellus
23. Trixis califomica



Table 9. The perennial plant species and the coverage of these species
in 0.1 ha plot No. 9, situated on a basaltic south-facing
slope (OPCNM).— Species with no listed coverage have coverage
of less than one percent.

Species Coverage ($)

5.3 % 
U.3 
3.7 2.U 1.0

_________________  1.0
7. Acacia constricta
8. Cereus giganteus
9. Cereus thurbori

10. Dalea parry!
11. Pitaxis lanceolate
12. Echinocereus englemannii 
13* Euphorbia polycaroa
lit. Forocactus covillei
15. Fouauieria splendens
16. Krarr,eria~grayl
17. Mammillaria mlcrocarpa 
10. Olneya tesota
19. Trials californica

1. Oercidlum microphyllum
2. Encelia farinosa
3. Larrea divaricata 
U. Jatropha cuneata 
5« Opuntia bigclovii
6. Opuntia acanthocarpa



Table 10. The “characteristic” species and their percent coverage for 0.1 ha quadrats 1-9 (OPCNM)

Species Quadrat
1 2 3 it 6 7 8 9

1. Acacia groggii 1.1 1.7
•

2. Bebbia juncea 1.3
3. Beloperone califomica 
it. Celtis pallida 1.5

1.5
5. Cercidium microphyllum 3.8 2.0 2.5 2.3 10.0 12.2 3.9 2-36. Coursetia microphylla 10.6 3.6 2.7
7. Encolia farinosa 7.1 6.3 10.8 l.it it.38. Fouquieria splendens
9. Franneria ambrosioides

2.3 2.6
5.0

1.1
10. Franseria cordifolia 2.0 it.2 2.it S.l
11. Fransoria deltoidoa 13.6 13.2 1.1 3.9 2.0 10.it
12. Hyptis cmoryi
13. Janusia gracilis 2.2

it.3
lit. Jatropha cinerea 
1^. Jatropha cuneata

2.0
7.U 2.it

16. Larroa divaricata 5.8 2it.9 3-3 10.3 1.0 3-7
17. Lycium andersonii 1.8 1.8
18. Lycium sp. B
19. Lycium sp. C

1.5
1.1 «

20. Olnoya tesota 2.7 2.2 2.1 2.0
21. Opuntia acanthocarpa 1.1 1.0
22. Opuntia bigelovii
23. Opuntia fulgida 1.8 1.8

1.0
2it. Proscpis juliflora 5.9
29. Sapium biloculare l.it 2.it , 1.8
26. Simmondsia chinensis 8.2 it.3 8.8
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Species with coverage >_ 1% indicated by (*)* Species with 
coverage <1% indicated by (p). Species not in quadrat but 
in area of ca. 1 hectare surrounding quadrat indicated by (o).

, Table 11, , The species, ordered by family, and their representation in
nine 0.1 ha quadrats (OPCNM).

Species ____________Quadrat
1 2 3 It 3 6 7 8 9

ACANTHACEAE
Beloperone californica *
Carlowrightia arizonica P P 0 p 0
Siphonoglossa longiflora P o

AMARILUDACEAE
Agave desert! 0 p

APOCINACEAE
Haplophyton crooksii 0 p 0

ASCLEPIADACEAE
Gonolobus parvifolius P P 0
Metastelma arizonicum 0 p

HJRSBRACEAB
Bursera microphylla P

HJXAGEAE
Simmondsia chinensis o P * * *

CACTACEAE
Cereus giganteus P P p p P p p
Cereus schottii 0
Cereus thurberi P 0 p p p p P p p
Echinocereus engelmannii P 0 p p p p P p p
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Table 11. (Continued) The species, ordered by family, and their repre
sentation in nine 0.1 ha quadrats (OPCNM).

Species
1 2 3 nr $ 6 7 8 9

GACTACEAE (Continued)
Ferocactus covillei 0 p p P 0 p
Mammillaria microcarpa P P p o o P P p
Opuntia acanthocarpa P * p P p P P *
Opuntia bigelovii 0 P *
Opuntia fulgida # * p o o
Ctountia leptocaulis 0 0
Opuntia phaeacantha var. discata P o

COMPOSITAE
Bebbia juncoa *
Brickellia coulter! p p p 0
Dyssodia porophylloides P
Encelia farinosa P p * * * p P * *
Franseria ambrosioides *
Franseria cordifolia * * * *
Franseria deltoidea # * 0 p * * * * 0
Porophyllum gracile p P p
Stephanomeria pauciflora p
Trixis califomica P 0 p p P p P p p
Viguiera deltoidea 0 o 0
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Table 11. (Continued) The species, ordered by family, and their repre
sentation in nine 0.1 ha quadrats (OPCNM).

