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Editorial

Trivia, Computers, Research, American Society, and
Plant Science. Are you a trivia buff? Actually, all knowl-
edge-be it science, history or other - consists of innum-
erable particles of trivia. Research consists of discovering
and identifying numerous "bits" of information and ar-
ranging pertinent ones in relation to one another (and in
relation to any previously articulated bits) to produce a
meaningful exposition. Americans are now exhibiting an
interest in (and even an obsession for) trivia of all sorts. This
interest has surfaced in the popularity of the personal com-
puter. Hundreds of thousands, if not millions, of Americans
who once left typewriting to others are now happily typing
innumerable "bits" of information into their personal
computers and instructing the machines (through software
programs) how to arrange the bits to produce meaningful
expositions. This is in great contrast to times when Ameri-
cans wanted to skip over trivia and go directly to "impor-
tant" things: wealth, power, social status, to name a few.
But as shown by the listing of the 400 wealthiest Americans
by Forbes magazine, it was typically the immigrant to
America (or other person of humble background) who
started selling apples on the street corner (or some other
trivia) who eventually amassed a fortune in the hundreds
of millions of dollars. Unfortunately, the inheriting de-
scendants, caring little for management of trivia, too often
reduced the great fortunes to little or nothing in a genera-
tion or so!

But now the new emphasis by Americans on trivia,
whether or not engendered by the popularity of the compu-
ter, has manifested itself also in the form of games with
questions on trivia. Trivia is now popular! As a Desert
Plants response, a dozen trivia questions are presented
below. The answers can all be found in an article in this
issue of Desert Plants. To play this game one must first
discover the article and then look for the answers.

1) What plant science journal bearing a one -word wo-
man's name of only three letters began publication in San

Francisco in 1890? 2) Who was the first woman plant scien-
tist hired (in 1887) by the U. S. Department of Agriculture?
3) What plant scientist became the first woman faculty
member of Columbia University in 1890? 4) What promi-
nent Berkeley minister gave up the cloth, after being locked
out of his pulpit amid charges of gaiety, to become the first
instructor in botany for the University of California's
young Agriculture Department? 5) What female plant sci-
entist was at the heart of the biggest controversy to rock the
largest scientific institution of western North America in
the 1880's? 6) What prominent female horticulturist of
nineteenth century California named Kate (but not Kate
Brandegee) searched Baja California in company with Kate
Brandegee's husband looking for plants to introduce into
cultivation? 7) What plant scientist, having a free frank for
purposes of the 1880 census, stopped stagecoaches in Col-
orado and demanded that the driver take on board huge
100 -lb tree trunks as part of the U. S. Mail? 8) What woman
famous for collecting plants in Nevada served as a student
nurse in New York's Bellevue Hospital because, although
she had an MD degree, she was professionally discrimi-
nated against as a woman? 9) What female plant scientist
dedicated her life to "disembarassing the grain of truth [in
plant science] from its attendant mass of chaff ?" 10) Who
discovered and named the Creeping Devil Cactus of Baja
California? 11) What person, who later became a famous
plant scientist, surveyed the railroad route that became the
object of contention in Colorado's "Royal Gorge War" be-
tween the A.T. & S.F. Railroad and General Palmer's De-
nver and Rio Grande R.R.? 12) What person, later shot by a
gambler (the latter being hanged shortly thereafter by the
Vigilance Committee), presided over the meeting of the
California Academy of Sciences in 1853 that authorized
employment of women as scientists?

The above seemingly unrelated bits of trivia can be joined
with others to shed new light on an old subject having
present -day significance.

-F. S. Crosswhite
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Studies of Symbiotic
Microflora and Their
Role in the Ecology
of Desert Plants

H. E. Bloss
Department of Plant Pathology
University of Arizona

Introduction
Microflora in soil greatly influence the ecology of plant

roots and consequently the establishment, health, and pro-
ductivity of plant communities. Among the most common,
yet least recognized relationships among plants and mi-
croorganisms in desert soils, are the symbioses known as
" mycorrhizae." Nearly all plant roots form mycorrhizal
associations, some of which are essential and nearly all
beneficial to plant growth and development. Most re-
searchers of mycorrhizal fungi agree that the primary
benefit to plants appears to be that of improved nutrition,
exhibited by a greater rate of growth 'and higher yields
(biomass, fruit, seeds, etc.), compared to non -mycorrhizal
associations. The fungal symbiont in turn receives nu-
trients from the host plant, primarily carbohydrates and
other organic nutrients which the fungus can not produce.
Although desert soils usually contain adequate quantities
of the essential elements for plant growth, certain minerals
such as phosphorus and iron are frequently unavailable
because of high alkalinity or salinity.

Several major types of mycorrhizae, involving several
distinct classes or groups of mycorrhizal fungi, are recog-
nized world wide. Ectomycorrhizae are associations which
form between fungi that belong to the fungal classes As-
comycetes or Basidiomycetes'and roots of coniferous and
hardwood trees and shrubs in the plant families Pinaceae,
Fagaceae, Betulaceae, and Salicaceae in temperate cli-
mates, Caesalpiniaceae and Dipterocarpaceae in the
tropics, and in Eucalyptus, Tilia, and Arbutus (Meyer,
1973). Endomycorrhizae, particularly those known as ves-
iculararbuscular (VA) mycorrhizae, form on roots of many
broad -leaved shrubs and herbaceous species and are also
commonly associated with roots of grasses. VA mycorr-
hizae occur in numerous species from polar to subtropical
regions. They are not commonly found, however, in the
Pinaceae, Betulaceae, Orchidaceae, Fumariaceae, Com-
melinaceae, Ericaceae, Urticaceae, and only rarely in
Cruciferae, Chenopodiaceae, Polygonaceae, or Cyperaceae.
The families Orchidaceae and Ericaceae form mycorrhizae
with other sub -groups of mycorrhizal fungi not related to
VA- or ectomycorrhizal fungi. Another interesting associa-
tion occurs between species in the actinomycete genus
Frankia and roots of older trees of the genus Alnus.

Mycorrhizal fungi share an ecological niche in soil along
with a variety of microorganisms, including some which
are pathogenic, some commensalistic, and some which are
symbiotic with plant roots. Certain bacteria, such as
Azotobacter and Rhizobium, form tripartite systems with
roots and mycorrhizal fungi (Smith and Daft, 1977). Other
bacteria in soil, such as certain species of fluorescent
pseudomonads, have been shown to assist in making phos-
phorus and perhaps other minerals available to roots (Burr
et al., 1978; Kloepper et al., 1980). Research during the past
decade has been directed toward clarifying whether the
symbiotic bacteria and mycorrhizal fungi need to be added
to agricultural soils and whether indigenous populations of
these microflora exist and are functional on roots of native
plants.

There is a growing world literature on associations be-
tween arid land shrubs and VA mycorrhizal fungi (Khan,
1974; Williams and Allen, 1984; Staffeldt and Vogt, 1975;



Figure 1. Site A. Molino Basin in the Santa Catalina Mountains, Pima County, Arizona. Elevation 1332
meters (4300 feet).

Figure 2. Saguaro (Carnegiea gigantea) growing in association with Palo Verde (Cercidium microphyllum).
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Williams and Aldon, 1976) and in natural and disturbed
ecosystems in North American deserts (Miller, 1979;
Allen; 1983; Schwab and Reeves, 1981; Bethlenfalvay et
al., 1984; Moorman and Reeves, 1979; Stahl and Christen-
sen, 1982).

The aims of the present study were to isolate, to identify,
and to attempt to culture mycorrhizal fungi (mainly VA
mycorrhizal species) from the Upper Sonoran and Lower
Sonoran Life Zones in Arizona and to study their role in arid
land ecosystems and their significance to both indigenous
and introduced species such as Guayule (Parthenium
argentatum A. Gray) or Plantago (Plantago ovata Forsk)
(Bloss and Pfeiffer, 1984; Bloss, 1982).

Collections of Field Samples
Samples of soil and fine roots were collected from several

sites in the open oak woodland at Molino Basin in the
Upper Sonoran Life Zone and at several sites in the Tucson
Valley in the Lower Sonoran Life Zone, as well as from
agricultural soils at the University farms at Tucson and
Yuma.

Site A, the encinal zone (from Spanish, meaning grove of
oaks) of the Santa Catalina Mountains, Pima County,
Arizona includes the Molino Basin at 1332m (4300 ft.), an
open grass woodland (Whittaker and Niering, 1965). The
area is characterized by riparian forest comprised primarily
of Mexican Blue Oak (Quercus oblongifolia Torr.), Emory
Oak (Quercus emoryi Torr.), Arizona White Oak (Quercus
arizonica Sargent), Arizona Ash (Fraxinus velutina Torr.),
Arizona Sycamore (Platanus wrightii S. Wats.), and Al-
ligator Juniper (Juniperus deppeana Steud.). Conspicuous
plants on xerie slopes are Golden Flowered Agave (Agave
palmeri Engelm.), Amole (Agave schottii Engelm.), Bear -
grass (Nolina microcarpa S. Wats.), Ocotillo ( Fouquieria
splendens Engelm.), Point Leaf Manzanita (Arctostaphylos
pungens H.B.K.), Sotol (Dasylirion wheeleri S. Wats.),
Silktassel Bush (Garrya wrightii Torr.), Arizona Rosewood
(Vauquelinia californica (Torr.) Sargent), Catclaw (Mimosa
biuncifera Benth.), Fairy Duster (Calliandra eriophyla
Benth.), and a few Saguaro (Carnegiea gigantea (Engelm.)
Britt. and Rose).

The rocky slopes and rolling hills among the oaks are
covered by a mixture of grasses, cacti, and annuals. The
grasses include Texas Bluestem (Andropogon cirratus
Hack.), Cone Beardgrass (Andropogon barbinodis Lag.),
Beggartick Grass (Aristida orcuttiana Vasey), Spidergrass
(Aristida ternipes Cay.), Sideoats Grama (Bouteloua cur -
tipendula (Michx.) Torr.), Hairy Grama (Bouteloua hirsuta
Lag.), Curly Mesquite Grass (Hilaria belangeri (Steud.)
Nash), and Bullgrass (Muhlenbergia emersleyi Vasey). Sev-
eral species of cacti occur scattered among the grasses and
on rocky slopes, including Barrel Cactus ( Ferocactus wisli-
zeni (Engelm.) Britt. and Rose), Bush Opuntia (Opuntia

phaeacantha Engelm.), and the foothills chollas Opuntia
spinosior (Engelm. and Bigel.) Toumey and Opuntia fulgida
Engelm.

Two other collection sites included Site B: the eastern
edge of the Tucson Valley, along the edge of the Lower
Sonoran Life Zone, north of Saguaro National Monument,
east to the lower reaches of the Santa Catalina Mountains
to 762m (2,500 ft.), and Site C: the western edge of the
desert floor extending to 915m 13,000 ft.) southeast of

Saguaro National Monument West, in the foothills of the
Tucson Mountains.

Site B consisted of mixed species of cacti, Plains Prickly
Pear (Opuntia macrorhiza Engelm.), Jumping Cholla
(Opuntia fulgida Engelm.), Saguaro (Carnegiea gigantea)
Ocotillo (Fouquieria splendens) Creosote Bush (Larrea
tridentata (DC.) Coville), and two grama grasses, Bou -
teloua barbata Lag. and Bouteloua curtipendula (Michx.)
Torr.

Site C, the lower foothills of the Tucson Mountains,
consisted of major species such as Saguaro (Carnegiea
gigantea) Jumping Cholla (Opuntia fulgida) Barrel Cactus
(Ferocactus wislizeni) Foothills Palo Verde (Cercidium
microphyllum (Torr.) Rose and Johnston), Desert Broom
(Baccharis sarothroides Gray), Creosote Bush (Larrea
tridentata) Catclaw (Acacia greggii Gray), Honey Mesquite
(Prosopis juliflora (Swartz) DC.), Arizona Poppy (Kall-
stroemia grandiflora Torr.), Unicorn Plant (Proboscidea
parviflora (Woot.) Woot. and Standl.), and numerous annual
composites including Paperflower (Psilostrophe cooperi
(Gray) Green), Desert Marigold (Baileya multiradiata
Harv. and Gray), and Desert Zinnia (Zinnia pumila Gray).

Verification of Mycorrhizae in Roots
Roots were collected by removing young specimens of

plant species from the soil and excising small roots with a
pair of pruning shears. Fine feeder roots and root -hairs were
most easily cleared and stained for microscopic examina-
tion. Wet sieving of collected soil yielded spores and
sporocarps that were identifiable to species using mi-
crosopic characteristics such as size, color, wall con-
stituents, and other distinctive morphology.

Isolation of Fungi From Soil
Rhizosphere soil samples at 0 -20cm depth were collected

monthly from May to October in 1983. Samples were col-
lected at random, primarily under Manzanita, Agave and
Sotol, for example, in Site A and under the appropriate
dominant species in sites B and C. Roots of small annuals
such as White Clover (Trifolium repens L.), Slimleaf Bur -
sage (Ambrosia confertiflora DC.) or the grama grasses
Bouteloua hirsuta and Bouteloua curtipendula were fre-
quently among the soil samples. Soil samples were sieved
for spores using the procedure of Gerdemann and Nicolson
(1963). Spores were collected on 400 -mesh sieves (37um
holes) and collected in tap water in 9 -cm Petri dishes for
examination under a dissecting microscope (20 -70X).
Spores were removed from fine debris by means of mi-
croforceps or microspatulas and mounted in polyvinyl lac -
tophenol (PVL) for observation on a compound microscope.
Attempts were made to culture the representative spore
types collected, by placing one chlamydospore on rootlets
of 1- week -old Sorghum (Sorghum bicolor L.) or Alfalfa
(Medicago sativa L.) seedlings in pasteurized sand. Al-
though roots of certain plants from the field were cleared
and stained to verify the presence of vesicles and hyphae in
the plant roots, no attempt was made to associate specific
endogonaceous fungi with specific plant hosts.

Results
Sampling of roots and soil from plants at Site A in the

Molino Basin (Figure 1) in 1983 yielded sixteen species of
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Figure 3. Site B east of Tucson included Jumping Cholla
(Opuntia fulgida), Prickly Pear (Opuntia sp.), and Saguaro
(Carnegiea gigantea) with abundant grasses (Bouteloua
spp.) and ephemerals.

VA mycorrhizal fungi (Table 1). Ten species, including one
undescribed species each in the genera Acaulospora and
Gigaspora, were isolated from the Point Leaf Manzanita
(Arctostaphylos pungens) association, eight species from
under Amole (Agave schottii) and seven species from under
Weeping Lovegrass (Eragrostis curvula).

The loamy soil beneath Manzanita and Agave plants
contained low quantities of nutrients, N = 5.33 ppm, P =
0.53 ppm, K = 4.44 meg/L, Na = 0.74 meg. /L, 462 ppm
soluble salts, and pH = 5.40.

Many of the same species of fungi were isolated from the
soil at the University of Arizona farms at Tucson and Yuma
(Table 2), as well as from. Sites B and C in the desert.
Populations of mycorrhizal fungi, based on numbers of
spores collected of each species, varied with the season at
all sites where collections were made. For example, Giga-
spora species were collected in higher numbers during the
warmer months, April to July, at the site in the Catalina
Mountains and at the campus farm site in Tucson, but
numbers declined rapidly from September to February.
Some fluctuations in populations of specific fungi were
observed under Grape (Vitis vinifera L.), Soybeans (Glycine

max (L.) Merrill) and Alfalfa (Medicago sativa L.) at the
locations in the desert Lower Sonoran Life Zone as well.

VA mycorrhizal fungi were prominent in the Creosote
Bush association as well as the Palo Verde and Saguaro
association of Sites B and C. Endomycorrhizal fungi oc-
curred throughout the sampling from ephemerals to Palo
Verde and Saguaro where Saguaro cohabited with Palo
Verde (Figure 2).

Creosote Bush was found to be mycorrhizal, with the
roots in clonal situations fostering high populations of VA
mycorrhizal fungi. Figure 4 shows a clonal group of Creo-
sote Bush arising from a single parent plant at Site C, with a
high percentage of open space surrounding the clone. The
fungal populations were associated with the network of
roots in marked contrast to the "deserted" spaces having no
Creosote Bush roots. Grasses and other ephemerals were
generally negatively associated with Creosote Bush (Figure
4) as opposed to their positive association with Palo Verde
and Saguaro.

Discussion and Conclusions
The extensive sampling at Site A uncovered a wide vari-
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Figure 4. Site C west of Tucson included clonally repro-
duced Creosote Bush (Larrea tridentata) with surrounding
open spots deserted of grasses and ephemerals.

ety of arid land VA mycorrhizal fungi which proved to occur
at numerous other sites as well, including agricultural situ-
ations in Pima and Yuma Counties, Arizona as well as
natural desert sites both east and west of Tucson. Situations
where several species of plants were clustered together,
such as the association of grasses and ephemerals with Palo
Verde and Saguaro, yielded numerous VA mycorrhizal
fungi; an analysis of the ecological significance of the ten-
dency of such arid land plants to aggregate is attempted
below in relationship to the theorized passage of mycorrhi-
zal fungi in a ubiquitous (non -specific) manner from species
to species. A further ubiquity seems to have been dem-
onstrated by finding a large number of VA mycorrhizal
fungi in soil under Manzanita, a plant with which they
were not necessarily symbiotic since the genus has been
shown to form mycorrhizae with the ect -endo types of
fungi, such as Pezizella ericae (Read, 1974).

The presence of indigenous populations of VA mycorrhi-
zal fungi, which are capable of forming symbiotic relation-
ships with both native and introduced crop plants in the
desert, has significance in regard to plant nutrition, plant
establishment, and plant longevity. Major stresses related
to arid land plants are associated with low precipitation and

high evapotranspiration. Phosphorus is highly immobile in
desert soils and a large portion of phosphorus in fertilizers
added to desert soils reacts with the soil and is unavailable
for plant use (Fuller, 1975). The growth advantages at-
tributed to plants with VA mycorrhizae are believed to be
associated with an increase in the nutritional status of the
plants brought about by increased phosphorus uptake (Daft
and Nicolson, 1966) and enhanced water transport (Safir et
al., 1972).

The seasonal temperature and moisture regimes regulate
mycorrhiza formation and function. Most phosphorus
transformation to the plant occurs during the short nut-
rient flush when moisture is available (Chapin, 1980) and
below ground carbon allocation also requires sufficient
water (Fernandez and Caldwell, 1977).

Nitrogen, phosphorus, and potassium are dilute in the
soil solution and mass flow of soil water meets only a small
part of the plant's total requirements. When concentrations
of nutrients increase, soil temperature becomes increas-
ingly important relative to diffusion of nutrients in con-
trolling the rate at which roots acquire the nutrients.
Highly mobile cations such as calcium and magnesium
move to the root by mass flow and accumulate around



Figure 5. Vesicles and hyphae of a mycorrhizal fungus in
root cells of Jumping Cholla (Opuntia fulgida).

Figure 6. A mycorrhizal association of Glomus intraradices
with roots of Guayule (Parthenium argentatura).

Figure 7. VA mycorrhizal hyphae and vesicles in cortical
root tissue of Prickly Pear (Opuntia phaeacantha).

Figure 8. VA mycorrhizal hyphae and vesicles in root cell
of Mariola (Parthenium incanum H.B.K.).

Table 1. VA mycorrhizal fungi identified from soil and roots of
plants at Molino Basin, Santa Catalina Mountains, Arizona (Upper
Sonoran Life Zone).

Plant -Soil Association Date of Collection

* Manzanita- Arctostaphylos pungens H.B.K.
Gigaspora calospora (Nicol. & Gerd.)

