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ABSTRACT

Tumamoc Hill, a 352-ha preserve near Tucson, Arizona, was the site of the Desert
Laboratory of the Carnegie Institution of Washington from 1903 to 1940. The present
flora of Tumamoc Hill comprises 346 specific and infraspecific taxa of vascular plants
compared with 238 listed in a 1909 flora of the hill. Forty-nine of the new additions
to the flora are introduced species, many of which colonized disturbed habitats created
on the study area after 1940. Many of the species added may have dispersed to
Tumamoc Hill from the nearby Santa Cruz River floodplain as a result of artificial
wetland habitats created on the hill in recent years. Two species apparently have
become locally extirpated since 1909.

In 1903 the Carnegie Institution of Washington established a Des-
ert Laboratory on Tumamoc Hill two miles west of Tucson, Arizona.
The climate, geology, and vegetation of the hill and environs were
first described by Spalding (1909); Thornber (1909) prepared the
first flora of the hill.

The purpose of this paper is two-fold: first, to update the plant
list for a site possessing considerable significance in the history of
American plant ecology and, second, to assess changes in the flora
over the past 75 years.

Few authors of local floras in Arizona have examined short-term
floristic changes in their study areas. Arnberger (1947) listed 151
species for Walnut Canyon, and six years later Spangle (1953) added
82 species to the list. A 1976 study of the vegetation of Walnut
Canyon National Monument (Joyce 1976) added another 93 species
to the flora but did not speculate on floristic changes that might have
occurred since 1947. Similarly, Reeves (1966) listed 687 taxa for
Chiricahua National Monument with no discussion of possible losses
from or additions to an earlier checklist (Clark 1940). One of the
few authors to assess floristic change in local floras in Arizona was
Schaack (1983). He noted previous floristic work by Little (1941)
and Moore (1965) in the alpine zone of San Francisco Mountain
and discussed recent additions to the flora. Another was Bowers
(1984), who discussed probable local extirpation between 1909 and
1983 of at least six species in the Rincon Mountains. Her assessment
of floristic change was based not on an earlier flora but on collections
made in 1909 by J. C. Blumer.
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STUDY AREA

Environment. Tumamoc Hill, an outlier of the nearby Tucson
Mountains, reaches an elevation of 948 m above sea level and rises
245 m above the surrounding plain. The hill is composed of large
blocks of dark brown Tertiary basalt that have weathered to a fine
clay soil, forming a matrix between the rocks.

Precipitation is biseasonal: from 1907 to 1983, 27.3% of the an-
nual average rainfall (299 mm) fell in the winter months (December—
March), and 50.8% fell in the summer (July-September). April, May,
and June, called the arid foresummer by Shreve (1911), are the driest
months and a time of great moisture stress for all elements of the
vegetation. Temperatures frequently exceed 38°C in the summer and
occasionally drop below freezing in winter. The lowest temperature
recorded on Tumamoc Hill was —9.4°C in 1913 (Turnage and
Hinckley 1938), but such low temperatures are rare. Freezing tem-
peratures seldom last longer than 15-20 hours.

Vegetation of Tumamoc Hill fits into Shreve’s Arizona Upland
subdivision of the Sonoran Desert (Shreve 1951). Dominant species
on the rocky, basaltic slopes include Cercidium microphyllum, Car-
negiea gigantea, Fouquieria splendens, Hyptis emoryi, Opuntia
phaeacantha, Encelia farinosa, Lycium berlandieri, and Acacia con-
stricta. The level or gently rolling plains west of the hill are char-
acterized by Cercidium microphyllum, Carnegiea gigantea, Larrea
divaricata, Ambrosia deltoidea, Opuntia fulgida, O. phaeacantha, O.
versicolor, Fouquieria splendens, and Calliandra eriophylla. Broad
washes on the plain are dominated by Cercidium floridum and Pro-
sopis velutina and also support Acacia greggii, Celtis pallida, Zizy-
phus obtusifolia, and other shrubs. A more detailed discussion of
the vegetation of Tumamoc Hill and vegetation changes during the
first part of this century can be found in Shreve (1929) and Shreve
and Hinckley (1937).

