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Editorial 

Insect -Plant Relationships. This issue of Desert Plants carries 
an article on Hemileuca moths and their relationships with native 
vegetation, with emphasis on foodplants of their larvae. Such a 
study requires considerable knowledge of both insect and plant 
taxonomy. It also requires a great amount of observing, discover- 
ing, and correlating. We picture Japanese children experiencing 
the thrill of chasing butterflies or learning the names and uses of 
plants. Today many American educators minimize "fact- finding" 
or "data- gathering" particularly with regard to knowledge that is 
thought to be at less than the "leading edge" of the flashy splash 
which they näively see as the true essence of science. 

With modern computer technology we think of the old main- 
frames of the 1960's as part of the Jurassic or Cretaceous to say the 
least. Mendel seems like Adam. We charge forward with gene - 
splicing. We must have compact disk players and PC's for all the 
children. Although our youth are fascinated with blips on a com- 
puter screen and videos which fake reality, we have so terribly 
neglected basic observational ground -truth learning (i.e. true "sci- 
ence" in our opinion) in their education that we will soon have a 

generation of Americans ignorant of the joys of observing, discov- 
ering, correlating, drawing conclusions, and making rational deci- 
sions. Schoolchildren already draw electric lights on Noah's Ark 
and shout "How gross!" if you tell them where milk, eggs, or ham- 
burgers come from. 

We recall a 1929 definition of "ecology" as "... solving some of 

the urgent practical problems which are cropping up everywhere 
as a result of man's becoming civilized and interfering with the 
animal and plant life around him." [Encycl. Brittanica, 1929 edi- 
tion.] Do tell! Can we hire a few ecologists so the rest of us can 
continue to wreak havoc in ignorant bliss? No. We all need to be 
ecologists; we all need to be scientists; we all need to be histo- 
rians. We need to incorporate these into ourselves. No, Noah did 
not have electricity. There are people alive today who knew 
Thomas Alva Edison. He knew first -hand the joys of observing, 
discovering, and correlating. His work resulted in development of 
numerous electrical and electronic devices and there are more to 
come. We try to divert our youth into being specialists in only the 
most up -to -date fields where there is a flashy splash, but this 
leaves a hollowness in their psyches where love of observational 
learning, science, history, and ecology should be second -nature. 

A few decades ago America was so good at invention and 
technology that we thought it would always be so. We went for the 
flashy splash and forgot to incorporate the main cortex. Why do 
busy -work? Why save money? Go for extreme excellence. Be a 

brain -surgeon or a genetic engineer without wasting time on 
mediocre things. But it is difficult to see ahead. In 1899 a futurist 
studying all parameters of New York City predicted that by 1915 
all streets would be six feet deep in horse manure. 

- F. S. Crosswhite and C. D. Crosswhite 
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Abstract 
Germination requirements of selected Southwestern 

woody riparian species were studied in the laboratory. Four 
common tree species selected for study were Fremont Cot- 
tonwood (Populus fremontii), Goodding Willow (Salix 
gooddingii), Arizona Sycamore (Platanus wrightii) and Vel- 
vet Mesquite (Prosopis velutina). Seeds were collected 
from two major riparian habitats in the southwest. The 
species tested required a temperature range of 16° C to 27° 
C for germination. Fremont Cottonwood, Goodding Wil- 
low and Velvet Mesquite showed good germination at 
moisture stress levels of -4 bars or less, whereas Arizona 
Sycamore only germinated well at 0 bars. For all species 
tested, germination was better at salinity levels lower than 
50 meq /liter NaCl. All species displayed successful germi- 
nation responses between pH 5 to 7. Velvet Mesquite ger- 
minated at all pH levels (5 -10). Longevity of seeds of ripar- 
ian species is reported to be of short duration. This was 
confirmed in these studies with southwestern woody ripar- 
ian species. 
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Introduction 
Riparian habitats in the Southwestern United States are 

known not only for their diversity in both plant and animal 
life but also for the water that these areas provide. However 
in recent years, riparian habitats have been degraded, or de- 
stroyed by flooding, channelization, phreatophyte control, 
agricultural practices, overgrazing, recreation, and off -road 
vehicle abuse. (Davis, 1977; Carothers, 1977). Flooding has 
been responsible for the destruction of many mature ripar- 
ian forest stands in the Southwest, but flooding is also 
necessary for the establishment of many stands (Brady et 
al., 1985). Riparian forests play a major role in the mainte- 
nance of this unique ecosystem which provides shade and 
cover for wildlife during hot summer months, and sanctu- 
ary for numerous species of birds. Therefore, it is important 
that the damage to riparian zone be mitigated by the estab- 
lishment or riparian vegetation. 

Revegetation research of Southwestern riparian habitats 
within the past ten years has been centered on the woody 
species of the ecosystem. Anderson et al., (1978), York 
(1985) and Swenson and Mullins (1985) have reported on re- 
vegetation techniques using poles or dormant stubs as veg- 
etative propagules. Pope and Brock (1988) report on the 
potential of the propagation technique of hardwood stem 
cuttings to provide large numbers of transplants for use in 
riparian habitat reformation. Several authors (Brock, 1984; 
Brady et al., 1985; Larkin, 1987) have observed seedling 
establishment of riparian species in nature. The use of 
seeds for revegetating riparian habitats has not been re- 
ported probably because of two reasons; (1) lack of readily 
available seed sources and (2) lack of knowledge of environ- 
mental factors regulating germination of woody riparian 
species. Horton et al., (1960) described general germination 
responses of selected phreatophyte species, Fenner et al., 
(1984) reported on germination of Fremont cottonwood as 
influenced by moisture stress, and Stromberg- Wilkens and 
Patten (1985) have included germination observations in 
their report of greenhouse and field studies of Arizona 
walnut. 

The overall objective or this research was to develop in- 
formation for the revegetation of degraded riparian zones 
by studying the environmental conditions required for the 
germination of selected riparian tree species. The specific 
objective was to investigate important germination condi- 
tions of four major Southwestern woody riparian species: 
Fremont Cottonwood (Populus fremontii), Goodding Willow 
(Salix gooddingii), Arizona Sycamore (Platanus wrightii) 
and Velvet Mesquite (Prosopis velutina). 

Methods and Procedures 
Seeds for this study were collected from two major ripar- 

ian areas of the Southwest. One area was neár the Gila 
River, located approximately 78 km northwest of Silver 
City, New Mexico. The second area was on the San Fran- 
cisco River approximately 30 km north by northeast of 
Clifton in eastern Arizona. Seeds were collected in the 
years of 1982 and 1983. Seeds from the Fremont cotton- 
wood trees were harvested in early May and from the 
Goodding willow trees in late May and early June. Velvet 
mesquite seeds were collected in August of each year. 
Seeds of Arizona sycamore were collected in January of 
1983 and 1984. All seeds were harvested during periods of 
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Figure 1. Average percent germination of seeds of selected 
woody riparian species as influenced by temperatures. 
Means with the same letter are not significantly different 
at the P = 0.05 level using the Student -Newman -Kuel's 
test. 
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natural dispersal. Because of the short period of viability of 
Fremont Cottonwood seeds (Fenner et al., 1984) and reports 
of similar viability for Goodding willow, seeds of each 
species was tested immediately after harvest. A sample of 
all seeds lots were treated for viability using the tetrazolium 
technique (Grabe 1970). After viability was confirmed, 
the remaining seeds were then subjected to experiments 
to determine germination success as influenced by tern - 
perature, water stress, pH and salinity of the surrounding 
environment. All germination tests were placed into a 
completely randomized design with four replicates per 
treatment. Each replicate of Goodding Willow and Fre- 
mont Cottonwood -consisted of fifty seeds. Replicates of 
Velvet Mesquite and Arizona Sycamore contained twenty - 
five seeds. The seeds were placed in a disposable 9 cm petri 
dish on two number 1 qualitative filter papers. Each dish 
was then irrigated with 5 ml of germination solution and 
placed on a thermogradient table (Copeland, 1976) or in an 
incubator. Data on germination rates and total germina- 
tion was recorded daily for 14 days following test initia- 
tion. Each germination test was conducted 2 times. 

The seeds for each species were germinated on a thermo- 
gradient table, with temperatures ranging from 10° C to 38° 
C. Specific temperatures used were 10° C, 16° C, 21° C, 27° 
C, 33° C and 38° C. From this experiment the optimum ger- 
mination temperature was established for the four tree 
species. The pH, water stress and salinity germination 
tests were conducted at the optimum temperature for each 
species. 

Seven acid or alkaline solutions of germination media 
were prepared using sulfuric acid or sodium hydroxide to 
produce pH levels of 4, 5, 6, 7, 8, 9, and 10. The solutions 
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were phosphate buffered to reduce toxicity effects (Cooper, 
1977). 

Sodium chloride (NaC1) was used to prepare salinity so- 
lutions used as germination media. Six salt levels of 0, 25, 
50, 100, 200, and 300 meq were utilized. The upper limits 
of salinity are at levels where only a few very tolerant 
plants will yield satisfactorily (Richards 1969). 