Species ___________ Quadrat
1 2 3 U 5 6 7 8 9

CONVOLVULACEAE
Evolvulus alainoides 0 o P
Jacquemontia pringlei 0 p P

CKUClFERAE
Lyrocarpa coulter! ' P P P P

EPHEDRACEAE
Ephedra nevadensis (=E. aspera) o

EUPHORBIACEAE
Acalypha pringlei 0 P
Croton sonorae p p P
Ditaxis lanceolate P p p P P P P P
Euphorbia pediculifera P
Euphorbia polycarpa P P P P P
Euphorbia setiloba P
Jatropha cardiophylla p o P
Jatropha cinerea *
Jatropha cuneata * #
Sapium biloculare P * * * * 0 0 o 0
Tragia nepetaefolia p p P

FOUQUIERIACEAE
Fouquieria aplendens 0 0 * * P * p P
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Table 11. (Continued) The species, ordered by family, and their repre
sentation in nine 0.1 ha quadrats (OPCNM).

Species
1 2 3

Quadrat
U 5 6 7 d 9

GRAMNIAE
Aristida ternipes P 0 0 P p o P
Bouteloua filiformis 0 P p
Enneapogon desvauxii 0 0
Heteropogon contortus 0 P p
Muhlenbergia porteri 0 P p P 0
Tricachne califomica p P p
Tridens muticus p P p p
Tridens pulchellus P P p p P 0

LAETATAE
Ryptis emoryi * o

LEOUHNOSAE
Acacia constricts p p p
Acacia greggii P * *
Cassia covesii P P 0 p p
Cercidium microphyllum P * * * * * * * *
Coursetia microphylla * * * 0
Dalea parryi P p p p p
Krameria gray! 0 0 p p p
Olneya tesota P * * o 0 * * p
Prosopis juliflora P * o
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Table 11. (Continued) The species, ordered by family, and their repre
sentation in nine 0.1 ha quadrats (OPCNM).

Species

LORAUTHACEAE
Phoradendron califomicum 

MALPIGHIACEAE 
Janusia gracilis 

MALVACEAE
Abutilon californicum 
Abutilon (=Gayoides) crispum 
Abutilon incanum subsp. pringlei 
Hibiscus coulteri 
Hibiscus denudatus 
Horsfordia newberryi 

NYCTAGINACEAE 
Commicarpus scandens 
Mirabilis bigelovii 

POLYGONACEAE 
Eriogonum fasciculatum 

POLYPODIACEAE 
Notholaena standleyi 
Pellaea longimucronata

____________Quadrat___________
1 2 3 U $ 6 7 d 9

P P °

p p o p

o
o o

P o p
o o

p
o

p o

o

p p

p p

p p o p

P P o
p p o

p
o P

o

p
p p

p

p
p
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Table 11. (Continued) The species, ordered by family, and their repre
sentation in nine 0.1 ha quadrats (OPCNM).

Species

RHAMNACEAE.
Condalia lycioides 
Condalia sp.

RUBIACEAE 
Gallium stellatum 

SCEOPHJLARIACEAE 
Penstemon parryi 

SOLANACEAE 
Lycium andersonii 
Lycium sp. B 
lycium sp. C

STERCULIACEAE .
Ayenia pusilla 

ULMACEAE 
Celtis pallida 

VERBENACEAE
Aloysia (gLippia) wrightii 

ZIGOPHYLLACEAE 
Fagonia californica 
Larrea divaricata

Quadrat1 2 3 U. 5 6 7 W 9

o
o

P P

P

p * p p p p p * o  

o * p p p
*

p p p p p p

* o o

o

o P
* * * * p * *



23

encountered in plot 9 (Table 9), a xeric, gentle, basaltic south-facing 
slope (19 perennial plant species), and in plot 8 (Table 8), an essentially 
level basaltic bajada situated on top of a small rise (23 perennial plant 
species). Quadrat £ (Table £)# situated on a steep east-facing rockslope 
in Alamo Canyon, a part of the Ajo Mountains (to 1|829 ft.), contained the 
greatest number of perennial plant species (b2 species) encountered in 
this investigation.

