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An elusive science:

Ecological enterprise in

the Southwestern United States

SHARON E. KINGSLAND

I. Introduetion

Ecology in the United States began in the late nineteenth century, but its
viability as a separate area of research remained problematic for scientists for
several decades, despite promising beginnings. Ecologists saw their work as
a contribution to basic biological research, which might include, but was not
limited to, research relevant to problems in agriculture, resource manage
ment and conservation. Certainly the reform of botany that preceded the
development of ecology was tied to agricultural practice, 1 and ecologists
addressed practical problems in part to attract funding and to reinforce the
central importance of ecological study. But ecology was conceived as a kind
of inquiry that went beyond these pragmatic concerns. Ecologists also ar
gued for research centres distinct from publicly funded agricultural colleges
and experiment stations. Indeed, a division of labour between privately en
dowed research laboratories and publicly endowed agricultural stations was
essential to the promotion of ecology as a discipline. This article is about one
of the earliest ecological research centres in the United States, the Desert
Botanical Laboratory founded in 1903 near Tucson, Arizona, by the
Carnegie Institution of Washington.

The first director of the Desert Laboratory was Daniel Trembly
MacDougal (1865-1958), a physiologist and ecologist who oversaw botani
cal research for the Carnegie Institution from 1906 to 1928, after which he
continued as research associate until 1934. In 19°9 the laboratory extended
its operations to a second laboratory, located at Carmel, California, which

I thank Eugene Cittadino and Paul Romney for their comments on the manuscript. Research
was supported by National Science Foundation summer scholar grant no. 90H280.

I The relation between botanical reform and agriculture, especially in connection with
Charles E. Bessey's school of botany at the Unjversity of Nebraska, is discussed in R. C. Tobey,
Saving the prairies: The life cycle of the founding school of American plant ecology, 1895-1955,
Berkeley, 1981. Bessey was suspicious of the new ecology, which he regarded as faddish, but his
students went on to establish the discipline along more rigorous lines, focused on the analysis
of successional change.
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from 1920 became MacDougal's main base. By 1940 the Carnegie Institu
tion's commitment to ecological research was waning. Under growing
financial pressures the Desert Laboratory was closed and the buildings
handed over to the US Forest Service.

MacDougal is not well remembered because he did not write a seminal
work in ecology. Despite his absence from the ecological canon, he was
important for ecology as an institution builder whose entrepreneurial drive
made it possible for ecologists to secure a niche, however briefly, as research
scientists. MacDougal's laboratory differed from universities and agricul
tural colleges in allowing scientists to pursue research unfettered by teaching
duties or the need to provide practical advice to farmers. The laboratory was
dedicated to a range of subjects, including experimental research in physiol
ogy and biochemistry, experimental and field investigations in ecology, plant
geography and evolutionary biology, and studies of climate, geography and
geology. In addition to serving as a microcosm of science in America, the
laboratory offers us a glimpse of biology in its pioneer phase, when aggres
sive promotion of basic research was combined with the voyager's delight in
adventure for its own sake.

The history of the Desert Laboratory provides an exceptionally good
illustration of themes that historians of science have raised in other contexts.
Eugene Cittadino, who has studied the origins of American ecology in the
light of the flowering of German botanical research in the post-Darwinian
period, has focused especially on the indebtedness of American ecologists to
late-nineteenth-century German studies of adaptation and biogeography.'
The present essay complements Cittadino's work by elaborating important
themes that he touches on more briefly, concerning the American context of
this science. Those addressed in the first section deal with the relationship
between economic development and the growth of science, the
professionalization of botany around the turn of the century, and the crucial
role of the wealthy business patron in the establishment of new scientific
institutions. Therefore we begin by looking westward from the eastern sea
board and considering the relationship between western exploration and the
rise of scientific institutions in the east. The section ends with a discussion
of the creation of the New York Botanical Garden in the I 890S, which stood
as a model of entrepreneurial activism. Its success stimulated further institu
tional expansion, which in turn gave impetus to ecological research.

From New York we follow the trail back west again to the founding of the
Desert Laboratory, an offshoot of the Botanical Garden. I shall describe the
nature of the ecological research pursued at the desert laboratory and its
implications for the study of evolution, a field fraught with controversy. By

2 E. Cittadino, 'Ecology and the Professionalization of Botany in America, 1890-1905',
Studies in history of biology, (1980) 4, pp. 171-198; idem, Nature as the laboratory: Darwinian
plant ecology in the German Empire, 1880-1900, Cambridge, 1990.
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touching on the relationship between MacDougal and western writer Mary
Austin, I shall consider the way ecology and the mystique of the Southwest
have been used to promote American mythology about the relationship
between environment and national character. Finally, the reasons for the
laboratory's closing are discussed and some generalizations are drawn about
the fate of ecology in relation to competing scientific fields.

2. An imperialist enterprise

Beginning with William Goetzmann's vivid descriptions of American west
ward expansion and science, historians have revealed that what came to be
called ecology in the 1890S was the culmination of a century of exploration
that sent explorers, armies, and engineers to make surveys, capture territo
ries and prepare for the development of the country's mineral and agricul
tural wealth) Artists and naturalists, European and British as well as
American, took part in the conquest and occupation of the West. Inspired by
the monumental work of European scientists like Karl Ritter, whose studies
of human populations in their physical environment eventually grew to 23
volumes, and Alexander von Humboldt, whose atlas of the region they
relied on, they drew and described, surveyed and mapped, and collected
specimens for scientists working back east.

International rivalries provided further impetus to exploration and infor
mation gathering. In the Southwest, decades of conflict between the United
States and Mexico culminated in the Mexican-American War of 1846-48.
The Treaty of Guadalupe-Hidalgo ceded most of the disputed territory of
the Southwest to the United States in 1848, with the final boundary being
fixed, after more accurate surveys, by the Gadsden Purchase of 1853. This
left the Indian nations as the last rivals to be conquered. By about 1890,
warfare and disease had reduced the indigenous population of the Southwest
to less than one-third its number three centuries earlier. For the white races,
the vast interior region, once labelled the Great American Desert, became
not just a place to cross on the way to the Pacific, but a site for settlement.
Thousands of settlers entered the territories of Arizona and New Mexico in
the late nineteenth century.

Science also entered the new territories with a military escort. The Army
Corps of Topographical Engineers was organized in 1838, partly in order to
make scientific assessments of the country's natural and human resources.
During the Mexican War the Topographical Engineers were assigned to each
of the major field commands. The unit headed by Lieutenant William H.
Emory, a self-styled savant who hob-nobbed with the leaders of the eastern

) W. H. Goetzmann, Exploration and empire: The explorer and the scientist in the winning
of the American West, New York, 1966; also, D. Worster, Nature's economy: A history of
ecological ideas, 2nd ed., New York, 1985.
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scientific establishment, made an expedition in 1846 that provided the army
with a more accurate map of the Southwest and yielded much new informa
tion on geology, botany, zoology, as well as studies of the Native American
peoples and their history. The army would use this information to try to
contain the Indian nations that came under American control at the end of
the war. In the late I 840S, railroad surveys were conducted to determine the
best routes for a transcontinental railroad, which was completed in 1869.4
The Topographical Corps sent out several expeditions designed to layout
military and emigrant routes. The science that emerged from these surveys
was the product of collaboration between explorers and the specialists in the
east who advised the engineers, sometimes accompanied the expeditions, and
worked up the collections housed in eastern institutions)

From the late I 860s through the nineteenth century, geographical surveys
continued in conjunction with military campaigns and the railway surveys.
The major national surveys conducted under Clarence King, Ferdinand V.
Hayden, and John Wesley Powel! were modelled on earlier state geographi
cal surveys, the most important being the California Survey conducted from
186o to 1874 under Josiah Dwight Whitney. These surveys were designed to

open up the country, make an inventory of its resources, and prepare the
way for land use management.6 Civilian surveys conducted under the Inte
rior Department, such as the United States Geological Survey of the Terri
tories, formed in 1869, competed with the army surveys. A scientific
committee formed in 1878 under the auspices of the National Academy of
Sciences recommended to Congress greater civilian control over settlement
and economic development in the far west. After this time scientific surveys
were mostly civilian rather than military.?

By the early twentieth century the emphasis was on conservation and
efficient use of resources, with the government's resource policies being
shaped by a new breed ofprofessional scientific manager and conservationist.8

These men would in turn help to steer private patronage towards the kind of

4 Goetzmann, op. cit. (3), ch. 8.
5 Goetzmann, (op. cit. (3), ch. 9) labelled this passion for collection and classification

'Humboldtian science' because of the spirit of Romanticism with which it was imbued. He was
critical of the science for falling prey to a profusion of descriptive studies with little theoretical
synthesis, as compared with the later accomplishment of Darwin in the Origin of species.
Cannon rebutted this thesis by arguing that Humboldtian science was more than Romanticism,
for it provided a model of scientific method based on the use of instruments and exact measure
ment. In fact the young Darwin might be considered the very model of a Humboldtian scientist.
Winsor's study of the history of classification underscores how essential it was to advance the
monumental labour of classification before Darwin could furnish a convincing synthesis. S. F.
Cannon, Science in culture: The early Victorian period, New York, 1978, ch. 3; M. P. Winsor,
Reading the shape of nature: Comparative zoology at the Agassiz Museum, Chicago, 1991.