Water stress was simulated using polyethylene glycol 
(PEG) 20,000 (atomic weight of the molecules) in the irriga- 
tion water. Solutions of PEG with levels of -2, -4, -8, 12, 

and -16 bars of water potential were prepared following 
procedures described by Thill et al., (1979). Distilled water 
served as the 0 bar treatment. 

Longevity of seeds was determined by germinating seeds 
over regular time intervals (weeks) following seed collec- 
tion. Viability was confirmed by germination and tests 
ceased when germination percentages were zero, or nearly 
so, for two time intervals. 

Seeds were considered germinated when the radicle had 
emerged more than 2 mm from the seed coat for velvet 
mesquite and Arizona sycamore. For Fremont cottonwood 
and Goodding willow, the seeds were considered germi- 
nated when the cotyledons broke free of the seed coat or a 
ring of root hairs began fringing the hypocotyl. Germina- 
tion data were transformed to arc -sine angles prior to 
analysis. Analysis of variance procedures in SAS (1982) 
were used to detect the differences among treatments. 
Where significant differences among treatments were indi- 
cated by F tests, the means were separated using the 
Student -Newman -Keuel's test (Steel and Torrie 1960). All 
analyses and tests utilized a probability level of 0.05. Data 
from the two germination tests for each species were found 
to be similar, and were pooled in final statistical analyses. 
Regression analyses were performed on the response data 
to provide a measure of variability. These analyses in- 
cluded best fit equations of linear or quadratic formed to 
the observed data. Regression analysis using exponential 
(cubic) or logarithmic transformations did not appreciably 
account for more variation compared to simpler relation- 
ships. 

Results and Discussion 
Germination Response to Temperature. Arizona Syca- 

more and Goodding Willow both had significantly better 
germination response at 27° C (92% and 55% respectively) 
(Fig. 1). The best germination response for Fremont Cot- 
tonwood seeds was between 16° C and 21° C, and was sig- 
nificantly greater than other temperature levels. Velvet 
Mesquite showed excellent germination at all temperature 
levels, especially at those above 16° C, a pattern also ob- 
served in studies with honey mesquite (Prosopis gladulosa) 
in Texas (Scifres and Brock, 1969). These optimal germina- 
tion temperatures were used in the other experiments on 
water stress, salinity and pH. For uniformity in procedures, 
velvet mesquite seeds were placed at 27° C for further test- 
ing. 

Regression techniques were used to assess variability in 
the observed data to the environmental factor studied. 
Eighty -one percent of the experimental variation observed 
for velvet mesquite germination response to varied tern - 
peratures was explained by a regression equation of quad- 
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Figure 2. Goodding Willow germination response to tem- 
perature treatments after 72 hours. Photo A is 10°C with 
cotyledons expanding. Photo B is 16 °C with root hairs visi- 
ble on the hypocotyl margins. Photo C is 21 C° with dense 
roothairs and the initial development of the primary root. 
Photo D is the optimal, 27 °C, showing primary root devel- 
opment at 72 hours. By 96 hours at 33 °C, the seedlings 
were flaccid and did not persist. 

ratic from (Table 1). A quadratic equation for Goodding 
Willow, provided for 96% (from the coefficient of determi- 
nation (R squared) value) of the variation in the data. 
Regression analysis of Fremont Cottonwood and Arizona 
Sycamore germination response data to temperature levels 
showed that 85% and 71% respectively, of the variation 
was explained with quadratic equations. 

The effect temperature has on germination of riparian 
species can be illustrated by photographs of Goodding Wil- 
low seeds taken during germination process (Fig. 2). While 
all treatments resulted in seed germination, there were 
readily apparent seedling responses to various tempera- 
tures after 72 hours of exposure. At lower temperatures 
(Fig. 2, A and B), the cotyledons had expanded and root 
hairs were present at the base of the hypocotyl. Growth of 
the primary root was observed after 72 hours in replicates 
where temperatures were 21° C or higher (Fig. 2, C, D). 
After 96 hours, the Goodding Willow seedlings in the 33° C 
treatment had experienced thermal death. This was also 

observed for seedlings of Velvet Mesquite at 38° C. The re- 
sponse to temperature ranges as illustrated for Goodding 
Willow was also observed for Fremont Cottonwood and 
Arizona Sycamore. Germination occurred at higher tem- 
peratures, but by the end of the 7 day observation period 
seedlings in the 38° C treatments were dead. 

Simulated Water Stress. Simulated water stress using 
PEG 20,000 had very apparent effects on germination re- 
sponse among seeds of the four riparian tree species 
studied. At -2 bars, the average percent germination of 
Arizona Sycamore decreased, significantly, by more than 
50 %, with a similar significant loss observed at the -4 bars 
level (Fig. 3). Velvet Mesquite showed a similar response 
pattern with seeds at less water stress having significantly 
better germination success. Seeds of Honey Mesquite 
responded similarly to water stress levels induced by man - 
nitol solutions (Scifres and Brock 1969). Germination of 
Fremont Cottonwood decreased by almost 100% (Fig. 3) 
among seeds at the -8 bars level, a pattern also observed by 
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Table 1. Regression analysis for response of woody riparian 
tree species to germination tests including temperature, 
simulated water stress, salinity and pH levels. 
Test /Species Response Form R2 S.E. 

Temperature 
Velvet Mesquite Quadratic 0.81 3.05 
Goodding Willow Quadratic 0.96 7.03 
Fremont Cottonwood Quadratic 0.85 7.05 
Arizona Sycamore Quadratic 0.71 12.64 

Water stress 
Velvet Mesquite Linear 0.85 14.20 
Goodding Willow Linear 0.83 17.28 
Fremont Cottonwood Linear 0.73 8.89 
Arizona Sycamore Quadratic 0.82 8.85 

Salinity 
Velvet Mesquite Quadratic 0.57 12.09 
Goodding Willow Linear 0.91 11.53 
Fremont Cottonwood Quadratic 0.68 9.14 
Arizona Sycamore Linear 0.83 7.03 

pH 
Velvet Mesquite Linear 0.02 6.98 
Goodding Willow Quadratic 0.43 26.87 
Fremont Cottonwood Linear 0.09 10.98 
Arizona Sycamore Linear 0.42 6.20 

Table 2. Optimal germination responses for seeds of selected 
Southwest woody riparian species. 
Species Optimal Germination Response 

Velvet Mesquite 

Goodding Willow 

Fremont Cottonwood 

Arizona Sycamore 

10° through 38° C 
0 to -4 bars water stress 
0 to > 100 meq /1 salinity 
pH 4 through 10 

21° C to 27° C temperatures 
0 to -2 bars water stress 
0 to > 100 meq /1 salinity 
pH 6 to 7 

16° to 21° C temperatures 
0 to -4 bars water stress 
0 to >50 meq /1 salinity 
pH 5 to 7 

27° C temperatures 
0 water stress 
0 salinity 
pH 5 to 7 

Fenner et al., (1984) using mannitol solutions. Goodding 
Willow showed a response similar to Fremont Cotton- 
wood, with significantly lower germination success as 
osmotic potentials increased. 

Variation in average seed germination response to simu- 
lated water stress levels for Velvet Mesquite, Goodding 
Willow and Fremont Cottonwood were explained by linear 
relationships (Table 1). The variation in average seed ger- 
mination response to simulated water stress levels for Velvet 
Mesquite, Goodding Willow and Fremont Cottonwood were 
explained by linear relationships. The variation explained 
in the germination response to water stress for these 
species was 85% for velvet mesquite, 83% for Goodding 
Willow and 73% for Fremont Cottonwood. Arizona Syca- 
more germination response to water stress provided a 
quadratic equation which accounted for 82% of the varia- 
tion observed in the data set. 

At the end of the study periods, seedlings or seeds, were 
rinsed with deionized water and transferred to deionized 
water media. Germinated seedlings or seeds subjected to 
water stress conditions (> -8 bars) exhibited what ap- 
peared to be normal growth once the water stress condition 
was removed. 

Salinity. Goodding Willow, Fremont Cottonwood, and 
Arizona Sycamore had the best germination response in 
saline solutions between 0 and 50 meq /1 NaCl. Although, 
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Figure 3. Average percent germination of seeds of selected 
Southwestern riparian species as influenced by simulated 
water stress in the germination media. Means with the 
same letter are not significantly different at the P = 0.05 
level using Student -Newman -Kuel's test. 

for Gooding Willow and Arizona Sycamore, there were sig- 
nificant reductions in germination success at the 50 meq /1 
concentration. The germination response of velvet mes- 
quite showed no significant difference among the salinity 
treatment levels, although average germination was lower 
at the 200 and 300 meq /l levels (Fig. 4). High salt levels in- 
fluenced the apparent vigor of the seedlings, especially 
those of Fremont Cottonwood, Goodding Willow and Ari- 
zona Sycamore. The germinated seedlings were a chlorotic 
green and the root apices were commonly necrotic. When 
rinsed and transferred to de- ionized water after conclusion 
of the tests, these seedlings did not display normal growth, 
however, some did survive. 