Accompanying the changes in diversity of species from habitat to 
habitat, striking changes take place in the group of ncharacteristic” 
(coverageSil%) species in each quadrat. It may be noted that 10 (38.5/5) 
of these species ■were found only in plots in which they occur with £ 1% 
coverage (Table 10). Three additional characteristic species are present 
as only one or two individuals in the only plot in which they do not have 
a coverage of 1% or greater* The remaining 13 characteristic species are 
more generally distributed.

The majority of the species that have 1% or greater coverage in 
every plot in which they occur are limited either to the Senita Basin 
wash plot (Table 6), to the rockslope plots in Alamo Canyon (Tables 3,
U, and 5)a or, in the case of Opuntia bigelovii and Jatropha cuneata, 
to the gentle south-facing slope of quadrats 7 and 9 (Tables 7 and 9)• 
Thus, the bajada plots (Tables 1 and 8) support species characteristic 
to the study area as a whole, while the Senita Basin wash plot, the Alamo 
Canyon rockslope plots, and the two gentle south-slope plots support 
additional species characteristic to them alone. This generalization 
holds also for the non-characteristic (coverage <1%) species sampled.
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Quadrats
Quadrat 1 (Table 1) is located' on an upper bajada ecotone between 

paloverde-saguaro and creosotebush communities near the mouth of Alamo 
Canyon, elevation 2300 ft. The soil parent material is andesite porphory, 
and the plot is essentially level (cf. Table 12). The area has been 
somewhat disturbed by the grazing of cattle, largely due to the proximity 
of permanent man-made water sources. The presence of cattle is partially 
responsible for the great abundance of Opuntia fulgida, which reproduces 
vegetatively by means of readily detachable joints, and perhaps is 
responsible as well for the absence or near absence of perennial grasses 
in this plot and the adjacent plot 2. This plot is the only quadrat in 
which Cercidium microphyllum does not have 1% or greater coverage, an 
artifact of sampling.

Runoff from the steep slopes of the adjacent Ajo Mountains aids 
in making this bajada area floristically richer (26 species) than the 
basaltic bajada sampled (Table 8) despite the fact that the area in which 
the latter plot is situated seems to be subjected to little influence by 
domestic animals (cattle).

Quadrat 2 (Table 2) lies about 10 m from plot 1, elevation 
2300 ft. (cf. Table 12), and is longitudinally bisected by a small wash 
supporting trees and shrubs of distinctly greater stature than on the 
surrounding bajada. The more mesic environment and the protection 
afforded by the larger trees and shrubs allow several undershrubs and 
suffrutescents, whose local distribution is centered on the rockslopes, 
to finger down onto the bajada in the washes. In a total of 2? species, 
grasses are notable in their absence from this plot.



Table 12. Locality, elevation, slope exposure, topography, and soil parent material for 0.1 ha
__________ quadrats 1-9 (OPCNM)._____________  _____________________________________________

Slope exposure;
Quadrat_________Locality_______________ Elevation _________topography___________Parent material
1. ca. 3 mi E. of Arizona 85 on 

rd. to Gray’s ranch station; 
near mouth of Alamo Canyon.

2300’

2. ca. 10 mi S. of quadrat 1. 2300’

3- ca. % mi N. of mouth of Alamo 
Canyon.

2750'

U. ca. ^ mi E. of mouth of Alamo 
Canyon; in Alamo Canyon.

2750'

5. ca. mi N. of first fork in 
Alamo Canyon.

2800'

6. ca. 5 mi by rd. NE of jcn. Puerto 
Blanco Dr. and Senita Basin Rd.; 
Senita Basin.

I61t0'

7. ca. % mi N. of quadrat 6. 1700'

8. ca. 3 mi N. of OPCNM Visitor 
Center by Arizona 85.

1760'

9- ca. 1 mi SW. of Visitor Center 
by road to campground.