6 Goetzmann, op. cit. (3), chs. 12, 13, 14. 7 Goetzmann, op. cit. (3), ch. 13.
8 S. P. Hays, Conservation and the gospel of efficiency: The progressive conservation move

ment, 1890-1920, Cambridge, MA, 1959.
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basic research in ecology that government agencies lacked the resources and
mandate to pursue. There developed a symbiotic relationship between gov
ernment experts, scientists, and the entrepreneurs made wealthy by the coun
try's expansion. This convergence of interests created a demand for ecological
research and ultimately provided the resources necessary to make ecology a
viable field. The way these mutually reinforcing interests served to stimulate
ecology is especially well illustrated in the creation of the Desert Laboratory,
which arose as an offshoot ofthe New York Botanical Garden, itselfa product
of economic expansion and scientific entrepreneurship.

The force behind the Botanical Garden was Nathaniel Lord Britton, stu
dent and protege of John Strong Newberry. Newberry had been the first
geologist to study the Grand Canyon, which he visited with an expedition
in 1857, and was professor of geology and palaeontology at the Columbia
School ofMines. He was also an active discipline-builder, who had served on
the National Academy of Sciences committee of 1878 that had recom
mended greater civilian control over scientific surveys. As president of the
New York Academy of Sciences, he campaigned to promote public interest
in scientific research, especially research related to the arts, manufacturing,
and agriculture.9 The professionalization of science in the late nineteenth
century was the result of astute promotional activity by scientists like
Newberry who were on the receiving end of western explorations.

Learning from his teacher, Britton took up the campaign in the botanical
sciences. During the early 1880s, Britton had worked as botanist on the
Geological Survey of New Jersey, earning in the process a PhD from Co
lumbia College (later University). He joined the faculty in 1887, advancing
to the rank of professor of botany in 1891. Recognizing the need for profes
sional societies, New1erry and Britton transformed the Torrey Botanical
Club from a loose association of naturalists, first organized in the 18 50S by
botanist John Torrey, into a formal society of national prominence backed
by a national journal. The Torrey Herbarium, later donated to Columbia
College, likewise became the nucleus for Britton's crowning achievement,
the creation of the New York Botanical Garden, which was chartered in
1891 after intensive politicking and fundraising. lo Inspired by a visit to the
Royal Botanic Gardens at Kew in 1888, Britton envisioned a great public
garden in New York that might serve as a research arm of Columbia. Fund
raising was sluggish until Britton's wife and a group of society women 'took
to the warpath' to raise the minimum endowment of a quarter of a million
dollars. ll Britton's success owed much to his intimacy with New York's

9 D. Sloan, 'Science in New York City, 1867-19°1', Isis, (1980) 71, pp. 35-76; S. Baatz,
Knowledge, culture, and science in the metropolis: The New York Academy of Sciences, 1817
1970, New York, 1990. 10 Sloan, op. cit. (9); Baatz, op. cit. (9), pp. 142-47.

11 E. D. Merrill, 'Nathaniel Lord Britton, 1859-1934', Biographical memoirs of the National
Academy of Sciences of the USA, (1938) 19, pp. 147-202, especially p. I p.
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elite, for whom the Garden became a pet philanthropic project: the officers
of the board of managers were Cornelius Vanderbilt, Andrew Carnegie,
]. Pierpont Morgan, and Britton himself.

In 1896 a second charter enabled the Garden to expand its functions to
serve as the botany department of Columbia, at which time Britton resigned
his chair of botany at Columbia to devote his full energies to the direction
of the Garden. Over the next thirty years he converted a sizeable tract of
raw land into a major garden and research centre that included a museum,
greenhouse and conservatory, an extensive library and reference herbarium,
and well equipped laboratories. Much of the Garden's work centred on
collecting; in this respect its geographical reach expanded with that of the
country. After the United States took possession of Puerto Rico following
the Spanish-American War of 1898, and as American interest turned to
Cuba, the Caribbean became a major focus for Britton's botanical expedi
tions. The Garden also made collecting expeditions into Central and South
America and the Philippines.

Lucile Brockway has argued that Kew played a crucial role in empire
building by advancing scientific research and development of economically
useful plants in the British colonies. I> Cittadino points out that German
botanists admired Kew as a model of how an experimental garden might
advance colonial interests by cataloguing plants and conducting research
abroad in colonial gardens. 13 But he cautions us not to assume that imperi
alist expansion made botanists focus especially on practical problems in the
colonial territories. To the contrary, German academic botanists were just as
interested, if not more so, in basic problems of plant physiology and evolu
tionary biology. The new environments they encountered in their colonial
travels provided botanists with opportunities for testing general theories
about adaptation that had been formulated in studies of European flora.'4

The New York Botanical Garden was created as the United States was
undergoing a similar expansion of territorial interests, coupled with the
development of scientific agriculture and the search for exotic new crops.
But with the proliferation of publicly funded agricultural experiment sta
tions throughout the states and territories, there were abundant opportuni
ties for research on economically useful plants outside New York. Britton's
goals, like those of the German academics whom he saw as his competitors,
were directed toward a different kind of empire-building: the creation of a
major institution that would compete with the established European taxo
nomic museums. He wanted to build the Garden into a centre of taxonomic
research whose reputation rested on the credit earned by the discovery,

II L. Brockway, Science and colonial expansion: The role of the British Royal Botanic Gar
dens, New York, '979.

I) Cittadino, Nature as the laboratory, op. cit. (2), p. 137. 14 Ibid., pp. 134-45.
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description, and publication of the new specIes brought to light by the
Garden's expeditions.

Britton's grab for world power was achieved by means of a veritable
taxonomic Blitzkrieg, an observer recalled.lj Since 1888 he had been in
volved in debate over the need to reform the rules of nomenclature, that is,
the rules used by taxonomists to standardize the practice of naming new
species. No sooner had the Garden received its charter than he proceeded to
write his own rules. At a botanical meeting in Rochester, New York, in 1892
he moved for a committee to report on nomenclature. Shepherded by
Britton, who probably had the recommendations ready in his pocket, the
committee took only a day to draw up a report which advocated a uniform
system of nomenclature based on priority of publication and set out rules to
determine whether a name was properly published. Most of its proposals
were adopted at once, though amendments were made a year later at a
meeting of botanists in Madison, Wisconsin.

Britton's new code, called the American Code, was defended on the
ground that it would impose greater rigour on scientific work, but its strict
implementation would have required changes in the names of many species
and created confusion. It was criticized in Europe and caused a schism at
home, with Harvard botanists adhering to the older Paris Code while
Britton insisted on the American Code in the publications of the New York
Botanical Garden. Britton, however, was less interested in uniform stand
ards than in priority of publication. Having turned the Maginot Line of
established procedure, he proceeded to rout the enemy by lightning-fast
publication of new species descriptions, securing for his herbarium and his
country the advantages that came from priority in publishing the vast vol
ume of new discoveries made by his various expeditions. His motto was 'Get
it into print'. He would send duplicate collections to his long-time European
rival, Ignatz Urban of the Botanical Museum at Berlin, confident that before
Urban could publish his erudite descriptions, based on careful dissections,
his own brief diagnoses would already be in print and the type specimens,
'christened with a Brittonian name, safely deposited in the herbarium at the
New York Botanical Garden.'16

While Britton was aggressively building the botanical sciences from his
base in New York, ecology was coming into its own as a separate field of
study. Immediately after the Madison meeting of 1893 at which Britton's
new rules were debated, another committee of botanists convened to discuss
nomenclature in plant physiology. They decided to adopt the term 'ecology'
to distinguish their interest in plant adaptation from the narrower kind of
physiological study normally undertaken. The inspiration for their work

'5 H. A. Gleason, 'The scientific work ofNathaniel Lord Britton', Proceedings of the Ameri
can Philosophical Society, (1960) 104, pp. 20j-26, especially pp. 208-1j.

16 Gleason, op. cit. (Ij), p. 222.



Sharon E. Kingsland

was a group of German botanists who were prompted by Darwin's theory
to focus on the analysis of adaptation. 17 The Germans had called their work
simply 'biology', but the Americans wanted a term more descriptive of their
specialized type of research. Ecology thus began as a branch of physiology,
one whose agenda was stimulated by evolutionary theory and experimental
science, and whose focus was the relationship between organism and envi
ronment. Legitimation for this new field of ecology would rest on its claims
for the superiority of experimental and quantitative methods in the study of
adaptation, geographical distribution, and plant succession.