History. Spalding (1909) regarded the “Desert Laboratory do-
main” to be Tumamoc Hill (his Zone I), the fenced plain west of
the hill (his Zone II), and the Santa Cruz River floodplain and
streambed (his Zones III and IV). Our definition of Tumamoc Hill
includes the hill itself and the fenced plain to the west, that is,
Spalding’s Zones I and II. To the north, west, and south, our study
area is bounded by Anklam Road, Greasewood Road, and 22nd
Street, respectively; the eastern boundary is irregular. Qur total area
is 352 ha.

The U.S.D.A. Forest Service took over the laboratory buildings
and land when the Desert Laboratory closed in 1940. Under Forest
Service management, and later under that of the University of Ar-
izona, various incursions took place on the property, although the
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area had not been disturbed since the grounds were fenced in 1907.
These incursions, which included a clay quarry, a sanitary landfill,
electric powerlines, gas pipelines, access roads, and a booster pump
for the city water system, have had a significant effect on the flora
of Tumamoc Hill, as we will show.

FLORA

Methods. In 1968 and 1969, R. M. Turner collected plants on
Tumamoc Hill to document additions and losses to the flora since
1909. Collection of Tumamoc Hill plants was resumed in 1977 and
continued through 1984.

Thornber’s 1909 flora comprised 429 specific and infraspecific
taxa of vascular plants in 68 families and 269 genera. Of these 276
occurred in Spalding’s Zones I and 11, the areas we examine in this
report. Problems that arose in comparing Thornber’s list with our
own included changes in nomenclature, misapplied names, mis-
identified specimens, and species listed under two or more names.
Not all species listed by Thornber were documented by voucher
specimens at ARIZ. We searched for vouchers for the 49 species
listed by Thornber that we did not collect between 1968 and 1984,
and were able to locate Thornber vouchers collected on Tumamoc
Hill, “mesas, Tucson,” or “‘mesas, Tucson Mountains,” for 18 species.
Of the 429 taxa listed by Thornber for the Desert Laboratory do-
main, we eliminated those listed only for Zones III or IV (153 in
all), those listed for Zones I and II but not documented by herbarium
vouchers nor collected during the present study (31 in all), and those
listed under two or more names (7 in all). Thus, Thornber’s recon-
structed flora consists of 238 taxa.

Floristic change. The number of taxa has apparently increased
from 238 to 346 over the past 75 years. Although it is difficult to
argue from negative evidence (i.e., just because Thornber did not
list these “new” species does not mean they did not occur on the
study area), we find meaningful patterns that suggest substantial
floristic changes have occurred at Tumamoc Hill since 1909.

Many of the recent additions to the Tumamoc Hill flora resulted
from changes in habitat, especially from disturbance associated with
construction of roads, pipelines, a clay quarry, and a sanitary landfill
on the property. Although Thornber listed 52 introduced species in
all, most of these were restricted to the Santa Cruz River floodplain.
In contrast, 40% of the 126 taxa we added to the flora are not native,
and the majority are closely associated with disturbance. Some of
the introduced species in the flora— Lantana horrida, Phacelia par-
rvi, Molucella laevis, Melia azederach, Opuntia lindheimeri var. lin-
guiformis, Dimorphotheca aurantiaca, Pennisetum ruppelii, Cyperus
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alternifolius, and Cupressus sempervirens—are common in culti-
vation in and around Tucson. Recent development of the land sur-
rounding Tumamoc Hill has no doubt facilitated their spread onto
our study area. Not all of the introduced species collected on the
Desert Laboratory domain have become established. Bromus tec-
torum, a European species common in the Great Basin, was collected
on Tumamoc Hill in 1979, but has not been collected since and
apparently did not become permanently established.