1700'

essentially level; 
upper bajada.

andesite porphory

essentially level; 
longitudinally bisected 
by a small wash.

andesite porphory

west-facing; 
steep rockslope.

andesite porphory

SSE-facing; 
steep rockslope.

andesite porphory

east-facing; 
steep rockslope.

andesite porphory

essentially level; 
bisected by broad, 
shallow wash.

granite

south-facing; 
gentle slope.

granite

essentially level; 
on broad, low rise.

basalt

south-facing; 
gentle, slightly 
convex slope.

basalt
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Quadrats 3» U* and £ (Tables 3, U, and f>), the Alamo Canyon rock- 
slope plots, are richer in species than are nearby plots 1 and 2 on the 
bajada. As in the latter plots, soil parent material is andesite porphory 
and elevation 2750-2800 ft. (Table 12). Triangle bur-sage (Franseria 
deltoidsa), the dominant undershrub on the bajada, declines in importance 
as the rockslope steepens and it is replaced by white brittlebush 
(Encelia farinosa), jojoba (Simmondsia chinensis), and Franseria 
cordifolia, which form the conspicuous understory vegetation. Similarly, 
Larrea divaricata becomes less frequent on the rockslope. Coursetia 
microphylla and Sapium biloculare, larger shrubs, increase in importance 
on the rockslopes and are common on all three slopes. A large, steep, 
bare rockface in plot 3, offering runoff and thermal protection, supports 
a dense stand of Coursetia at its base, yielding the high coverage value 
reported for that species (Table 3)» The upper story of the rockslope 
vegetation is comprised of foothill paloverde (Cercidium microphyllum), 
saguaro (Cereus giganteus), desert ironwood (Olneya tesota), and organ- 
pipe (Cereus thurberi). Ocotillo (Fouquieria splendens) is also 
abundant on these slopes. Perennial grasses are represented by 7 species 
in the south- and east-facing rockslope quadrats (Quadrats U and 5) and 
by 2 species on the west-facing quadrat 3j 5 additional perennial grass 
species are present on the west slope outside the quadrat. Of the areas 
sampled, the Alamo rockslope plots have the richest representation of 
perennial grasses; they contain every perennial grass species sampled 
during this investigation.

Quadrat 5 (east-facing rockslope) contains more species (U2) 
than any of the other areas sampled, and considerably more than the two
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other Alamo Canyon rockslopa quadrats. The group of characteristic 
species (coverages. 1$) is similar for the different rocks!ope plots 
however, and in most cases plant species occurring in quadrat but not 
occurring in the other rockslope plots, •were collected from the south- 
and west-facing slopes outside the quadrats. It appears that micro- 
habitats favorable to these species are more frequent on the east-facing 
slope than on the south- or west-facing slopes.

Quadrat 6 (Table 6), located on a broad shallow wash in Senita 
Basin (1600 ft.) has.a sandy soil derived from granite (Table 12). This 
quadrat has the richest representation of species,characteristic and 
non-characteristic, which do not occur in any of the other quadrats 
(Tables 10 and 11). With a total of 38 species, it is second only to 
plot (U2) in number of species. The low elevation, comparatively 
me sic situation, and the thermally protected nature of Senita Basin 
contribute to make this area floristically. the most unique of the areas 
studied.

Canyon bur-sage (Franseria ambrosioides), desert lavender 
(Hyptis emoryi), Jatropha cinerea, chuparosa (Boloperone californica), 
Bebbia juncea, and Lycium sp. C comprise 60% of the characteristic 
species in this plot (occurring here with coverage of 1% or greater), 
but do not occur in any of the other quadrats. Acalypha pringlei,
Commicarpus scandens. Euphorbia pediculifera. E. setiloba, Penstemon 
parry!, and Stephanomeria pauciflora, were found here with coverage of 
<1% and were not found in any other of the quadrats.

Quadrat 7 (Table 7) is located on a gentle south-facing slope 
near quadrat 6, elevation 1700 ft. The low. hill upon which the plot
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lies is made of decomposed granite (Table 12). Of the %  perennial plant 
species occurring here, 3 species are found only in this plot: elephant 
tree (Bursera microphylla), Dyssodia porophylloides, and Fagonia 
califomica. In addition, as mentioned above, Jatropha cuneata 
(coverage 7.WO, and teddy bear cholla (Opuntia bigelovii) are common 
both on this slope and on the gentle basaltic south-facing slope plot 
(quadrat 9)> but are found in none of the other plots thus far established 
in the Monument. This quadrat has the best representation of organpipes 
(6 individuals) in the 9 quadrats.