Ecological work prompted demands for research facilities; the expedi
tions that were uncovering so many new plant species in the late nineteenth
century led to further demands that plants be studied in their native habitats
and that research institutions be formed in areas that had interesting flora. 18

The government, involved in biological surveys and agricultural research,
also wanted to encourage private spending on basic research that might be of
use to the agricultural stations. In this respect the New York Botanical
Garden stood as a conspicuous example of what could be accomplished with
an aggressive, expansionist strategy. Scientists like N ewberry and Britton
served as models of scientific activism, whose rhetorical strategies could be
emulated in building research programmes. As Douglas Sloan has pointed
out, the New York activists employed a mixed rhetorical strategy designed
to appeal to as wide an audience as possible. 19 They constantly stressed the
payoffs of practical science in order to garner public support, but in fact
were equally interested in fostering specialized or pure research, meaning
research which would not be constrained by the need to solve specific prac
tical problems. Within new sciences like ecology that emerged at this time,
scientists would also have to develop strategies to negotiate the boundary
between practical applications and basic research, maximizing the freedom
of the scientist to set the research agenda, but appealing also to concrete or
practical goals to attract patronage.

As with the Garden, co-operation between scientists and wealthy patrons
was an important condition of success as the new science of ecology
emerged. Just as Andrew Carnegie's patronage had been important for the
New York Botanical Garden, so the Carnegie Institution of Washington,
which he created with a ten million dollar endowment, would be seen as a
crucial source of support for botanical research, especially in ecology, after
1901. And it must have appeared natural that the scientists behind the New
York venture would have roles to play in the Carnegie Institution ventures

17 Cittadino, Nature as the laboratory, op. cir. (2), especially ch. 8.
18 On the interest in tropical biology in this period see]. B. Hagen, 'Problems in the

institutionalization of tropical biology: The case of the Barro Colorado Island Biological
Laboratory', History and philosophy of the life sciences, (1990), 12, pp. 225-47. The New York
Botanical Garden operated a tropical research station in Jamaica. '9 Sloan, op. cit. (9).
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as well. To follow the story from botanical garden to ecological laboratory,
we must follow the trail back out to the Southwest, led by Britton's second
in-command, Daniel Trembly MacDougal.

3. A scientific empire in the desert

Daniel MacDougal, a midwesterner of Scottish ancestry, was every bit as
energetic and aggressively entrepreneurial as Britton. While an undergradu
ate at DePauw University in Indiana in 1890, he had taught himself the
rudiments of the new physiological botany from the laboratory exercises
developed by Joseph Charles Arthur, professor at Purdue University.
MacDougal worked through the exercises on his own, setting up on a win
dowsill laboratory his home-made apparatus made from lamp chimneys,
remodelled alarm clocks, kitchen appliances and tinware. 20 From 1890 to
1893 he worked as an instructor in Arthur's laboratory and eventually re
ceived a doctoral degree in plant physiology from Purdue in 1897. The
research that earned the degree was completed under Wilhelm Pfetfer at
Leipzig, where MacDougal had gone to get more experience in advanced
research.

An enthusiastic traveller, MacDougal had worked in 1891/92 as an agent
for the US Department of Agriculture (USDA). Equipped with Navajo
blanket, tin cup, and a jar of beef extract, he roamed and collected through
Arizona and Idaho. In 1898 he studied the desert and alpine flora of Arizona
for the USDA and experimented at the western edge of the lava desert near
the Little Colorado River. In 1899 Britton brought MacDougal into the
New York Botanical Garden as a research assistant. In this capacity he
explored parts of Idaho, Montana, Arizona and Mexico, bringing back from
the Southwest four tons of cacti to enrich the Garden's collections. In 1904
he was promoted to assistant director of the Garden's botanicallaboratory.21

The government-sponsored botanical surveys in which MacDougal had
participated departed from the norm. Before the 1890S these had focused on
the geographic distribution of animals, but in 1890 Congress enlarged their
scope to include botany. That same year, Frederick Vernon Coville of the
USDA made a botanical survey of Death Valley, California, and was sur
prised to discover, among other things, that the perennial shrubs and annual
plants of the desert appeared to have few adaptations for water storage.22

20 I have inferred this description of MacDougal's first laboratory from comments made in
D. T. MacDougal, 'A half century of plant physiology', Annals of the Missouri Botanical

Gardens, (1932) 19, pp. 31-43.
21 A. D. Rodgers';ohn Merle Coulter, missionary in science, Princeton, New Jersey, 1944, pp.

227-28; G. T. Moore, C. S. Gager, and F. Shreve, 'Daniel Trembly MacDougal, pioneer plant
physiologist', Plant physiology, (1939) 14, pp. 191-202.

22 F. V. Covil/e, Botany of the Death Valley expedition, Washington, 1893; A. D. Rodgers,
op. cit. (21), pp. 225-27.
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Such observations made botanists question how closely plants were adapted
to their environment, and how to assess the adaptational significance of
specialized parts in general. Studies of adaptation were crucial for ascertain
ing the role that natural selection played in originating species, a subject of
great controversy at that time. Upon returning from the Death Valley expe
dition, Coville hoped to create an ecological research centre specifically to
study desert vegetation. For a partner in this enterprise he turned to

MacDougal, esteemed by his friends as 'a desert specialist of the first mag
nitude, and a jolly good fellow all the time and everywhere', not to mention
a mighty good shot with his old Winchester carbine.2}

An opportunity presented itself when the Carnegie Institution of Wash
ington was founded in December 1901, with a mandate to seek out excep
tional men and promote their research. Coville chaired the Carnegie's
advisory committee on botany, aided by Britton and two other botanists of
note, John M. Macfarlane and Gifford Pinchot, US chief forester and promi
nent conservationist. They recommended as a major project the establish
ment of a desert laboratory.24

The strategy for opening a research niche emulated the arguments being
used by Newberry and Britton in their campaign for public support of
science in New York. There were practical reasons for setting up a scientific
laboratory in the desert, for the National Reclamation Act of 19°2 provided
for the construction of irrigation projects using funds from the sale of public
lands in the west. 25 Pinchot and Coville were both active in establishing
government policy in conservation and resource management. Coville's spe
cial area of expertise was range conservation; his studies supplied crucial
technical advice for the Public Lands Commission, which turned to the
problem of formulating a range policy in 1903.26 The committee report for
the Carnegie Institution drew attention to the need for scientific studies that
would help to assess the prospects for population expansion and agriculture
in the Southwest:

The economic ground for the establishment ofsuch a laboratory is the
enormous development of population and industries that is bound to

take place in our arid region during the next hundred years. The basis of
that development is agriculture, both with and without irrigation. At the
present time comparatively little is known about the peculiar fundamen-

'3 W. T. Hornaday, Camp-fires on desert and lava, New York, [9[4, pp. 4, 23; Cittadino,
'Ecology and the professionalization of botany', op. cit. (2), pp. 182-84.

'4 'Report of the Advisory Committee on Botany', Carnegie Institution of Washington
yearbook, (1902) I, pp. 3-12.

'5 The consequences of this act are discussed in D. Worster, Rivers ofempire: Water, aridity,
and the growth of the American West, New York, 1985.

,6 Hays, op. cit. (8), pp. 55-56.
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tal processes of plant growth under the unusual conditions surrounding
plant life in that region. 27

Coville did not intend that the future Carnegie laboratory should be tied
exclusively to practical concerns, however. Such work could be left to the
agricultural experiment stations that were being established in the South
west. The practical subjects pursued at those stations, even when aimed at
studies of soil and climate and the effect of irrigation on plant growth, did
not constitute a research programme in ecology, which addressed broader
questions about the relationship between plants and their environment with
the aim of clarifying the nature of adaptation and the mechanisms of succes
sion and evolution. Coville's idea was to provide basic research that might be
used by the agricultural experiment stations in the arid states but would not
be limited to the practical needs of these stations.

The combination of an appeal for pure research to advance scientific
knowledge, but with the promise of eventually contributing in a practical
way to economic development, appealed to the Carnegie officers. The Board
of Trustees approved the plan in I903 with an appropriation of $8,000 to
establish a desert laboratory and pay for a resident scientist. Coville and
MacDougal were immediately dispatched west to find a suitable site. After
surveying a large area along the Mexican boundary they settled on a small
mountain near Tucson, Arizona, described by an early-twentieth-century
vIsItor as

a wide-spreading, wide-awake little city on a level, sub-tropical plain
that is encircled by granite mountains; a city with a strong Mexican
accent, a city neither fast nor slow; a city with wide, clean streets, good
buildings, abundant electricity and all the respectable concomitants of a
metropolis - this is Tucson, ~een City of cactus-Iand. 2s

It was originally the site of a Papago Indian village, the Papagos being
accomplished desert farmers well before the arrival of Spanish missionaries
in the seventeenth century. The land was acquired from Mexico as part of
the Gadsden Purchase of I 853. The Southern Pacific Railway put the town
less than four days' travel from New York and just over one day from San
Francisco, and by MacDougal's time Tucson had grown to a town of IO,OOO.