Changes in habitat have also been responsible for the migration
of some species from the Santa Cruz River floodplain (Zones III
and IV) to Tumamoc Hill (Table 1). Wetland and riparian species
that formerly occupied the seasonally wet bed of the Santa Cruz
River now find suitable habitat at several locations on Tumamoc
Hill. Spalding (1909) noticed this process occurring with Cynodon
dactylon as early as 1908. Currently, artificial wetland habitats on
Tumamoc Hill include the seasonal ponds at the sanitary landfill
and clay quarry; the overflow from a water tank southeast of the
laboratory buildings and from the booster pump on Anklam Road;
the septic tank installed northwest of the laboratory buildings; and
a moist ditch at a broken water main near the eastern boundary of
the property. A few of the apparent “migrants,” such as Poa bigelovii
and Bromus arizonicus, are annuals characteristic of rocky slopes
and gravelly flats and may have been overlooked by Thornber. The
majority, however, are recently adventive to our study area, having
capitalized upon the availability of new, suitable habitat. Of the 48
species listed in Table 1, 20 are introduced. In addition to species
that may have migrated to our study area from the Santa Cruz River
floodplain, several other moisture-loving species not listed by
Thornber are found in artificial wetland habitats on Tumamoc Hill:
Scirpus maritimus var. paludosus, Diplachne fascicularis, Cyperus
alternifolius, Tamarix pentandra, Phalaris minor, Molucella laevis,
Conyza bonariensis, Typha domingensis, and Cupressus sempervi-
rens.

Certain apparent additions to the flora since 1909 are not easily
explained. No doubt Thornber overlooked more than a few species
when preparing his flora, and this may account for the recent ad-
dition of characteristic desert species such as Matelea parvifolia,
Astragalus wootonii, Eriogonum thurberi, Oenothera primiveris,
Thamnosma texana, Yabea microcarpum, Eucrypta micrantha, Eu-
phorbia micromera, Pectocarya recurvata, Ambrosia dumosa, Filago
arizonica, Filago depressa, and Tillaea erecta. A few taxa added to
the list were probably not overlooked by Thornber but are new to
the flora. One of these, Polanisia dodecandra subsp. trachysperma,
was first collected in a wash near Anklam Road in 1980 and ap-
parently occurs nowhere else on the study area.
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TaBLE 1. PrLaNTs oF TuMaMoc HiLL LisTED By THORNBER (1909) ONLY FOR THE

SANTA CrUZ RIVER OR ITS FLOODPLAIN. *

introduced.

Amaranthus palmeri
Sarcostemma cynanchoides var.
cynanchoides

Aster subulatus var. ligulatus
Baccharis salicifolia
*Centaurea melitensis
Conyza canadensis

Erigeron divergens
Gutierrezia microcephala
Heterotheca psammophila
Hymenothrix wislizenii
*Matricaria matricarioides
*Sonchus oleraceus

Verbesina encelioides
*Matthiola bicornis
Sambucus mexicana
Atriplex canescens
Chenopodium fremontii
*Chenopodium murale
*Medicago polymorpha var. vulgaris
*Melilotus indicus

Corydalis aurea
*Erodium cicutarium

Nama hispidum

Koeberlinia spinosa

Teucrium cubense
*Malva parviflora
Sphaeralcea coulteri
Boerhaavia coccinea
*Avena fatua
Bromus arizonicus
*Bromus rubens
*Bromus willdenowii
*Cynodon dactylon
*Echinochloa colonum
*Eragrostis cilianensis
Eriochloa lemmonii var. gracilis
*Hordeum murinum
Hordeum pusillum
Poa bigelovii
*Polypogon monspeliensis
Setaria macrostachya
*Sorghum halepense
Androsace occidentalis
Clematis drummondii
Maurandya antirrhiniflora
*Nicotiana glauca
Physalis acutifolia
*Tribulus terrestris