Quadrat 8 (Table 8) is located on a basaltic bajada near the top 
of a small rise. The plot is essentially level, elevation 1760 ft.
(Table 12)j 23 perennial species occur in this plot, all of which also 
occur in other quadrats. The substratum in the plot is polymorphic and 
it is instructive to examine the relationship between Franseria deltoidea 
(coverage 10.1$) and Encelia farinosa (coverage 1.1$) in this plot. Here, 
Encelia is restricted to the rockier areas in this plot and grows in these 
situations almost to the exclusion of FTanseria. Between these rocky 
areas, Franseria grows on desert pavement almost to the exclusion of 
Encelia; desert pavement comprises most of the quadrat and most of the 
bajada on which the quadrat is situated.

Quadrat 9 (Table 9) is located on a gentle basaltic south-facing 
slope, elevation 1700 ft. (Table 12). Of the 9 quadrats, this plot has 
the fewest species (19). All of these are found in more than one other 
quadrat with the exception of Jatropha cuneata (coverage 2.1$), and 
Opuntia bigelovii (coverage 1.0%). These two species, as mentioned
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above, occur also only in quadrat 7# another low-elevation, gentle, 
south-facing slope.

Soils
Three soil parameters were measured for two samples from each 

quadrat, with the samples drawn from the top 6 inches of soil at two 
different points in the quadrat (Table 13).

Soil Texture
Each sample was analyzed to obtain the percentages of the 

following soil fractions in the sample: rock-gravel ( >2mm), sand
(2mm-0.£mm), silt (Oomm-.OOfjmra), and day-colloid (< .OO^mm).

Rock and gravel. Soils from all 9 quadrats had a high percentage 
of rock and gravel (X= £8.16 + 2.76,1$). The values ranged from 26,5$%
(mean of two samples) in plot 6, to 68,$2% (mean of two samples) for 
plot h (Table 13).

Sand. The mean of the sand fraction expressed as a percentage 
of the entire soil sample is 26.OU + 2.10% for the 9 quadrats. The 
values ranged from 19.62 (mean of 2 samples) in quadrat U, to if? .16 
(mean of 2 samples) in quadrat 6. The sand, silt and clay-colloid 
fractions are also expressed as % of the screened sand (less rock and 
gravel) analyzed with the hydrometer.

Silt. The mean percentage of silt for 9 quadrats is 9.72 + 0.98%. 
The values ranged from 7.22% (mean of 2 samples) in quadrat h, to 12.31% 
(mean of 2 samples) in quadrat 8.



Table 13. Texture, moisture tension (% moisture retentivety) at 1/3 atm and lf> atm, and pH for two
(surface to 6") soil samples from each of nine 0.1 ha quadrats (OPCIIM).— Percent sand, silt, 
and clay-colloid are expressed (l) as a percentage of the whole sample, and (2) as 
percentage of sample weight less rock and gravel.

Quadrat Soil Texture *
$ rock- % sand % silt j} clay- % Moisture
gravel colloid retentivity

(1) (2) (1) (2) (1) (2) l/3 atm 15 atm

1. 6k.9 18.5 52.7 8.5 2k.3 8.1 23.0 18.0 9.9 7.80 + 0.00
$$.8 22.0 2:9.8 11.9 26.9 10.3 23.3 19.2 9.5 7.7k + 0.06

2. 5>U«0 29.7 62*. 6 10.3 22.k 6.0 13.0 16.k 7.2 7.k8 + 0.0k
71*. 2 23.2 91.0 0.7 2.8 1.6 6.2 6.2 * 7.52 + 0.09

3. 6U.9 19.7 56.0 10.0 28.5 5.k 15.2 20.0 lO.k 7.85 + 0.03
$$.k 27.8 62.2: 11.3 25.3 5.5 12.3 . 13.k k.l 8.03 + 0.01

k. 7U.6 Ik.6 57.3 6.6 26.0 k.2 16.7 16.1 9.1 7.90 + 0.08
62.5 22;.7 65.8 7.8 20.9 5.0 13.3 Ik.3 8.2 7.7k + 0.01