Gerdemann & Trappe
Acaulospora sp.
Acaulospora laevis Gerdemann & Trappe
Acaulospora scrobiculata Trappe
Glomus constrictum Trappe
Glomus geosporum (Nicol. & Gerd.) Walker
Glomus deserticola Trappe, Bloss & Menge
Glomus etunicatum Becker & Gerdemann
Glomus rigidicaulis Walker
Entrophospora infrequens Ames & Schneider

Amole -Agave schottii Engelm.
Acaulospora scrobiculata Trappe
Entrophospora infrequens Ames & Schneider
Gigaspora sp.
Glomus etunicatum Becker & Gerdemann
Glomus geosporum (Nicol. & Gerd.) Walker
Glomus constrictum Trappe
Glomus deserticola Trappe, Bloss & Menge
Glomus mosseae Gerdemann & Trappe

Weeping Lovegrass - Eragrostis curvula (Schrad.) Nees
Acaulospora sp.
Acaulospora scrobiculata Trappe
Glomus mosseae Gerdemann & Trappe
Glomus butleri Walker
Glomus geosporum (Nicol. & Gerd) Walker
Glomus etunicatum Becker & Gerdemann
Gigaspora sp.

16 -IV -83

30 -VI -83

12- VII -83

*Isolation of fungal spores from soil beneath roots of the dominant
species does not indicate necessarily that the fungus was mycor-
rhizal with roots of the plant species indicated.

roots. These elements limit plant growth only at extremely
low bulk soil solution concentration. The amount of avail-
able phosphorus in desert soils is generally adequate for
native vegetation. Intensive cultivation of soils under irri-
gation or uses of plants in certain combinations or high
densities per unit area may increase the demand for phos-
phorus as well as other nutrients.

Some root -inhabiting bacteria are capable of dissolving
highly insoluble forms of phosphate in soil, making it
available for plant absorption (Katznelson et al., 1962),
whereas other bacteria such as Rhizobium and Azotobac-
ter have the capacity to assist roots in assimilating nitro-
gen. There have been some useful combinations of VA
mycorrhizal fungi and soil bacteria (Bagyaraj and Menge,
1978) applied to roots that have resulted in increased nu-
trient uptake and plant survival particularly on spoiled
soils such as mine tailings and eroded soils (Medve et al.,
1977; William and Allen, 1984.

Deserts by definition have a low percentage of plant
cover. Plants may be highly scattered with significant
"deserted" areas intervening. The present study has shown
that desert plants foster high populations of VA mycorrizal
fungi on their roots. Mycorrizal fungi can not live without
plants to provide food, so it is not surprising that open
"deserted" or despoiled areas soon lack concentrations of
these fungi. When mycorrhizal plant communities are dis-



Table 2. VA mycorrhizal fungi identified from soil and roots of
plants in the Lower Sonoran Life Zone of Pima and Yuma Coun-
ties, Arizona.

Plant -Soil Association Date of Collection

Under Grape Vitis vinifera L. (cultivated)

Acaulospora scrobiculata Trappe
Gigaspora calospora (Nicol. & Gerd.)

Gerdemann & Trappe
Glomus constrictum Trappe
Glomus etunicatum Becker & Gerdemann
Glomus geosporum (Nicol. & Gerd.) Walker
Glomus microcarpum Tul. & Tul.

Sclerocytis rubiformis Gerd. & Trappe
Sclerocystis sinuosa Gerd. & Bakshi

Mycorrhizal with roots of:
Alfalfa: Medicago sativa L.

Glomus mosseae (Nicol. & Gerd.)
Gerdemann & Trappe

Mycorrhizal with roots of:
Gopher Weed: Euphorbia lathyris L.

Glomus intrardices Schenck & Smith

Mycorrhizal with roots of:
Mariola: Parthenium incanum H.B.K.

Joboba: Simmondsia chinensis (Link) Schneid.

Glomus deserticola Trappe, Bloss, & Menge

Mycorrhizal with roots of:
Soybean: Glycine max (L.) Merrill

25 -X -83
Tucson, AZ

15- VIII -84
Tucson, AZ

15 -VI -80

Yuma, AZ

25- VII -80
Tucson, AZ

5- VII -78
Tucson, AZ

5- VII -78
Tucson, AZ

15- VIII -79
Yuma, AZ

Gigaspora calospora (Nicol. & Gerd.)
Gerdemann & Trappe

Glomus geosporum (Nicol. & Gerd.) Walker
Glomus microcarpum Tul. & Tul.

turbed, nonmycorrhizal plant species come to predominate
(Reeves et al., 1979). A difficulty in reestablishing native
plants on disturbed soils can be traced to the lack of VA
mycorrhizal fungi. Daft, Hacskaylo, and Nicolson (1975)
have established the need for VA mycorrhizal fungi in the
establishment of pioneer plants on coal mine wastes. Aldon
(1975) showed that endomycorrhizae increased the height,
dry weight, and percentage survival of Fourwing Saltbush
(Atriplex canescens (Pursh) Nutt.), transplanted on coal
mine spoils in New Mexico and with Rabbitbrush
(Chrysothamnus nauseosus (Pall.) Britton) grown on the
same material (Lindsey, Cress and Aldon, 1977). Moorman
and Reeves (1979) have used endomycorrhizal fungi to
bioassay effects of soil disturbance at a given site. The
bioassay consists of determining the percentage infection
in roots of maize grown for 30 days in soil from disturbed
and undisturbed sites in which numbers of visable propa-
gules, spores and infected roots are counted. The greater the
disturbance, the fewer the mycorrhizal fungi.

The open or "deserted" area between plants in the desert
would be similar to despoiled sites in that they are not
favorable for native plant growth unless VA mycorrhizal
fungi are introduced as well.

Figure 9. Glomus deserticola.

Figure 10. Glomus albidum.

Figure 11. Glomus intraradices.

Figure 12. Gigaspora calospora.
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A number of desert plants such as Barrel Cactus, Saguaro,
and Ocotillo produce multitudes of seeds but relatively few
grow to maturity. In non - desert regions, competition has
often been implicated as an important factor in non -
establishment. Only one in a million seeds of Saguaro actu-
ally produces a giant cactus. Is this due to competition?
Although ecologists often single out competition as a factor
limiting plant establishment and growth in mesic and
tropical regions, in the desert some plants seem often to
establish better and to thrive in conjunction with other
already established plants. Indeed, in the Sonoran Desert
there are several examples of a plant species cohabiting in
close proximity with a different species using the latter as a
"nurse plant" or protector during early phases of develop-
ment. Such frequently observed contiguity is that of young
Saguaro cactus and a larger, established Palo Verde tree.
Desert Zinnia (Zinnia pumila) and the yellow Paperflower
(Psilostrophe cooperi) are frequently found in close associa-
tion, particularly on highly alkaline, caliche soils.

Mortality rates among Palo Verde seedlings have been
shown to be determined by soil moisture and not by com-
petition with other plants (Shreve, 1917). Interestingly, soil
pockets in the desert having enough soil moisture for Palo
Verde establishment also have enough for grass growth and
generally already have grasses established when the Palo
Verde germinates. The successful new Palo Verde seems to
obtain its mycorrhizal fungi from the grasses. The desert,
with its brief periods of winter rainfall and alternating
intervals of warm and cool air temperatures, favors growth
of short -lived plants over extensive interconnecting areas,
including some areas which are otherwise seasonally de-
serted of plant life. The short -lived plants seem to serve as
bridges for passage of VA mycorrhizàl fungi from one spot
favorable for perennials to another. These ephemerals, such
as winter grasses, mallow, filaree and others not only foster
the growth and reproduction of endomycorrhizal fungi in
their roots, but leave viable populations of spores in soil
pockets where Palo Verde and other perennials eventually
become established.

In a study of the Palo Verde and Saguaro association,
Shreve (1931), working at the Desert Botanical Laboratory
of the Carnegie Institution on Tumamoc Hill near Tucson,
reported that the two species were frequently in contiguity
and that in every case the Palo Verde was the older plant. He
believed the relationship was due to better conditions for
the young Saguaro which derived protection from
mechanical injury and from the intense heat of direct ex-
posure to the sun's rays. He found little difference between
soil moisture and total evaporation, but concluded that
differences in soil temperature and water loss from young
cactus were responsible for its adaptation to the shade
provided by Palo Verde. Another factor to consider, how-
ever, is that the association of Saguaro with Palo Verde may
relate in part to the tree supplying the fungus for the cactus.

As opposed to the association of ephemerals, Palo Verde
and Saguaro together, Creosote Bush (Larrea tridentata)
occurs frequently in nearly pure stands, as does Triangle
Leaf Bursage (Franseria deltoides Torr.), excluding com-
petitive species of plants by forming clonal rings of plants
which arise from the roots in a circle as large as several
meters (Vasek et al., 1975). In addition, Creosote Bush pro-

duces an allelopathic response by excreting substances
from its roots and leaves which preclude the establishment
of other plants nearby (Adams et al., 1970). The progeny of
the plant arise from roots of one plant forming clonal rings
of plants up to several meters in diameter (Vasek et el.,
1975). Sternberg (1975) has reported that genetically con-
trolled peroxidase and acid phosphatase enzyme systems in
each ring are the same, lending credence to the clonal
system of dense stand formation. The finding cited above of
VA mycorrhizal fungi in association with Creosote Bush is
significant. In these clonal communities, where seed re-
production is less important, the relaying of mycorrhizal
fungi along the network of roots is apparently sufficient
without the complex passage from grass to tree to cactus
which seems to operate in the association of ephemerals,
Palo Verde and Saguaro.

In the case of the Palo Verde and Saguaro association, the
Saguaro generally outlives the Palo Verde. When the
Saguaro finally dies it rots and leaves a rich pocket of
decomposed organic material. This soil pocket is quickly
colonized by grasses and various ephemerals. Next comes
Palo Verde, followed by another Saguaro. There is no reason
to suppose that favorable sites have not had thousands of
repeated cycles. The passage of VA mycorrhizal fungi
through the succession of plants at such sites appears to be
efficient and seems to have become an integral part of the
succession phenomenon. Repeated seasonal growth,
sporulation, and re- infection in cyclical fashion has signifi-
cance for agriculture: just as native desert plants have been
shown to benefit from high populations of VA mycorrhizal
fungi and to serve as reservoirs for passing these fungi from
plant to plant, so too have these natives served as reservoirs
for passing fungi to introduced crop plants of agriculture as
shown in Table 2. The fertility of desert soils for these
agricultural crops is certainly enhanced by these indigen-
ous populations of symbiotic microflora.
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Introduction
In a recent article in the American Journal of Botany (AJB)

concerning women in nineteenth century botany
(Rudolph, 1982), the thesis was developed that of 1,185
nineteenth century American women documentable as
plant enthusiasts, plant collectors, members of botanical
clubs, etc., extremely few were or became professional
plant scientists. This, of course, was because women were
openly discriminated against as professionals by the male
professionals of the day. M. W. Rossiter (1974) has written
on "women's work" in science during the period 1890-
1910, a period when women were finally being allowed to
occupy small but generally non -competing niches in sci-
ence. Of the 1,185 nineteenth century plant women iden-
tified by Emanuel Rudolph (1982), 888 were active after
1890.

Of the few American women who were truly plant scien-
tists in the nineteenth century, we identify one, Dr.
Katharine (Curran) Brandegee, as having been most suc-
cessful in openly competing with male colleagues on their
own turf prior to 1890. The many other women with scien-
tific aptitude were successfully repressed by male col-
leagues, shunted into writing books for women or children,
into teaching at women's colleges, or below the college
level. A few were allowed to go into specialties where there
happened to be no strong male competition.

Thus, Elizabeth Gertrude (Knight) Britton, wife of the
eminent male professional plant scientist Nathaniel Lord
Britton, was allowed to share the limelight a little by

studying mosses. Clara Eaton Cummings studied lichens
and Elizabeth Tilden studied algae. Dr. Emily L. Gregory,
having obtained a doctor's degree in plant physiology and
anatomy in Europe, offered to give her services without pay
to the newly formed Barnard College, a women's satellite of
Columbia College, both later integrated in Columbia Uni-
versity. But the terms of the agreement of Barnard and
Columbia stipulated that only Columbia faculty members
could teach at Barnard. As Rudolph (1982) showed, it
looked as if Dr. Gregory's offer would be refused. With
reluctance on the part of some male educators and adminis-
trators, Dr. Gregory was finally made what amounted to an
adjunct lecturer at Columbia in order to teach at Barnard.

Thus, a woman plant scientist became the first female
faculty member of Columbia in 1890. The first female plant
scientist in the U. S. Department of Agriculture was Effie
Almira Southworth, hired in 1887 as a result of federal Civil
Service regulations (Baker, 1976). Flora W. Patterson was
hired in 1895 (Galloway, 1928).

But by 1889, Dr. Mary Katharine Curran, one and the
same as the "Kate" Brandegee of the present article, had
already spent seven very productive years as a professional
plant scientist at the California Academy of Sciences in San
Francisco. Unfortunately, Kate received only incidental
mention in the AJB article on women botanists (Rudolph,
1982: pp. 1352, 1353), and then mostly in reference to Alice
Eastwood who Rudolph says "went to San Francisco to aid
the Brandegees at their invitation as joint- curator ..." From
this casual statement the reader might very wrongly sup-
pose that Kate too (like Mrs. Britton) was a plant enthusiast
married to a distingished scientist, Mr. Brandegee, that she
shared in her husband's work and a little of his limelight,
and that they had brought Alice to California to help at the
California Academy.

Actually, Kate was the salaried professional "Curator of
Botany" at the Academy, not Mr. Brandegee. Alice was
Kate Brandegee's protegé and she came to the Academy as
Kate's understudy or "joint- curator" under Kate's offer to
pass on to her the salary which she (Kate) received but did
not need! Despite Wilson's (1955: p. 39) emphasis on Alice
presiding over the California Botanical Club in 1892, it was
actually Kate who organized and led the young organiza-
tion in 1891 and brought Alice into it. Alice has recently
been better known than Kate because an entire book was
written on her by Wilson (1955). Also, Alice having been of
a later generation than Kate, and having lived nearly a
hundred years, became well -known to many scientists
living today.

Kate is missing from Rudolph's (1982: p. 1351) Table 3 in
the AJB article which lists 17 American women botanists
receiving doctorates during the nineteenth century. All of
these doctorates were awarded in the last years of the cen-
tury. Kate's doctorate was of a previous era and of the same
class as that of Dr. Asa Gray, the distingished father of
American plant science, namely the MD degree, for his-
torical reasons relating to the MD and PhD degrees
explained below in the present article.

When the present authors were college students over two
decades ago, we first learned of the remarkable Kate
through the rather unusual, perhaps even eccentric, writ-
ings of Marcus E. Jones (1929, 1932, 1933 ). He and Albert W.
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C. T. Herre (ca. 1960) presented a number of glimpses of
Kate as a distinguished woman scientist and editor and
were able to convey enough of her personality, so that
together with her own writings, we feel that we know her as
a friend. Both Marcus and Kate edited rather obscure pro-
fessional journals which are now little known. Unfortu-
nately, the four publications pertinent to Kate written by
Jones and Herre were privately printed and/or not well
distributed. In fact they, like Kate's journal, are collector's
items present in only a few highly specialized libraries.

In 1889 the plant collector T S. Brandegee married the
plant scientist Dr. M. K. Curran ( "Kate "), the Curator of
Botany of the California Academy of Sciences. They
merged their lives in a way which has certainly served as a
role -model for the present authors and perhaps for others.
There were a few years when there was a Dr. Carol D.
Crosswhite but yet only a Mr. Frank S. Crosswhite prior to
1971 and we are familiar with the "Dr. and Mr." form of
address that the Brandegees and perhaps only a few others
have laughingly enjoyed.

The present article has been decades in the writing. The
mining camp atmosphere of Colorado, Nevada, and
California enter prominently into the thesis developed
below. The present authors themselves met on T S. Bran -
degee's own turf in Colorado while living in the former
mining camp of Gothic, seasonally repopulated by those
who converted the old assay house, ore house, and other
buildings to laboratories and sleeping quarters for scien-
tists. There was something different about the air, or
should we say the atmosphere, or perhaps the ether, that
was a hold -over from the turbulent and truly romantic
mining camp and exploration period which both the Bran-
degees knew so well and which we believe heavily influ-
enced their personalities and lives.

Although the Brandegees have been dealt with in various
publications cited in the present paper, we feel that the real
Brandegee story is missing from readily accessible libraries
or not infrequently distorted. Hence our present outpour-
ing. To many, our present version will come as a surprise
since it superficially contradicts a number of statements
and assumptions in the literature. We feel that Kate, par-
ticularly, has been poorly understood by later generations
of scientists, even though she had a great influence in her
own time and after in promoting the success and accep-
tance of women as professional scientists. Strangely, Alice
Eastwood, who Kate brought into prominence, heartily
disliked Kate's staunch supporter, Dr. Harvey Harkness,
then President of the California Academy of Sciences. This
resulted in a degree of enmity between Kate and her best
known woman protegé and indirectly to the tone of Alice's
biography by Wilson (1955), which is entirely unflattering
to the Brandegees. Much of Wilson's biography resulted
from personal interviews with Alice and is unmistakably
colored by Alice's preferences and remembrances.

The Brandegees' plant efforts were not purely botanical,
but embraced horticulture as well. They cultivated native
plants and various introductions in a garden next to their
brick herbarium. Mr. Brandegee, at the insistence of Kate,
travelled in Baja California with another Kate, the famed
horticulturist Kate Sessions, to collect seeds and plants for
introduction in southern California.
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The Brandegees: Townshend Stith Brandegee (1843 -1925)
and Dr. Mary Katharine (Layne) (Curran) Brandegee (1844-
1920)

Like creatures of the land, they communed with each
other and with nature. Their honeymoon in 1889 consisted
of a glorious revelry with nature, entirely on foot, beginning
at San Diego and ending at San Francisco! Kate was a big,
healthy woman with such a love for life that the word
"virile" was used to describe her, although usually reserved
for men. Kate was reared in the brawling bawdy west of
Carson City and early California where women were in
short supply and highly valued. In this climate of mining
towns and frontier Americana, there was an interesting
phenomenon presaging today's reality of "women's lib."
Kate and other women of independent spirit had a choice to
make - either stay at home like protected pets, or develop
inherent strengths to become participants in the rich but
somewhat dangerous life of the region. She chose the latter.

Hanged Shortly Thereafter
Dr. Andrew Randall presided over the young

California Academy of Sciences when it adopted the
revolutionary policy "Be it resolved that we highly
approve the aid of females in every department of
natural history," a logical outgrowth of the "code of
the west" which eventually allowed Katharine Bran -
degee to become Curator of Botany at the Academy.
The "code of the west" was again demonstrated when
Dr. Randall was shot by a gambler and his murderer
was "hanged shortly thereafter" by the Vigilance
Committee.

Jones (1933) had a very perceptive insight concerning
Kate (born Kate Layne) and her sister Susan (later Susan
Stockton) and their growing up in Carson City, Nevada.
Susan, according to Jones, was

... like Kate, a husky and red -blooded woman of tireless energy.. .
To some people to grow up in the electric atmosphere of the
greatest mining camp in the world would stimulate even sluggish
minds to do their best, but persons like the Layne girls would be
set on fire. I myself was there when the great Comstock, only a
few miles away, was booming (in the eighties) and you could not
miss the thrill of those glorious days. No doubt to be born [sic] and
raised in such environment had much to do with Kate's mental
growth ... - Jones, 1933: p. 12.

Although Jones erred slightly in saying that Kate was actu-
ally born in Carson City, this should not detract from the
fact that her life there as a child must indeed have shaped
her personality. Much of Jones' personal information about
Susan and Kate seems to have come from Susan's
(Stockton) branch of the family, perhaps from Susan's son
whom Jones mentioned as living at Ramona, California. If
Susan was herself born in Carson City, we can easily see
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how her son might have supposed that the slightly older
sister Kate was born there too. Kate herself said that she
was born in "the wilds" of western Tennessee. In any event,
we learn from Jones' source that the two girls "... often
fought in hair -pulling scraps ..." and that "Kate was at all
times an uncompromising rebel.... She interferred with no
one's affair and demanded the same freedom for herself ..."
(Jones, 1933: p. 13). This non -interference credo was the
essence of the now famous "code of the west." Kate's life as
a woman scientist took place not only with the wild and
woolly west as a backdrop, but, if the thesis of the present
paper is accepted, was made possible by this western code
of toleration!