Forty-nine species listed by Thornber for Zones I or II were not
collected by us. Eighteen of these are documented by ARIZ voucher
specimens collected on Tumamoc Hill, on “mesas, Tucson,” or on
“mesas, Tucson Mountains.” The remaining 31 species were not
documented by voucher specimens at ARIZ, and we did not include
them in our reconstruction of Thornber’s list. It is likely that some
of these species still occur on the study area but were overlooked.
Two species, Olneya tesota and Simmondsia chinensis, are of more
interest, because they may have been locally extirpated. (Forestiera
shrevei might be included here, since Thornber collected it on Tu-
mamoc Hill and we did not; however, it still occurs within one-
quarter mile of the boundary of our study area.) Although we may
have overlooked these species, both are large, woody plants that are
not easily missed. Spalding noted that the Olneya growing near the
east edge of his permanent plot #12 was the only individual known
to occur on the Desert Laboratory grounds (Spalding, unpubl. notes,
1906). This individual was shown on maps of permanent plot #12
made by Shreve in 1929 and 1936, but had disappeared by 1948
when the plot was mapped again. Olneya is frost-sensitive, and the
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single individual on Tumamoc Hill may have died following a severe
freeze such as the one that occurred in 1937. Alternatively, it may
have died after senescence. Simmondsia chinensis was collected on
Tumamoc Hill in 1905 (Thornber 2576), and although it is common
in the Tucson Mountains, it has failed to reoccupy the hill. Perhaps
individuals of Simmondsia were so few that the level of reproduction
fell below that necessary to maintain the population. If the few
remaining individuals in the population were all of one sex, repro-
duction would have been impossible, and the population would have
died out eventually. Although adults are hardy, seedlings are sus-
ceptible to freezing, drought, and predation by rodents (Sherbrooke
1977).

Annotated checklist. The annotated checklist includes 346 specific
and infraspecific taxa, in 67 families and 241 genera, known either
to occur presently on the Tumamoc Hill property or to have occurred
historically and for which vouchers exist. Habitat, local distribution,
and relative abundance are noted for most. Species not listed by
Thornber for Zones I and II are denoted by an asterisk. Species
collected by Thornber and others for which vouchers exist, but which
we did not collect, are denoted by a dagger. Names applied by
Thornber are listed in brackets where appropriate. Nomenclature
follows Lehr (1978) and Lehr and Pinkava (1980, 1982). Nomen-
clature for cultivated species not listed in Lehr or Lehr and Pinkava
follows Bailey and Bailey (1976). A full set of our vouchers has been
deposited at ARIZ. Additional vouchers have been deposited at
ASU, BRI, ENCB, HUF, LIL, MEXU, MICH and MNA.

VASCULAR PLANTS OF TuMAMOC HILL!
PTEROPHYTA
Adiantaceae

Cheilanthes wootonii Maxon. Rocky slopes; under trees; rare.

Cheilanthes wrightii Hook. Rocky, north-facing slopes; rare.

Notholaena cochisensis Goodding. Rocky, north-facing slopes; oc-
casional.

Notholaena standleyi Maxon. Rocky slopes; occasional to com-
mon.

Pellaea truncata Goodding [Pellaea wrightiana Hook.]. Rocky,
north-facing slopes; occasional.

! See text for explanation of symbols.
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CONIFEROPHYTA
Cupressaceae

*Cupressus sempervirens L. Local, along moist ditch; tree com-
monly cultivated in Tucson, probably spreading onto our area
from nearby housing developments.

Ephedraceae

Ephedra trifurca Torr. Gravelly flats and along washes; occasional
to common.

ANTHOPHYTA — DICOTYLEDONEAE
Acanthaceae

Anisacanthus thurberi (Torr.) Gray. Along washes; common; usu-
ally flowering in the spring.

Carlowrightia arizonica Gray. Rocky slopes; occasional.

Ruellia nudiflora (Engelm. & Gray) Urban. Banks of washes, in
shade of trees; locally common.