3. U9.0 26.3 51.6 16.8 32.9 7.9 15.5 13.8 7.1 7.85 + 0.05
63.6 22.7 62.k 7.9 21.6 5.8 16.0 12.8 7.k 7.31 + 0.01

6. Uo.7 51.1 86.2 k.l 6.9 k.l 6.9 k.8 3.8 8.0k + 0.02
32.U 2*3.2 63.9 17.0 25.1 7.k 11.0 8.8 k.l 8.17 + 0.01

7. 5U.8 28.2* 63.0 9.8 21.7 6.9 15.3 10.9 2.6 7.75 + 0.06
66.1 23.3 68.7 6.8 20.2 3.8 11.1 6.8 3.k 7.69 + 0.03

8. 1;0.3 30.0 50.2 16.1 26.9 13.7 22.9 19.0 9.9 7.77 + 0.03
65.2 19.7 56.7 8.6 2k. 8 6.k 18.5 I5.k 7.k 7.38 + 0.06



Table 13 (Continued)

Quadrat Soil Texture
i> rock- % sand % silt % clay- % Moisture
gravel colloid retentivity

(1) (2) (1) (2) (1) (2) 173 atm 15 atm

9. £8.2* 26.0 62.1* 11.1 26.6 i*.6 11.0 13.6 £.£ 8.03 + O.Oi*
70.1 17.6 £9.0 9.7 32.5 2.5 8.5 16.1 6.9 7.91 + 0.05

«This sample contained a preponderance of angular fragments, and broke the cellulose 
acetate membrane used at this pressure.
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Clay and Colloid. The mean percentage of clay-colloid for the 
9 quadrats is 6.0? + 0.66%. The values range from 3.56% (mean of 2 
samples) in plot 9, to 10.56% (mean of 2 samples) in quadrat 8.

Thus, the coarsest two soil fractions —  rock-gravel, and sand —  

constitute the majority (8U%) of the surface soil (to 6 inches) in the 
9 quadrats. Tang and Lowe (1956) reported similar findings for soil 
samples in paloverde-saguaro communities located on the west slope of 
the Tucson Mountains, Pima Co., Arizona. They found a highly signif
icant positive correlation between number of paloverdes (Cercidium 
microphyllum) per quadrat and the percentage of the rock and gravel, 
and sand in the soil. A highly significant negative correlation was 
demonstrated between paloverdes per quadrat and percentage silt and 
clay-colloid in the soil, as occurs also in Organ Pipe Cactus National 
Monument.

Moisture Tension

Mean percent moisture retentivity at 15 atm matric suction was 
7.0 + 0.6% for the nine 0.1 ha quadrats. The mean moisture retentivity 
at 1/3 atm matric suction was 13.6 + 1.1% for the nine quadrats. The 
values at 1$ atm matric suction ranged from 3.9% (mean of two samples) 
in quadrat 6, to 9.7% (mean of two samples) in quadrat 1. The values for 
1/3 atm matric suction ranged from 6.8 (mean of two samples) in quadrat 6 
to 18.6% (mean of 2 samples) in quadrat 1.

A low % retentivity value at either value of matric suction 
indicates that a high percentage of the moisture contained at field 
capacity will be available to a plant with a water potential equal to 
the matric suction. A soil with a high % retentivity does not give up
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its water as easily as a soil with a low % retentivity, i.e., to a plant 
with a given water potential. The % retentivity values vary with the 
coarseness of the soil and the amount of silt and clay-colloid it 
contains. Thus, a soil with large amounts of rock, gravel, and sand, 
and low amounts of silt, clay, and colloid will be expected to yield a 
greater percentage of the water it contains at field capacity to a 
given plant, than will a soil of finer texture with larger amounts of 
silt, clay, and colloid.

Eg
The mean pH value for the 9 quadrats was 7.78 + 0.55. The 

values ranged from 7.50 (mean of 2 samples) in plot 2, to 8.10 (mean of 
2 samples) in plot 6.

The pH measurements for the 9 quadrats indicate that all the 
quadrats have slightly alkaline soils, and, in respect to pH, the soils 
from the different organpipe habitats are relatively homogenous. The 
pH values for soils supporting Larrea communities within a UO mi. 
radius of Tucson, have a mean of 7.70, and soils from plots adjacent 
to the six Larrea plots have a mean pH of 7.53 (Yang 1953). None of 
the latter plots supported paloverde-saguaro communities, rather, they 
supported stands dominated by masquite (Prosopis juliflora), chain-fruit 
cholla (Opuntia fulgida), or triangle leaf bur-sage (Franseria deltoidea).