The laboratory location combined the advantages of a varied desert flora,
including mountains and plain, with easy communication access by tel
ephone to Tucson and by telegraph and cable to the greater world. Geo
graphically it was well placed for scientific expeditions to the deserts of the
south-western United States and northern Mexico. 29

'7 'Report of Advisory Committee', op. cit. (24), p. 5.
,8 Hornaday, op. cit. (23), p. 14-

'9 F. V. Coville and D. T. MacDougal, Desert Botanical Laboratory of the Carnegie Institu
tion, Washington, 1903, pp. 12-17. For brief sketches of the laboratory's history, see the
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MacDougal and Coville were gratified to find the 'progressive Americans'
who ran the city well disposed toward science. Their appreciation was ex
pressed by subsidies of land for the building site and a nature preserve, the
installation of a water system, telephone, electricity, and a rough road from
Tucson.3° The convenience of the location was enhanced by the presence of
an agricultural experiment station, created in 1890 in conjunction with the
opening of the University ofArizona in 1891.31 A one-storey laboratory was
duly built in 19°3 and botanist William Austin Cannon from the New York
Botanical Garden was installed as its resident investigator.

MacDougal's initial connection to the laboratory was as a visiting re
searcher. However in December 1905 the Carnegie Institution created a
Department of Botanical Research in order to correlate the work of the
Desert Laboratory with botanical work conducted at the other Carnegie
stations, in particular with the work of the Station for Experimental Evolu
tion, founded in 1904 at Cold Spring Harbor, on Long Island just outside
New York City. In January 1906 MacDougal became the full-time director
of this department and of the Tucson laboratory. He spent only part of the
year in Tucson, returning regularly to New York to supervise experiments
still in progress at the Botanical Garden.

In Tucson MacDougal at once set about improving the buildings and
grounds and in general extending the range of operations of the laboratory.
He brought in his friend and fellow explorer Godfrey Sykes, the English
civil engineer and geographer, whom he had accompanied on explorations of
the Southwest while employed at the Botanical Garden. Sykes had lived in
the Southwest since 1895, indulging a scientific interest in the Colorado
River, its delta, and the Gulf of California, regions that were relatively
unknown at that timeY He applied his engineering skills to expanding the
laboratory building, adding a machine shop, and surveying and fencing the
800 acres of mountain and mesa land around the laboratory to prevent the
destruction of vegetation by grazing cattle and return the land to its original
state. The laboratory grounds were converted into a nature preserve to fulfil
the scientific goals of studying ecological relations in an environment where
the effects of human activity had been erased. The preservationist ethos
embodied in the laboratory extended beyond its borders as well. MacDougal
was interested in the preservation of Native American pueblo culture, and

pamphlet by Ray Bowers, 'Mr. Carnegie's plant biologists: The ancestry of Carnegie Institu
tion's Department of Plant Biology,' Carnegie Institution of Washington, Washington, 1992;
R. P. MeIntosh, 'Pioneer support for ecology,' BioScience, (1983) 33, pp. 107-12.

)0 Coville and MacDougal, op. cit. (29), p. 14-
)1 M. MitcheJl, 'The founding of the University of Arizona, 1885-1894,' Arizona and the

West, (1985) 27, pp. 5-36.
)2 G. Sykes, A westerly trend . .. : Being a veracious chronicle of more than sixty years of

wanderings, mainly in search of space and sunshine, Tucson, 1984.
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resident ecologist Forrest Shreve became active in the local desert conserva
tion movement in the inter-war years)}

Those who wished to avoid commuting to Tucson lived in tents on the
laboratory grounds, so the laboratory grew into a small community of fami
lies, with the wives of the staff sharing in the scientific work. 34 Ecological
and physiological studies were pursued by Cannon and by resident botanists
Burton E. Livingston and Volney M. Spalding. Spalding retired in 1909 and
Livingston left for Johns Hopkins University, returning to the desert only in
the summers. In 1908 MacDougal brought ecologist Forrest Shreve into the
laboratory and in 1910 hired physiologist Herman Augustus Spoehr. Spoehr
eventually achieved eminence for his studies of carbohydrate metabolism
and photosynthesis. Shreve had been working at the New York Botanical
Garden's tropical research station in Jamaica. Impressed by this work,
MacDougal offered him a research position that would enable him to quit
teaching and finish it. Afterwards, enticed by the prospects of the Tucson
environment that MacDougallaid before him, Shreve concentrated on desert
ecology. The laboratory also controlled the journal Plant World, which
under Spalding's and Shreve's editorship was transformed from a magazine
for high school teachers into a respected scientific journal. In 1919 the
journal was handed over to the Ecological Society of America and continued
under the name Ecology. MacDougal, Cannon, and Shreve had all been
founding members of the Society, created in 1915.3 5

Most of the daily work was limited to a 25-mile radius, representing a
single day's travel for the riding and pack animals the scientists used, but
MacDougal had his sights on more distant terrain. In 1906 he set up two
experimental sites on the slopes of the nearby Santa Catalina mountains, a
distance of about 30 miles or two days' ride on horseback. This gave them,
in addition to the desert climate of the Tucson region, a dry mountain and
a temperate mountain environment. Occasionally longer expeditions were
undertaken to desert regions further afield. In 1906 MacDougal, Sykes, and
other laboratory workers began a long-term study of the Colorado River
delta and the Salton Sea, a temporary lake formed by the overflow of the
Colorado River and located 300 miles to the west of Tucson. In 1907
MacDougal and Sykes, along with William T. Hornaday, the director of the
New York Zoological Park, explored the Pinacate Mountains and deserts of
northern Mexico; a detail of the Mexican fiscal guard ensured their safe
passage across the border.36 Sykes mapped these regions for the first time. In

)) ]. E. Bowers, A sense of place: The life and work of Forrest Shreve, Tucson, 1988.
J4 Effie Spalding and Edith Shreve were regular scientific contributors.
)j Bowers, op. cit. (33)·
)6 D. T. MacDougal, 'Department of Botanical Research', Camegie Institution of Washing

ton yearbook, (1909) 7, pp. 70-72.
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1910 Cannon made an expedition to the Algerian Sahara, followed by
MacDougal and Sykes, who explored the deserts of Egypt and Libya.

As the Tucson operation expanded, the more congenial climate of Califor
nia beckoned to the north-west. Cannon had gone to Carmel in 1907 and
1908 to investigate the work of Luther Burbank, the private breeder whose
much-publicized creation of new plant varieties had attracted the interest of
the Carnegie Institution, which had granted him support for five years
starting in 1905)7 The potential economic importance of Burbank's work
was sufficient reason for support, but as Burbank operated intuitively, writ
ing little down, the Carnegie Institution insisted on sending one of its own
scientists to work alongside the illustrious breeder, with the aim of interpret
ing his methods in modern scientific terms. MacDougal had been involved in
these negotiations to organize the Burbank project. In fact Robert S.
Woodward, president of the Carnegie Institution in 19°6, had used the
Burbank study to advocate hiring MacDougal as permanent director of the
Tucson laboratory, on the grounds that he would be better able to co
ordinate and oversee the scientific investigations into Burbank's results)8
MacDougal originally recommended that Woodward send geneticist George
Shull from Cold Spring Harbor, but Burbank did not get along with him and
Cannon was sent in his place.

While in California Cannon made contact with the Carmel Development
Company, which provided him with laboratory space and expressed an
interest in helping to set up a coastal laboratory there. MacDougal took the
idea to Woodward, who accepted the company's offer. In 1909 the Carnegie
Institution established a coastal laboratory at Carmel, a centre of artistic and
intellectual life that served as a summer retreat from the scorching desert
heat for the Tucson staff.39 The Carmel laboratory added a cool, damp
coastal environment to those of desert and mountain. These areas were used
for transplantation experiments, in which species from outside the region
were introduced and their survival charted. In this way the factors limiting
the distribution of plants and the ability of plants to adjust to new environ
ments could be studied.40

Some of the expenses accumulated from the constant expansions and ex
peditions prompted questions from the Carnegie Institution. As early as
1906 Woodward reprimanded MacDougal for what he believed was an in-

37 N. Reingold, 'National science policy in a private foundation: The Carnegie Institution of
Washington', in A. Oleson and J. Voss, eds., The organization of knowledge in modern
America, 1860-1920, Baltimore, 1979, pp. 313-41.

38 S. E. Kingsland, 'The battling botanist: Daniel T rembly MacDougal, mutation theory, and
the rise of experimental evolutionary biology in America, 1900-1912', Isis, (1991) 82, pp.
479-50 9.

39 W. G. McGinnies, Discovering the desert: Legacy of the Carnegie Desert Botanical Labo
ratory, Tucson, 1981, pp. 10-12.