Siphonoglossa longiflora (Torr.) Gray. Rocky slopes, often in shade
of trees; common.

Aizoaceae

Trianthema portulacastrum L. Disturbed sites, abundant on san-
itary landfill; introduced.

Amaranthaceae

Amaranthus fimbriatus (Torr.) Benth. Washes and sandy flats; oc-
casional summer annual.

*Amaranthus palmeri Wats. Washes and roadsides; common sum-
mer annual.

Tidestromia lanuginosa (Nutt.) Standl. Gravelly slopes; locally
common summer annual.

Anacardiaceae

*Rhus lancea L. f. Moist soil, local, ditch at broken water main;
an ornamental common in cultivation in Tucson; probably
spreading to our area from nearby housing developments.

Apiaceae

Bowlesia incana Ruiz & Pav. Rocky slopes and gravelly flats, often
under shrubs, trees or rocks; common spring annual.
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Daucus pusillus Michx. Rocky slopes or gravelly flats, often under
shrubs, trees, or rocks; common spring annual.

Spermolepis echinata (Nutt.) Heller. Rocky slopes and gravelly
flats; common spring annual.

*Yabea microcarpum (Hook. & Arn.) K.-Pol. Rocky slopes; com-
mon spring annual.

Apocynaceae

Haplophyton crooksii L. Rocky slopes, flowering in spring; com-
mon.

Aristolochiaceae

Aristolochia watsonii Woot. & Standl. Disturbed sites on flats; ap-
parently uncommon.

Asclepiadaceae

*Asclepias nyctaginifolia Gray. Along washes; apparently uncom-
mon.

YCynanchum arizonicum (Gray) Shinners. Thornber 4855, 8989.

*Matelea parvifolia (Torr.) Woods. Climbing on cacti, trees, and
shrubs; gravelly flats; rare.

*Sarcostemma cynanchoides Decne. var. cynanchoides. Along
washes; climbing on shrubs; apparently rare.

*Sarcostemma cynanchoides Decne. var. hartwegii (Vail) Shin-
ners. Along washes; climbing on trees and shrubs; common.

Asteraceae

Acourtia nana (Gray) Reveal & King. Gravelly flats, often under
shrubs; flowering in spring.

Acourtia wrightii (Gray) Reveal & King. Banks of washes and rocky
slopes; common.

Ambrosia confertiflora DC. Washes and dirt roads, often in dis-
turbed areas; locally common.

Ambrosia deltoidea (Torr.) Payne. Rocky slopes and gravelly flats;
a common dominant.

*Ambrosia dumosa (Gray) Payne. Gravelly flats and rocky slopes;
near clay quarry and on south slopes of hill; locally common;
probably overlooked by Thornber.

* Aster subulatus Michx. var. ligulatus Shinners. Moist soil; local,
near pond at sanitary landfill and along ditch below water tank;
apparently recently adventive to our study area.

Baccharis brachyphylla Gray [Baccharis wrightii Gray]. Gravelly
flats; local; occasional.
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*Baccharis salicifolia (Ruiz & Pav.) Pers. Low-lying, disturbed sites;
apparently recently adventive to our study area.

Baccharis sarothroides Gray [Baccharis emoryi Gray]. Washes and
disturbed sites; locally common.

Bahia absinthifolia Benth. Rocky slopes and gravelly flats; com-
mon on edges of old roadways and on soils containing caliche.

Baileya multiradiata Harv. & Gray. Along washes and on sandy
flats; common; flowering sporadically throughout the year.

Bebbia juncea (Benth.) Greene. Gravelly flats, often along washes;
occasional.

*Brickellia californica (Torr. & Gray) Gray. Rocky flats, in shade
of trees; rare.

Brickellia coulteri Gray. Along washes and on rocky slopes, often
under trees; common; flowering sporadically throughout the
year.

Calycoseris wrightii Gray. Gravelly flats and rocky slopes; a com-
mon and showy spring annual.