As a woman scientist and scientific editor of the
Nineteenth Century in the United States, Katharine Bran -
degee was a rather rare creature. Few women dared to enter
the realm of science at this time because it was the almost
exclusive domain of eminent male professionals who re-
sented the intrusion of females into their ranks. Nor was
there opportunity, generally. But way out west on the
Pacific Coast, where things were often wild and woolly,
new traditions were being made. Kate became well -known
in her capacity as Curator of Botany at the California
Academy of Sciences in San Francisco. In 1853, the very
year of its founding, the California Academy had adopted a
revolutionary policy: "Be it resolved that we highly ap-
prove the aid of females in every department of natural
history, and that we earnestly invite their cooperation."
(Wilson, 1955: p. 49). Dr. Andrew Randall had been chair-
man at the first meeting of the California Academy in 1853
and was elected President for three successive years. He
was shot by a gambler on July 24, 1856 and his murderer
was hanged shortly thereafter by the Vigilance Committee
(Ewan, 1955: pp. 9 -10). Yes, this was the wild and woolly
west, but the psychological climate promoted a sense of
urgency, fair play, self reliance and non -interference. Kate
grew up in this atmosphere.

Code of the West
"Kate was at all times an uncompromising re-

bel.... She interferred with no one's affair and de-
manded the same freedom for herself ..." This non-
interference credo was the essence of the now famous
"code of the west."

Of Kate's early life we know that she "... fell in love with
an Irish -Catholic by the name of Curran ..." and married
him. Jones characterized Curran as a "drunkard" and tells
how Kate "... doctored him up when sick, and buried him
when dead, and ... paid all of his bills, most of which were
for drink ..." (Jones, 1933: p. 13). Kate's portrait, presented
in the present article, at perhaps age 25, is of a headstrong
individual with piercing gaze and resolute determination. If
our estimate of 25 years of age is correct, the portrait would
have been during her school- teaching years. She was mar-
ried to Hugh Curran from age 22 until he died when she was
about 30. From age 31 to 34 she was a student in the medical
curriculum at the University of California. At age 35 she

was awarded the MD degree and at age 39 became Curator
of Botany of the California Academy of Sciences, the major
scientific institution in western North America at the
time, retiring at age 50 to live a rather idyllic life with her
husband of five years, T. S. Brandegee, until she died at age
76.

Virago and Scientist
Marcus E. Jones referred to Katharine as a "red -

blooded woman of tireless energy." To T. S. she was
an unbelievable combination like Miss Kitty of the
Longbranch and Dr. Asa Gray of Harvard, all wrapped
up in one person. She professed no religion other than
a love for life and nature and all things good. Eastern
scientists derisively termed her a "virago," a term
which then meant "a bold, impudent, turbulent
woman." In our modern way of seeing things she was
indeed a virago, but in the classic sense of ancient
Rome where this Latin word referred to a heroic
maiden, heroine, or female warrior.

In 1950's terminology Kate would have been seen as a
wonder -woman "Amazon," a beautiful and voluptuous
creature with great inner strengths and few if any inhibi-
tions. She professed no religion other than a love for life and
nature and all things good, tried and true. She preferred to
do the trying to see herself which things were good and true.
Plant scientists of the eastern establishment, not being
familiar with this then seemingly unusual aspect of
womanhood, classed Kate as a "virago," a term which then
meant "a manlike woman; a bold, impudent, turbulent
woman." In our modern way of thinking she was indeed a
virago, but in the classic sense of ancient Rome where the
true meaning of the Latin word "virago" was "a heroic
maiden: a heroine: a female warrior." She was a warrior of
science and of women's rights as professionals in science.

Although Townshend Stith Brandegee was all things op-
posite to Kate, their ying and yang apparently made them a
perfect pair. Contemporary plant scientists on the west
coast who knew them well went out of their way to com-
ment on how the Brandegees were intense marital chums
or how they otherwise thoroughly enjoyed their married
lives together. Kate was too busy with life to be much of a
housekeeper and T. S., a Yale man of very mild and intellec-
tual disposition, was probably indifferent to lending a hand
with much of this kind of work. Different people who knew
them well independently confessed in biographical tidbits
recorded here and there that the Brandegee house was usu-
ally a real mess. But Kate's garden outside was a thing of
splendor! T. S. did not complain.

Dr. Albert W. C. T. Herre (ca. 1960), in writing of the
Brandegees, said

I was an interested observer of their affection for one another.
Mrs. Brandegee was no housekeeper at all, and was one of those
unfortunate women who neither care for nor appreciate really
good food. Mr. Brandegee enjoyed to the full, choice food properly
cooked and served. When I lived in Oakland, he and I would go



over to San Francisco once or twice a week and have a French
dinner such as the city was famous for at that time. In that way,
he could endure the sketchy meals in between. Yet, in spite of the
great divergence in their attitude to such fundamentals as food
and housekeeping,* they were completely in love and entirely
devoted to each other. -Herre, ca. 1960: p. 4.

T S. Brandegee occasionally was incorrectly referred to as
"Dr. Brandegee." Actually Kate was the only Dr. Bran-
degee. She had an M.D. degree, as did Asa Gray, the most
eminent plant scientist of the Nineteenth Century. During
that time the PhD was a rather rare European degree. The
most eminent plant scientists in the United States held
M.D. degrees because of the use of plants in making
medicines. Before the advent of pure food and drug laws,
medical doctors had to check supposed medicines being
offered for sale, using a microscope or lens to spot tell -tale
fragments of plant materials to discover the actual corn -
position. As exploration of the young United States yielded
numerous new species of plants never before known to
science, there were often differences of opinion as to
whether a particular specimen did indeed represent a new
species or was merely an aberrant example of a previously
discovered species. Discovery or naming of a new species
always meant prestige for those involved and the scientific
names which we yet use today rightly enshrine the names
of explorers and scientists who made the correct determi-
nations.

Persons with M.D. degrees were trained to make diag-
noses or "determinations." They owned microscopes or
lenses and knew how to examine tissues. A few, like Kate,
who had an intense love for nature and a strong curiosity,
turned their lenses to examination of plants and their mi-
nute parts. These practitioners of the fledgling discipline of
plant science could make "fingerprint" determinations of
specimens on a level light -years beyond that of the plant
explorer in the field.

T S. Brandegee, before marrying Kate, was truly the
archetype of the plant explorer in the field. As a civil en-
gineer, his surveying projects and topographic studies often
required him to record the trees, shrubs and other plants
lying on the survey line, in quadrats, or at corners. He
developed this to the point of making extensive herbarium
collections of dried specimens even where a more per-
functory approach would have been acceptable.

T S. gained fame as a rather young man in Colorado when
some of these specimens, sent to plant scientists in the
east, were determined to be species previously unknown to
science. Their scientific names still bear the epithet "bran -
degeei. " His collections were used by Thomas C. Porter and
john M. Coulter in preparing the first list of Colorado flora
published in 1874. In fact, he was singled out together with
E. L. Greene in a preface to this book: "To Mr. Brandegee,
for his large and fine collections from the southern part of

*Editorial Note
In fairness to Kate it should be pointed out that as a diabetic
before the advent of insulin therapy, she could not eat rich
foods; as a professional woman, she placed more emphasis on her
work than on the tidiness of her house. While she drew a salary,
her husband was only occasionally employed. Nowadays a
similar woman would expect her husband to do housework!

"Kate" about 1870
Mary Katharine Layne 1844 -1866
Mary Katharine Curran 1866 -1889

Mary Katharine Brandegee 1889 -1920

the territory, and to the Rev. E. L. Greene, for lists and
specimens of rare species, we are under special obligation."
Rev. Greene will re- appear later in the present article in a
significant role in relation to the Brandegees in California
in the 1890's. Upon recommendation by Asa Gray in 1875,
T S. became a topographer and plant collector for F. V.
Hayden's Exploring Expedition to the four -corners region of
southwestern Colorado and adjacent Utah, discovering
many new and interesting plants. Something of the adven-
ture of the day can be found in his reminiscences: "... On
the day of our most western travel I collected four new
species and was much disappointed when we turned back.
The night preceding the Indians made an attempt to steal
our mules ..." (T S. Brandegee in Setchell, 1926: p. 157).
This western point of exploration was given the name "Re-
capture Creek" to commemorate the recapture of the
mules from the Indians, a name yet found on roadmaps
today!

In 1877 Dr. Asa Gray invited Sir Joseph Dalton Hooker of
England to accompany him on a grand tour of the western
United States. This tour was paid for by F. V. Hayden from
U. S. government funds available for his exploring expedi-
tions, so not surprisingly the tour made contact with T. S.
Brandegee, then residing in Cañon City, Colorado. Cer-
tainly a highlight of T. S. Brandegee's plant collecting career
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came at this time when he entertained Sir Joseph Hooker
and Dr. Asa Gray, showing them the Royal Gorge and its
plant life. Hooker at that time was not only President of the
Royal Society of London, but Director of the Royal Botani-
cal Gardens at Kew as well. Gray was the patriarch of plant
science in America, the fifth edition of his textbook already
being 20 years old! Hayden, by paying the travel expenses of
Hooker and Gray, was seeking prestige for his scientific
surveys of the west in a struggle for Congressional appro-
priations in competition with Major J. W. Powell, the Army
Corps of Engineers, and the Coast Survey (Dupree, 1959:
pp. 406 -408). If Hayden had been more successful with
funding, T. S. Brandegee likely would have followed him to
new fields of exploration.

As things actually developed, Mr. Brandegee remained in
Colorado and adjacent New Mexico doing engineering
work locating railways. He was fully a part of the main
course of the history of Colorado in the 1870's and early
80's when a wild rush developed to wrench mineral wealth
from the ground, with an accompanying mad rush by rail-
roads to build freight lines to haul in machinery and haul
out the ore and coal. The Denver Pacific from Cheyenne
reached Denver in June of 1870, and the Kansas Pacific from
Kansas City two months later. Then came early develop-
ment of the Denver and Rio Grande in 1871. Pueblo, Den-
ver and Colorado Springs were successively reached from
the east by the Santa Fe (1873), Burlington (1882), Missouri
Pacific ( 1887) and Rock Island ( 1887) lines.

As Jones (1929: p. 16) pointed out, T. S. Brandegee
... was a college man and an engineer at a time when such

men were at a premium in the building of the great high-
ways across the country." Of this stage of his career, T. S.
wrote:

In locating railroad lines and making preliminary surveys I
came upon many rare plants. I remember, [for example] while
staking the railway line on the slope of Mt. Antere a thunder
shower forced us to quit, and while seeking shelter in a grove of
trees I came upon a colony of Cystopteris montana, the only one
known in the United States.

A few years later I joined a railway surveying party and was on
the first preliminary survey through the Grand Cañon of the
Arkansas (Royal Gorge). Then attached to the Santa Fe Ry. as a
member of the engineer corps, I collected plants, sending to Dr.
Gray and Mr. Redfield for names. My knowledge of Colorado flora
enabled me to recognize desirable specimens at once. From the
Santa Fe Ry. I transferred myself to the Denver and South Park Ry,
and was put in charge of location and construction of a division in
the Sawatch Mts.... Next I was put in charge of a locating party
and located a railway line from Gunnison City up Ohio Ck.
-T. S. Brandegee in Setchell, 1926: pp. 157 -158.

Serving as engineer for the railroad route through the
Royal Gorge, T. S. was at the heart of a rather famous drama
of the wild and woolly west. Revis ( 1954: p. 215), writing of
the railroad through the Royal Gorge, summarized as fol-
lows:

... These tracks, I discovered, were the cause of a bitter contest
in 1878 between two pioneer railroads The Atchison, Topeka &
Santa Fe, and Gen. William f. Palmer's Denver and Rio Grande.
The narrow canyon could accomodate only one roadbed. When
rival construction workers arrived at the canyon's entrance, a

battle royal began. Crews laid rails during the day and at night
sabotaged those of their rival, rolling boulders down the canyon,
dynamiting the roadbed, and dumping tools in the river. - Revis,
1954: p. 215.

Jones ( 1929: p. 17) speaks of this railroad war,
... which in 1879 culminated in fortifying the Grand Cañon

[Royal Gorge] of the Arkansas by armed parties from each road, in
an effort to secure the only right of way through the cañon. The Rio
Grande R. R. had leased their road from Pueblo to Denver to the
Santa Fe for a period of 99 years. In 1879 the Santa Fe began to
convert to their own use all the rolling stock of the Rio Grande,
and to paint out all indications of the original ownership. This led
to a coup by my friend General Palmer, President of the Rio
Grande, in the spring of 1879, by which in one night he stole back
the entire road and equipment. The court litigation following this
resulted in the Rio Grande getting back its road and the right to
build the road through the Grand Cañon of the Arkansas and on
up to Leadville, which at that time was the greatest mining camp
in the world. - Jones, 1929: p. 17.

Apparently Mr. Brandegee's work for the Denver and South
Park Railway was also embroiled in the drama, as we learn
that,

Denver financiers were awake to the situation and, led by John
Evans, they formed the Denver, South Park and Pacific, whose
aim it was also to reach Leadville quickly!

The scramble meant railroad warfare. While the Rio Grande
and the Atchison squabbled over the narrow keyhole to Leadville,
the Royal Gorge of the Arkansas River, the South Park people
struggled against impending bankruptcy to reach the mountain
treasure chest. For over two years the battle went on, dramatized
by the so- called 'Royal Gorge War.' Men carried rifles and six -
guns ... -Athearn and Ubbelohde, 1959: p. 49.

This was a time of great vision and empire building, even
of over -optimism and over -vision, when the Denver and
Rio Grande was expected to reach not only to El Paso on the
Rio Grande but then to Mexico City! As a "harmless plant
collector" Marcus E. Jones himself was surreptitiously
employed by General Palmer for 30 years to research and
prepare reports on prospective railroad routes and mineral
locations for Palmer's eyes only. On such trips he was sent
as far as central Mexico for considerable lengths of time.
The Rio Grande's southern push came to a halt when a
treaty between it and the A.T. &S.F. ceded prospective routes
south of Colorado to the latter. According to Jones (1929: p.
17), "The retirement of the Santa Fe from transcontinental
rivalry with the Rio Grande and their building southward
to Las Vegas and westward through northern Arizona,
doubtless was the cause of Brandegee quitting Colorado."

Mr. Brandegee himself summed up his career between
the railroad surveys and his later life in California:

After leaving railway work I was engaged in making a forest
map of the Adirondack Region of the State of New York.... After
finishing the New York work I joined the Northern Transconti-
nental Survey as botanical collector and surveyor for a forest map.
This engagement kept me busy in the Yakima Region and Cascade
Mts. east of Mt. Ranier of Washington for two years. Next I went to
Portland in the interest of the bondholders of the Portland and
Willamette Valley Ry.... Then, for Prof. Sargent, I went to
Montana, Washington, California, and Nevada collecting logs of



wood for the Jesup Collection ... -T. S. Brandegee in Setchell,
1926: p. 158.

Mr. Brandegee's collecting of tree logs for Professor Sar-
gent had its roots in a rather unusual facet of the U.S.
Census of 1880. As part of the census, the government
attempted, through Sargent, to obtain representative
trunks from every major species of tree. These were depos-
ited in the American Museum of Natural History in New
York as part of the Jesup Collection and were added onto in
later years with the Museum paying expenses. According to
T S. Brandegee,

In the winter of 1886 -7 I came to California at the request of
Prof. C. S. Sargent, to superintend the collection of rare or trouble-
some tree trunks for the Jesup collection of the American Museum
in New York the Museum paying expenses. Collectors had failed
to get many of these. They were to be as large as could be obtained,
five feet long and in perfect condition. -T. S. Brandegee in Setch-
ell, 1926: p. 159.

Waylaying the U. S. Mail
T. S. was provided with a free frank for mailing

materials relating to the U. S. Census of 1880, in this
case, specimens of trees for a special arboreal census
of which Professor Sargent was in charge. Brandegee's
practice was to bring large hundred -pound tree trunks
out of the mountains to the nearest point intersecting
a route of the U. S. Mail, usually a remote section of
stagecoach line. Then he would stop the next
stagecoach and order that his "mail" be taken aboard.
When it had been granted, apparently the govern-
ment had not been fully aware of the novel way he
had planned to use his franking privilege. Complaints
by stagecoach drivers resulted in cancellation of the
frank.

One of the more difficult species in this collection for the
American Museum reportedly cost Mr.Brandegee $400 out
of pocket to get it out of its growing place and shipped to
New York. Back in 1880, in the middle of the railroad
scrambles in Colorado, T S. had begun his collecting of tree
trunks as a "moonlighting" effort for Sargent. Since it was
then an official U.S. Census effort, he was provided with a
free frank for mailing specimens to Sargent. His practice
was to bring large tree trunks out of the mountains to the
nearest point intersecting a route of the U.S. Mail, usually a
remote section of stagecoach line. Then he would stop the
next stagecoach and order that his "mail" be taken aboard.
Apparently the government had not been fully aware of
how he was planning to use his free franking privilege of the
Census. As he later admitted, "Some of the specimens were
very heavy (100 pounds) and they were sent by mail under a
frank until some of the stage drivers protested to the au-
thorities." (T. S. Brandegee in Setchell, 1926: p. 158).

Upon moving to California, T S. met Kate and was
amazed to discover in her not only a microscope -using
doctor who had a complete grasp of the young developing

T S. Brandegee in 1870 upon graduation from Sheffield
Scientific School, Yale.

field of plant science, but a strong and attractive woman
with a zest for life and all things living. Having been a
school- teacher, the County Engineer and City Surveyor at
Cañon City, Colorado during the heyday of the territory's
rough and bawdy rush to rip the mineral wealth from the
ground, and having participated as surveyor and engineer in
the hectic rush to develop railroads, T. S. Brandegee had
been a major player in the real drama of the old west. He
certainly would have known (and if like other western men
of the day, would have admired) that now half -legendary
creature, the strong, attractive, (virago) heroine of the fron-
tier. By the time T. S. and Kate finally met in relatively
civilized California, much of the roughness was already off
the edge of the west. Many Californians were merely trans-
planted easterners, not everyone having the vivid
memories of romanticism of early western times that T. S.
and Kate could share. To T S., Kate was an unbelievable
combination like Miss Kitty of the Longbranch and Dr. Asa
Gray of Harvard, all wrapped up in one person! Although
Kate and T S. were in many respects very different, they
shared an intimate first -hand knowledge of early western
mining camps and by interesting coincidence had both
taught school in this western atmosphere when they were
in their twenties.

What did Kate see in Mr. Brandegee? T S. impressed most
people as being meek and mild, even effeminate. Jones
( 1929: p. 16) wrote, "She was the most virile woman I ever
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knew and he was the most feminine man I ever knew ..."
and later (p. 17), "Brandegee was a very quiet man, and very
hard to get acquainted with." Ewan (1955: p. 33) said that
Jones remarked to him personally, "Brandegee should have
been born a woman and Mrs. Brandegee should have been a
man. So their marriage could hardly help being a success!"
But Mr. Brandegee, although sometimes termed effeminite,
certainly harboured no dislike for womanhood! In fact,
Jones (1929: p. 16) also wrote, "Brandegee was a little, quiet,
refined man, a great friend of the ladies...." (Jones, 1929: p.
16) and later added that before marrying Kate, T S. had
"....other women buzzing around like flies in fly time...."
(Jones, 1933: p. 15). When T S. came to California he was,
"... the oldest and most accomplished botanist in the
country, and his presence would command respect...."
(Jones, 1933: p. 15). Kate fell "insanely in love" with T. S., as
she put it in a letter to her sister Susan (Jones, 1933: p.15)

Apparently T. S. was quite content to place himself in
Kate's charge. Jones (1929: p. 17) wrote "After his marriage
to Mrs. Kate Curran, she became the spokesman of the
family." In a later publication, Jones (1933: p. 13) singled
out as noteworthy Kate's curatorial, even somewhat pro-
tective, attitude toward T S., even "... in certain things
that would make most women furious. This tolerant at-
titude toward us [men], as though we were half savages [i.e.
incapable], is quite agreeable to some men ..." (Jones, 1933:
p. 13).