Velvet Mesquite and Fremont Cottonwood seed germi- 
nation response data to salinity levels provided wide varia- 
tion in the replicates. This is reflected in the coeffecient of 
determination values (R- squared) of 0.57 for velvet mesquite 
and 0.68 for Fremont Cottonwood (Table 1). In both cases 
the best fit equation was of the quadratic form. Goodding 
Willow and Arizona Sycamore regression analyses to the 
observed germination responses of varying salinity levels 
were linear. These regression analyses provided R- squared 
values of 0.91 and 0.83 for Goodding Willow and Arizona 
Sycamore respectively. Variation in the experiments not 
accounted for by the salinity treatments for these 2 species 
was 9 and 17 percent. 

pH Levels. More variation in the response of seeds to pH 
treatments was observed than for the other environmental 
factors in this paper. However, examination of the central 
tendency of the data does allow some observations to be 
made. The effect of pH on average germination response of 
the four species showed that Velvet Mesquite had the 
widest range of tolerance. There was no significant differ- 
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Southwestern riparian species as influenced by salinity of 
the germination solution. Means with the same letter are 
not significantly different at the P = 0.05 level using 
Student -Newman -Kuel's test. 

ences among the pH levels for Velvet Mesquite seed germi- 
nation (Fig. 5). Fremont Cottonwood and Arizona Syca- 
more had a narrower range of germination response to pH, 
although germination percentages were not as high as in 
the temperature tests. Mean germination success of Fre- 
mont Cottonwood and Arizona Sycamore was signifi- 
cantly lower in alkaline pH solutions. Goodding Willow 
had the narrowest response range, with better germination 
occurring in pH 6 or 7 solutions (Fig. 5). Best germination 
for Fremont Cottonwood, Goodding Willow, and Arizona 
Sycamore was between pH 5 and 7. At more acid or alka- 
line pH levels, seedlings germinated but the color of the 
cotyledons became either chlorotic (acid) or a drab olive 
green (alkaline), indicating unfavorable conditions. Devel- 
opment of seedlings of these riparian species was best near 
neutral or slightly acid pH levels. 

Wide variation in the response data for pH is reflected in 
the coeffecient of determination calculated in regression 
analyses. The data points were widely scattered and as a 
result, the R- squared values associated with pH levels were 
all below 0.50, with Velvet Mesquite having the lowest 
value (Table 1). 

Optimal Germination Regimes. Environmental condi- 
tions favoring successful germination of the four South- 
western woody riparian species tested in the studies reported 
in this paper are summarized in Table 2. Velvet mesquite 
had the widest germination response to the varying tem- 
peratures, water stress, salinity and pH levels. In contrast, 
Arizona Sycamore had narrow successful responses. Fre- 
mont Cottonwood and Goodding Willow had germination 
responses that were intermediate to Velvet Mesquite and 
Arizona Sycamore. Research with these two members of 
the Salicaceae family supports results reported by Horton 
et al., (1960) and Fenner et al ., (1984). 

Longevity of Seeds 
In general, Velvet Mesquite seeds (Tschirley and Martin, 
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Figure 5. Average percent germination of seeds of selected 
Southwestern woody riparian species as influenced by pH 
of the germination media. Means with the same letter are 
not significantly different at the P = 0.05 level using 
Student -Newman -Kuel's test. 
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Figure 6. Longevity of Goodding Willow seeds as evi- 
denced by germination success. Seeds were collected in 
late May 1982. Seeds were stored in the laboratory at 
approximately 24 °C in air -tight containers. 

1960) and seeds of the Mesquite genus have been reported 
to retain viability for years (Simpson, 1977). For this reason, 
longevity of Velvet Mesquite seed viability was not at- 
tempted in this study. Mesquite seed longevity is attributed 
to its having a hard seed coat. On the other hand, Fremont 
Cottonwood has been reported to have fairly brief seed via- 
bility for seeds under field and greenhouse conditions (Horton 
et al., 1984). Germination to Fremont Cottonwood was re- 
ported by Fenner et al., (1984) to be approximately 20 
weeks for laboratory stored seeds. Because longevity of 
viability in Fremont Cottonwood has been established, we 
did not include this species in our seed longevity studies. 
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Figure 7. Longevity of Arizona Sycamore seeds as evi- 
denced by germination success. Seeds were collected in 
February 1983. Seeds were stored in the laboratory at 
approximately 24 °C in air -tight containers. 

Reports on longevity of Goodding Willow and Arizona 
Sycamore seeds were not found in the literature. From our 
tests, the longevity of Goodding Willow seeds, stored 
under laboratory conditions, was found to be approxi- 
mately 10 weeks (Fig. 6). Good germination (> 50 %) was 
observed until seeds reached about 6 weeks from time of 
dispersal. Percentage germination decreased rapidly after 
that time and after 10 weeks, seed germination was near 
zero. After 12 weeks no seeds of Goodding Willow germi- 
nated. 

Arizona Sycamore seeds showed greater longevity than 
Goodding Willow, although the general trend was a reduc- 
tion of about 5% germination for each 2 weeks of addi- 
tional seed age (Fig. 7). Germination of Arizona Sycamore 
approached zero when laboratory stores seeds had been in 
collection about one -half of a year (26 weeks). 

Brief longevity (weeks), appears to be a common charac- 
teristic among seeds of many riparian species. This charac- 
teristic plus the sporadic soil -water relationships found in 
the Southwest adds to the limited success of seed regenera- 
tion by woody species in riparian habitats. However, when 
there is a juxtaposition of favorable environmental condi- 
tions and seed dispersal, very dense stands of seedlings of 
riparian species have been observed by many field personnel. 

Conclusions 
The environmental parameters examined in this paper 

describe some of the important requirements influencing 
germination of key Southwestern woody riparian species. 
When dealing with seed germination many factors need 
evaluation. With better knowledge of the environmental 
factors influencing seed germination and early seedling 
growth coupled with seed longevity information, success 
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in restoration and management of riparian habitats can be 
enhanced. 
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Tumamoc Hill, 
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Janice E. Bowers 
U. S. Geological Survey' 

Abstract 
In 1903 the Carnegie Institution of Washington estab- 

lished a Desert Laboratory on Tumamoc Hill, Tucson, 
Arizona. For the next thirty -seven years the Desert 
Laboratory was the site of pioneering research into the 
biology and ecology of desert plants and animals. The more 
than sixty scientists who worked on Tumamoc Hill pub- 
lished some 350 papers and books based on research there. 
William A. Cannon and Volney M. Spalding share credit for 
successfully launching the new facility. Daniel T. Mac - 
Dougal, who became the first director in 1906, hired an en- 
thusiastic, able staff and recruited many visiting scientists. 
His untiring promotional efforts gave the laboratory a na- 
tional reputation, and when he transferred his research 
projects to a second laboratory at Carmel, California, the 
Desert Laboratory entered a nine -year decline. Promotion 
of Forrest Shreve to head the laboratory in 1928 brought 
about a renewed focus on the ecology of desert plants. The 
Carnegie Institution closed the facility in 1940, ostensibly 
because of the depression and consequent financial cut- 
backs, but actually because institution administrators no 
longer found it worthwhile to support descriptive ecologi- 
cal research. 

'Mailing address: 300 W. Congress, FB -44, Tucson, AZ 85701- 
1393. 

Introduction 
"It won't be many moons now before we shall have a 

laboratory here that will do your eyes good to see," wrote 
William A. Cannon to Daniel T. MacDougal on October 
17, 1903.' Cannon was a plant anatomist, and MacDougal, 
a plant physiologist, was his employer. The laboratory in 
question was the Desert Laboratory on Tumamoc Hill two 
miles west of downtown Tucson, Arizona. Its stone walls 
had been completed a month earlier, and, even as Cannon 
wrote, painters and carpenters were putting the finishing 
touches on the interior. The following month Cannon told 
MacDougal, "This is absolutely the finest place to work ... 
that could possibly be found; I am more and more pleased 
with the prospects for research as time goes on. "2 

Over the next thirty -seven years, more than sixty scien- 
tists found the lab a fine place to work, and they published 
some 350 papers and books based on research there.3 Their 
fields of study included geomorphology, climatology, geog- 
raphy, botany, entomology, and mammalogy. Though the 
laboratory has most often been singled out as a locus of 
early ecological work (McGinnies 1981, McIntosh 1983), 
Desert Laboratory biologists were also physiologists, 
anatomists, morphologists, and geneticists. Some became 
top researchers in their fields, scientific superstars such as 
geographer Ellsworth Huntington, ecologists Forrest 
Shreve and Frederic Clements, and plant physiologists 
Daniel T. MacDougal and Burton E. Livingston. 