4° D. T. MacDougal, 'The reactions of plants to new habitats', Ecology, (192 I) 2, pp. 1-20.
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flated budget. Woodward cast a jaundiced eye on such expenses as a team of
draught horses and mounted assistants to help maintain the laboratory and
accompany the expeditions.41 By 1910 MacDougal was using a second-hand
car, which he and Sykes specially outfitted for their expeditions. Car travel
extended the radius of operations by sixty to a hundred miles. In 1913 a
private telephone system had to be installed, after MacDougal fell out with
'progressive Americans' of the Tucson Chamber of Commerce over who
should pay for the original public telephone extension to the laboratory. The
frequent demands for funds provoked Woodward to remark that
MacDougal's efforts to 'work the Institution for all it is worth' reminded
him of a Tammany politician: 'To a greater extent than in any other depart
ment you and Mr. Sykes have manifested a disposition to overreach your
opportunities instead of seeking to establish terms of generous reciprocity
with the Institution.'42 MacDougal's entrepreneurial style, however it may
have grated on Woodward, was an important factor in the laboratory's
success. It was also important for the development of the science of ecology,
which was a prominent activity in the first decade of the laboratory's life. By
1916 MacDougal could boast that his laboratory's reach stretched over 5,000
square miles.43 With this extended reach, its scientists could begin to trans
form ecology from an activity often derided for its lack of rigour into a more
systematic quantitative science.

4. Ecology in the desert

Ecology at Tucson embraced both the descriptive field sciences and experi
mental laboratory science. One of the largest long-term projects was the
study of a lake that had been accidentally created in 1905 in the Salton Basin
ofsouthern California when an irrigation canal running parallel to the Colo
rado River flooded, resulting in the uncontrolled diversion of the river into
the irrigated valley. For more than two years the Colorado River flowed
directly into this basin, covering 500 square miles of desert before engineers
could redirect its course. The Salton Sea, which reached its maximum height
in 19°7 and then gradually evaporated, formed an exceptional ecological
experiment, a chance to study the desert while it was going through a series
of rapid physiographical changes. In 1906 Sykes built a boat on the shores of
the rising lake so that he and MacDougal could survey the 150 miles of
shoreline, preparatory to two years of intensive field work and subsequent
short expeditions to chart the progress of the vegetation as the lake re
ceded.44

4
1 McGinnies, op. cit. (39), pp. 9-10; Bowers, op. cit. (33), pp. 44, 69·

42 ~oted in Bowers, op. cit. (33), pp. 69-70.
43 D. T. MacDougal, 'Department of Botanical Research', Carnegie Institution of Washing

ton yearbook, (1916) 15, p. 95.
44 D. T. MacDougal et aI., The Salton Sea: A study of the geography, the geology, the
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Fieldwork entailed studies of species abundance, distribution, migration
patterns, and successional development, in order to assess the relationship of
plants to their physical and organic environment. Physiological studies of
plant metabolism were conducted at the Tucson laboratory in conjunction
with the field research. The desert studies were early recognized as repre
senting a new direction in ecology. A reviewer praised the laboratory's work
in 1910 as the epitome of a 'new era' of geographic ecology because it placed
the study of plant relations on the same quantitative and experimental basis
as the study of plant physiology.45 Basic observational work was a major
preoccupation at the laboratory as well. Forrest Shreve and Burton
Livingston devoted several years to mapping vegetation and compiling cli
matic data.46

The laboratory also provided research opportunities for visiting scientists,
some from the Tucson area and others from further away. Of the research
associates, the one who would have the greatest impact on ecology was
Frederic E. Clements, who was almost single-handedly forging the discipline
of plant ecology in America. Far more than MacDougal, Clements empha
sized the distinctiveness of ecology as a science and insisted on using the
word 'ecology' to describe his research. MacDougal saw the advantages of
forming an alliance that would free Clements from teaching and administra
tive duties at the University of Minnesota and enable him to publish his
research. He secured for Clements a position as research associate in 1913.

Humourless and obsessively hard-working, Clements put a damper on
laboratory life with his puritanical disdain of smoking and drinking. But in
MacDougal Clements found a strong supporter, for despite their tempera
mental differences they shared the same intense ambition to build scientific
empires. Clements was one of the few people who had a clear vision of
ecology as a distinct subject synthesizing experimental physiology and the
field sciences.47 He forged the link by developing the concept of the plant
community as a 'complex organism', which interacted with its environment
and had a developmental history like an individual organism. This
organismic viewpoint, which Clements interpreted quite literally, allowed
him to argue that methods similar to those used to study individual organ
isms could be applied to the study of plant communities.

At the Desert Laboratory, Clements completed the research for his monu
mental study of plant succession, which used the concept of the complex

floristics, and the ecology of a desert basin, Washington, 1914,; G. Sykes, The Colorado delta,
Baltimore, 1937.

45 W. L. Bray, 'Desert Plants', American naturalist, (1910) 44, pp. 443-48.
46 Bowers, op. cit. (33).
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organism to structure his analysis of historical change in plant communities.
The study earned MacDougal's highest endorsement and was published by
the Carnegie Institution in 1916.48 With MacDougal's backing Clements
then became a full-time Carnegie researcher, working partly at Tucson,
partly at an alpine laboratory in the Rocky Mountains, and later at Santa
Barbara, California.

The other projects undertaken at the laboratory did not manifest the same
unified vision of ecology or the unremitting promotion of the subject that
one sees in Clements's work. In part this difference resulted from different
styles and preferences. Shreve and Livingston were not impressed with
Clements's domination of ecology; his writings appeared to them to be
dogmatic, jargon-laden, and incorrect in details, especially about desert veg
etation. But Shreve eschewed dogmatism at the cost of neglect: his studies of
the desert, with their oblique criticisms of Clements's ideas, made little
impact on his contemporaries during his lifetime.49 His general lack of entre
preneurship would eventually weaken the competitive position of the desert
laboratory compared to other Carnegie divisions. After MacDougal left
Tucson in the 1920S, Shreve had great difficulty keeping the laboratory
operating.

Collaboration itself was an obstacle to unity: ten scientists contributed to
the Salton Sea research, for instance, so that the ecological portion of the
study was simply one component of a multidisciplinary study that also
embraced geology, geography, and floristics (census of plant species). There
was no attempt to superimpose on these individual contributions a set of
ecological principles that would provide an analytical framework or a dis
tinctive concept of the ecological system comparable to Clements's 'complex
organism'. Nor was there any attempt in the annual reports of the depart
ment to unify the various investigations under the rubric of ecology. We
should not see this work as a foreshadowing of ecosystem ecology, focused
on the concept of the integrated ecological system, except in the most super
ficial sense that it involved a long-term, multidisciplinary study of a single
region. Such research promoted ecology not by proclaiming it as a discipline
with a definite agenda, but simply by collecting ecological data on succession
in an environment that had not been well studied. It was Clements who saw
these individual analyses as collectively representing a distinctive ecological
approach. He argued that the collaborative enterprise at the Salton Sea was
a sign of the new ecology of the future, where growing quantitative sophis
tication demanded the co-operation of several specialists.5°

Then again, a unified approach should not be expected because the labo
ratory was not exclusively an ecological research centre, nor did MacDougal

48 F. E. Clements, Plant succession: An analysis of the development of vegetation, Washing
ton, 1916.

49 Bowers, op. cit. (33), especially pp. 56-62. 5° Clements, op. cit. (4 8), p. p.
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conceive it as such. In presenting his work to the Carnegie Institution and to
the public in the laboratory's early years, MacDougal's strategy was to
highlight the laboratory's work on basic physiological processes, especially
those dealing with the water relations of plants. This strategy reinforced the
relationship between ecology and physiology, for MacDougal's definition of
his laboratory's purpose implied a definition of ecology as a science closely
related to physiology. He explicitly denied that the purpose of the labora
tory was to study desert vegetation per se: the study of life in arid regions
as a branch of science, he said, made no more sense than 'mountain as
tronomy'. The scientists were engaged in the study of the region not for its
own sake, but in order to shed light on fundamental scientific problems. The
desert location was simply a convenient one for the analysis of certain kinds
of physiological processes)! This conception of the laboratory would later
imperil the ecological research that remained centred at Tucson after the
Carnegie Institution transferred its physiological work to California in the
192 0S.

MacDougal was also careful to deflect any suggestion that the purpose of
the laboratory was mainly economic. Here again there was a difference
between MacDougal's and Clements's vision of ecological work. Clements
placed great emphasis on the relevance of ecology to problems of land use
and resource management, especially after the First World War when agri
cultural problems in arid regions were becoming more pressing. The
Carnegie Institution was interested in practical ventures in co-operation
with other research groups. In 1918 the laboratory entered into joint re
search in grazing and range management with the Forest Service, Biological
Survey, and the University of Arizona. Clements touted this work as dem
onstrating ecology's relevance to agriculture, although he also saw these co
operative projects as a means of building up the body of knowledge about
ecological succession, and hence contributing to basic research. In his annual
reports to the Carnegie trustees, he rarely missed a chance to highlight the
practical importance of ecology and the need for more research.