Thus, the pH values for the 9 organpipe quadrats are not only 
similar to one another, but they also correspond with pH values from 
soils supporting Larrea communities, and other southwestern desertscrub
vegetation associations



SUMMARY AND CONCLUSIONS

Nino permanent 0.1 ha quadrats were located in different habitats 
supporting organpipe cactus in Organ Pipe Cactus National Monument, 
southwestern Arizona. Tho nine quadrats were located in the following 
topographic situations: 2 on essentially level bajadas, 2 on washes,
2 on gentle south-facing slopes, and 3 on steep rockslopes of different 
exposures (S, E, ¥). The perennial plant species present in each quadrat 
and in an area of about 1 hectare surrounding each quadrat were sampled. 
Coverage of each species was determined for each quadrat by line- 
intercept. Elevation, slope exposure, and substratum characteristics 
(parent material, texture, moisture tension, and pH) were determined 
for each quadrat.

Within the Monument, near the northern limit of organpipe 
populations, the species is best represented on the upper bajadas and 
lower slopes of desert mountains and foothills, occurring only within 
the paloverde-saguaro (Cercidium microphyllum-Cereus giganteus) 
community, and in ecotones of that community with the creosotebush- 
bur-sage (Larrea divaricata-Franseria dumosa) community. These areas 
are characterized by a coarsely textured soil with large amounts of rock, 
gravel, and sand (81$ of the top six inches of soil), and by a primarily 
southerly slope exposure. In the Monument, the organpipe is infrequent 
on steep slopes with a northern or northeastern exposure, and is seldom 
found on alluvial bottomlands. In addition to yielding mechanical 
support to the arborescent upper bajada and rockslope vegetation, the

3U
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coarse soil yields significantly more plant-available moisture than the 
finer soil of the shrub-climax communities lower on the bajada. Soil 
pH is similar to that observed in soils supporting Larrea communities 
and other southwestern desertscrub vegetation association.

A notable exception to the general microenvironmental position
of organpipe cactus (coarse soils on southerly exposures), occurs in
Senita Basin in the south-central portion of the Monument near the
Mexican border. In this thermally protected environment, a few organ-
pipes grow on sandy flats along with the Senita cactus (Cereus schottii),

*
and other plants (notably Jatropha cinerea on the flats, and Jatropha 
cuneata and Bursera microphylla on the south-facing slopes) which make 
their only incursion into the United States in this locality, and in a 
few other "islands11 of locally favorable conditions in southwestern 
Pima County and southern luma County.

Although the organpipe is restricted to the paloverde-saguaro 
community and ecotones between the paloverde-saguaro and creosotebush 
communities, the variability of the associated vegetation is considerable. 
The diversity of species was found to be comparatively low on the bajadas, 
higher in small bajada washes, and highest on the lower rockslopes of 
desert mountains with favorable slope exposures. In addition to the 
species found on the bajadas, and common to most of the habitats sampled, 
it was found that each different habitat supported a few plant species 
characteristic to that habitat alone. Thus at any place in the community, 
there is found a group of interdigitating species whose genetically- 
controlled ranges of tolerances to environmental factors overlap and 
allow them to be found at a given place at a given time. As one moves
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from habitat to habitat within the community, one observes different 
groups of species living together, some of which win be found in other 
habitats throughout the community, and others of which will be found 
only in that particular habitat, the distribution of each species within 
the community being controlled by its particular genetically-endowed 
range of environmental tolerance.

The analysis of the flora associated with the organpipe cactus 
in this area of southwestern Arizona reveals the overall desertscrub 
community to be characterized by over 90 perennial plant species, the 
majority of which are distributed primarily southward into Latin America 
and terminate their northward continental distribution at or shortly 
beyond the northern limit of the organpipe cactus in Pima County, 
Arizona.



APPENDIX

THE SPECIES SAMPLED IN ASSOCIATION WITH 
THE ORGANPIPE CACTUS, AND THEIR FAMILIES

See Table 11 for the distribution of these species in the nine 
0.1 hectare quadrats (OPCNM).