Zoe
In autobiographical notes not published until her

death, Katharine revealed that her husband and Dr.
Harvey Harkness (President of the California
Academy) had started the scientific journal Zoe for
her, thus confirming suspicions by Nathaniel Lord
Britton and others. Listing a woman as editor of a
scientific journal in the Nineteenth Century would
have been tantamount to throwing away the sub-
scription list since science was the almost exclusive
domain of eminent male professionals who resented
the intrusion of females into their ranks. Signifi-
cantly, Zoe is the name of a woman and the meaning
of that name is "Life."

Shortly after Kate and T. S. were married, the natural
history journal Zoe began publication as a monthly perodi-
cal. The mast -head page of the first issue boasted that Zoe
was "published on the last day of each month" by the Zoe
Publishing Company, P. 0. Box 2114, San Francisco,
California, with "Frank H. Vaslit, Editor." Zoe became
well- known, through the five volumes that were eventu-
ally published, for its penetrating reviews of certain scien-
tific books and literature. Although the name Katharine
Brandegee or the initials "K.B." appeared only occasionally,
we (F.S.C., C.D.C.) see Kate's hand throughout the journal,
such as in the desire "to disembarrass the grain of truth
from its attendant mass of chaff," which is given as the
journal's goal in the first issue.

The editorship of Zoe was variously stated from Volume
1 through Volume 5, beginning with no indication what-
soever of Kate's or any Brandegee's hand. By issue number 8
of the first volume, T. S. Brandegee was finally listed as
editor. By the first issue of Volume 2, five associate editors
were also listed, including Kate. Although the individual
issues of Volume 3 retained listings of associate editors
under T. S. Brandegee, including Alice Eastwood, the sepa-
rately printed title page for the entire volume listed only
Alice Eastwood as editor (see discussion below). In Volume
4, Number 4 (January, 1894) there appeared the notice "All
communications concerning Zoe should be addressed to
the proprietor, T. S. Brandegee, Box 684, San Diego, Cal." To
the present writers (F.S.C., C.D.C.) it seems rather unlikely
that T S. Brandegee ever really did the editing of Zoe and
was more accurately the proprietor or owner (perhaps
"publisher" would be the better term), as finally acknowl-
edged by the "proprietor" statement in 1894. In Volume 5,
only Katharine Brandegee was listed as editor. Possible
reasons for the various versions of editorship are discussed
below in relation to nineteenth century taboos relating to
female editorship of a scientific journal.

In a short autobiographical sketch in the archives of the
University Herbarium, Kate clarified the editorial situation
somewhat, acknowledging that Zoe had been founded for
her, a suspicion which biographers of the Brandegees might
easily come to as a logical but otherwise unproven conclu-
sion. Here are Kate's own words to document what would
otherwise have only been our supposition: "My early ac-
tivities resulted in the beginning [italics ours] of the Bulle-
tins of The California Academy of Sciences, of which I was
the acting [italics ours] editor, but desiring some publica-
tion that would allow freer scope to discussion and criti-
cism, 'Zoe' was begun for me by Mr. Brandegee and Dr.
Harkness. Later Dr. Harkness found it too expensive and
Mr. Brandegee took over the control, repaying to Dr. Hark-
ness the sum that he had expended."

Use of the term "acting" editor for the Bulletins is sig-
nificant. Kate lived in a period when distinguished gentle-
men were the editors of journals, not women! She would be
allowed to do the actual work of editing by progressive
California scientists certainly, but what would the staid
scientists in the east think of her having the title of editor?
Albert Kellogg and cofounders of the California Academy of
Sciences were already under criticism, perhaps even ostra-
cism, for, among other things, even allowing the Academy
to employ women! The status of the Academy in the eyes of
sister institutions around the world was at stake. Non-
acceptance by other institutions related not only to the
Academy's policy on women, but to other idiosyncracies
that the same climate of freedom and individualism in the
west had spawned. Asa Gray often didn't even take Kel-
logg's scientific publications seriously. He and other staid
eastern scientists apparently chuckled at a name like
"Hummingbird's Dinner Horn" that appeared on the en-
graved plate when Kellogg published the newly discovered
species Penstemon cedrosensis. Although Gray's Penste-
mon bridgesii had been earlier named P. rostriflorus by
Kellogg, Gray rejected rostriflorus outright because he
could demonstrate a slight confusion to have been present
in Kellogg's original species diagnosis! Ewan (1955: p. 12)
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wrote "Kellogg's scientific names were not infrequently
hyphenated words of curious construction that some
botanists felt obliged later to edit or disregard altogether."
Thus, we see that the California Academy had a serious
need to improve its image with the eastern establishment.
With the retirement of Kellogg in 1883, Katharine, then his
assistant, was elevated to his position as Curator of Botany
for the Academy, following the Academy's policy of record
regarding women. But what was acceptable to perhaps a
majority of scientists in San Francisco was not necessarily
Kosher on the east coast or even among more staid scien-
tists even on the west coast. The most serious problem
would naturally arise when the Academy would attempt to
communicate (through a journal or published proceedings)
beyond the local region. Kate had already learned the hard
way that a woman with an M.D. degree had very few pa-
tients. Women doctors were no more accepted than women
scientists or women editors. Kate had already gotten in-
volved with the Academy's publications and had been at
the heart of a controversy. In many ways Zoe was a subter-
fuge. But although a large amount of the printing costs for
Zoe might be recouped through sale of subscriptions, sub-
scriptions to scientific journals were bought mostly by
male scientists who often resented female intrusions into
their male scientific fields. Although Zoe proved to be a
pioneer in changing some of these values, listing a woman
as editor was undoubtedly a negative factor for subscription
sales.

If Zoe was indeed started for Kate, the name of the journal
was very appropriate. Zoe is a woman's name and the
meaning of this name is "life." The reaction of Nathaniel
Lord Britton was characteristic of male vanity of the day
when "K.B." made editorial comments in Zoe (Volume 1,
Number 11) on a book which Britton had recently pub-
lished. Britton knew that "K.B." meant Katharine Bran -
degee and that a mere woman had been allowed to make an
editorial critique of his book! But sinceZoe was not directly
published by the California Academy, he had no recourse
against the institution where Kate was employed and had
no real logic to sway the members of the Academy to
discipline Kate! True, Dr. Harkness (who with T. S. had
founded Zoe) did indeed sit in the President's chair at the
Academy, but Zoe was published by Zoe Publishing Com-
pany from a post office box, as shown above. Dr. Harvey
Harkness was a wealthy patron of the Academy and lived at
the exclusive Pacific Union Club. He was rather immune to
intimidation, as was T S. Brandegee himself, who had re-
ceived a $40,000 inheritance, then a vast sum. The recourse
which N. L. Britton chose was to demand that Zoe discip-
line Kate and publish a poem which he (N.L.B.) had
selected:

Think you a little din can daunt mine ears?
Have I not in my time heard lions roar?
Have I not heard great ordnance in the field,
And heaven's artillery thunder in the skies?
And do you tell me of a woman's tongue,
That gives not half so great a blow to the ear
As will a chestnut in a farmer's fire?

Whereas Kate's critique of Britton's book was fair use of a
reviewer's right to evaluate literature on internal merits,

Brandegees 135

A narrow locomotive General Palmer's Denver
and Rio Grande Railroad wends its way through the Royal
Gorge near Cañon City, Colorado in this historic photo-
graph from the Nineteenth Century. T S. Brandegee dis-
covered a number of new and interesting plants while
surveying the railway's roadbed through the canyon in the
1870's. The narrow roadbed became a matter of hot dis-
pute with the rival Atchison, Topeka and Santa Fe Rail-
road, erupting into the famous "Royal Gorge War" in
which rival crews competed to be the first (and because of
the narrowness, the only) railroad through the canyon.
Crews laid track by day and sabotaged that of their rival at
night, rolling boulders from the top of the canyon,
dynamiting rails, and throwing tools in the river.

Britton's blistering counter -attack was on Kate personally,
on her as a woman, and on the Brandegees as a family
because the family included Kate, who was a woman who
dared to speak out. Furthermore, Britton hinted that Kate
may have previously hidden her [ "worthless "] woman
writings under the guise of the authorship of a [ "respecta-
ble"] male, her husband, and that perhaps other con-
tributors or editors of Zoe were really Mrs. Brandegee
adopting male pen names to hide woman [read "worth-
less"] authorship:

But the review has been of service to the botanists of the country
in a way probably not planned by the writer, for it has given us
further proof that the two supposed Brandegees are one, not alone
matrimonially but literally. For otherwise it would be exceed-
ingly unlikely that my very phrase used in reviewing one of what
we all supposed to be one of Mr. Brandegee's writings should be
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hurled back at me by Mrs.Brandegee. And this almost leads one
to speculate on how many other supposed individuals may be
included in the same family ...- Britton in Zoe 1: 344 -345.

Kate's womanhood had been a negative factor to some at
the Academy and her serving as Curator of Botany (and
having the ultimate say for that discipline) and her editorial
writing were made to look somehow scheming and dishon-
est, as shown by this sample from a letter of Charles Chris-
topher Parry to Samuel Bonsall Parish:

... Acad[em]y affairs as you will infer are run a la Curran and
nobody else has anything to say in the matter Greene draws off
to Berkeley how long this state of things may last quien sabe. I
enclose Harkness's inaugural [address] written as I understand by
Curran... -C. C. Parry in Ewan, 1955: p. 32.

Apparantly "internal dissensions" at the Academy had
resulted in delays in publication of the Academy Proceed-
ings during the 1875 -1885 decade and Ewan (1955: p. 32)
quotes Joseph LeConte as saying that the Academy had
been "... prosperous and held a high position among the
scientific institutions of our country; but from that time,
because of internal dissensions, it dropped lower and
lower." According to Ewan (1955: p. 33), Willis Linn Jepson
claimed that the dissensions were due to Katharine. Ewan
says that Jepson "... looked upon her activities as scheming
and vindictive." Today Katharine is seen as a victim of
professional injustice and gender discrimination who had
to fight to maintain her professional position. To some, it
might seem "scheming and vindictive," but Kate did suc-
ceed in maintaining her position as a respected profes-
sional. Although Kate was despised by some, she was loved
by others. Something of the esteem with which she was
held in some quarters, and the influence she maintained, is
shown by a courtesy extended to her: "By the aid of the
railway companies I enjoyed a general pass on the roads,
which allowed me to ride on anything from Pullman to
engine." (K. Brandegee ms. in Setchell, 1926: p. 167).

Actually, the Academy's Proceedings had traditionally
been delayed in publication. Far from this being Kate's
fault, she was the one who finally took matters into her
own hands to rectify the situation. She was a reformer. The
Proceedings of the Academy comprised 7 volumes from
1854 to 1876, with a second series of 6 volumes from 1888
to 1896, leaving an obvious gap of 11 years. Katharine
joined the Academy as a member during the fourth year of
the gap, was employed as the Curator of Botany during the
seventh year, and managed to establish and edit a substi-
tute series, Bulletin of the California Academy of Sciences
beginning with the eighth year. The old Proceedings con-
sisted of the actual happenings at the meetings, including
papers "read" and demonstrated in actual oral and physical
demonstrations. For example, Dr. Kellogg "read" a paper on
"new genera and species of plants found by Dr. John A.
Veatch, at Cerros Island" as part of the 1859 Proceedings,
which actually did not go to press until 1863.

As a reformer, Kate objected to new species being
cavalierly "published" at oral meetings with physical
printing occuring up to four years later! Also as a reformer,
she set about trying to determine the correct status of the

innumerable species which had been described by others
(Kellogg, Behr, Bolander) in the old Proceedings series, and
attempted to locate voucher or "type" specimens for au-
thentication purposes. Aside from editing the new Bulletin
series, her major contribution to volume 1 was a 22 -page
article giving the results of her identifications of each of the
species proposed in the old Proceedings. Like Asa Gray,
Kate preferred that manuscripts be thoroughly checked
before coming to publication and thoroughly reviewed by
the editor, hence her preference for the new name Bulletin
to set the publication off from the former Proceedings. In
the politics of nineteenth century natural science she was
a conservative and a "lumper" rather than a liberal and
"splitter." The splitters imagined new species everywhere
and saw nothing wrong with the "shotgun" approach of
naming excessive numbers of new taxa in the literature
with hopes that many would prove to be taxonomically
sound. Kate, like Asa Gray, disliked that people trying to
identify plants had to contend with a literature having
numerous half -baked or erroneous proposals of new
species. Rev. E. L. Greene, on the other hand, had such a
liberal species concept as to brag that he could probably find
new species right in Asa Gray's own yard. This was to
imply that conservatives, rather than being careful, were
really merely not perceptive. W. L. Jepson, who laid the
dissension at the Academy at Kate's door, had been a prize
pupil of Greene and became an apologist for him until
eventually becoming disenchanted with his publications.

Interestingly, the journal Zoe took up publication of the
minutes of the Academy meetings (proceedings), essen-
tially as news items, with immediate publication, but
without descriptions of new species, in contrast to days of
old when the formal Proceedings had been used as a vehicle
for launching new species with massively delayed printing!
The last Bulletin appeared in 1887, a new scholarly series of
Proceedings in 1888, and Zoe in 1890. Far from Kate being
in dissension with regard to any of the publications, she
wrote articles which were published in all three. In fact, she
had a significant article of 42 pages in the first volume of the
new Proceedings.

The upshot of the dissension at the Academy was the
election of Kate's staunch supporter, Dr. Harvey Harkness
to Presidency of the Academy! Note C. C. Parry's letter
above where he spread the rumor that Kate wrote Dr. Hark -
ness's inaugural address! How sinful this woman!

If with Britton's vicious attack, the cat was indeed finally
out of the bag, there was less need to hide Kate's closet
debauchery of woman writing and she came out in the
open, or at least partly: In Volume 2 of Zoe she was finally
listed as an "associate editor" with her feminine name
protectively flanked by names of four male associate
editors!

Disapproval by C. C. Parry, N. L. Britton and numerous
plant scientists of the eastern establishment certainly
translated to a low subscription list. Zoe became a financial
drag for the publishers, the Brandegees, after Dr. Harkness
relinquished his share of ownership. This undoubtedly was
what originally had been feared and the real reason that
Kate's name did not appear on the mast -head page of the
premier volume. Was the resentment solely against a



woman as editor or against Kate? With Volume 3, the name
of Katharine Brandegee was replaced by that of Alice
Eastwood, again protectively flanked by names of male
associate editors. During this time Kate was extremely
busy checking on the validity of numerous new species of
plants proposed in the scientific writings of Rev. E. L.
Greene. Alice seems to have capably shouldered the bulk of
the editorial burden for Volume 3 while Kate was trying to
verify or debunk Greene's findings. By the time Volume 3
was completed it was probably clear from Kate's long and
careful research on Greene's work that there was going to
be a bombshell of a paper in the next volume that would
stand the hair of many a male scientist on end! Not only
was Kate going to criticize Greene's work, she was going to
systematically dissect it and consign it to the rubbish heap
in a text of 40 printed pages entitled "The Botanical Writ-
ings of Edward Lee Greene," which did indeed appear in
Zoe, Volume 4, pages 63 -103.

We can imagine Kate and Alice talking it over when
Volume 3 had been finally put to bed and it was time to mail
the last issue together with the title page for the entire
volume. What would people say about Zoe publishing such
a major critique by Kate of a man scientist's work? Alice
was a younger woman with less knowledge of the actual
details of Greene's work and more prone to support him.
Greene had been an Episcopalian minister in Colorado and
New Mexico and had been, as Jones (1933: p. 14) put it,
unfrocked in California for social vice. At this time Alice
knew Greene only as a minister of the gospel who had
collected plants in Colorado, the place she loved so much
and where she too had made many plant collections.

Alice Eastwood was Kate's protegé. Alice had met the
Brandegees on a trip to California and Kate had been tre-
mendously impressed with the younger woman's enthu-
siasm for plant collecting and for life. Kate undoubtedly
saw heself in earlier days mirrored in this vibrant young
woman. Kate and T. S. visited Alice in Colorado and were
impressed with the quality and tidy nature of her her-
barium. In the summer of 1892, Mrs. Brandegee wrote to
Alice in Colorado, asking her to come to the California
Academy to work with her as something of a curator -in-
training. Kate was officially Curator of Botany at the
Academy. She was proposing to pass her own full salary to
Alice, while continuing as joint curator, explaining that she
and her husband had sufficient funds for her to remain at
the Academy while Alice eased into the curatorship.
Eventually Zoe carried a news item that "Miss Alice
Eastwood, formerly of Denver, Colorado, has succeeded
Mrs. Katharine Brandegee as Curator of Botany at the
California Academy of Sciences and as acting editor of
Zoe." This would certainly imply that Kate had previously
been "acting editor" of Zoe despite the actual statements of
editorship on the mast -head pages and would resubstan-
tiate the line of reasoning which we have already developed
in the present article.

Alice met E. L. Greene when Kate sent her across the bay
to the University of California to do an errand at the her-
barium of the young university. Greene, as the first Profes-
sor of Botany at the university, was in charge of the her-
barium. Greene was apparently thrilled to see that Kate was
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Picturesque Recapture Canyon in San Juan County, Utah
and the associated Recapture Pocket, a historical site near
Bluff, were named when the Hayden Expedition, for which
T S. Brandegee was topographer and plant collector, had
trouble with the Indians in 1875. At this point, the expedi-
tion's mules were recaptured after the Indians had tried to
take them. T S. discovered a number of new species of
plants in the recapture area.

being replaced over at the Academy and Alice was ap-
parently equally thrilled to meet such a well -known plant
collector and explorer. Quite uncharacteristically, being a
misogynist, Greene took Alice to lunch on the campus. He
was not in the habit of trying to impress women [except
perhaps widows and wives of parishioners when he was a
priest] and was not generally seen in the company of one,
particularly when dining. According to Wilson (1955: pg.
50), "Fellow faculty members were incredulous when the
confirmed bachelor walked into the dining hall, engaged in
animated conversatiion, with a young woman ..."

Greene was undoubtedly anxious for Alice to replace
Kate both at the Academy and at Zoe. Interestingly, Kate
had been something of Greene's co- worker at one time.
According to Jones (1929: pg. 18), "The way Mrs. Brandegee
handled Greene was perfect, and entirely free from any
feminine bias. She knew him more intimately than others
because she was a student under him [sic] at the beginning,
and a coworker." The method which Kate used in her
studies and to criticize Greene was actually that of the
scientific method of repeatability. As described by Ewan
(1942) the method at first glance seemed a little perverted:
"Katharine Brandegee became interested in recollecting at
then already classic botanical localities in California . . .

However, some of these efforts toward recollection fol-
lowed an obsession ... to seek out intermediates for pro-
posed new species and depose them and their proponents in
the columns of Zoe." But on second glance, this is nothing



Katharine and Townsend Brandegee in 1889. Both were veterans of brawling, bawdy mining camps of the west.
Kate's strong virago -like personality is thought to have developed in the climate of her youth in Carson City, Nevada
and the gold fields of California. T S. had played a significant role in surveying and engineering for narrow gauge
railways to bring ore out of the mountains in Colorado when Leadville, then the greatest mining camp in the world,
was booming. The Brandegees became famous for their study of the plant life of California and Baja California.

more than the scientific method of repeatability! Herre (ca.
1960) knew both of the Brandegees and also Greene. He
gives an interesting reply to Ewan:

Both Mr. and Mrs. Brandegee were ardent exponents of the
principles of evolution.... E. L. Greene's attitude was very dif-
ferent. To him, there was no such thing as evolution. He had a very
discriminating eye for species but was sadly limited by his refusal
to recognize evolution. After laying out a large series of plants
upon the tables, he would walk along picking up specimens. "This
is a good species." he would say of each one selected. After these
were all removed, there would remain the intermediates and
minor variants. "These are the works of the devil,' -' he would
remark, as he dumped them in the waste receptacle. - Herre, ca.
1960.