For MacDougal, agricultural problems were more an incidental feature of
laboratory life. W. T. Hornaday, who wrote a book describing the Mexican
expedition he had made with MacDougal, noted MacDougal's insistence
that the laboratory should not overlap with the practical work of the agricul
tural stations but should be the basic research arm for these stationsY
Agricultural work was the function of the government and MacDougal was
satisfied to maintain this division of labour. He reiterated in 1914 that the
basic research undertaken at the laboratory would eventually find its appli-

51 D. T. MacDougal, 'The measurement of environic factors and their biologic effects',
Popular science monthly, (1914) 84, pp. 417-33. This article was based on a lecture given to the
trustees of the Carnegie Institution in December 1913.

5' Hornaday, op. cit. (23), p. 21.
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cation as the need for more intensive agriculture increased with population
growth in the southwest.5 3 Only one agricultural project was undertaken, an
attempt to cultivate guayule, a wild desert rubber plant, to see whether
commercial rubber production would be feasible in the United States.54

These experiments were not conducted at the desert laboratory, however;
the breeding work and genetic analysis were done on grounds purchased
near Tucson by a private company. MacDougal made it clear that the labo
ratory was not evolving into an agricultural station.

5. Evolution and adaptation

Another aspect of basic research, one that linked several of the laboratory's
projects, was the study of evolution. Ecological research focused on the
response of the organism to the environment; this emphasis naturally cre
ated interest in neo-Lamarckian theories of evolution. Conversely if the
environment were shown to affect the organism directly and permanently,
this would demonstrate the central importance of ecology in evolutionary
studies. Ecologists were among the last supporters of Lamarckian inherit
ance. Clements, for instance, remained a neo-Lamarckian throughout his
career, long after others had abandoned the theory. MacDougal was also
intrigued by the Lamarckian hypothesis; he offered the desert laboratory as
an ideal testing ground for this thesis. Thinking about the relationship be
tween individual and environment raised questions about human nature as
well. The laboratory's work, with its Lamarckian emphasis, stimulated
speculation about the relation of human character and environment, a theme
already well rehearsed in American popular and scientific writing.5 5

The value of working in the desert was that it was an extreme environ
ment, where the organism's ability to survive was put to the harshest test. At
a time when Darwinian and Lamarckian views competed with the newer
claims of the mutation theory and Mendelism, scientists recognized that
choosing among alternative mechanisms would require more careful study
of adaptations. G.]. Romanes had argued in the late nineteenth century that
small differences between closely allied species were not adaptive and were

53 MacDougal, op. cit. (p).
54 D. T. MacDougal, 'Department of Botanical Research,' Carnegie Institution 0/ Washing

ton yearbook, (1916) 15, p. 86; D. T. MacDougal, 'Can we grow our own rubber? Guayule, a
native American rubber, is being cultivated on a large scale in California,' Scientific American,
(1928) 139, pp. 16-19' Laboratory scientists F. E. Lloyd and W. B. MacCallum were involved
in the guayule research.

j 5 A full history of Lamarckianism and related controversies awaits its historian. We need
more evidence to assess how the ecological work pursued at Tucson may have served either to
prolong interest in Lamarckian theory, or conversely to cast dou bt on its validity, and how the
biological debate was related to the social Lamarckianism that Americans admired into the
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therefore not produced by natural selection. Arguments of this kind led
scientists to make a distinction between how species were first formed - the
origin of minor systematic diversity - and why they continued to exist.
Natural selection, it was thought, could perhaps account for the survival of
the fittest, but not the arrival of the fittest. A. R. Wallace represented the
adaptationist position, arguing that apparently useless characters might turn
out to be useful on closer scrutiny. Those who followed the adaptationist
line taken by Wallace were accused of assuming the existence of adaptation
without experimental proof. Experimental biologists extended this doubt
about natural selection to the analysis of adaptation itself, arguing that even
traits that appeared to have adaptive value might not originate by natural
selection.5 6

On this question American ecologists diverged significantly from their
German counterparts who had opened up the study of ecology in the late
nineteenth century. The German school had arisen when Darwinian theory
was at its height, and those who pursued evolutionary studies of adaptation
did so as confirmed Darwinians seeking to show how Darwin's theory of
natural selection explained the presence of adaptations.57 The Americans, on
the other hand, used their arguments with the opposite goal, to show that
structures previously assumed to have adaptive significance might not in fact
be adaptations at all. It was this problem of adaptation that had stimulated
Coville to lobby for a desert laboratory. The desert ecologists at Tucson
likewise centred their studies on the problem of adaptation. They wanted to
open the problems of evolution to experimental analysis. In doing so they
approached them largely as non-Darwinians.

This agnostic approach to adaptation was reinforced by the latest
theoretical developments in evolutionary science, in particular by the muta
tion theory of Hugo de Vries. His ideas had ignited controversy in the
United States, generating in the process much research on the production of
mutant species. At the centre of this debate, acting as de Vries's most enthu
siastic advocate, was MacDougal. Firmly convinced from the start that de
Vries's experimental approach was the most promising not only for under
standing evolution, but more importantly for controlling the process by
experimental manipulation, MacDougal had embarked in 1902 on a series of
experiments to confirm de Vries's conclusions.5 8 Drawing on his own re
sults, as well as the various experimental and field studies of his colleagues

56 A typical expression of this point ofview was Thomas Hunt Morgan's review of adaptation
and evolution in 1903. His critique had begun with experimental studies of regeneration, which
had made him doubt that natural selection could have originated this particular adaptation.
T. H. Morgan, Evolution and adaptation, New York, 1903. For a survey of non-Darwinian
thought at this time see P. J. Bowler, The eclipse of Darwinism: Anti-Darwinian evolution
theories in the decades around 1900, Baltimore, 1983.

57 Cittadino, Nature as the laboratory, op. cit. (2). 58 Kingsland, op. cit. (38).
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in New York and Tucson, MacDougal argued strongly for the validity of de
Vries's claims. He saw the mutation theory as a way to manipulate the
evolutionary process itself through physiological studies of the cause of
mutation. This promise of controlling evolution through studies of mutation
had drawn enthusiastic support from the Carnegie Institution. In this re
spect the goals of the Carnegie Institution's botanical divisions were in
tandem with those of the Cold Spring Harbor laboratory, which was set up
expressly for the experimental study of evolution and had evolved into a
centre of genetic and cytological research. MacDougal's mutation studies
were done in collaboration with Cold Spring Harbor scientists.

MacDougal's campaign for the mutation theory and for an experimental
approach to evolution in general was distinguished by the same combination
of belligerence, guile, and perseverance that had marked Britton's strategy
for elevating the New York Botanical Garden to world status)9 His support
of de Vries had brought him into conflict with naturalists, both traditional
Darwinians and Lamarckians, who were sceptical of the bold claims of the
newer mutation theory, which they disparaged as a caricature ofscience. The
debate over the mutation theory began to wane by 1912, when a decade of
experimental work led the majority of biologists to conclude that de Vries
had incorrectly interpreted his observations. But MacDougal was not going
to let his naturalist adversaries have an easy victory: he continued to assert
that neither Darwinian nor Lamarckian groups had grounded their argu
ments in sufficiently rigorous experimental analyses of adaptation. Nor had
they proved the common assumption that extinction meant lack of adapta
tion. As the mutation debate wound down, MacDougal directed his col
leagues' attention to other evolutionary problems that still needed more
rigorous experimental tests.

Chief among these was the Lamarckian hypothesis that organisms could
make permanent, adaptive responses to the environment. Although many
experimental biologists questioned the validity of Lamarckian views by this
time, the possibility of direct environmental action on the organism was still
an active area of research and discussion. It was not out of place for
MacDougal to call for an experimental attack on this problem to resolve the
lingering debates and clarify the ambiguous evidence that seemed to support
the Lamarckian position.

MacDougal presented his Department of Botanical Research, with its four
experimental environments, as ideally set up for studies of transplanted
species, Lamarckian evolution, and the general problem ofassessing adaptive
value. 6o Shreve's work also dealt with the problem of adaptation.61 Related
to the Lamarckian theory was the question of whether environmental

59 Ibid.
60 D. T. MacDougaJ, 'Organic Response', American naturalist, (1911) 45, pp. 5-40.
6, Bowers, op. cit. (33).
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stresses could produce changes directly on the germ-plasm, if not indirectly
through their effect on the somatoplasm. MacDougal's mutation studies had
led him to think that chemical or radiation treatments might directly affect
the chromosomes of plants and hence produce permanent mutations. Be
cause these mutations would not represent any kind of direct adaptive re
sponse to the environment, the experiments did not confirm Lamarckian
theories of evolution, but they did seem to confirm the value of continuing
experiments on the impact of the environment on the germ-plasm.