*Centaurea melitensis L. Disturbed sites; common on sanitary
landfill; introduced; apparently recently adventive to our study
area.

Chaenactis stevioides Hook. & Arn. Gravelly flats and rocky slopes,
often under shrubs and trees; a common and showy spring
annual.

*Cirsium neomexicanum Gray. Rocky slopes; rare.

*Conyza bonariensis (L.) Cronq. Moist soil; local, along moist ditch
at broken water main.

*Conyza canadensis (L.) Cronq. Disturbed sites; local along moist
ditches and other damp spots; perhaps recently adventive to
our study area.

Conyza coulteri Gray. Moist soil; local, near pond in sanitary land-
fill and at moist ditch at broken water main.

*Dimorphotheca aurantiaca DC. Gravelly flats and along washes;
occasional; apparently adventive from nearby housing develop-
ments; an introduced ornamental common in cultivation in and
around Tucson.

Dyssodia pentachaeta (DC.) Robins. Rocky flats; common on soils
containing caliche and on disturbed sites such as dirt roads and
scraped ground.

Dyssodia porophylloides Gray. Rocky slopes and gravelly flats; un-
common.

Encelia farinosa Gray. Rocky slopes; a common dominant; flow-
ering in late winter and early spring.

Ericameria laricifolia (Gray) Shinners. Rocky slopes; rare; only a
few individuals known from the study area; a marginal popu-
lation at the lower limit of its range.
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*Erigeron divergens Torr. & Gray. Rocky slopes and gravelly flats;
common; flowering sporadically throughout the year.

Eriophyllum lanosum Gray. Rocky slopes and gravelly or rocky
flats; common spring annual.

Evax multicaulis DC. Gravelly or rocky flats; locally common
spring annual.

*Filago arizonica Gray. Rocky slopes and gravelly or rocky flats;
common spring annual.

Filago californica Nutt. Rocky slopes; common spring annual.

*Filago depressa Gray. Gravelly flats, often under shrubs; rare.

Gaillardia arizonica Gray. Sandy flats and washes; locally com-
mon; flowering in late spring.

Gutierrezia arizonica (Gray) Lane. Gravelly flats; rare; flowering
in late spring.

*Gutierrezia microcephala (DC.) Gray. Rocky slopes; rare; perhaps
recently adventive to our study area.

*Heterotheca psammophila Wagenkn. Disturbed sites and low-lying
areas; locally common; perhaps recently adventive to our study
area.

*Hymenothrix wislizenii Gray. Often on disturbed sites, common
along roads; perhaps recently adventive to our study area.
Isocoma tenuisecta Greene. Gravelly flats, often on disturbed sites;

common on scraped ground and along roads.

*Lactuca serriola L. Along washes; usually under shrubs; occa-
sional; introduced.

tLasthenia californica DC. ex Lindl. Thornber 5307.

tMachaeranthera gracilis (Nutt.) Shinners. Thornber 2028.

Machaeranthera pinnatifida (Hook.) Shinners. Gravelly flats, often
on disturbed sites; common.

*Machaeranthera tagetina Greene. Disturbed sites; along roads and
near buildings; locally common.

Malacothrix californica DC. var. glabrata Eaton. Gravelly flats;
apparently rare; showy spring annual.

Malacothrix clevelandii Gray. Rocky slopes, under trees and shrubs;
rare spring annual.

tMalacothrix coulteri Gray. Thornber 387, 4621.

*Matricaria matricarioides (Less.) Porter. Disturbed sites; intro-
duced; perhaps recently adventive to our study area; Schoen-
wetter T-28.

Microseris linearifolia (DC.) Schultz-Bip. Rocky slopes; common
spring-flowering annual.

Monoptilon bellioides (Gray) H. M. Hall. Rocky or gravelly flats;
common spring annual.

Parthenium incanum H.B.K. Rocky slopes and gravelly flats; lo-
cally common.

























