Much has been said but little actually documented con-
cerning the relationship and conflict between E. L. Greene
and Katharine. Greene was a very enigmatic individual. He
was a loner, described as reserved and introspective (McIn-
tosh, 1983: p. 43), but decidedly egocentric. He was ap-
parently the "crazy man with only an umbrella and big
book" which the Yuma, Arizona newspaper warned local
residents about during his walk across southern Arizona.
He enjoyed being by himself in the mountains or deserts
with only flowers, herbs, trees or shrubs to associate with,
being by himself in a library with only authors of the past to
communicate with, or being by himself in an herbarium
with only dried specimens to study. According to Downing

(1917), Greene's description of a perfect day included his
meeting no one with whom he had to exchange a syllable
and not a human being came to his door. He liked to
interact with others by being set apart from them in a
superior position which commanded respect. He thrived on
what he called "glory" which he saw as coming from being
a great person, discovering and naming new species, scien-
tific publishing, professional position, etc.

Although he did not obtain a professional position as a
plant scientist until 1885, he seems to have collected and
studied plants from the time he was a private in the 13th
Wisconsin Infantry (1862 -65) during the Civil War. Fol-
lowing the war, he supported himself and his plant studies
by becoming an itinerant school teacher and a licentiate
Methodist preacher. In 1871 he was admitted to the Sacred
Order of Deaconry of the Episcopal Church and was or-
dained a priest in 1873. In a letter to a friend in 1874, he
bragged,

I have had a fine time, also have worked my way into the pulpit so
as to have no trouble about the wherewithal to pay my expenses. I
have a large congregation and a good salary ... I have also the
prospects of being even called to a large San Francisco church on
three thousand dollars a year ... -E. L. Greene in letter to Lud-
wig Kumlien, quoted in Main, 1929: p. 181.

It was not until 1881 that Rev. Greene was finally called
to the San Francisco region to take up the pastorate of St.
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Mark's church in Berkeley. Katharine had received her
M. D. degree at Berkeley in 1878. Not being overrun with
patients, as she put it, and being a member of the California
Academy of Sciences, she made herself useful in the
Academy's herbarium. Beginning in 1881 Rev. Greene
began using the Academy's herbarium extensively in con-
junction with his own private studies of plants while being
paid as the minister of St. Mark's. Thus we have two profes-
sional people, a medical doctor and a minister, spending
considerable time in the herbarium, at the expense of their
other professional duties. In Katharine's case this trans-
lated to fewer fees accruing from her medical practice, but
in Greene's case it meant drawing the same salary but being
curt in ministerial duties, relying increasingly on ritual and
canned sermons. This had apparently become habit, any-
way, since as early as 1876 he had written to Asa Gray
concerning his impending employment at another church,

... I have now a pretty ample supply of sermons on hand: don't
mean to compose a single new one all next spring, summer and
fall, but just herborize to my heart's content. -E. L. Greene in
letter to Asa Gray, quoted in McIntosh, 1983: p. 27.

As early as 1874 Greene correctly predicted that if he did
ever go to a large church in the San Francisco region he
would be forced either to neglect the parishoners or neglect
his plant studies. He chose to emphasize plant studies
rather than neglect them. In 1883 the split professional
lives of both the doctor and the minister became strained
and untenable. Katharine gave up her medical practice to
accept the offer of the curatorship of botany at the Academy
and Rev. Greene was asked by his Bishop to resign his
pastorate at St. Mark's. Greene rudely refused to resign and
was literally locked out of the pulpit amid various charges
and turmoil described by Rideout (1958) in an article enti-
tled "Priests, pistols and polemics." Finally on November
1, 1884 Greene left St. Mark's. McIntosh (1983: p. 31)
claimed that he then became Curator of Botany at the
Academy. That he did indeed try to become Curator after
losing his salary at St. Mark's is undoubtedly true, as is the
fact that he wrote to Asa Gray on April 5, 1884 that he was
Curator and that Katharine was his assistant (McIntosh,
1983: p. 39). It was probably inconceivable to him that he,
an eminent male with much glory to his credit, was not
indeed the natural master or leader of the discipline of
botany at the Academy, regardless of whether he was ever
formally put on the payroll! Katharine, in his eyes, even on
the payroll as the curator, being a woman, was merely a
worker or "acting" curator, so to speak. Just as Greene had
bragged that he had worked his way into the pulpit for
monetary reasons, now he seemed to be working his way
into the curatorship of the Academy to replace his lost
church income. He saw Katharine's job as vulnerable.
Should he soft -talk her into supporting his application for a
salary and get her to step aside, or should he go after her job
by soft -talking the administration into believing that the
Academy had become scandalously second -rate because a
mere woman was curator? Katharine's fight for her profes-
sional rights as a woman scientist quickly consolidated as a
fight against male chauvinism in the form of the male devil
incarnate in E. L. Greene! She won the fight. It is generally
accepted that Greene did not obtain his first position as a
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professional plant scientist until 1885 when he drew off to
Berkeley, [i.e. away from the Academy], as C. C. Parry put
it, to become the first full -time instructor of botany in the
Agriculture Department orthe University of California.

According to Jones (1933: pg. 14), when he first met
Greene at Berkeley,the latter referred to Mrs. Brandegee as a
"she devil." A further quotation from Jones is appropriate
here:

Mrs. Brandegee was the inspiration and the force behind "Zoe"
and she did a remarkable piece of editing and proof- reading, and
all without previous experience or training. Her capacity for criti-
cal work was shown by her masterly handling of Greene's prop-
osed new species and genera. It was a coldblooded presentation of
the facts, without bias, and colorless so that no one would ever
suppose that it was a woman that wrote it. There was no reply
possible, and all Greene could do was to call her names privately,
which he proceeded to do. Greene's position was that since he was
an ordained minister, any attack on his acts was a sin against
God, and the act was therefore devilish.... - Jones, 1933: pg. 16.

The statement that Kate's review was "colorless so that
no one would ever suppose that it was a woman that wrote
it" is itself quite interesting. Apparently by this time it was
already becoming semi -acceptable for women to write arti-
cles, but rather than being wholly serious and matter -of-
fact, they should be cute and sweet! Actually, it was this
type of cute and sweet feminine article that Alice Eastwood
was beginning to produce as shown by the analysis of Wil-
son (1955: pgs. 37 -38, 50 -52). It has been said that Zoe
readership actually increased as people looked to it for
flowery literary contributions by Alice (Wilson, 1955: pg.
50). But women's place in science was still light years away
from being generally accepted. The California Academy
had been way ahead of its time when in 1853 it recorded in
its minutes the resolution that "we highly approve the aid
of females in every department of natural history, and that
we earnestly invite their cooperation." Alice certainly
knew that a woman as editor of a scientific journal would
result in blacklisting of the journal by many male scien-
tists, particularly in the eastern United States.

Since the attitude today is so much different, we find it
difficult to envision the gross injustices of the nineteenth
century relating to discrimination against women as pro-
fessionals. Arnold Tiehm (1985: p. 43) has discussed a
parallel case of what we would consider gross injustice to a
professional woman, but which appears to have been the
status quo about 1880 in the eastern United States: Fanny
Searls, who made a significant collection of plants in
Nevada in 1871, studied medicine at the University of
Michigan, receiving an MD degree in 1877.

Being unable to obtain an internship she voiced the sentiment
of that era that woman doctors were only good enough for chang-
ing bedpans.... Wishing to stay in the medical field, she [an MD]
also worked as a student nurse at Bellevue Hospital in New York
until her marriage ... on August 30, 1881. - Tiehm, 1985: p. 43.

As Volume 3 was finished, Kate and Alice must have had
an interesting conversation. Although Alice had been

(Continued on page 158)
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Figure 1. Bush Bulnesia

One of the ingredients for long -term success in desert
landscaping is to acquire a good knowledge of the promi-
nent perennial plants native to the desert valleys, foothills
and mountains in any part of south -central Arizona. More
specifically, these plants include the common trees and
shrubs as well as the diverse array of cacti. For example, in
the Tucson Mountain area there are at least 90 such peren-
nials that can be readily identified.

Anyone who is genuinely interested in the desert and in
desert landscaping can learn to identify the different
species in the field. After identification comes recognition
and appreciation of the characteristic habitats of these
species associated with differences in elevation, mi-
crotopography and soil. Over a period of time the dedicated
observer can begin to differentiate patterns of association
and interrelationship among these plants. For each indi-
vidual this gradually emerges as an intuitive sense of land-
scape design that one needs in order to plan and develop an
ecologically sound desert garden.

Many of the desert trees and shrubs can be easily grown
from seed. Among others they include Blue Palo Verde
(Cercidium floridum), Foothill Palo Verde (Cercidium mi-
crophyllum), Desert Ironwood (Olneya tesota ), Velvet
Mesquite (Prosopis velutina), Desert Willow (Chilopsis
linearis), Whitethorn Acacia (Acacia constricta ), Gregg
Acacia (Acacia greggii), Jojoba (Simmondsia chinensis),
Creosotebush (Larrea tridentata ), Desert Honeysuckle
(Anisacanthus thurberi), Fairy Duster (Calliandra
eriophylla) and Catalina Dalea (Dalea pulchra ).

For desert landscape purposes a good time to germinate
the seeds is the month of March. But some of these peren-
nials have seeds with coats of varying degrees of thickness
which require prior scarification to induce earlier germina-
tion. Once the seeds germinate and develop their primary
roots to the length of 3 to 4 centimeters (1 to 1.5 inches),
they are ready for planting into 10 oz. containers filled with
1 to 1 mixture of desert top soil (from a Creosotebush
community) and sand from any small desert wash. A single
100 -watt incadescent light can adequately illuminate 30
container -seedings. Under a 16 -hour day -light regime and
within a room temperature range of 70° to 90 °F, the seed-
lings could attain heights varying from 5 to 15 centimeters
(depending on the species) during a 60 -day period.

When the plants reach approximately 15 centimeters (6
inches) they should be transplanted to 1- gallon containers
using the same soil mixture. The larger plants could then be
moved to a porch which would allow some exposure to sun
light during the day. With a moderate amount of watering
twice a week, by the end of June the plants should attain a
stature of 15 to 30 centimeters (6 to 12 inches). This is the
time for the container- plants to be transplanted to the gar-
den where they would receive the benefit of natural sum-
mer moisture. Once the summer rains begin, little addi-
tional artificial watering is necessary.

On the basis of our extensive testing in 1984 and earlier
experience, generally the growth increment in shoot -
foliage volume during the summer rainy season can be as
much as 10 to 100 times. The increase in height can be 5 to
10 times and in stem diameter 4 to 8 times.

In addition to plants grown from seed, young plants can
be transplanted directly from a variety of sites where
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Figure 2. Screwbean Mesquite Figure 3. Ratama

specimens may be obtained lawfully. Again, the time to
transplant is late June, immediately before the onset of the
summer rainy season. Initially, artificial watering is essen-
tial to insure more rapid establishment. But after the arrival
of the first major summer storm, little or no further water-
ing is needed.

Among the smaller perennials well adapted for trans-
planting are Desert Marigold (Baileya multiradiata ), Des-
ert Bahia (Bahia absinthi folia ), Dwarf Zinnia (Zinnia pu-
mila), Yellow Paperflower (Psilostrophe cooperi), Odora
(Porophyllum gracile), Wright Eriogonum ( Eriogonum
wrightii), Triangle -leaf Bursage (Ambrosia deltoidea),
White Bursage (Ambrosia dumosa ), White Brittlebush (En-
celia farinosa), Green Brittlebush (Encelia frutescens),
Caliche Globe Mallow (Sphaeralcea laxa) and Emory Globe
Mallow (Sphaeralcea emoryi).

The larger plants that can be transplanted include Oco-
tillo (Fouquieria splendens) and most of the shrub cacti.
Ocotillo from three to six feet can be readily excavated and
replanted. Cholla Cacti, such as Staghorn Cholla (Opuntia
versicolor), Cane Cholla (Opuntia spinosior) and Pencil
Cholla (Opuntia arbuscula), and prickly pear cacti, such as
Engelmann Prickly Pear (Opuntia engelmannii), Sprawling
Prickly Pear (Opuntia phaeacantha) and Santa Rita Prickly
Pear (Opuntia santa -rita) can be easily moved from one site
to another if care is taken and the transplanted individuals
are not large plants with more than 15 to 20 joints. For both
Ocotillo and shrub cacti the inclusion of any part of the root
system during transplanting should be solely to provide
better anchorage for the plant in the new site.

Figure 4. Sonoran Palo Verde

If you are genuinely interested in desert landscaping,
after implementing the suggestions described above be-
tween now and late June, you will have made a substantial
beginning toward developing a desert garden, the future of
which would have unlimited potential both ecologically
and aesthetically.

Once you have acquired the knowledge and experience in
working with native plants you will become better equip-
ped to make use of the large variety of warm- desert trees
and shrubs from South America, Australia, Africa and the
Middle East, especially members of the genera Acacia and
Cassia.

The photographs by Bill Steen were taken after the 1984
summer rainy season that produced 10.5 inches of precipi-
tation at one of our experimental sites. Figure 4 shows a
Sonoran Palo Verde or Brea (Cercidium sonorae) originally
transplanted as a newly germinated seedling on October 24;
1983. In shoot -foliage volume it increased four times from
July 8 to October 7, 1984. Figure 2 is a Screwbean Mesquite
(Prosopis pubescens) first transplanted as a seedling on
December 3, 1983. It increased in volume by more than 300
times from July 8 to October 7, 1984. Figure 3 is a Ratama
(Bulnesia retama) from the Monte of South America, first
transplanted as a seedling on March 3, 1984. It increased in
volume by approximately 40 times from July 11 to October
7, 1984. Figure 1 is a Bush Bulnesia (Bulnesia schicken-
dantzii) also from the Monte. It was initially transplanted
as a seedling on February 19, 1983. From July 11 to October
7, 1984 it increased more than 200 times in shoot -foliage
volume and produced flowers and fruits. The reference pole
seen in the photographs is marked at 1 -foot intervals.
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Streams: An
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Abstract
Large -particulate organic debris is denied to present -day

desert streams because of interception by impoundments
and as a result of decimation of formerly extensive riparian
vegetation. Historical records indicate a substantial, but
sporadic, input of coarse debris, which was reduced to finer
particles through molar action in canyon -bound reaches of
desert rivers. Historical changes, functions of large debris
in the systems, and probable future conditions are re-
viewed.

Introduction
The Colorado River system of the American Southwest

originates in high, forested mountains, then traverses low-
lands of the sub -tropical Sonoran Desert on its way to the
Pacific Ocean. Conifers and mixed hardwoods surround
higher elevation tributaries, with little specialization to
mark riparian zones. At intermediate elevations, precipi-
tous terrain surrounds the river and its tributaries, and the
watercourses are often canyon bound. Riparian vegetation
is poorly developed in erosive canyons, restricted to pro-

tected places or to marginal habitats above levels of major
floods. In their lower courses, desert rivers pass through
alternating canyons and broad alluvial valleys. Riparian
vegetation at low elevation is densely developed in a band
along the immediate banks, and is markedly different from
that of adjoining landscapes (Minckley and Brown, 1982;
Ohmart and Anderson, 1982).

Naiman (1981) included the general absence of large -
particle organic debris as a basic characteristic of desert
streams. We concur that large wood rarely contributes to
heterogeneity in today's desert stream ecosystems; how-
ever, we document that historically this was not the case.
Absence of coarse debris in present systems is largely an
artifact resulting from interception of drifted debris by
dams and other obstructions (Webster et al., 1979), and
from destruction of riparian communities. Presence of
large wood in these systems in times past may have been
sporadic, but nevertheless must have been a significant
factor in the ecosystems.

Descriptions of the Systems
Vast elevational relief and coincident climatic variation

in the American Southwest results in marked altitudinal
zonation of vegetation (Brown, 1982). This phenomenon
has stimulated a number of classifications of biotic com-
munities, of which the Life -zone Concept of C. Hart Mer-
riam (1890, 1898) is most familiar to ecologists. Riparian
vegetation also responds to altitudinal constraints, and
thus occupies longitudinal zones along streams (Fig. 1).

Species extend further downstream than is typical of their
altitudinal distributions as a result of downstream trans-
port of propagules, mesic streamside conditions that result
in climatic features in common with higher -altitude habi-
tats, weather amelioration at lower elevation through
down - canyon drain of cold air from adjacent mountains,
and other factors (Lowe, 1964; Campbell and Green, 1968;
Minckley and Brown, 1982).

Natural low- desert riparian communities consist of
spectacular gallery forests of tall trees dominated by Fre-
mont Cottonwood (Populus fremontii) and Goodding Wil-
low (Salix gooddingii) (Fig. 2). Understory communities
include bosque- forming Mesquite (Prosopis velutina, P.
pubescens) on terraces, shrubs such as Seepwillow (Bac-
charis salicifolia) and Coyote Willow (Salix exigua) in wet-
ter places, and Arrowweeds (Tessaria sericea, Pluchea
camphorata, P. purpurascens), Quailbush (Atriplex len-
tiformis), Desert Broom (Baccharis sarothroides), and salt -
tolerant chenopods ( Atriplex polycarpa, Suaeda torreyana,
Allenrolfia occidentalis) in drier zones. At intermediate
elevations other large tree species including Arizona Syca-
more (Platanus wrightii), Velvet Ash (Fraxinus pennsyl-
vanica var. velutina ), and Arizona Walnut (fuglans major)
may occur along with Mesquite, Hackberry (Celtis pallida,
C. reticulata ), and shrubs such as Burrobush (Hymenoclea
spp.), Wolfberry (Lycium spp.), and others. These dense and
diversified riparian communities are important compo-
nents of hot -desert ecosystems. They provide an essentially
tropical habitat, forming mesic corridors through arid
zones, and support remarkable densities of seasonal,
transient, and perennial animals (Minckley and Brown,
1982; Ohmart and Anderson, 1982).
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Figure 1. Semi -diagrammatic representation of altitudinal
zonation of woody riparian plant communities in the
American Southwest; from Minckley and Brown (1982).

Historical Review
The presence of riparian gallery forests, densely vege-

tated floodplains, and substantial marshlands along Sono-
ran Desert watercourses has been reviewed and doc-
umented by, among others, Grinnell (1914), Sykes (1937),
Hastings (1959), Hastings and Turner (1965), Cooke and
Reeves (1976), Ohmart and Anderson (1982), Minckley and
Brown (1982), Davis (1982), and Hendrickson and Minckley
(1984). Photographs of such habitats were provided by
many of those authors. Further lithographic or photo-
graphic and narrative documentation for dense riparian
forests and accumulations of large, woody debris in and
along desert rivers may be found in works by Pattie (1833),
Emory (1848), Bell (1869), Olmstead (1919), Burkham (1970,
1972, 1976a -c) Turner (1974), and Kipple (1977) for the
upper Gila River basin, Arizona -New Mexico, and Pattie
(1833), Leopold (1949), and Sykes (1937) for the lowermost
Colorado River, Arizona -California, and Sonora, Mexico.
Figures 3 through 5 further illustrate these habitats, as do
the following selected quotations from early literature
sources.

One of the earliest accounts was that of Pattie (1833), a
beaver trapper who frequented Sonoran Desert streams
from 1824 through 1828 (brackets [] ours):

The first day [in December, 1824 on the Gila River in what is now
New Mexico] we were fatigued by the difficulty of getting
through the high grass, which covered the heavily timbered bot-
tom [p. 53].

The river here was beautiful, running between banks covered
with tall cotton -woods and willows [December, 1824; p. 55].

We had pitched our camp near the bank of the [San Pedro] river

I
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[eastern Arizona] in a thick grove of timber, extending about a
hundred yards in width [March, 1825; p. 64].

... the Helay [Gila River], which is here [near the present site of
Phoenix, Arizona] about 200 yards wide, with heavily timbered
bottoms [February, 1826; p. 91].