Field studies by the Chicago biologist William L. Tower, partly con
ducted at the Tucson laboratory, appeared to corroborate these experimental
results. 62 Working on transplanted beetle populations, Tower found that his
beetles adapted themselves to the desert environment over several genera
tions. He interpreted these results in non-Darwinian terms, that is, as dem
onstrations that the environment had acted directly on his beetles, rather
than that selection had acted on random variations. These results were am
biguous, however, and by the time Tower published his full study in 1918 he
was losing credibility among his peers.6) In 1924, when Paul Kammerer was
in the United States lecturing on his work in support of Lamarckian inher
itance, MacDougal admitted that although the inheritance of acquired char
acteristics remained a 'most alluring possibility' to him, there still was not
conclusive evidence to support it. By this time MacDougal had come to
believe that even the direct action of the environment on chromosomes was
probably not very important as a mechanism of change.64

Lamarckianism was not only a biological theory, however: it supported a
view of social change that buttressed Americans' sense of their cultural
uniqueness. The talk of transplanted species and adaptation had human
implications as well, ones only hinted at in MacDougal's ecological studies,
where the effects of human activity on the landscape were occasionally and
briefly acknowledged. But the converse, the effect of the landscape on the
transplanted races of pioneers who had travelled west, was a subject of much
fascination to Americans.

Social Lamarckianism reached its height in late-nineteenth-century
America, when historian Frederick Jackson Turner framed his seminal 'fron
tier hypothesis', which linked the formation of American character and
society to the frontier experience and to the closing of the frontier in 1890.
Turner was directly influenced by the new science of evolutionary human
geography; from this science he adopted the metaphor of the social organ-

62 W. L. Tower, 'Genetics and taxonomy,' Carnegie Institution of Washington yea"book,
(1916) 15, pp. 80-8).

6) W. L. Tower, The mechanism of evolution in Leptinotarsa, Washington, 1918.
64 MacDougal to Paul Kammerer, 7 January 1924, Carnegie Institution of Washington pa

pers, University of Arizona, Tucson. See MacDougal's views on Kammerer's work, quoted in
the anicJe 'Glands used 10 aid deficient children', New York Times, 2 January 1924, p. 19.
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ism and the Lamarckian evolutionary thesis that lay behind it.65 In American
social thought Lamarckian ideas remained influential long after they lost
credibility as biological explanations. Popular writing, even in the age of
eugenics, was infused with environmental determinism, and with concern
about the American character and the dangers of decline as civilization
progressed.

Ecological studies at the Desert Laboratory encouraged an environmental
interpretation of human history that echoed these broader cultural debates.
Ellsworth Huntington, geographer and for several years research associate at
Tucson, became interested in the relationship between climate and human
civilization. He developed his ideas into a global hypothesis, arguing that the
highest civilizations sprang up only in certain kinds of climates, because
climate affected one's physical and mental energy.66 Putting down the ap
pearance of character flaws ranging from idleness to immorality to the influ
ence of bad climate, he concluded optimistically that 'If we can conquer
climate, the whole world will become stronger and nobler.'67 He later turned
to championing human ecology.68

MacDougal's influence on these cultural debates was more subtle, being
refracted through the visionary writing of his close friend, Mary Austin, the
author of a number of poetically evocative stories of western life and land
scape. She had met MacDougal in Carmel, where she had a house. They
shared a common ecological perspective and an interest in the landscape and
Native American cultures of the southwest.69 In 19 19 MacDougal arranged
for Austin to give several lectures in Tucson; she spent a month in Arizona
and determined to write a series of sketches of the region's history and
potential, a book of prophesy, as she called it, of the progressive accultura
tion of the land's people. MacDougal agreed to help her with the book,
which appeared in 1924 as The land of journeys' ending.7°

Austin, encouraged by MacDougal, was involved in the regional move
ment to preserve the native pueblo culture. She enlisted the aid of reformer
John Collier in the preservation movement and both Austin and MacDougal
became involved in Collier's American Indian Defense Association, which
in the 1920S was working to secure better treatment for Native Americans,
especially in the matter ofland rights.7 1 Austin's book, which grew from the
discussions and trips she took with MacDougal, used a Lamarckian frame of

61 w. Coleman, 'Science and symbol in the Turner frontier hypothesis', American historical
review, (1966) 72, pp. 22-49.

66 E. Huntington, Civilization and climate, New Haven, [915. 67 Ibid., p. 294.

68 See Eugene Cittadino's essay on human ecology in this volume.
69 A. Fink, I-Mary: A biography of Mary Austin, Tucson, 1983. especial1y chs. 14, 15.
7° M. Austin, The land of journeys' ending, New York/London, 1924.
7' K. R. Phi lp, John Collier's crusade for Indian reform, 1920-1954, Tucson, 1977.
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reference to link the evolutionary fate of the white man's culture to that of
the Native American, showing how the one evolved from the other.

Austin's book was a celebration of life in the desert and an account of
human migration to the Southwest, beginning with the missionaries who
had left a 'dull, debasing smear over the lovely and aesthetic culture of the
pueblos'.72 Moving from descriptions of the native desert plants that lived
'fulfilled, triumphant' in the desert, she built a contrast between the adapta
tion of the Indian peoples to the land and the violence of the white invader,
who had not yet understood the reciprocal relations of humans and environ
ment. The imported European-American culture was made to seem insig
nificant in its rampant materialism: in Indian dramas, she wrote, the
presence of a white man was indicated by a pile of tin cans.

The lesson to be learned did not concern native preservation for its own
sake, but also for the sake of the white race's survival, for new races were
made out of old races by a continual process of adaptation to the environ
ment. Where different races mixed, or where one race tried to graft itself on
an earlier arrival, the determining factor in the new design was always the
land, especially the 'magnificently shaped and colored scene'.73 What the
white man had to understand was that he was growing in an 'aboriginal top
soil' to which had been added a Spanish element and then a Nordic-Ameri
can element. The new American population could not simply impose its
previous culture on the new land; rather, a new culture had to grow from
this soil, using the existing alphabet of cultural expression that came from
the land itself and its earlier inhabitants. The image Austin used was of
grafting onto an aboriginal root, an 'energetic blond engrafture on a dark,
earth-nurtured race'. Americans had obtained material wealth from the land;
now they needed to develop spiritual strength, which meant appropriating
the cultural and spiritual legacy of the Indians. She ended with an appeal to
grow spiritually by recovering the level of understanding of the ancient
cultures.

Where MacDougal wanted to understand the relationship of organism to
environment in order to control biological evolution, and Huntington
sought by controlling the climate to raise human evolution to the high level
attained by the European nations, Austin pursued a similar key to the spir
itual evolution of the American people. In each case, whether dealing in the
material or the spiritual domain, the interest in exploring the relationship
between organism and environment was linked to the affirmation of Ameri
can power, and to a belief in the ability of the American people to strengthen
themselves and shape their destiny. Just as the creation of the laboratory had
been an expression of American expansionism and entrepreneurial drive, so
the ecological point of view embodied in the laboratory, with its Lamarckian

7' Austin, op. cit. (70), p. 197. n Ibid., p. 438.
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overtones, could be turned into an affirmation of continued growth, extend
ing onto the spiritual plane. At the Desert Laboratory, a microcosm not only
of American science but of American culture, science and national ideology
met and reinforced each other.

6. The triumph of utility

In the end the Desert Laboratory succumbed to those considerations of
utility which MacDougal, determined to uphold his laboratory as a place for
basic science, had always tried to keep at arm's length. By the 1920S, even
while MacDougal was guiding Austin around the desert and encouraging her
as spokeswoman for the conservation of native culture, he had almost com
pletely transferred his base of scientific operations to Carmel, where
Herman Spoehr had moved in 1920. This move ultimately shifted the
Carnegie Institution's centre of botanical science from Arizona to Califor
nia. In 1928 Spoehr, having achieved solid respectability for his work on
photosynthesis, succeeded MacDougal as chairman of the renamed Division
of Plant Biology and moved his physiological laboratory to Stanford Uni
versity. MacDougal remained at Carmel, retiring from the Carnegie Institu
tion in 1934. By this time, Carnegie Institution president John C. Merriam
was decidedly cool towards the desert research.74 Tucson's growing margin
ality was also reflected in the separation of the two positions MacDougal had
combined: Shreve succeeded him as director of the Desert Laboratory, but
Spoehr became head of the entire division.

Once the centre of physiological research had moved to California, it
became increasingly difficult to justify the expense of the Desert Laboratory,
which suffered also from its geographical isolation. Shreve could point to the
laboratory's success in opening up a new field in desert research and attract
ing over fifty investigators to these problems over two and a half decades.
But from the Carnegie Institution's point of view Shreve's ecological studies
were less fundamental, and hence less significant, than the experimental
research on plant metabolism and photosynthesis being done in Spoehr's
laboratory. Shreve had never possessed the aggressive drive of MacDougal
and Clements and he was simply outmanoeuvred by Spoehr. In 1940
Vannevar Bush, the new president of the Carnegie Institution, finally closed
the laboratory, handing its buildings to the US Forest Service. In 1960 the
Forest Service sold the laboratory to the University of Arizona.