Today, a reader leafing through the old Carnegie Year- 
books (annual reports issued by the Carnegie Institution) 
might be impressed by the variety of problems touched on 
by Desert Laboratory scientists and even more by the 
number that have since become important topics of re- 
search. In 1904 Spalding noted the ability of Larrea tri- 
dentata to extract water from dry soils; later investigators 
confirmed and expanded his results (Oechel et al., 1972). 
MacDougal (1915) discovered that uprooted Barrel Cactus 
(Ferocactus wislizenii) could survive without water for 
long periods. Decades later, Nobel (1977) quantified this 
observation in terms of transpiration, water potential, and 
seasonal rainfall. Cannon (Carnegie Yearbook. Vol. 8. 
1909), having excavated roots of certain desert perennials, 
suggested that species rooted at the same depth compete 
with each other and that species rooted at different depths 
do not. Yeaton et al. (1977) confirmed this hypothesis 
nearly seven decades later. These examples could be mul- 
tiplied many times. 

For its first four decades, the Desert Laboratory was a un- 
ique institution whose value to desert studies - and to the 
careers of many individual scientists - can hardly be cal- 
culated. The earliest researchers, well aware of the labora- 
tory's historic and scientific importance, wrote enthusias- 
tically of its unique setting and research problems (Coville 
and MacDougal, 1903; MacDougal, 1903a, 1903b, 1908; 
Lloyd, 1904, 1905; Cannon, 1906; Huntington, 1911a, 
1911b; Harris, 1916). Recent accounts of the Desert 
Laboratory have discussed other aspects of its develop- 
ment. Wilder (1967) emphasized the early years of the 
laboratory and the personalities gathered there. McGinnies 
(1981) concentrated on the broad picture of the desert 
created by laboratory scientists and presented a bibliog- 
raphy of their research. Nobel (1988) briefly summarized 
the cactus studies undertaken at the laboratory. McIntosh 
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(1983) stressed the Desert Laboratory's role in the 
emergence of ecology as a field of study. Broyles (1987) de- 
scribed the historic laboratory expedition to the Pinacate 
region in northwestern Sonora. Bowers (1988) depicted one 
of the laboratory's major workers in her biography of For- 
rest Shreve. The present account emphasizes the labora- 
tory's political history and scientific achievements. 

Roots of the Desert Laboratory - 1881 -1902 
The idea for a laboratory devoted to desert plants was 

Frederick V. Coville's. As chief botanist of the U.S. Depart- 
ment of Agriculture, he explored Death Valley in 1891 and 
came away impressed by the clear need for intensive 
research on deserts, largely an unknown environment. 
He presented his case to the Carnegie Institution of 
Washington's botanical advisory committee. They agreed 
that "there should be established at some point in the des- 
ert region of the southwestern United States a laboratory 
for the study of the life history of plants under desert condi- 
tions, with special reference to the absorption, storage and 
transpiration of water" (Carnegie Yearbook. Vol. 1. 1902. p. 
5). Committee members believed that eventually the Des- 
ert Laboratory would justify its existence: once "the pro- 
cesses of plant growth in our deserts have been thoroughly 
investigated and are well understood, the botanists of the 
agricultural experiment stations in the arid states will be 
in a position to make a practical application of the knowl- 
edge to the special agricultural crops of the region" (Car- 
negie Yearbook. Vol. 1. 1902. p. 5). Despite such lip service 
to practical benefits, however, the Desert Laboratory was 
from its inception oriented toward pure, not applied, re- 
search. 

In December, 1902, the Carnegie Institution appropri- 
ated $8,000 for the Desert Botanical Laboratory, as it was at 
first called. Four thousand dollars were budgeted for con- 
struction of a laboratory building, $2,000 for equipment, 
$1,000 for books, and $3,000 for maintenance and the 
salary of a resident investigator (McIntosh, 1983). After a 
five -year probationary period, the institution would 
evaluate the lab and decide whether to continue funding it.4 

From January 24 to February 28, 1903, Coville and Mac - 
Dougal, then director of laboratories at the New York Bo- 
tanical Garden, toured the southwestern United States and 
Mexico in search of a location for the proposed lab. They 
realized that the most important criterion was that the 
new research station be situated not in a city but in unde- 
veloped desert. As MacDougal wrote, biologists "should be 
put into contact with their material in its best environ- 
ment, instead of herding the workers and bringing the 
material to them. "' After traveling as far south as 
Guaymas, Sonora, and as far west as Los Angeles, they set- 
tled on Tucson as the most suitable site. Here they found a 
"distinctly desert climate and flora" in combination with 
"habitability" and "ready accessibility" (Coville and Mac - 
Dougal, 1903: p. 12). (Presciently, they avoided Phoenix 
because it was likely to undergo extensive irrigation and 
concomitant changes in natural vegetation.) Tucson also 
afforded rail service, telephone and telegraph communica- 
tions, good stores, and the University of Arizona and its 
agricultural experiment station. The most important in- 
ducements were probably those offered by the Chamber of 
Commerce: forty acres of free land, a water system, utility 

connections, and a road to the laboratory site, concessions 
estimated to be worth nearly $3,000.6 

The Earliest Years - 1903 -1905 
Construction of the laboratory proceeded rapidly after 

four local builders submitted bids in March, 1903. Coville 
supervised the process as minutely as possible from 
Washington, D.C. To keep the total cost under $4,000, he 
suggested that the builder eliminate the wainscoting from 
the interior. He requested varnished floors, preferably 
waxed, and cautioned against the four -inch floorboards 
called for in the specifications: such wide boards would 
collect dirt in the cracks, he feared. He worried also that 
the roofing and ceiling timbers would prove too light for 
such a large building, especially if every winter were to 
bring four inches of snow, as it had in February, 1903. R. H. 
Forbes, director of the agricultural experiment station at 
the University of Arizona, kept an eye on the builders and 
informed MacDougal and Coville of progress and setbacks. 
(The architect for the project, Stuart F. Forbes, was his 
brother.) 

By September 1, Cannon, as the first resident inves- 
tigator, was on the spot and could supervise the final 
phases of construction. On the 15th he reported to Mac - 
Dougal, "The inside woodwork, floors, window casings 
etc. remain to be done. Also the building must be wired."' 
A Mr. Kurtz constructed a road to the top of the hill; after 
riding over it in a horse -drawn surrey, Cannon decided that 
the road was better suited to heavy teams than light vehi- 
cles. (For the next decade, road improvements were to be a 
predictable budget item.) In looking at Cannon's photo- 
graphs, MacDougal was pleased to see that much native 
vegetation had been left near the lab. "Every plant on the 
mountain ought to be regarded as if [it] had been placed 
there for some special purpose and should not be destroyed 
without good cause," he said.' On October 17 a freight car 
of glassware, chemicals, and Cannon's belongings arrived 
in Tucson, but the contractor still had not turned the build- 
ing over to the Carnegie Institution because, as Cannon 
explained, a subcontractor had installed lead traps for the 
sinks instead of the nickel ones specified in the plans. 
There were complications over the free telephone, too. The 
Sunset Telephone Company had agreed to install the 
laboratory's phone line but balked when they discovered 
their cost would be about $1,000. A rival phone company 
was started, perhaps as a bluff, with the result that the Sun- 
set Telephone Company offered to install the line after all, 
provided the Chamber of Commerce refused to franchise 
their rival. By the end of the year Cannon was able to tell 
MacDougal, "The telephone is finally landed. Our number 
is 3111. i9 Finally, on November 2 Cannon reported that 
"the plumbers and carpenter are finishing today and to- 
morrow ... The contractor should be out of this building 
and we in before the end of the week. "10 

As soon as the facilities were workable, Cannon im- 
mersed himself in research. The year before, as a research 
assistant at the New York Botanical Garden, he had 
worked on anatomy of plant hybrids, research confined 
largely within laboratory walls. Once he moved to Tucson, 
however, he found himself stimulated in unexpected ways, 
and his interests turned increasingly toward native plants 
in natural habitats. As he told MacDougal in October 1903, 



Tumamoc Hill from the north in 1909. Courtesy Arizona 
Historical Society. 

"I am going to begin on Fouquieria. I shall work on its 
anatomy at first, study the root system next, and then 
begin on the physiology. "" MacDougal approved of this 
plan and suggested that Cannon also work on some "fleshy 
form," perhaps Ferocactus. 

After a year of solid work, Cannon told MacDougal, "To 
tell the truth there is enough here for several men to work 
on at once and for some time to come. To choose wisely 
from the abundance is the main difficulty. "12 Between 
1903 and 1905, Cannon also compiled a 250- citation bib- 
liography on transpiration, developed an apparatus for 
measuring transpiration in place, measured transpiration 
of a variety of desert plants, compared the anatomy of irri- 
gated and nonirrigated plants, and examined seasonal 
changes in diameter of Saguaro Cactus (Carnegiea 
gigantea) and Ferocactus wislizenii. Cannon's energy and 
enthusiasm did not go unnoticed. After Robert Woodward, 
president of the Carnegie Institution, visited the Desert 
Laboratory in July, 1905, MacDougal told Cannon, "Wood- 
ward is saying some good things about you. i 13 In fact, the 
successful launching of the Desert Laboratory was due in 
large part to Cannon's diligence and creativity. 