Emory (1848) traveled essentially the same route as Pat-
tie, and he and his men chronicled similar conditions in
1846:

[In what is now New Mexico] The bottom of the [Gila] river is
narrow, covered with large round pebbles. The growth of trees and
weeds was very luxuriant; the trees chiefly cotton -wood, a few
sycamore, mezquite, pala (the tallow tree of our hunters), a few
cedars, and one or two Larch. There were some grape and hop
vines [October, 1846; p. 62].

The valley of this [Gila] river is quite wide and is covered with a
dense growth of mezquite (acacia prosopis) cotton wood, and
willow, through which it is hard to move without being unhorsed
[near the mouth of the San Pedro River, November, 1826; p. 75].

[Approaching the mouth of the Gila River, November 1826] The
bottoms of the river are wide, rich, and thickly overgrown with
willow and a tall aromatic weed [p. 91] ... the bottom of the river
constantly received deposits [of sand] from ... [adjacent lands],
which changed its bed frequently, as might be seen from the
different growths of cotton wood marking the old land [p. 93].

Conditions along smaller tributaries also included large
stands of riparian trees, and thus presumably substantial
amounts of downed timber. Bell (1869) reported in detail on
Aravaipa Creek and Canyon, south -central Arizona, based
on a survey for potential wagon roads through the region in
November 1867 (pp. 72 -76, non -inclusive):



Figure 2. Gallery forest along uppermost Aravaipa
Creek,

Minckley.
Arizona, 1976. Photograph by W L.



Figure 3. Riparian forests on the Colorado River Delta,
Sonora, Mexico, near the turn of the 20th Century. U.S.
Bureau of Reclamation Photograph No. 115 -VI -162.

Luxurient vegetation fills up the space between the [Aravaipa
Canyon] walls; the undergrowth consists of willows, young trees,
bunch grass, reeds, &c., forming in many places an impenetrable
thicket, and above them a succession of noble trees tower up
towards the sky, as if striving to gain a glimpse of the upper world.
Under a grove of the loftiest cotton -woods and sycamores ... we
threw down our blankets for the first nights rest.

The obstacles our surveyors had to contend against naturally
made our progress very slow ... for a path had to be cut through
the brushwood which choked up the narrow passage, and every
tree obstructing the vision of the levelers had to be felled.

The stream had to be crossed over and over again ... many a
wetting was saved our men on foot being able to cross over the
large trees which, having been felled by... [beaver], and had fallen
athwart the stream.

Araviapa Creek and Canyon, a proposed Wilderness Area
to be administered by the U.S. Bureau of Land Management
(BLM) and the George Whittell Wildlife Reserve of the
Defenders of Wildlife, is one of the few southwestern
streams retaining a relatively pristine flora and fauna
(Minckley, 1981).

The lowermost Colorado River also had dense and exten-
sive riparian vegetation. Pattie (1833) traveled there after
descending the Gila River to its mouth:

...Red [Colorado] river [just above the inflow of the Gila River] .. .
is between two and three hundred yards wide, a deep, bold
stream, and the water at this point is entirely clear. The bottoms
are a mile in general width, with exceedingly high, barren cliffs.
The timber of the bottoms is very heavy, and the grass rank and
high. Near the river are many small lakes, which abound in
beavers [February, 1826; p. 99].

The [Colorado] river, below its junction with the Helay is from 2
to 300 yards wide, with high banks, that have dilapidated by
falling in. Its course is west, and its timber chiefly cotton -wood,
which in the bottoms is lofty and thick set [December 1828; p.
139] [Pattie and his trapping party began to float through the
Colorado River Delta on 9 December, 1828].

[60 or 70 miles downstream] we find the timber larger, and not so
thick [p. 143].

[about 100 miles downstream] The river seems here to run upon a
high ridge, for we can see from our crafts a great distance back into
the country, which is thickly covered with musquito and other
low and scrubby trees [p. 149].



Figure 4A. Laguna Damsite, California, 26 July 1906; note
continuous riparian zone of Fremont cottonwood and
willows. U. S. Bureau of Reclamation. Photograph 115 -P-
35- 303 -9A.

Aldo Leopold (1949) provided essentially the same descrip-
tions of the Colorado River Delta when he and his brother
canoed and hunted that region in 1922.

Sykes (1937) presented an authoritative review plus
original data and photographs of the Delta prior to closure
of Hoover Dam, some of which pertain to large organic
debris. A 1746 diary recording entry into the Colorado
River mouth by Father Ferdinand Konscak (translated by
Monsignor M. D. Krmpotic; Sykes, 1937: 11) described the
west side as:

The side of California, lying low, is overflowed by [the] Colorado
so that all along the foot of the mountains one sees pieces of trees,
weeds, and the like left there by the water.

Lieutenant R. W. H. Hardy also recorded the California
shoreline as low, flat, and covered with driftwood in 1926
(Sykes, 1937:14); it remained so near the turn of the Cen-
tury (Fig. 6).

Major Heintzelman, Commander of Fort Defiance at the
junction of the Gila and Colorado rivers, boated south to
near the Colorado River's mouth in 1851 to meet the U.S.
Schooner Invincible, which was on reconnaissance at the

head of the Gulf of California. He noted in a letter to the San
Francisco Daily Herald (22 October, 1951; Sykes, 1937: 24):

The river bottom is several miles wide and covered with willow,
cottonwood and mesquite, with the usual underwood and
grass ... From the junction [of the Gila and Colorado rivers] ... the
[Colorado] river is from 200 to 250 yards wide; below it varies
from 1/2 to 11/4 mile between the banks -generally less than a mile.
. . At the low stage the water seldom covers more than half this
space, and frequently not 200 yards, the channel crossing and
recrossing the bed in the most capricious manner; the whole
width being filled with shifting sand ... There are but few snags.

With reference to later operations of streamers on the
lower Colorado River, Sykes (1937:32) wrote that:

Kedging or warping [of river boats] by means of trees and stumps
ashore was at times necessary in making bends and crossings .. .

Snags were never very much of a menace or impediment to nagi-
vation. The heavier pine, cedar, or mountain -oak trunks which
come down stream from the upper basins of the river system at
every period of high water, are generally smoothed and water-
worn into mere floating fragments by their long journey through
the canyons and do not lodge readily. The lower basins furnish



Figure 4B. Laguna Dam, California, ca. 1975; agriculture
has replaced the river and its riparian forests. Photograph
by R. D. Ohmart.

very little vegetal debris of any size, and the willow and cotton-
wood saplings which grow so profusely upon certain portions of
the floodplain are light and decay quickly.

Despite the last statement, Sykes (1937:51) indicated
that distributary cuts on the delta produced significant
amounts of debris. Such was described in 1902 near the
river's mouth:

Quantities of recent drift matter, principally young willow and
poplar trees ... had stranded along the sides ... several small
"rafts" of drift matter -wood refuse, brush, tules, and the like -
which were found stranded upon the flats about the mouth of the
Hardy [River], were followed down the estuary upon the first of
the ebbtide at the "pre- spring" tidal period and were found to
maintain their identity as units to the river mouth.

Discussion
Based on historic accounts, we conclude that substantial

amounts of vegetative debris were available to streams of
the Sonoran Desert. Presence of large amounts of wood in
streams is, however, not directly documented since a data
base from navigational records is scarcely available for the
region. Only the lowermost Colorado River was navigable
by stream -powered boats. The Gila River from about the

site of present -day Phoenix to its mouth was passable only
by shallow -draft barges that were pulled from along the
banks or drifted with currents.

Fate of Large Wood in desert Systems. Molar action of
streams passing through canyons quickly reduces large logs
and branches to smaller particles (Sykes, 1937). (Note that
bark is absent from all woody debris in Figure 6 and that
ends are consistently rounded). This may have been a major
factor in the reported scarcity of large debris such as snags
in desert reaches of Southwestern streams. Forbes (1902)
commented on particulate organics in Arizona floodwaters
as follows:

The flood waters are rich in organic matter swept by the rains
from the earth's surface into the drainage. The microscope shows
broken -down animal and vegetable matter abundantly in these
waters [Salt River, central Arizona; p. 160).

His interests were principally in the "fertilizing qualities"
of these materials, and he wrote further (p. 161):

This [fertilizing] value is in large part derived from dead vegetable
and animal matter, especially the manure of grazing animals
which accumulates on the ranges during a dry time, and then is



Figure 5. Above. -Colorado River below Yuma, Arizona,
1898; photograph from Southwest Museum, Los Angeles,
California. Below. -Same vicinity, ca. 1975. Photograph
by R. D. Ohmart.



Figure 6. Debris piles on the Colorado River Delta, Mexico,
near the turn of the century. Photograph from the Mac -
Dougal Collection, Arizona Historical Society, Tucson,
Arizona.

often visibly carried into the drainage by the sudden floods
characteristic of the Southwest. The stench of the first flood wat-
ers after a rain is due to decaying materials of this character, and it
is not impossible that the peculiar, faint "desert smell," usually
perceptible far in advance of an approaching storm, is due to the
same cause.

The volume of these materials was indicated by Sykes'
(1937) determination that near 8% (by weight) of flocculent
muds deposited on the Colorado River Delta was organic
matter (see also McGee, 1897 and Fisher and Minckley,
1978).

Morphometry of stream courses in low deserts, narrow
canyons alternating with broad alluvial valleys, also influ-
ences transport and accumulation of large debris. Stream
waters and transported materials accelerate through high -
gradient canyons, then abruptly slow as water spreads over
and percolates into alluvial fill of broader reaches. Logs and
other large debris thus accumulate on floodplains at the
outlets of canyon segments, where they may remain to
decompose in terrestrial habitats for months or years until
transported by later flooding events. Emory (1848: 77) de-
scribed the Gila River floodplain just downstream from
inflow of the San Pedro River as:

It is principally of deep dust and sand, overgrown with cotton
wood, mezquite, chamiza, willow, and the black willow. In
places there are long sweeps of large paving pebbles, filled up with
drift wood, giving the appearance of having been overflowed by an
impetuous torrent.

Sporadic transport also is characteristic of ephemeral
watersheds (Burkham, 1976a). Flash flooding often is ab-
sorbed by coarse alluvium, stranding organic materials
upon, and incorporated within, sand -gravel- boulder sub-
strates. Molar action and activities of terrestrial decompos-
ers reduce these materials, so that only small particles
arrive at receiving streams (Bruns and Minckley, 1980).
These particles are an important food of aquatic inverte-
brates, particularly when algae are sparse during the first
few days following recession of floods (Minckley, 1981;
Fisher et al., 1982).

Such is not always the case. As in other regions (Ander-
son and Sedell, 1979), headwater streams may be blocked
by logs and other debris at any elevation, and large debris
is a major factor in development and maintenance of he-
terogeneity in the distinctive ciénega (riparian marshland)
habitat along creeks of desert grasslands of Arizona (Hen-
drickson and Minckley, 1984). Log dams also have been
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recorded on the mainstream Gila River that persisted long
enough to result in substantial channel and floodplain ag-
gradation (Kipple, 1977). The role of drifting logs and other
large organic debris in promoting destructive channel alt-
erations and vast variations in instantaneous discharge
during floods was described for the Gila River by Burkham
and Dawdy (1970) and Burkham (1976b). Massive accumu-
lations of logs and other large debris in mainstream reser-
voirs of central Arizona (Rinne, 1973; Minckley in Rinne,
1975) further attest to substantial volumes of such mate-
rials, now trapped in reservoirs, that formerly were avail-
able to downstream reaches. Decomposition of these vast
amounts of woody material in reservoirs must be a major
factor in their ecology (Rinne, 1975), a feature of these
systems that is yet to be studied.

A major difference between inputs of large materials to
Southwestern streams and those to rivers of better -watered
zones is thus the markedly sporadic nature of floodflows in
the desert systems. Rainfall that produces runoff of volume
and duration sufficient to transport large debris may occur
only one or a few times a decade (Rinne, 1975). Large litter,
which scarcely decomposes in the arid Southwest except
through actions of arthropods, thus accumulates on dry
surfaces (McConnell, 1968), and is available for massive,
almost instantaneous, movement into freshwater aquatic
systems, and must have been a major nutrient input to the
semi -isolated Sea of Cortez. Impacts of damming of the
Colorado River on marine resources of Mexico have not
been assessed (Thompson et al., 1979).

Functions of Large Debris in Desert Stream Systems.
Three obvious functions of large particles in desert streams
are: (1) their decomposition products that augment nu-
trient supplies; (2) organic materials are directly used as
food by various biotic elements; and (3) a quasi -stable sub-
strate is provided in these otherwise unstable systems (An-
derson and Sedell, 1979).

The first aspect has yet to be studied in low- desert stream
habitats, and may be important if nutrients are limiting. It
seems likely that processes in hot waters of the Southwest
might be far faster than elsewhere, and that unique chemi-
cal features of some aquatic systems (Cole, 1963; 1968) may
provide variation on patterns of other regions.

Few invertebrates inhabiting hot -desert streams have
adopted the trophic strategy of direct utilization of larger
particulate materials. Wood is a low quality food source
when initially submerged. With microbial processing
woody debris becomes more palatable, and the microbial
community contributes additional food to consumer or-
ganisms (Bird and Kaushik, 1981). Passive decomposition
rates are, however, on the order of years for submerged
wood, and for large logs centuries may be required (Swan-
son et al., 1976). Adaptations of invertebrates for direct
utilization of wood include features not compatible with
low -desert stream habitats. Long life cycles and low
metabolic rates, for example, are characteristic of wood
feeders, whereas most desert streams fluctuate so violently
that short life cycles and rapid turnover have apparently
been selected for (Gray, 1980, 1981). Active deterioration of
large wood by molar action, as noted before, reduces parti-
cle size and makes the material more suitable for use by
invertebrate detritivores.

Solid substrates are at a premium in most desert streams,
and transport of unstable bedload has been cited as a major
factor influencing invertebrate populations in most such
streams yet studied in the region (Minckley 1979a -b, 1981;
Bruns and Minckley, 1980; Gray, 1980, 1981). Shifting sand
bottoms in desert streams, as elsewhere (Hynes, 1972), are
essentially devoid of invertebrates (see, however, Edmonds
and Musser in Dibble, 1960). Logs, twigs, and other larger
materials may, however, be colonized by a diversity of
species (Dibble, 1959, 1960; Parson et al., 1968; Ward et al.,
1982).

Large debris also provides obstructions to flow, which
results in formation of transitory, pool -like habitat in
streams where water depths of more than a few centimeters
may not otherwise occur (Minckley, 1981). Such obstruc-
tions and the resulting pools also retain organic materials,
allowing for longer retention and processing times within
the system. Concentration of drifting organic particles also
enhances direct utilization of these materials by fishes and
invertebrates as food. Fishes actively seek such places, not
only for food and for cover afforded by the debris and greater
depth of water, but also likely in the Southwest for shade
from intense solar radiation. "Pools" induced by such
obstructions may also intersect interflow of cooler water
through porous substrates providing some amelioration of
local summer water temperatures, which may otherwise
reach lethal levels (Deacon and Minckley, 1974).

A Hundred Years of Change. A large percentage of
southwestern riparian communities, especially at low ele-
vations, have now been replaced by introduced saltcedar
(Tamarix chinensis). This aggressive plant arrived along the
Colorado River in the early 1900s, and has created a
scenario of environmental change far beyond the scope of
the present paper. Christianson (1962), Horton (1964,
1977), Robinson (1965), Babcock ( 1968), Haase ( 1972),
Turner (1974), Ohmart et al. (1977), Graf (1978), and Turner
and Karpiscak (1980) have reviewed the breadth and mag-
nitude of invasion and spread of this pest.

Reductions in all riparian communities in the desert
west is, however, an even greater problem. Direct destruc-
tion through woodcutting, agricultural development, ur-
banization, or the more subtle impacts of desiccation from
stream incision, impoundment, and channelization, or
over -grazing by livestock, has stimulated a recent surge of
concern for these vanishing habitats (Carothers et al., 1974;
Turner; 1974; Carothers and Johnson, 1975; Lacey et al.,
1975; Cooke and Reeves, 1976; Hubbard, 1977; Johnson
and Jones, 1977; Sands, 1977; Turner and Karpiscak, 1980;
Minckley and Clark, 1981; Ohmart and Anderson, 1982;
Minckley and Brown, 1982; Hendrickson and Minckley,
1984).

Fuelwood requirements for steamboats operating on the
lower mainstream (Sykes, 1937, 1937; Fig. 7), and woodcut-
ting for mining development and other energy demanding
industries in the region (Hastings and Turner, 1965) had an
early and severe impact on Colorado River riparian corn -
munities. Changes in world oil conditions in the past dec-
ade have again caused woodcutting, now for domestic pur-
poses, to heavily influence riparian communities of the
desert Southwest.

Clearing for agriculture also is a major factor in the de-



Figure 7. Cocopa Indian woodcutters and wood stacked
for use in river steamboats. Downstream from Yuma,
Arizona, 1887. Photograph from the Rodolph Collection,
Bancroft Library, University of California, Berkeley,
California.

cline of riparian and floodplain vegetation. In the Salt River
Valley, central Arizona, cleared and irrigated agriculture
land was increased from less than 200 hectares near the
time of settlement in 1862 to many thousands of hectares
in 1982. In the same period, the population of the Phoenix
Metropolitan Area grew from 100 Anglo- American settlers
to more than a million urban dwellers (Johnson, 1978).
Dams constructed to provide irrigation and domestic water
not only trapped essentially all particulate materials from
the Salt River watershed, but also diverted the entire river
for human use (Marsh and Minckley, 1982).

Cessation of flow in the river channels obviously re-
sulted in vast changes in much of the riparian vegetation
(Bryan, 1928), and pumpage to augment canal flow and the
overall water supply further depressed underground waters
so that even deep -rooted plants such as Mesquite were
destroyed. Lining of canals with concrete further curtailed
seepage, and use of herbicides in the past few decades to
actively suppress phreatophytes for water conservation
further decimated remaining riparian communities.

In more remote areas, over -grazing resulted in substan-
tial degradation of watersheds (Haskett, 1935; Barnes,
1936; Wagoner, 1952, 1960), which contributed to incision
of watercourses (Ohmart and Anderson, 1982). This re-
sulted in water table declines in headwaters and at inter-
mediate elevations, stimulating vast changes in riparian
communities from shallow- rooted, water -loving species
such as cottonwood and willows, to deep- rooted Mesquite,
and ultimately to scrubland and other desert fasciations.

Future Patterns. Riparian habitats are being increasingly
recognized as important components of Southwestern
ecosystems, not only by the scientific community, but also
by governmental and private agencies (Dick -Peddie and
Hubbard, 1977; Pase and Layser, 1977; Brown, 1978). Re-
vegetation is being accomplished along the Colorado River
under the auspices of the U.S. Bureau of Reclamation (An-
derson et al., 1978; Ohmart and Anderson, 1982), and im-
pacts of grazing (Carothers, 1977; Davis, 1977) are being
locally alleviated by fencing and herd rotation. Direct im-
pacts of man's recreation on riparian communities are at
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least being evaluated (Aitchison, 1977), and claims of water
conservation through vegetative clearing or "phreatophyte
control" are being questioned (Ohmart and Anderson,
1982). Remnants of riparian communities, such as the Av-
avaipa Canyon Area (BLM, Defenders of Wildlife), Sonoita
Creek Sanctuary, and Canelo Cienega (Nature Conser-
vancy), and possibly the San Pedro River by a consortium of
State, private, and Federal agencies (McNatt, 1978), are
being preserved. The Arizona Natural Area Program iden-
tified many such places for recognition and preservation
(Smith, 1974; Bergthold, 1978). The U.S. Forest Service has
an active riparian study and preservation program through
its Forest and Range Experiment Stations, and the U.S. Fish
and Wildlife Service maintains an active Riparian Study
Group in the region (McNatt, 1978). Problems are thus
being recognized, research and preservation are underway,
and at least parts of the riparian and associated ecological
systems in hot deserts may be perpetuated.
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Trends in Distribution
and Size of Stomata
in Desert Plants
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Introduction
Stomata are microscopic pores on stems and leaves of

most green land plants which help to regulate gas exchange,
particularly carbon dioxide, CO2, and water vapor, H2O.
Carbon dioxide is essential for the process of photosyn-
thesis. This process not only produces food for the plant and
excess stored food which may be utilized by herbivorous
animals - including mankind, but also produces oxygen
gas, 02, as a biproduct. Because the aerial portions of a plant
are covered by a waxy layer nearly impervious to CO2, the
cuticle, this gas enters the plant primarily through the
stomates.