Species Family

1. Abutilon califomi cum Malvaceae
2. Abutilon (=Gayoides) crispurn 
3* Abutilon incanum subsp. pringlei
U. Acacia constricta Leguminosae
!>• Acacia RrcRRii
6. Acalypha prin^lei Euphorbiaceae
7. Af'avo desert! Amaryllidaceae
8. Aloysia (=Lippia) vrightii Verbenaceae
9. Aristida ternipes Or amineae
10. Aycnia pusilla Sterculiaceae
11. Bebbia juncea Compositae
12. Belopsrone califomica Acanthaceae
13. Bouteloua filiformis Oramineae
lU. Brickellia coulter! Compositae
1^. Bursera microphylla Burseraceae
16. Carlowrightia arizonica Acanthaceae
17. Cassia covesii Leguminosae
18. Celt!s pallida Ulmaceae
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Species Family

19. Coreldium microphyllum Legurainosae
20. Cereus Riganteus
21. Cereus schottii
22. Cereus thurberi

Cactaceae

23. Commicarpus scandens Nyctaginaceae
2U. Condalia lycioidea 
2f>. Condalia sp.

Rhamnaceae

26. Coursetia microphylla Legurainosae
27• Croton sonorae Euphorbiaceae
28. Dalea parry! Legurainosae
29. Ditaxis lancoolata Euphorbiaceae
30. Dyssodia porophylloides Compositae
31. Echinocereus engelmannii Cactaceae
32. Enneapogon desvauxii Gramineae
33. Encelia farinosa Compositae
3U. Ephedra nevadensis (=E. aspera) Ephedraceae
35. Eriogonum fasciculatum Polygonaceae
36. Euphorbia pediculifera
37. Euphorbia polycarpa
38. Euphorbia setiloba

Euphorbiaceae

39. Evolvulus alsinoides Convolvulaceae
hO. Fagonia californica Zygophyllaceae
hi. Ferocactus covillei Cactaceae
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Species Fhmily

1;2. Pouquieria splendens Fouquieriaceae
U3* Pranseria ambrosioides Compositae
UU* Franseria cordifolia
lt£>. Franseria deltoidea
U6. Gallium stellatum Rubiaceae
U7. Gonolobus parvifolius Asdepiadaceae
U8. Haplophybon crooksii Apocynaceae
h9» Heteropo"on contortus Gramineae
5>0. Hibiscus coulteri Malvaceae
$1» Hibicus donudatus
$2, Horsfordia ncuberryi Malvaceae
53 • Ityptis emoryi Labiatae
5U. Jacquemontia pringlei Convolvulaceae
55• Janusia gracilis Malpighiaceae
56. Jatropha cardiophylla Euphorbiaceae
57 * Jatropha cinerea
58. Jatropha cuneata

P

59. Krameria grayi Leguminosae
60. Larrea divaricata Zygophyllaceae
6l. Lycium andersonii Solanaceae
62. Lycium sp. B
63. Lycium sp. C
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Species Family

6U. Lyrocarpa coulter! Cruciferae
65» Kammillaria microcarpa Cactaceae
66. Metastclma arizonicum Asclepiadaceae
67. Mirabilis M^elovli Nyctaginaceae
68, Muhlonbergia porteri Gramineae
69. Motholacna standleyi Polypodiaceae
70. Olnoya tesota Leguminosae
71. Opuntia acanthocarpa
72. Opuntia bigelovii

Cactaceae

73. Opuntia fulgida 
7h» Opuntia leptocaulis 
7f?» Opuntia phaeacantha var. discata 
76. Pellaea lon^imucronata Polypodiaceae
77• Penstcmon parry! Scrophulariaceae
78. Phoradendron califomicum Loranthaceae
79, Porophyllum gracile Compositae
80. Prosopis juliflora Leguminosae
81, Sapium biloculare Euphorbiaceae
82, Simmondsia chinensis Buxaceae
83, Siphonoglossa longiflora Acanthaceae
8U. Stephanomeria pauciflora Conpositae
8$, Tragia nepetaefolia Euphorbiaceae
86. Tricachne califomica Gramineae
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Species Family

87. Tridens muticus Gramineae
88. Tridens pulchollus
89. Trixis californica
90. Viguiara deltoidea

Compositae 
Compos!tae
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