Another key to the Desert Laboratory's early success 
was Volney M. Spalding, a modest, courtly, well- respected 
botany professor who retired from the University of Michi- 
gan in 1904 after nearly thirty years of teaching. He came to 
the Desert Laboratory as a visiting investigator in De- 
cember, 1903, with the enthusiastic support of Mac- 
Dougal, who said, "I know of no one in all America that I 

would rather have as the first visitor and worker at the 
Laboratory." 14. Cannon agreed that the older man was 

"surely a good one to set the ball rolling."' 
One of Spalding's first projects at the Desert Laboratory 

was determining transpiration rates of Creosote Bush (Lar- 
rea tridentata) in soils of different moisture content. In 
1904, during his second stint as a visiting investigator, he 
decided that "soil water must be taken account of in all our 
transpiration work.i1ó The following year he found that 
leaves of Larrea and several other desert perennials showed 
"a very limited capacity for absorption of water vapor from 
the atmosphere" (Spalding, 1906: p. 373). More important 
to their water economy, however, were periods of high 
humidity and the consequent reduction in transpiration. 

While Cannon and Spalding launched the Desert Lab- 
oratory, MacDougal publicized it in every conceivable 
venue. He wrote brief notices for the Journal of the New 
York Botanical Garden (1903a), Plant World (1903b), Bo- 
tanical Gazette (1903c), and Science (1903d). He told read- 
ers of the Plant World that, "while any of the more impor- 
tant phases of botany might be the subject of investigation 
by means of the facilities offered by this laboratory, yet its 
special function consists of an inquiry into the morphol- 
ogy, physiology, habit and general life- history of the 
species indigenous to the deserts of North America" (Mac- 
Dougal, 1903b: p. 249). He also prepared, with Coville, a 
narrative of their 1903 trip through the Southwest. This, 
they hoped, would convey "the wealth of material afforded 
for detailed geographical and physiological study" (Coville 
and MacDougal, 1903: p. 2). MacDougal exulted when re- 
veiws of this book provided the laboratory with "a splendid 
lot of attention. " l' Before long, various scientists, among 
them plant anatomist Francis E. Lloyd, lichenologist Bruce 



Interior of the Desert Laboratory in 1903. Courtesy 
Arizona Historical Society. 

Fink, mammalogist Charles B. Davenport, and plant 
physiologist Burton E. Livingston, had expressed interest 
in pursuing studies at the Desert Laboratory. 

Visiting investigators were uniformly impressed and de- 
lighted by the new facilities, which by 1907 included 860 
acres of the surrounding desert. Livingston, upon receipt of 
a grant to work at the Desert Laboratory, told MacDougal, 
"this is the best thing that ever happened to yours truly, ex- 
cepting my coming to your lab last fall, and I am duly 
elated over the affair. "' 8 Lloyd particularly appreciated 
"the abundant northern illumination, with the magnifi- 
cent range of the Santa Catalina mountains stretching out 
before the eye, plenty of working space and materials, with 
the vegetation at the door, with all day and night one's 
own" (Lloyd, 1904: p. 177). 

As they worked, Cannon and Spalding began to dream of 
wider possibilities for the laboratory. In 1905 Cannon 
wrote a brief proposal suggesting that the staff be enlarged 
to include "three botanists, namely, one morphologist, 
one oecologist and one physiologist, and one physico- 
chemist. i 19 He also thought the laboratory should be en- 
larged, a greenhouse added, the grounds fenced, and small 
cottages built for the staff. Even more than Cannon, Spald- 
ing appreciated the laboratory's long -term potential. He 
told MacDougal that "the work in the desert has so many 
sides and is of such a nature that it calls for greater con- 
tinuity and the development of plans extending over a 
period of years, rather than an extension of the more or less 
piece -meal work that - perhaps inevitably - has been car- 
ried on thus far.i20 

Their hopes for the Desert Laboratory were fulfilled soon 

after Woodward's visit in 1905. He was so impressed that 
he decided to expand the lab without waiting for the end of 
the probationary period. Among his plans, no doubt based 
on conversations with Cannon and Spalding, were increas- 
ing the work force - perhaps adding a director, a physicist, 
a chemist, and at least one more botanist - and enlarging 
the laboratory building. The Carnegie Institution formally 
reorganized the Desert Laboratory as the Department of 
Botanical Research in December 1905 and appointed Mac - 
Dougal its first director. 

MacDougal immediately assembled his crew: he hired 
Cannon, Spalding, Livingston, and Lloyd as staff members 
and Godfrey Sykes (a jack -of -all- trades who had supported 
himself variously as an explorer, geographer, and civil en- 
gineer) as laboratory superintendent. In choosing these 
men, MacDougal used the old boy's network: Cannon and 
Lloyd had both worked under him at the New York Botani- 
cal Garden, Sykes had been a personal friend for many 
years, and Livingston had been a student of Spalding's at 
the University of Michigan. Later assistants included Jacob 
Blumer, another of Spalding's students, and James Kirk- 
wood, formerly one of MacDougal's employees at the bo- 
tanical garden. 

The Desert Laboratory, thus began as a family affair, was 
to remain one for some time. Plant ecologist Forrest 
Shreve, for example, working in Jamaica in 1909, found 
that a Scottish colleague knew next to nothing about the 
lab. Shreve told MacDougal, "After I had thrown a few rays 
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Abstract 
A brief review of the American Southwest Hemileuca 
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Buckmoths to these habitats. Food plants used by larvae of the var- 
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photos showing larvae on associated food plants. 
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Introduction 
One of the more interesting aspects of the study of natural his- 

tory is the attempt to understand why life forms occur in certain 
areas and not in others. This leads into a study of ecological re- 
lationships, biogeographical regions, biotic communities, and 
habitat associations for the species studied (Brown, 1982). The 
Buckmoth (Hemileuca) group of the Silkmoth (Saturniidae) family 
uniquely fits this habitat association relationship, apparently due 
to larval foodplant requirements. As discussed in the following 
species accounts, the Hemileuca group seems to utilize plants 
that are dominant (or at least common) within their particular 
habitat associations. These same plants usually do not occur in ad- 
joining biotic communities. The ability of Hemileuca species to 
use normally dominant or locally abundant plants as larval 
foodplants within a specific habitat helps to explain their success 
within each habitat, their absence in adjoining habitats, and limi- 
tations to their potential ranges. This makes the Buckmoths an 
excellent group to study in relation to their unique habitat associ- 
ations. 

The family Saturniidae was erected by Boisduval (1837) based on 
the type genus Saturnia Schrank (1802). The name honored 
Saturn, the Roman God of agriculture and his mythical age of 
civilization in Italy, called "Saturnia." This followed the tradition 
begun by Linnaeus of naming moths of this family after Greek or 
Roman mythological figures. Continuing into present times, this 
practice accounts for many of the species names within the genus 
Hemileuca. 

Description of the Study Area 
The study area of this treatment is the American Southwest and 

northern Mexico and includes all of Arizona and New Mexico, 
plus adjoining areas of California, Nevada, Utah, Colorado, Texas, 
and the Mexican States of Chihuahua, Sonora, and Baja California 
Norte. This is the most prolific region of the Western Hemisphere 
for the Hemileuca, with 16 of the currently 24 or so described 
species of Buckmoths occurring within this area, most of which 
occur in North America north of Mexico. This Southwest region 
includes very diverse habitats from high elevation mountain sys- 
tems to lowland desert communities (Brown, 1982). It also in- 
cludes four of the five American desert systems: Chihuahuan, 
Sonoran, Mojavean, and Navajoan. The fifth desert system, the 
Great Basin or Sagebrush Desert, occurs just to the north of our re- 
gion (Benson and Darrow, 1981; Shreve and Wiggins, 1986). The 
variety of biotic communities found in the Southwest includes 
conifer forests, oak woodlands, chaparral, grasslands, scrublands 
(deserts), and riparian habitats. Species of Hemileuca occur in each 
of these communities. In the conifer forests however, the 
Buckmoths are largely replaced by another Hemileucinae genus, 
Coloradia. This genus consists of three species in our region and 
the larvae apparently feed on various species of pine, and possibly 
other conifers (Ferguson, 1971; Tuskes, 1984; K. Roever, pers. 
comm.). The diversity of habitats in the Southwest, and the vari- 
ety of larval foodplant affinities of the Buckmoths, allow for the 
large number of Buckmoth species found in this region. 

The genus Hemileuca Walker 
Hemileuca is a genus of moths within the subfamily Hemi- 

leucinae. The genus is New World in origin and found exclusively 
in the western hemisphere. Species range from Canada, through 
all the United States, and into southern Mexico. The genus is corn- 
prised of about 24 species and six subspecies. With few exceptions, 
the adult moths are conspicuously marked with bold slashes of 
white and black or yellow and black with red, yellow or orange 
combinations also possible; the exceptions, however, are pre- 
dominately shades of brown. A few species are nocturnal, while 
others are partially so, and are attracted to light. Most of the 
species, however, are diurnal, the adults flying from mid morning 
to late afternoon in the autumn. This flight coincides with 
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the traditional deer hunting season, hence the common name 
"Buckmoth" (Villard, 1969). 