Individual living plant cells are often composed of 95% or
more water. Because they are enclosed within the same
waxy cuticle, which is also nearly impermeable to water,
the internal air spaces between cells within the plant are
nearly saturated with water vapor. As stomates open to
admit CO2 into the plant, H2O is simultaneously lost
through these same pores. When the plant is growing under
conditions of adequate water supply, this trade off of H2O
loss for CO2 gain is not harmful to the plant -in fact it is
essential! The loss of water through the stomates, transpi-
ration, is the driving force which allows more water and
dissolved solutes to be drawn up from the roots through the
plant (Raven, Evert & Curtis, 1981). A problem quickly
arises, however, when available water is in short supply.
Water lost by transpiration cannot easily be replaced and
water deficits within the plant soon arise. This problem is
particularly severe in arid, xeric, environments; con-
sequently desert plants, xerophytes, have evolved a number
of physiological and morphological features to minimize
its effect.

The cells of many desert plants are simply able to tolerate
lowered water content without injury (Levitt, 1980). Ac-
cording to some workers these plants are the only "true"
xerophytes. Many xerophytes possess long taproots which
enable them to penetrate to deep reservoirs of ground water
while others have extensively branched shallow root sys-
tems which are efficient at trapping what minimal precipi-
tation occurs (Levitt, 1980). Some desert plants in coastal
areas may even trap moisture from fog or dew through their
aerial parts (Gindel, 1970). A large number of xerophytes
avoid drought by quickly flowering and producing drought
resistant seeds following a rain. These ephemeral plants die
as subsequent drought becomes more severe but their seeds
remain viable for one or more years until the next favorable
growing season. In a similar fashion, many perennial
xerophytes lose their leaves, or even whole shoots as condi-
tions become more drier. Some such drought deciduous
species may produce and shed several crops of leaves per
year as conditions dictate.

The leaves of xerophytes are generally small (Maximov,
1929). This not only serves to minimize the surface area
over which transpiration may occur, but it also minimizes
heat build up within the tissues (Smith, 1970). The dense
hairs and spines covering the aerial portions of many desert
plants serve a similar function (Juniper and Jeffree, 1983).

For over one hundred years it has also been recognized
that certain modifications of stomates are characteristic of
xerophytic plants (Haberlandt, 1884). The stomates of most
plants, including many xerophytes, occur at the surface of
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the leaf or stem (Fig. 1B,D), but in other desert plants they
may be sunken beneath the surface (Fig. 1A), or concen-
trated in crypts below the surface (Fig. 1C). Likewise the
density and size of stomates have been implicated as
xeromorphic adaptations -here, however, the literature is
full of contradictions.

In 1884, Haberlandt claimed that stomatal densities are
decreased in desert plants. With fewer stomates per unit
surface area there would be less transpiration -a favorable
adaptation in a xeric environment. In the same year Volk -
ens (1884) stated that there is no correlation between the
density of stomates and the xeric habitat. In fact in later
studies he and others claimed that desert plants may
actually have an increased stomatal density (Volkens,
1887; Maximov, 1929). The advantage in this is that in-
creased transpiration would produce evaporative
cooling -also a favorable adaptation in a xeric environ-
ment. Although the first school of thought predominated
through the middle of this century and the latter predomi-
nates today, both are argued in current textbooks of plant
physiology. Hall (1 976), Bidwell ( 1979) and Ting ( 1982)
state that stomatal density is decreased while Devlin and
Witham (1983) and Noggle and Fritz (1983) state that den-
sities are increased in xerophytic plants.

The apparent contradiction in the current literature was
the stimulus for a preliminary study undertaken by a stu-
dent and myself (Strobel and Sundberg, 1984). The results of
this study suggested that succulent and non -succulent
xerophytes evolved different stomatal strategies to deal
with water stress. In the study described here a much larger
number of desert plants, growing under natural conditions,
were examined to test our preliminary results.

Materials and Methods
Field collections and laboratory examination was done at

the Desert Botanical Garden, Phoenix, AZ, during the first
two weeks of January, 1984. A total of 134 species, repre-
senting 19 desert lifeforms (Crosswhite and Crosswhite,
1984), were examined. Of these the stems and/or leaves of
56 were succulent or semiscculent while those of 81 were
nonsucculent (The leaves and stems of Ascelepias sub -
ulata, Caralluma frerei and Pedilanthus sp. were treated
separately).

A total of five tissue samples for each species were col-
lected from fully sunlit plants. The number of stomates per
calibrated field of view was determined from peels or fresh
paradermal sections of each sample. The average stomatal
length was calculated from a sample of ten randomly
selected stomates measured with an ocular micrometer.
Both surfaces of each leaf were examined. Photomicro-
graphs were made of all fresh sections.

In those cases where counts and/or measurements could
not be made directly (eg. Hesperaloe, Canotia, Casuarina
and Grewia) specimens were fixed in FAA and later em-
bedded in paraffin, sectioned, and examined morphometri-
cally as described previously (Strobel and Sundberg, 1984).
Statistics were computed on an Apple IIe microcomputer
using biometry programs developed by Dr. Dwight Kincaid,
Lehman College, City University of New York.

Materials for SEM were fixed in 10% acrolein, washed in
two changes of H2O and dehydratd in DMP ( Posteck and

Tucker, 1976). Following dehydration the tissue was
brought through two changes of absolute acetone, one
change of amyl acetate and critical point dried. The speci-
mens were gold coated with a Denton sputter coater and
examined with an ISI -Super I scanning electron micros-
cope.

Results and Discussion
An examination of the photomicrographs in Figure 2, all

taken at the same magnification, quickly suggests that
stomata of xerophytes may be either widely separated or
densely distributed over the surface of the plant. Further-
more, the size of the stomatal opening may vary widely.
The impression is that densely distributed stomates are
generally smaller while widely distributed stomates are
generally larger.

Our original suggestion (Strobel and Sundberg, 1984) was
that low stomatal frequencies are associated with succu-
lent tissues while high stomatal frequencies are associatd
with non -succulents. To test this hypothesis the mean fre-
quencies for all succulents were calculated and compared
to similar values for all non- succulents. These data are
presented graphically in Figure 3. The average value for
non- succulents is 165.03mm-2 while the average for suc-
culents is 32.64mm-2. Stomatal values in most plants range
from about 100 to 300mm-2, therefore succulents are
characterized by a reduced number of stomates per unit
surface area. These desert plants reduce water loss by re-
ducing the number of stomates through which water may
transpire. This is in agreement with actual transpiration
studies which have been done on succulent plants (Black et
al., 1976; Stocker, 1976; Kluge & Ting, 1978). An interest-
ing peculiarity in this regard is that the rate of transpiration
in succulents is highest at night during periods of water
stress (Kluge & Ting, 1978). Most, if not all, desert succu-
lents are CAM plants (Crosswhite, 1984), therefore the
relatively few stomates are open predominantly at night.
Carbon dioxide is fixed into organic acids and stored within
the cells. During the following day these acids provide a
CO2 source for photosynthesis while the stomates remain
closed, thus reducing H2O loss.

Associated with the low density of stomates in succu-
lents is their relatively large size (Fig. 1B,D; 2A). The large
open area of individual stomatal aperatures would tend to
counter the overall area decrease in stomatal area, per unit
surface area, caused by deceased density. In this way
maximum gas exchange occurs when the stomates are
open. Furthermore, Ting and Szarek (1975) have argued that
because of the generally round shape of the transpiring
surface of succulents, another factor, boundary layer resis-
tance, is greater than the resistance to gas diffusion pro-
vided by stomates. The result is that the large stomata of
succulents are effective at regulating gas exchange over
their entire range of apertures, a phenomenon noted by
Kluge (1976).

In contrast to succulents, the stomatal densities of non -
succulents fall mostly within the typical range of more
mesophytic plants and actually include some of the highest
stomatal densities recorded. In the present study such high
values included 580mm -2 (Buddleja saligna ), 523 mm -2
(Guaiacum coulteri), 457mm-2 (Pithecellobium flexi-
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Figure 1. Locations of stomata in desert plants relative to
the plant surface. A: Canotia holacantha (X1 000). B: Opun-
tia Ficus -indica (X400), C: Nerium oleander (X700). D:
Stapelia nobilis (X1000). Stomata are located at the surface
(B) or even slightly elevated (D) in most succulents. In
many non -succulents they are sunken in chambers below
the surface. (A) or concentrated in subsurface crypts (C)
[see arrows].

Figure 2. Relative size and density of stomates on leaves of
desert plants. A: Cereus peruvianus. B: Lycium fremontii.
C: Aloinopsis. D: Pithecellobium flexicaule. Magnifica-
tion 1250x.

caule), and 440mM-2 (Ambrosia deltoidea). With such high
numbers of stomata per unit area one would expect that the
size of individual stomata would be smaller to effectively
reduce the total transpiring area. This is to some degree true
(Fig. 4), but the range of sizes is considerably smaller than
would be expected based on the size /density relationship
found in succulents. As a result it may be predicted that
transpiration rates in non -succulent desert plants will be
high. Many non -succulent xerophytes in fact have high
rates of transpiration which often increases with increasing
water stress! Such an apparently contradictory situation
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Figure 3. Average stomatal density and stomatal length of
succulent and non -succulent desert plants. Circles repre-
sent non -succulents, squares represent succulents. The
standard errors of the means are indicated by the vertical
bars.

was noted by Maximov (1929) and has been subsequently
reaffirmed by others (Ehrler, 1975; Stocker, 1976).

The adaptive advantage of high rates of water loss in
these xerophytes is to reduce tissue temperature by
evaporative cooling. Unlike succulents, whose cells are
able to tolerate very high daytime temperatures, a major
problem of non -succulent xerophytes is to avoid heat
buildup in the tissues (Levitt, 1980). Evaporative cooling,
due to high :rates of transpiration, can actually depress
internal tissue temperatures below that of the surrounding
air (Levitt, 1980).

Ting and Szarek (1975) have noted that in the relatively
flat leaves of non -succulents, the resistance to diffusion,
due to the boundary layer of air around the leaf, actually
becomes more important than stomatal resistance by the
time the stomates are half open. Maximum gas exchange,
therefore, will occur not with few, relatively large stomata,
but rather with many smaller stomates. Although an indi-
vidual small stomate will be less efficient at allowing gas
exchange per unit pore area than an individual large sto-
mate, a considerably larger number of small stomates may
be packed into a unit leaf area thus providing for greater
total transpiration and consequently greater evaporative
cooling potential.
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Figure 4. Regression lines for stomate length on stomatal
density in succulent and non -succulent desert plants. Suc-
culents, y = 17.70 - 0.02x. The slopes of the regression
lines are significantly different.

Conclusions
It is apparent from the data presented above that two

distinct stomatal strategies have evolved in desert plants:
relatively large, infrequent stomates on the surface of suc-
culents and smaller, more numerous stomates on the sur-
face of non -succulents. In each case the stomatal size and
frequency provides an adaptive advantage to plants of a
particular life form. The large stomates provide for maxi-
mum gas exchange at night in succulent CAM plants while
their infrequent occurrence helps to minimize water loss
during the day when the stomata are usually closed. The
frequent, small stomates of non -succulents allow for high
daytime transpiration rates, therefore cooler tissue temp-
eratures.

The results of this study also clarify the contradictory
descriptions of stomatal frequency found in the literature,
and referred to at the beginning of this paper. Both increased
and decreased stomatal frequencies are found in desert
plants- depending on their life form. Authors must be
careful to specify if by xerophytic plant they are referring to
succulents, non -succulents, or all xerophytes.
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Katharine Brandegee
as a Liberated
Woman Scientist
(Continued from page 139)

charmed by Greene and tended to see his viewpoint scien-
tifically, and although her literary style won her many
admirers, as a woman she also saw how womanhood was
being discriminated against as shown by Kate's dilemma.
Should Kate's review of Greene's work be scheduled for the
next volume (Zoe, Volume 4) or should it be suppressed so
the subscription list would not deteriorate? If the decision
were to suppress the review, then Alice may well have
thought also of having her own name deleted as an as-
sociate editor (where already nearly hidden on the mast-
head page by being protectively surrounded by names of
male associate editors). Wouldn't this help the subscription
situation? Zoe had found itself in a real battle of the sexes
presaging the later women's rights movement of our own
time. Alice, though at the time younger and more attractive
(and of a later generation) than Kate, nevertheless knew
discrimination well. Alice's biographer tells how "Before
Mrs. Brandegee resigned she had arranged for a 1,000 -mile
free ticket on the Southern Pacific to enable Alice to begin
in earnest to botanize ... Her first official excursion took
her to Bakersfield ... The second -class hotel, which was all
that Alice could afford, had only a bar and lunch
counter -not open to women." (Wilson, 1955: pg. 51).

Unrequited Love?
Joseph Ewan (1942) suggested that Katharine's

scorching review of E. L. Greene's writings, which
she published in Zoe, came about as a result of "unre-
quited love."

If indeed in Zoe we find indication of a battle of the sexes,
it is certainly a curious battle. Zoe had actually published
an admission of Kate's guilt to ostensibly satisfy Britton's
demand that she be disciplined, but the admission (Zoe 1:
346) was only an admission that "she is a woman, but
pledges in extenuation of the damning fact, that she was in
no way consulted about the matter." Kate and Alice cer-
tainly discussed the upcoming article on Greene because it
would have a lasting effect on Zoe and on their lives. Ring-
ing in their ears would have been the expected male re-
sponse: "what are those women doing with that journal ?"
In actual fact it was eventually even suggested by Joseph
Ewan (1942: p. 773) that Kate's "criticisms of Greene were
surely in part the aftermath of unrequited love ..." But in
an undated (ca. 1960) and privately published pamphlet,
Albert W. C. T. Herre of the University of Washington has
written on "Katherine Brandegee. A Reply to a Fantasy by
f. Ewan. " Herre knew both of the Brandegees well and he
knew Greene. He rose to Kate's defense as late as 40 years

after her death, saying "I write this before all of us who
worked with the Brandegees ... and others of that era are
gone ..." Herre was himself over 90 years old and near
death. He correctly pointed out that Kate's critique was on
Greene's research methods and published results, not on
Greene personally.

A Gay Revelation
Shortly before his death at age 93, Dr. Albert W. C.

T. Herre in a privately printed pamphlet (Herre, ca.
1960) revealed details of Katharine's relationship
with a prominent gay minister (E. L. Greene) who had
given up the cloth to become the first plant scientist
at the University of California.

If this was part of a battle of the sexes, it dealt with
women's rights rather than romantic involvements and
"unrequited love," although Herre has interjected an addi-
tional sexual footnote, revealing that Kate knew Greene
not at all as a potential lover but as a gay male:

... street arabs, newsboys, bootblacks, etc.... knew Greene and
his weakness. When he came over to the California Academy of
Sciences on Market Street he ran the risk of being seen and mob-
bed by the street boys ... The woman, Mrs. Brandegee ... saw all
this and knew why the boys baited him ...- Herre, ca. 1960: p. 2.

Actually, Kate voiced no criticism of Rev. Greene for
being gay. Having known discrimination against women,
she seems to have been contrary to discrimination wher-
ever it might arise. As shown previously, she subscribed to
the "code of the west," a non -interference credo to interfere
with no one's personal affair and to demand the same free-
dom for herself. Marcus E. Jones criticized Rev. Greene on a
more personal basis:

Greene was a man who never had any personal friends, his
overweaning opinion of himself, which he was always injecting
into his conversation, repelled people. He was a moral reprobate, a
retired Episcopalian minister, kicked out of the pulpit because of
sexual vices, and a conscienceless liar.- Jones, 1929: p. 18.

But in any event, we don't really know what Kate and
Alice discussed as Volume 3 came to a close. We do, how-
ever, know that when the title page for the now finished
Volume 3 was printed and mailed it emblazoned the name
of a single editor on a single sheet of red paper: "Alice
Eastwood, editor." Gone were the names of the male as-
sociate editors! The review of Greene's work was to receive
the full light of day and a woman was to be acknowledged as
full editor of Zoe, even if this meant decline of subscrip-
tions! In a brief biography in the journal Desert (Volume 4:
65, 70), which later became Desert Plant Life [no relation
except in spirit with Desert Plants] Jones wrote "Mrs.
Brandegee's one greatest work is the review in Zoe of the
writings of E. L. Greene. It was a masterly presentation .. .
and it was done while Greene was alive...."

With the conclusion of Volume 4, Number 4 of Zoe, and
with Alice Eastwood finally well established as Curator of
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Botany at the California Academy, the Brandegees retired
to San Diego, establishing their home on a high mesa over-
looking the city (Setchell, 1926). They installed their large
herbarium and library in a substantial brick building sur-
rounded by a botanical garden. Jones (1933: p. 18) described
the garden: "It was a botanical paradise, rare flowers
blooming on all sides, mockingbirds, quail calling, and
other native songbirds making the air musical with song."
Setchell (1926: pp. 166 -167) adds, "Those who visited the
Brandegees at their brick herbarium and garden at San
Diego will remember the beloved pet guinea hen and the
friendly sickle -billed thrushes that came at her call." From
this idyllic residence and work -place in retirement, the
Brandegees sallied forth on plant study trips in all direc-
tions. T. S. went as far as Sinaloa and Durango in Mexico.
He wrote with regard to Baja California:

At San Jose del Cabo, where I have so often been that everybody
knows me well, I attended church on Sunday and was accorded
especial honors, the padre sending for a chair and seating me on
the platform along side the pulpit, while the congregation was
obliged to sit on the floor. It is just possible that the relatively
immense sum I dropped into the contribution box may have had
something to do with these honors. -T. S. Brandegee in Setchell,
1926: p. 160.

Although well enough fixed financially so as to be indepen-
dent, T S. occasionally accepted employment, such as in
1897 when he was called on to go to the Teton Forest
Reserve in Wyoming to do surveying for a forest map of the
reserve.

Dr. Albert W. C. T. Herre (ca. 1960) wrote:

I was in my 34th year when I first met the Brandegees, I had been
a newspaper reporter and political commentator for some years, a
teacher and assistant superintendent of schools for a decade. ... No
one could know Mrs. Brandegee very long without seeing that she
was thoroughly and devotedly in love with Mr. Brandegee. She
used to tell me of his unselfish goodness and of the way he helped
various young people through college. Her voice was soft, and her
face lit up when she spoke of him as if she were a girl about to marry
her own true love. - Herre, ca. 1960: pp. 3 -4.

From the biography by Setchell (1926: p. 163) we know that
Mr. Brandegee's concern for the proper education of youth
showed also in his being a member of the Board of Educa-
tion of San Diego.

A number of new plant species and even new genera were
discovered by the Brandegees. The monotypic genus Bran -
degea of the Cucumber Family (Cucurbitaceae) grows
through much of Baja California and in parts of the Sonoran
Desert of California, Arizona and Sonora. It was described
by the Belgian cucurbit expert Célestin Alfred Cogniaux.
The genus Machaerocereus was erected by N. L. Britton
and J. N. Rose for Cereus eruca, the Creeping Devil or
Caterpillar Cactus discovered and named by T S. Bran -
degee. The prefix Machaero- refers to a surgeon's knife,
apparently in allusion to the treacherous spines. Another
cactus genus, Cochemiea, was elevated in status by Britton
and Rose from Mammillaria subgenus Cochemiea, origi-
nally established by Katharine Brandegee for Mammillaria
halei K. Brandegee. It is named for the Coch:imí Indian tribe
of Baja California. The intergeneric hybrid Pachgerocereus
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described by Reid Moran was based on Cereus orcuttii K.
Brandegee, a cross between Bergerocactus and Pachyce-
reus. It is known from a few plants southeast of El Rosario
in Baja California. It is of particular interest because the
shapes of the parental genera are so dissimilar. Other genera
of Baja California which were based on Brandegee species
are Adenothamnus, Alvordia, and Faxonia in the Sun-
flower family (Compositae) and Errazurizia in the Pea
Family (Leguminoseae). In addition, there are Brandegee
genera of the state of California: Purpusia of the Rose Fam-
ily (Rosaceae), named for J. A. Purpus, and Eastwoodia of
the Sunflower Family (Compositae), named for Alice
Eastwood. The California genus Congdonia in the Stone -
crop Family (Crassulaceae) was based by Willis Linn Jepson
on Sedum pinetorum Brandegee.