Uncertainty as to the kind of science ecology was and should be, and
whether it was worth funding, had dogged the science from the start. Ecol
ogy was a product of economic development, in that interest in ecological
study was stimulated by territorial expansion and its funding came from the

74 Bowers, op. cit. (33), pp. 142-145.
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wealth created by industrial growth. Arguments in favour of new research
centres such as the Desert Laboratory appealed directly to economic mo
tives. In this respect ecology was no different from other sciences at this
time. But what these scientists really wanted was the freedom to study basic
problems in science as they saw fit, without the constraints imposed by the
need to solve practical problems. This was why, although agricultural ex
periment stations were being created all over the country, scientists still
pressed for privately funded laboratories to do basic biological research.
Through the efforts of Coville and MacDougal, following in the footsteps of
entrepreneurs like Britton, ecology was defined as what was not pursued at
the agricultural stations, that is, as basic research into problems of physiol
ogy and succession, with reference to broader evolutionary questions. The
division of labour brought about by the creation of the agricultural stations
suited MacDougal's goals perfectly, for the applied side of science could be
seen as the special function of government.

MacDougal hoped that the public and the Carnegie trustees would recog
nize that his laboratory had little in common with the experimental farm but
was more like a nature preserve. Setting up the laboratory entailed fencing in
the land, in order to prevent the depredations of grazing and return the biota
to its pristine state. The value of the preserve had little immediate relevance
to the practical needs of the local population; it was a source of intellectual
enlightenment, of the kind that came from basic research and which might
one day find its applications. The conservationist ethos represented by the
fencing of the grounds extended also to the indigenous inhabitants of the
region, whose aboriginal culture had to be protected as well, not for its own
sake but for the spiritual enlightenment it gave to the immigrant population.
MacDougal's science could sit comfortably with Austin's conservationist
ethic: his botanical reservation, like the Indian reservation as Austin con
ceived it, was an attempt to preserve and study nature for fundamental
intellectual and spiritual goals.

Having distanced himself from immediate practical applications, however,
MacDougal still had to defend the importance of his research by appealing
to its economic and intellectual significance in other ways. The most tangible
expression of ecology's importance was in physiology, that is, in experimen
tal science, where scientific progress in understanding plant function was
relatively easy to chart. From time to time, moreover, MacDougal still ap
pealed to the possibility that his research would yield practical benefits in the
long term, that it would help to resolve debates in the forefront ofevolution
ary biology, and that it might offer the possibility even of controlling evo
lution through studies of the effect of the environment on the germ-plasm.

These prospects were sufficiently alluring to retain the interest of the
Carnegie Institution, even when the officers chafed at the mounting research
expenses. But what had seemed promising in the early 1900S seemed less so
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by the I920S. The Burbank project had not yielded significant results. The
mutation theory of de Vries had been discredited, and MacDougal had come
to see his own work on experimental production of mutation as less impor
tant than he had first hoped. Lamarckian research in general, including some
of the work conducted by William Tower in Tucson, had been discredited
in part by flawed technique and ambiguous results. The Carnegie Institution
continued its support of species transplantation experiments in the I920S in
its section of 'experimental taxonomy'. But this section, under botanist
Harvey Monroe Hall, was based at the University of California at Berkeley
and in 1929 transferred to the central laboratory at Stanford directed by
Spoehr. In 193 I a cytogeneticist from Copenhagen, ] ens Clausen, joined the
division. He took over the transplantation research on Hall's death in 1932.
Still under the rubric of 'experimental taxonomy', the research shifted in
orientation toward cytogenetics and physiological ecology, experimental
research that was closely related to work at the Cold Spring Harbor labora
tory and that now seemed the most promising route for understanding and
controlling evolution. The link between ecology, physiology, and
cytogenetics thus grew closer at the Stanford laboratory. The greater weight
placed on experimental science increased the isolation of the Tucson labora
tory. Once the centre of physiological research had moved to California, it
became more difficult to justify the desert laboratory as a locus for the
pursuit of basic research. Shreve was not able to convince the Carnegie
officers that the descriptive, climatological aspects of ecological work were
as fundamental, and hence as valuable, as the experimental programme at
Stanford.

Even those who were more aggressive than Shreve were having trouble
maintaining ecological research in this tight economic environment,75
Clements, whose research formed a separate unit of the botanical division
and who became a leading government adviser during the Dust Bowl in the
I930S, was also finding it difficult to compete with Spoehr's reductionist
programme. By the mid thirties he was using the environmental crisis to
argue for the importance of ecology in the public service, presenting ecology
not as a specialized field, but as a 'point of view and a plan of attack', a
synthetic science that 'embraces all problems in which life and its environ
ment are concerned.'76 These visions of ecology had little impact in a scien
tific milieu where fundamental research was valued for being the very
antithesis of this kind of synthetic undertaking. His own research division at
the Carnegie Institution did not survive his retirement in 1942. For a number
of reasons, ably charted by Ronald Tobey, the Clementsian programme

75 On the low status of ecology as an academic subject in the 1930S, see P. B. Sears, Deserts
on the march, Norman, Oklahoma, 1935; reprinted, Washington, 1988.

76 F. E. elements, 'Experimental ecology in the public service,' Ecology, (1935) t6, pp. 342

363, quoted p. 34 2.
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declined and grassland ecology faced increasing difficulties as a field of basic
research.77

Ironically, these looming environmental problems provided reasons to
shift the laboratory's burden to the government. Spoehr's remarks in 1940
encapsulated the dilemma of the Desert Labor2tory and the difficulty that
ecology has had in maintaining a competitive position in science.78 Setting
the scene for the laboratory's closing, he recalled Coville's emphasis on
economic considerations back in 19°2 and noted that the laboratory's inves
tigations had been aimed at understanding problems involved in rational use
of the land. Moreover, he acknowledged, the problems underlying the use of
arid and marginal lands had intensified in the 1930S and were now to be
considered urgent. But this very urgency had caused the government to
increase its expenditure on these problems to such an extent that the
Carnegie's commitment to this research was deemed to be no longer re
quired. In the end, with practical problems overwhelming basic science, the
laboratory's work became the government's business. Unfortunately the
government's interest soon waned in its turn. Government funding boosted
applied fields such as range management, but did little to further basic
ecological research once the Dust Bowl ended.79

The history of the Desert Laboratory raises some complex issues that face
the historian of ecology. The problem of defining ecological research so as
to justify spending money on it, while differentiating ecology from practical
research programmes designed for agricultural and resource management
purposes, was one that ecologists would constantly have to confront. The
desire to secure a niche for ecology, in competition with other sciences, has
inspired recourse to many different strategies for defining and advancing
ecology as a science. As ecology grew and diversified, different branches of
the science competed with each other and continued to fight for authority in
an environment of limited resources. The increased use of mathematical
methods in the 1950S, the building of ecosystem ecology in the 1960s, and
the evolutionary synthesis of genetics, behavioural biology, and ecology
known as socio-biology in the 1970s, represent but three adaptive strategies
that helped ecologists to compete and survive after ecology's slump in the
1930s. It has often been noticed, and it was noticed even in the earliest days
of ecology, that there is something oddly elusive about ecology as a subject.
The difficulty is not just that the subject matter is eclectic, but that the quest
for identity and legitimacy involved so many contradictory tactical moves.

The Desert Laboratory's story points to a larger problem that confronts
historians as they follow these shifting strategies, namely, the relationship
between ecology and what we would now call environmentalism. Environ-

77 Tobey, op. cit. (I).
78 H. A. Spoehr, 'Division of Plant Biology', Carnegie Institution of Washington yearbook,

(194 1) 39, pp. 146- 147. 79 Tobey, op. cit. (I), ch. 7.
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mentalism can refer to a preservationist ethos that has aesthetic and moral
justifications, or to pragmatic interest in resource conservation, planning and
management, so that we may live in a healthy environment. We have seen
that the desert scientists were imbued with a preservationist ethos, were
involved in conservation efforts, and expected their research to have various
practical applications outside the laboratory. However, the ecology pursued
there did not derive its legitimacy either from this ethos or strictly from the
needs of applied science, but from its contributions to basic research. Nor
does modern ecology derive its legitimacy mainly from environmentalism,
although the two are related.

To be sure, funding of ecology can reflect society's concern about envi
ronmental problems and ecologists have often been active environmentalists
in both of the above senses. Yet ecology and environmentalism can also be
antagonistic. Applied scientists and resource managers may deride the
'ologists' whose interests lie in esoteric subjects, while ecologists have been
known to disparage practical work as uninteresting. The strategies used to
bolster ecology as a science do not necessarily strengthen the link to envi
ronmentalism. Moreover, the biological training one receives to become an
ecologist may bear little relation to environmental activism. Popular 'ecol
ogy' movements can be openly hostile towards science, just as scientists have
been suspicious of critics who take their concerns directly to the public,
bypassing the self-protective conventions of scientific debate. Unravelling
this complex relationship between ecology and environmentalism poses spe
cial problems for historians, who must grapple with a subject that has been
challenged and redefined through its century of existence to a greater degree
than its more reductionist cousins. Yet it is important to understand this
relationship as we move from a regional to a global perspective on environ
mental problems and ask what role the science of ecology, and the ecologist
as expert, may play in their resolution.
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