Adults of the genus Hemileuca hatch in early to mid morning 
hours and crawl into nearby vegetation where they expand and 
harden their wings. In their search for females, males often fly 
hundreds of yards just skimming the tops of plants in a quick, dart- 
ing, and erratic flight. Females have a slower more direct flight as 
they search for suitable foodplants upon which to lay their eggs. 
Generally, males of the diurnal species can easily be captured after 
their late afternoon flight as they are resting and perched for the 
night on branches of shrubs and low trees. Females, with their rel- 
atively slow direct flight are also easily captured at this time. 
Adults of the nocturnal species are best collected at light. Freshly 
hatched adults can be also collected before flight in the early 
morning hours when they are reposing within the vegetation. 

The larval foodplants are remarkably diverse. Some Hemileuca 
species are polyphagous, feeding on a number of hosts from widely 
separated families; others are very nearly monophagous and tend 
to be highly specialized, feeding on only a few closely related plant 
genera or even on a single species. On a regional basis, even the 
polyphagous species appear to have one or two preferred 
foodplants. For all the Buckmoths, the eggs are laid in characteris- 
tic masses or eggrings around twigs, stems, or shoots of the 
hostplant. Depending on the species, each eggring may contain 
from about 15 to over 200 ova. 

Larval anatomy of all species of Hemileuca is remarkably uni- 
form and varies only with the size of the structures involved. 
Along the back there are two rows of short, branching spines ar- 
ranged in rosettes, called scoli. In each scoli there are usually a few 
longer spines called setae. There is also a single row of scoli along 
each side of the larva. The setae are poisonous and urticating 
(stinging) and probably used as a defense against predators. They 
are modified into hollow, needle -like spinules, the which 
break off, releasing a toxin that is an irritant similar to that of a 
nettle (Ferguson, 1971). When touched, the setae may produce a 
moderate to severe stinging sensation followed by a rash, the ef- 
fects of which may persist from a few hours to several days. The 
young larvae are strongly gregarious, feeding and huddling in mas- 
ses, until about half grown (mid third instar) at which time they 
disperse widely, occasionally resting and /or molting on, or even 
nibbling plants upon which they would not ordinarily feed 
(Tuskes, 1986). Depending on the species, mature larvae vary in 
length from 40 mm to over 75 mm and are variously colored. Lar- 
vae of most species have two to three white lateral lines although 
some populations may demonstrate the regional characteristic of 
having the lines reduced to a series of dashes or no lines at all. 

Pupation is near the ground surface or just below it and only 
rarely is a cocoon, however flimsy, spun. For most species, the 
adults emerge in mid to late summer or early autumn, complete 
the reproductive process, and die within a few days. The adults do 
not feed; they have no digestive tracts and only rudimentary, non- 
functional mouthparts. Although there are some exceptions, the 
life cycle is generally one year, the overwintering stage being the 
eggring. It is common, however, for part of any brood to hold over 
for two or more years as pupae. The reason for this is not com- 
pletely understood (Ferguson, 1971). However, it is clearly to the 
advantage of a population to stagger adult emergence over two or 
more years. In the event of a population -wide reproductive failure 
in any given year, the population would continue to survive and 
replenish itself the next season from pupae that had held over for 
the second year. 

Subgenera of Hemileuca 
Although subgeneric classification of the Saturniidae is cur- 

rently little used and some workers may consider such arrange- 
ment a moot point, it does provide a vehicle by which common, 
and in some cases overlapping, features of various species groups 
may be conveniently discussed. The following discussion of He- 

mileuca subgenera serves to illustrate these similarities, and some 
differences, and will avoid repetition in the species accounts pro- 
vided later in this treatment. 

In his revision of the Western Hemisphere Saturniidae, 
Michener (1952) divided Hemileuca into four subgenera: 
Hemileuca, Euleucophaeus, Argyrauges, and Pseudohazis. These 
divisions were based on morphological and developmental charac- 
teristics (see Michener, 1952; table 11: p. 420). These subgenera 
share common characteristics involving the rudimentary mouth - 
parts and structures of the antennae. Following is a brief overview 
of the subgenera involved as well as a list of species and subsepcies 
in each subgenus. The subgeneric discussion includes all of the 
Hemileuca; those marked with an " "' are found within the study 
area and are discussed in the species accounts. 

EULEUCOPHAEUS. Euleucophaeus Packard, 1872; 4th Annual 
Report of the Peabody Academy of Science, p. 88. Type Species: 
Euleucophaeus tricolor Packard. Most of the species in the sub- 
genus are Mexican but a few range as far north as Colorado and 
Kansas. The group is comprised of about seven species, of which 
three occur in the study area of this treatment. For the most part, 
the larvae feed on Leguminosae and Gramineae. The life cycle is 
one year and the overwintering stage may be either the ova or 
pupae depending on the species. The larvae usually have eight in- 
stars and are all of a rosy, brownish, blackish, whitish, or yel- 
lowish tint. Pupation is in a rather flimsy but tough cocoon and 
pupae are sparingly covered in a whitish or bluish powder. The co- 
coon is usually spun on the ground surface or near the base of the 
foodplant or low on the plant itself. Depending on the species, 
adults hatch during the spring or fall. The nocturnal adults are at- 
tracted to light and range in color from tan to brown or gray. The 
species of this group include H. oliviae (Cockerall)', H. hualapai 
(Neumoegen)*, H. tricolor (Packard)', H. lex ( Druce), H. sororius 
(Henry Edwards), and (Felder). 

ARGYRAUGES. Argyrauges Grote, 1882; Canadian Entomologist, 
volume 14: 215. Type Species: Euleucophaeus neumoegeni Henry 
Edwards. This subgenus contains two species that are found in the 
Mojave Desert, central Arizona, and western Nevada. The larvae 
feed on Rhus (Anacardiaceae); Prunus and Fallugia (Rosaceae); 
Dalea (Leguminosae); and Tetradymia (Compositae). Ferguson 
(1971) also mentions Eriogonum (Polygonaceae) and Parosela 
(Leguminosae) as possible hosts. The life cycle is one year and ova 
are the overwintering stage. The larvae usually have six to eight 
instars and are all of a gray or whitish tint. Pupation is generally on 
the surface of the ground and unlike species of the Euleucophaeus 
there is little evidence of a cocoon and the pupae are not covered 
by powder. The adults hatch in the early fall and are mostly white 
or yellowish with strong black transverse lines. The males fly in 
the late afternoon or early evening hours. The females are exclu- 
sively nocturnal and both sexes are attracted to lights. The species 
of this group includes H. burnsi Watson* and H. neumoegeni 
Henry Edwards'. 

HEMILEUCA. Hemileuca Walker, 1855; List of the specimens of 
lepidopterous insects in the collection of the British Museum, part 
6: 1317. Type Species: Phalaena maia Drury, designated by Grote 
and Robinson, 1866, Annual Lyc. Natural History New York, vol- 
ume 7, p. 376. Euchronia Packard, 1864; Proceedings of the En- 
tomological Society of Philadelphia, volume 3, p. 382. Type: 
Phalaena maia Drury. This subgenus contains about eight species 
all found in North America north of Mexico; six occur in the 
Southwest. Larval hosts of the Hemileuca include Eriogonum 
(Polygonaceae); Prosopis (Leguminosae); Quercus (Fagaceae); and 
Salix and Populus (Salicaceae). The life cycle is one year and ova 
are the overwintering stage. The larvae usually have five to six in- 
stars and are all of a yellowish, blackish, or brownish color and 
some may have a rosy or purplish intersegmental tint. Pupation is 
generally on or just under the surface of the ground and like 
species of the Argyrauges, there is little evidence of a cocoon and 
the pupae are not covered by powder. The adults are fall flyers and 
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are mostly black or brown with white stripes or white with heavy 
black scales on the forewing veins with a black rimmed red hind 
wing. Both sexes are diurnal; the males fly in the early morning to 
mid afternoon and females from mid- to late afternoon. The 
species of this group include H. nevadensis Stretch' (including H. 
artemis Packard' ), H. lucina Henry Edwards, H. maia Drury, H. 
Juno Packard; H. electra electra Wright, H. diana Packard; and H. 
grotei Grote and Robinson. 