Between them, the Brandegees were the first to describe
and name approximately 45 new species of California
plants which have stood the test of time, i.e. are currently
accepted as good species. Many more were based on their
collections but described by others. California species like
Salvia brandegeei and Fritillaria brandegeei display their
Brandegee relationship openly. Others like Senecio layneae
may not be as obvious. Kate went by three different last
names: Layne, Curran, and Brandegee. Some plants were
named "layneae" after her when she went by the name
Curran and also when she went by the name Brandegee!
When Kate's legal name was Curran, she preferred that
plants not be named "curranae" for her but rather
"layneae," pointing out that Curran was an acquired name
which she might not retain (Jones, 1933: p. 14). Dr. Asa
Gray awarded her a hybrid name by which he referred to her
in the literature before she married Mr. Brandegee: "Mrs.
Layne-Curran."

Among the wild buckwheats of California, both Eriogo-
num gossypinum Curran and Eriogonum giganteum var.
formosum K. Brandegee were named by Kate. Among the
monkey -flowers, Mimulus layneae was named for Kate and
Mimulus brandegeei for T S. Four other Mimulus species,
Mimulus androsaceus, Mimulus nudatus, Mimulus pic-
tus, and Mimulus kelloggii were named by Kate and are
properly cited with "Curran" as author. In addition,
Mimulus clevelandii Brandegee was named by T S.

A number of genera have one taxon associated with T S.
and another with Kate: Among the blue -bonnets are
Lupinus concinnus var. pallidus named by T S. and
Lupinus tidestromii var. layneae named for Kate. Among
the milk- vetches are Astragalus coccineus named by T S.
and Astragalus layneae named for Kate. Among the wild
onions are Allium praecox Brandegee and Allium
hyalinum Curran. In Chorizanthe there are C. vortriedei
Brandegee and C. insignis Curran.

T S. seems to have had a flair for the Sympetalae, naming
such California species as Penstemon calcareus, P. flori-
dus, P. incertus, P. stephensii, P. purpusii (and P. bicolor of
nearby Nevada], Salvia greatae, Satureja chandleri,
Phacelia eisenii, P. purpusii, Cryptantha costata, and C.
excavata, although he also named Mentzelia leucophylla,
Abronia alpina, Epilobium niveum, Cymopteris deser-
ticola, Hemizonia clementina, Chlorogalum purpureum,
Scopulophila rixfordii, Chamaebatia australis, Chaeto-
pappa fragilis, and Forsellesia pungens.
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Although there are examples of California species named
by Kate with "K. Brandegee" as author (e.g. Lewisia kellog-
gii, Mammillaria dioica), there are many more where her
author's name appears as "Curran," such as Delphinium
uliginosum, Linum drymarioides, Loeflingia pusilla,
Trichostemma ovatum, Acanthomintha lanceolata, Pur-
shia glandulosa, Bois duvalia d eistogama, Nemacladus
rigidus, and Linanthus harknessii.

In addition, approximately 160 currently accepted plant
species of Baja California were originally described by T. S.
or Katharine Brandegee and more than 20 additional were
given the epithet "brandegeei" or "brandegeana" by other
scientists. Discovering new species did not come easy. Re-
ferring to Baja California, T S. wrote, "Adding all distances
traveled together, I have ridden the whole length of the
peninsula on a mule."

The Brandegees obtained a lot from life and gave a lot.
Eventually, however, Kate seems to have become bitter
because of the gross injustices perpetrated against her in the
way of professional discrimination of her as a woman. Al-
though her scientific methods and results were light -years
superior to those of E. L. Greene, it was the egotistic Greene
who became world- famous by publicizing himself. Indeed,
Greene had risen to perhaps the highest professional pinna-
cle possible, serving as President of the historic 1893 Inter-
national Botanical Congress. When Jones (1932: p. 65)
urged her to write an autobiographical account of her work
with plants, she responded "what does the world care for
me ?" To Jones, Kate's attitude

... meant a lifetime of unrequited struggle, a cold indifference
to all her years of self- sacrifice for the establishment of the truth,
an absence of the generous appreciation that every honest worker
is entitled from his fellows, and it showed that way down in her
heart was the true woman yearning for recognition-Jones, 1932:
p. 65.

In any event, in later years Kate turned more to the
herbarium and library, publishing less and doing less field
work, but apparently having a very significant influence on
the maturation of her husband's professional career in plant
science. T S. Brandegee the plant collector became T S.
Brandegee the plant scientist, largely due to Kate's know-
ledge and her constant pre- occupation with plant research.
Ewan (1942) referred to Kate's work as "an obsession" and
quoted what he considered a "revealing" characterization
by Jones (1933) that "... all her conversation was the
weighing of the evidence of the validity of species of
plants." If Kate could have seen into the future, she would
have been surprised but greatly pleased with another of her
influences: A woman became Honorary President of the
Seventh International Botanical Congress at Uppsala, Swe-
den in 1950: Kate's protegé and hand -picked successor:
Alice Eastwood.

Although Kate and T. S. certainly had an idyllic life with
their brick herbarium and library refugium in San Diego,
Kate seems _to have soon yearned to be back where the
action was, San Francisco, the scientific capital of the west.
Jones (1933: p. 18) reported that Kate claimed "... the
climate [in San Diego] did not suit her health and they were
too far from libraries.:.." In 1906 the Brandegees moved
back to the San Francisco region, donating their herbarium

and professional library to the University óf California at
Berkeley. As Setchell (1926: p. 162) put it, they "merged
their lives" and activities with the University:

Daily for the rest of their lives, [19 and 14 years, respectively]
both Mr. and Mrs. Brandegee were to be found at work in the
Herbarium of the University and, with the exception of an occa-
sional botanical trip to the mountains or to the desert, this con-
tinued to the end of their lives ...- Setchell, 1926: p. 162.

During this period, T. S. published extensive studies of the
plants of the states of Puebla, Vera Cruz, Oaxaca, and
Chiapas in southern Mexico, basing his work primarily on
herbarium specimens procured by a collaborator, Dr. C. A.
Purpus.

Although Kate's life had been primarily that of a healthy
and vigorous woman in love with life and things living, and
the joy of experiencing, studying, and documenting, she
was afflicted with an insidious infirmity which proved
difficult to hide or ignore, particularly on trips away from
home where diet and activity were in flux- diabetes. This
disease may have been the reason for her returning a month
earlier than her husband from a field trip to the Cape Region
of Baja California in 1893. It was probably the reason that
she did not eat rich food (the "French dinners ") which Herre
(ca. 1960) said he and T. S. would go over to San Francisco to
eat "once or twice a week."

Again, dizziness from diabetes or a fainting spell from it
likely contributed to her fall in the Santa Lucia Mountains
when she broke a leg "... and had to be carried many miles
over very rough country to proper shelter and medical at-
tention." (Setchell, 1926: p. 166). Kate apparently wanted
very much to study plant specimens in the large herbaria of
the east at Harvard, the New York Botanical Garden, and
the Missouri Botanical Garden in St. Louis but was re-
peatedly prevented from making the trip because of her
affliction. Jones (1933: p. 17) tells how she started east and
spent several days in Salt Lake City studying type speci-
mens. Then she "... got as far as St. Louis when her
infirmity (diabetes) became violent and she had to go home
at once." After a few years she mustered the courage to
attempt the trip again, apparently "convinced that there
was no hope" for her condition anyway. She "... nearly died
before she got home ..." but after getting home "... got
worse rapidly and soon died [on April 3, 1920]." (Jones,
1933: p. 17).

With Katé gone, T S. withdrew inward. As he grew older
he had become increasingly deaf, lost the sight in one
eye, and experienced a partial but debilitating paralysis.
Nevertheless, he forged ahead with his work on the Purpus
collections from Mexico until pneumonia set in a few
months before his death on April 7, 1925.

The significance of the Brandegees in science, particu-
larly Mrs. Brandegee, has been very poorly understood.
Numerous publications by eminent male scientists are
openly critical of Katharine. She has been termed a she -
devil, an indifferent housekeeper, haphazard, vindictive,
scheming, and a cause of dissension. In every case, how-
ever, the criticism seems to result from a male scientist's
conception of her personality rather than her professional
work, intelligence or ability.

Luckily, we know of Kate's goodness from a few contem-



The Creeping Devil Cactus was discovered in Baja
California and named Cereus erucus by T S. Brandegee. It
was later distinguished as a new genus under the name
Machaerocereus.

porary professionals whose mind -sets did not cause them to
see her as an opponent. These people had some relationship
with women's education or women's professionalism. Al-
bert W. C. T. Herre for example had been an assistant
superintendent of schools and was used to treating women
as professionals. Marcus E. Jones apparantly had a strong
mind -set in favor of women as professionals, as witness his
marrying the Dean of Women of Grinnell College, Anna
Elizabeth Richardson.

The mind -set of T. S. Brandegee likely resulted from his
being a student of D. C. Eaton at Yale, descendant of Amos
Eaton who single- handedly had set out to teach young
ladies about plants in the early days of the century. Amos
Eaton and his female students had perhaps the most sig-
nificant effect on teaching plant science to women in the
nineteenth century (McAllister, 1941) of any professor or
school. Eaton had even talked his sister -in -law, Laura
Johnson, into writing a very successful plant science
textbook for elementary schools. Another Eaton student,
Almira Hart Lincoln Phelps ( "Mrs. Lincoln ") wrote two
other books for plant study that were used by schools in
various editions for four or five decades. Mrs. Lincoln's
sister, Emma Willard, became a noted activist for women's
education in the United States and was instrumental in the
founding of several women's schools. The Eaton influence
undoubtedly contributed to T. S. Brandegee's mind -set in
favor of women as professionals. But the tolerant mind -sets
of T S. Brandegee and M. E. Jones gave only moral support.

It was Kate herself who fought the battle as a woman
professional; T. S., Marcus and others could not and did not.

In retrospect, it is easy to conclude that Kate was "ahead
of her time" but nevertheless successful in competing with
(and exceeding in accomplishments) a majority of her male
colleagues. Actually she was a very important part of her
time. Rather than being ahead of it, she was precisely at the
leading edge of what was a very significant assertion of
rights for women professionals. Whatsmore, she won, as
shown by the election of her staunch supporter, Dr. Harvey
Harkness, to the presidency of the California Academy of
Sciences at a time when she was the object of the decade's
major controversy at the Academy. That she won is also
clearly seen by the circumstances surrounding the found-
ing of Zoe and her effective writing and editing for it; also in
her organizing of the very successful California Botanical
Club and in her successfully installing another woman
scientist, Alice Eastwood as her replacement as Curator of
Botany of the Academy. She was a product of the rip -roaring
days of western mining camps and her personality de-
veloped with the code of equal opportunity and non-
interference fostered by the mental climate of the raw west.
But perhaps more important, she had a profound effect on
her own times: she forced male scientists, even the most
obstreperous, opportunistic, competitive, and misogynis-
tic, to accept her as a professional. We can only admire Kate
and the way Kate and T. S. reinforced each other and contri-
buted to science and society.
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Acknowledgements and Apologia
First, apologies to our good friend Joseph Ewan for any

difference of opinion on the "unrequited love" issue. Joe,
you were right that Katharine suffered from unrequited
love -it was her love for informing scientists of the true
relationships of plants that should rightfully have been
returned to her in the form of praise and commendation.
And yes, she may have even been attracted to Rev. Greene
the man (as opposed to his professional work) in Jones'
sense of her having a fond place in her heart for the unfortu-
nate and wanting to care for them. But Rev. Greene did not
feel himself unfortunate! Apologies also to Marcus E. Jones
for drawing so heavily from his all too quotable statements.
Marcus, you were one of a kind. Although your typesetting
and editing leave a little to be desired, and although your
self -published writings are now collector's items which
few libraries have, your individualism, perception, judge-
ment, knowledge and honesty shine through in your scien-
tific writings. Thank you. Thanks also to your daughter,
Mabel Jones Broaddus, who some 25 years ago sent us a set
of your self -published journal and other of your writings.
Apologies also to Katharine Brandegee for our presuming to
call her, as Marcus Jones did in his articles, by the affection-
ate name Kate in the present article. Kate, the influence you
have had on plant science and the influence on (and encour-
agement to) women as professionals goes beyond what you
thought. Decades ago we read the good things which Mar-
cus Jones had to say about you and looked at the 1889
picture of you and T. S. facing each other on the park bench.
You have certainly influenced our lives and undoubtedly
others. Apologies also to T. S. for referring to him so for-
mally by his initials. We respect you and thank you, T. S.,
for being your distinguished, gentle, and caring self. You
not only approved of women as professionals, but took an
active personal interest in the education of youth in San
Diego as member of the school board, and took steps to help
young people financially with college. You and your
foresighted constituents and proponents of scholarships are
due thanks from one of us (C. D. C.) who was able to attend
the University of California as a San Diego County reci-
pient of state scholarship funds. Marcus, you would be
interested to know that we named our own son Marcus A.
Crosswhite after you some 21 years ago. And Kate, our
daughter's name is Katherine.

Thanks also to Anita L. Karg for assistance with the
archives of the Hunt Institute for Botanical Documenta-
tion at the Carnegie- Mellon University in Pittsburgh, and
for the portrait of Kate as a young woman. Thanks to Bar-
bara Ertter for assistance with photograph files in the her-
barium of the University of California at Berkeley, and
specifically for the photograph of T. S. Brandegee when he
graduated from Yale. Thanks also to Dennis Breedlove of
the California Academy of Sciences for advice and to Ar-
nold Tiehm of the New York Botanical Garden for informa-
tion on Fanny Searls.
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fl Sonoran Desert Harvest

Gathering the Desert
GARY PAUL NAB HAN
Illustrated by Paul Mirocha

To the untrained eye, a desert is a wasteland that defies
civilization; and for years the deserts of the American
Southwest gave pause to even the most avid of expan-
sionists. Yet the desert has been home to native cultures
for centuries and offers sustenance in its deceptively wide
range of plant life.

Gary Paul Nabhan has combed the desert in search of
plants forgotten by all but a handful of American Indians
and Mexican Americans, and in Gathering the Desert
readers will discover that the bounty of nature is much
more than meets the eye - whether found in the luscious
fruit of the statuesque organpipe cactus or in the lowly
tepary bean. Greasewood, one of the desert's most corn -
mon plants, has been used by Indians to treat almost as
many ailments as science treats with pencillin. And a
most uncommon parasite on shrub roots, Pholisma
sonorae, is known as "sandfood" and is much prized for
its delicate flavor.

Nabhan has chosen a dozen of the more than 425
edible wild species found in the Sonoran Desert to dem-
onstrate just how bountiful the land can be. From the
red -hot chiltepines of Mexico to the palms of Palm
Springs, each plant exemplifies a symbolic or ecological
relationship which people of this region have had
with plants through history. Some are there for the taking
while others are endangered by man's encroachments,
and each one plays a part in the natural balance.

Gary Paul Nabhan is a research associate with the University
of Arizona's Office of Arid Lands Studies and is cofounder of
Native Seeds /SEARCH, a nonprofit organization that
maintains seed banks of indigenous Southwestern plants.

Paul Mirocha is an illustrator and graphic designer with the
Office of Arid Lands Studies.
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Gathering the Desert

Each chapter focuses on a particular plant and is
accompanied by an original drawing by artist Paul
Mirocha that depicts the plant in its relationship with
humans. Word and picture together create a total impres-
sion of plants and people as the book traces the turn of
seasons in the desert.

"We hope that these sketches will encourage arid land
dwellers to feel more at home with the desert's bounty;"
writes Nabhan, "a richness that cannot be understood
simply in utilitarian terms. Even if you were never to eat
a carob -like mesquite pod, or treat a cold with creosote -
leaf tea, these plants have something to offer. It may be
just the music heard when standing beneath a spring -
flowering mesquite canopy, alive with five thousand
solitary bees, or the smell of a creosote bush releasing
fifty volatile oils to the ozone -charged air during
a summer storm.

"Even if you don't gather the desert, let it gather a
feeling in you."

209 pp., illus. $19.95 cloth.

University of Arizona Press 1615 E. Speedway, Tucson, AZ 85719



A New Locality For Desert
Fan Palms in California

James W. Cornett
Palm Springs Desert Museum
Palm Springs, California

Native groves of desert fan palms (Washingtonia filifera)
are isolated and widely scattered throughout the Sonoran
Desert of southeastern California, Baja California Norte,
and western Arizona. The location of most of these are
known (Brown et al., 1976; Henderson, 1951, 1971;
California Department of Fish and Game, 1984).

The author visited Clapp Spring on 19 June, 1985 and
found 44 palms distributed among the following size
categories: 22 seedlings; 20 with trunk height less than 1
m; 3 with trunk 1 -2 m; 2 with trunk 2 -4 m; 2 mature palms
4 m in height (Figure 1). The author was unable to locate
any literature reference to palms being present at Clapp
Spring which is located 12 km west of the Colorado River at
Latitude 33 24'36" N, Longitude 114 51'25" W, Riverside
County, California. The closest natural palm oases are at
Corn Spring, 48 km to the northwest, and in the Kofa
Mountains of western Arizona, 62 km to the east (Figure 2).

Oasis plants, listed in order of decreasing ground cover,
included Washingtonia filifera, Prosopis glandulosa,
Sesuvium verrucosum, Suaeda torreyana, Cynodon dac-
tylon, Tamarix ramosissima, and Schismus barbatus. The
only surface water present is a 1 m wide puddle that is kept
clear of vegetation by trampling of burros and mule deer
which come frequently to drink. Several well -used trails
lead to the spring from the surrounding desert.

Apparently the palms are of recent origin. Walter D. Scott
(pers. comm.) stated that no palms were present when he
first visited the spring in 1930. At that time Tamarix was
the dominant plant and a small corral had been built near
the waterhole by Jack Moore, Harley Well, and Charlie
Head. In the early 1930's Scott built a second corral to
temporarily hold wild horses that he captured from the
surrounding desert. This corral is still evident. Scott indi-
cated that the palms appeared in the 1940's and feels confi-
dent that they were not introduced by humans. John Smith
(pers. comm.) states that many ornamental palms had been
planted in the vicinity of Blythe in the 1920s. Some of these
trees are over 19 m tall today and are within 25 km of Clapp
Spring. This would be the nearest seed source. Based on
papers by Bullock (1980) and Cornett (1984), it is possible
that seeds were introduced by coyotes.

For their apparent age of about 40 years, the two mature
palms are unusually short, reaching only about 6 m in
height. The author has recorded trunk growth rates of up to
0.7 m per year among young palms at Thousand Palms
Oasis, Riverside County, California. In stature, the Clapp
Spring palms resemble the short, stocky trees at Mopah
Spring in the Turtle Mountains and Pygmy Grove in Anza -
Borrego Desert State Park, California. In all three instances
surface moisture is sparse, suggesting the palms are re-
ceiving a minimal amount of water. Otherwise the palms at
Clapp Spring appear healthy and the two mature palms
were beginning to flower on 19 June.
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Figure 1. Clapp Spring, Riverside County, California. The two
mature palms are at the right. The waterhole and immature palms
are at the left.
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Figure 2. Location of Clapp Sprng (2) in relation to Corn Spring (1)
and Kofa Palm Canyon (3). The Colorado Desert is indicated by
cross -hatching.
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