PSEUDOHAZIS. Pseudohazis Grote and Robinson, 1866; Annals 
Lyc. Natural History New York, volume 8: 377. Type Species: 
Saturnia eglanterina Boisduval, by original designation. (Aglaia 
Peale, 1836, Lepidoptera Americana, volume 1, p. [ 13] [doubtfully 
published] see Michener, 1952, p. 421, footnote). Type: Aglaia nut - 
talli Peale = Pseudohazis nuttalli Strecker.) The common name 
"Sheepmoth" given for this subgenus reflects the group's range 
and habitat - the sagebrush country and the ranges of the western 
sheep- herder (Holland, 1968). This subgenus contains four species, 
two of which marginally enter the study area and a third that is 
found entirely within our region. The larval hosts are extremely 
diverse and include Artemisia (Compositae); Symphoricarpos 
(Caprifoliaceae); Rosa, Prunus, Amelanchier, Cercocarpus, and 
Purshia (Rosaceae); and Ceanothus (Rhamnaceae). The life cycle 
is generally two years, the first winter spent as ova and the second 
as pupae. The larvae usually have six to eight instars and are all of 
a blackish or occasionally a brownish color. Pupation is generally 
just under the surface of the ground and like species of the Ar- 
gyrauges and Hemileuca, there is little evidence of a cocoon and 
the pupae are not covered by powder. The adults are on the wing 
during mid summer months of July and August and may continue 
into September. All have more or less heavy black scaling on the 
wing veins and are variably colored, mostly variations of yel- 
lowish to orangish, cream to yellowish, or cream to nearly pure 
white. Both sexes are diurnal; the males fly in the early morning to 
mid afternoon and the females from mid- to late afternoon or early 
evening. This group includes H. hera hera (Harris), H. magnifica 
( Rotger); H. eglanterina eglanterina Boisduval, and H. nuttalli 
nuttalli (Strecker); 

UNASSIGNED. Currently these species are unassigned to any 
subgenera; H. chinatiensis (Tinkham); H. conwayae Peigler; and 
H. griffini Tuskes' 

SUBGENERIC DIAGNOSES. Species of the Hemileuca and 
Pseudohazis subgenera are morphologically very close and exhibit 
many features in common as well as a number of differences. Al- 
though adults of these groups have different wing patterns, stages 
in the development of the Pseudohazis wing pattern can be seen in 
H. (Hemileuca) electra and the species of Argyrauges, and there is 
a long outer foretibial spine in the Pseudohazis species that is 
rarely present in the Hemileuca ones (Michener, 1952). Members 
of the H. [Hemileuca] maia complex have a long inner foretibial 
spine) (Ferguson, 1971). Pease (1961) listed only slight differences 
in first instar larvae between the Hemileuca and Pseudohazis sub- 
genera. 

Although there are differences in the four subgenera of 
Hemileuca, the characteristics of the species are not well defined 
and tend to overlap in such a random manner that this subgeneric 
classification may not be as meaningful in terms of relationships 
as one would like to believe (Ferguson, 1971). Moreover, at least 
three species, H. chinatiensis, H. conwayae and H. griffini, have 
not been assigned to subgenera. They share some characteristics of 
the subgenera Hemileuca and Pseudohazis. They have the wing 
pattern and long outer foretibial spine of Pseudohazis but the male 
genitalia are like those of Hemileuca in most respects. These 
species appear to be intermediate between Pseudohazis and 
Hemileuca (Ferguson, 1971) and may represent a sister group to 
the Pseudohazis and Hemileuca groups. 

Habitat Types of the Southwest 
The habitats of the Southwest are briefly described to provide a 
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reference for the habitat associations described in the Buckmoth 
species accounts. The species of Hemileuca that can occur in each 
habitat type are listed after each description. Specifics on the 
habitat sub -units for each species, and the larval foodplants, are 
provided later in the individual species accounts. 

Brown and Lowe (1980; large color map) and Brown (1982; text) 
previously described the biotic communities of the Southwest and 
their boundaries. In each work individual communities are nu- 
merically identified to facilitate cross referencing. These num- 
bered descriptions are used extensively to describe the habitat as- 
sociations for each Buckmoth species addressed in this treatment. 
It should be noted however, that essentially the same com- 
munities, although often with different names, have been used by 
others (see Shreve and Wiggins, 1986; Benson and Darrow, 1981; 
and Wiggins, 1980). 

1. Rocky Mountain Petran Montane Conifer Forest (122.3) is es- 
sentially the higher elevation pine forests of the Southwest moun- 
tain ranges. This habitat is very uniform throughout the study 
area and a strong Rocky Mountain influence can be observed in 
the entomofauna in most of the higher Southwest mountains. He- 
mileuca nuttalli, H. eglanterina annulata, and the closely related 
genus Coloradia are found in this habitat. 

2. Great Basin Conifer Woodland (122.4) is the familiar pinyon - 
juniper woodland usually found just below the pine forest habitat. 
It is primarily a Great Basin habitat, but occurs widely in northern 
Arizona and much of New Mexico. Along the northern edge of the 
study area, this community is the southernmost habitat for H. eg- 
lanterina annulata and in its lower elevations H. neumoegeni can 
be found. 

3. Madrean Evergreen Woodland (123.3) is the oak dominated 
woodland found in southeastern Arizona and southwestern New 
Mexico. It is a largely Mexican habitat with close affinities to the 
Sierra Madre Occidental of Sonora and Chihuahua. It is a mix of 
oak, juniper, and pine with the dominant indicator in our region 
being Mexican Blue Oak (Quercus oblongifolia Torr.). In the 
American Southwest, this biotic community is a very rich habitat 
for many Lepidoptera that are primarily Mexican in range. This is 
one of the habitats in which H. diana can be found. 

4. Interior Chaparral Scrubland (133.3) is an often dense shrub 
habitat with an extensive distribution over much of central 
Arizona, southern New Mexico, west Texas, and northern Mex- 
ico. Isolated remnants of the chaparral community also occur in 
eastern San Bernardino County, California and Clark County, 
Nevada. This habitat is dominated by species of deerbrush 
( Ceanothus) and manzanita (Arctostaphylos), but is best charac- 
terized by the extensive stands of its most common plant, Shrub 
Live Oak (Q. turbinella Greene). Other common plants include 
Skunkbush Sumac (Rhus trilobata Nuttall) and various species of 
silktassels (Garrya). Hemileuca diana commonly occurs in much 
of this biotic community. Closely allied to this habitat type but 
found to the north of the study area is the Great Basin Montane 
Scrubland (132.1), a cold temperature habitat that fills a very simi- 
lar niche to that of the Interior Chaparral Scrubland. The shrub 
live oak domination of Interior Chaparral is replaced in the Great 
Basin Montane Scrubland by various forms of cold tolerant Garn- 
bel Oak (Q. gambelii Nuttall =Q. gunnisonii, Q. utahensis, Q. 
vreelandii, Q. novomexicana) (Brown 1982). 

5. Plains and Great Basin Grassland (142.1) is found on high 
level plains, valleys, and adjacent hillsides and occurs in the 
northern portion of the Southwest, especially in southeastern Col- 
orado and northeastern New Mexico. It continues in an inter- 
rupted distribution through northern Arizona, and remnant 
patches also occur in southern portions of that state. There are 
several subdivisions throughout the range of this biotic commu- 
nity, including the Tall Grass Prairie and the Short Grass Grass- 
land. This grassland community contains various small shrubby 
trees and bushes, including sections with Shinnery Oak (Q. havar- 
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122.3. Rocky Mountain Petran Conifer Forest. Habitat of Col - 
oradia species, closely related to Hemileuca. White Mountains, 
Apache County, Arizona. 

122.4. Great Basin Conifer Woodland. Habitat of Hemileuca nut - 
talli, H. eglanterina annulata and H. hera hera. Pine Valley 
Mountains, Washington County, Utah. 

dii Rydb.), Sagebrush (Artemisia filifolia Torr. and A. tridentata 
Nuttall), mesquite (Prosopis), and soapweed (Yucca). In the eastern 
portion of this community, H. oliviae can occur in large numbers, 
and H. magnifica can be found in northeastern Arizona, northern 
New Mexico, and southern Colorado. 

6. Semidesert Grassland (143.1) is the southwestern biotic corn- 
munity that has also been called Desert -Grassland Transition 
(Shreve, 1917), Desert Savanna (Shantz and Zon, 1924) or Mesquite 
Grassland (Brand, 1936; Leopold, 1950) according to Brown (1982). 
This habitat type occurs from west -central Arizona through 
southern New Mexico into southwest Texas and adjoining Mex- 
ico. Many of the original perennial bunch grasses have been re- 
placed by sod grasses due to the effects of livestock grazing, and 
mesquite woodland has replaced much of the grasslands. An excel- 
lent place where this grassland can be distinguished from the 
Plains and Great Basin Grassland is in the area of Sonoita, Santa 
Cruz County, Arizona. The vast, tall grasslands east of Sonoita 
and in the San Rafael Valley below Sonoita are all part of the tall 
grass habitat of the Plains Grassland community. The short grass 
grassland dotted with oak trees that occurs north and south of 
Sonoita is representative of the Semidesert Grassland community. 
Associated within the semidesert habitat are various succulents 
(Nolina, Agave, Dasylirion, Yucca), mesquite, Ephedra, Mimosa, 
and some oaks such as Q. emoryi Torr. and Q. oblongifolia. 
Species of Hemileuca occurring in portions of this diverse biotic 
community include: H. hualapai, H. Juno, H. chinatiensis, and H. 
con wayae. 

7. Great Basin Desertscrub (152.1) is set apart from the other 
North American deserts by its cold weather affinities (Brown, 
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123.3. Madrean Evergreen Woodland. Habitat of Hemileuca 
diana. Molino Basin, Pima County, Arizona. 

133.3. Interior Chaparral Scrubland. Habitat of Hemileuca diana. 
Schnebly Hill Overlook, east of Sedona, Coconino County, 
Arizona. 

1982). It is dominated by Sagebrush, Saltbush (Atriplex), Winterfat 
(Ceratoides), Blackbrush (Coleogyne ramosissima Torr.) and Rab- 
bitbrush (Chrysothamnus). Within the study area, this biotic com- 
munity occurs in northern Arizona, northwestern and northcent- 
ral New Mexico, south -central Colorado, and southern Utah. Its 
distinctive shrubby desert appearance, and the domination of one 
or more of the plants listed above, make it an easily identified 
habitat. Within this habitat are found H. griffini and to the north 
outside of the study area, H. hera hera. Northwest of the study 
area, in Nevada, Hemileuca burnsi also occurs in this habitat. 

8. Mohave Desertscrub (153.1) is found in northwestern 
Arizona to near Phoenix, adjacent southern Nevada, southwestern 
Utah, and eastern California in San Bernardino and Inyo counties. 
Over much of the region, this habitat is dominated by Creosote - 
bush (Larrea tridentata DC.) Coville, but it is best identified by 
the Joshua Tree (Yucca brevifolia Engelm.). The Mohave Des - 
ertscrub is also characterized by All -scale Saltbush (A triplex 
hymenelytra Torrington), Brittlebush (Encelia farinosa Gray) and 
White Burrobush (Hymenoclea salsola Ton. & Gray). Within this 
distinctive biotic community can be found H. electra Clio and H. 
burnsi. In the eastern Mohave Desert within the study area, H. 
neumoegeni can also be found at the upper elevations of this 
habitat. 

9. Chihuahuan Desertscrub (153.2) is the largest of the warm - 

temperature deserts of North America and occurs within the 
study area in southwest Texas, southern New Mexico, and south- 
east Arizona. Creosotebush dominates much of this habitat in the 
valleys, and it is joined by Tarbush (Flourensia cernua DC.) and 
Whitethorn Acacia (Acacia constricta Benth.) throughout much 
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142.1. Plains and Great Basin Grasslands. Habitat of Hemileuca 
magnifica. 26 miles southwest of Holbrook, Apache County, 
Arizona. 

143.1. Semidesert Grassland. Habitat of Hemileuca hualapai, H. 

Juno and H. diana. 3 miles north of Sonoita, Santa Cruz County, 
Arizona. 

152.1. Great Basin Desertscrub. Habitat of Hemileuca griffini. 
Bitter Springs, Coconino County, Arizona. 

of its range. This biotic community also has numerous succulents 
in its upper reaches, especially shindagger or Lechuguilla (Agave 
lechuguilla Torr.). A great variety of woody shrubs also occurs 
throughout the Chihuahuan Desert, including Catclaw Acacia 
(Acacia greggii Gray), cenizo (Leucophyllum), Condalia (Con - 
dalia), Littleleaf Sumac (Rhus microphylla Engelm.), mesquite, 
and in Arizona Sandpaperbush (Mortonia scabrella Gray). In that 
portion of the Chihuahuan Desert within the study area several 
species of Hemileuca occur, including H. Juno, H. tricolor, H. 

chinatiensis, and H. conwayae. 
10. Sonoran Desertscrub (154.1) is the Sonoran Desert and this 

habitat is broken into two subdivisions within the American 
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153.1. Mohave Desertscrub. Habitat of Hemileuca burnsi, H. 

electra Clio and H. neumoegeni. Bonanza King Mine, Providence 
Mountains, San Bernardino County, California. 

153.2. Chihuahuan Desertscrub. Habitat of Hemileuca 
chinatiensis and H. conwayae. 22 miles south of Van Horn, 
Culberson County, Texas. 

154.1. Sonoran Desertscrub. Habitat of Hemileuca inno and H. 

tricolor. Santa Catalina Mountain foothills, Pima County, 
Arizona. 

Southwest, the Lower Colorado River Subdivision (154.11) and the 
Arizona Upland Subdivision (154.12), the latter community is the 
familiar 'Sonoran Desert' that most of us recognize. Only this 
Arizona Upland Subdivision is home to species of Hemileuca 
within the study area. Much of the Arizona Upland Subdivision of 
the Sonoran Desert consists of a low woodland of paloverde, espe- 
cially Foothill Paloverde (Cercidium microphyllum (Torr.) Rose & 
Johnston), Ironwood (Olneya tesota Gray), mesquite, and Catclaw 
Acacia (Shreve, 1951; Brown, 1982). Cacti are well represented, 
most visibly Saguaro (Carnegiea gigantea ( Engelm.) Britt. & Rose) 
and Organ Pipe Cactus (Lemaireocereus thurberi (Engelm.) Britt. 
& Rose). This subdivision of the Sonoran Desert occurs in a long 
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reversed crescent from Sonora, Mexico into Arizona through Ajo 
and Tucson, near Phoenix, to the vicinity of Wickenberg. Its trans- 
ition to the Lower Colorado River Subdivision to the west can be 
recognized by the gradual restriction of the woodland trees in 
washes. Within the Arizona Upland Subdivision of the Sonoran 
Desert are H. tricolor, H. electra Clio, and H. ¡Lino. 

11. Riparian Association - this is a transzonal habitat common 
to nearly all biotic communities. The riparian habitat occurs to 
varying degrees along rivers and streams that have constant flow, 
if only underground. In many areas (for example the Santa Cruz 
River near Tucson, Arizona), this habitat was once more wide- 
spread but has been lost as the water table falls due to the actions 
of man and nature. The riparian habitat is characterized by cotton- 
wood (Populus), willow (Salix), and the imported Tamarisk tree 
(Tamarix pentandra Pall). Within the study area, two Buckmoths 
are directly associated with the riparian habitat; H. nevadensis is 
found in northern Arizona, southwestern Utah, northern New 
Mexico, and central and southern Colorado while H. artemis is 
found in the Rio Grande and Tumarosa valleys of southern New 
Mexico. 

Subgenus Euleucophaeus 
Hemileuca oliviae Cockerell (type locality - Santa Fe, New 

Mexico): The Range Caterpillar is a rather pastel- colored moth of 
brown, white, and gray with faint brown bands on the forewings 
and a rather stout body. In males, the abdomen may be red or 
brown and is always brown in the females. The Range Caterpillar 
is found in the Plains and Great Basin Grasslands of the high pro- 
vinces of northeastern New Mexico and adjacent areas of Col- 
orado, Oklahoma, Kansas, and Texas. Disjunct populations have 
been recorded from Lincoln County, New Mexico and Chihuahua, 
Mexico. The females form the typical eggring on many of the 
species of Graminae, especially Bouteloua, and the larvae hatch in 
about early May and feed until July. Pupation is in a strong though 
sparse cocoon spun on the soil surface amongst leaf litter. The 
nocturnal adults fly in October and November and are attracted to 
light. Hemileuca oliviae has a pattern of periodic outbreaks ap- 
proaching Biblical proportions. At times, these population up- 
swings are so vast as to destroy hundreds of thousands of acres of 
cattle pasture but always within the same northeastern area of 
New Mexico. During 1970, an outbreak in Colfax County, New 
Mexico required an area between 750,000 and 1 million acres to be 
treated with insecticides (Ferguson, 1971). Because of its economic 
importance, H. oliviae has been the subject of several research 
papers (see Watts and Everett, 1976). 

Hemileuca hualapai Hemileuca oliviae 

Hemileuca tricolor (Packard) (type locality - "New Mexico "): 

This gray and white Buckmoth is common in the Sonoran Des - 
ertscrub community. The moth ranges from Sinoloa, Mexico into 
southern Arizona up to at least Phoenix and sparingly in southern 
New Mexico. Long series have been collected from Ajo, Quijoatoa, 
Sells, and Redington (Pima County, Arizona). It is relatively com- 
mon and can be abundant. Although also found in the grassland 
and Chihuahuan desert habitats, H. tricolor seems to be a true re- 
sident of the Sonoran Desert. In the study area it is particularly as- 
sociated with its primary larval foodplant Foothill Paloverde (Cer- 
cidium microphyllum) but larvae have also been found on 
Catclaw Acacia and mesquite. In the hilly country between Tuc- 
son and Ajo, the moth can be abundant in the Paloverde wood- 
lands. The adults fly from late winter to early spring, with records 
from our area from December to April; the flight usually peaks 
around early March in southern Arizona. Southwest of the study 
area, in the lower two- thirds of Baja California, this group be- 
comes very complex with several distinct taxa largely associated 
with mesquite although larvae have also been recorded from 
boojum or cirio (ldria columnaris Kell.) (Steve Prchal, pers. 
comm.). 

Wrinallillreartriiiiiii aumerupemaimilf. au 
lir 111110M11116, Arlrirliniurd 

11 14111196621Nal 
11/1., 

rialliral 
JELPIlliellarin 

Wilitgoiliallarni 
ilililinin 

mom 
lairriari 
o AEI 4 

--/-- 

Hemileuca tricot 

Hemileuca hualapai (Neumoegen) (type locality - "SW" 
Arizona): This subtle brownish -cream colored Buckmoth has a 
long history of confusion with H. oliviae and other closely as- 
sociated species, especially those found in Mexico (Ferguson, 
1971). Its distinctive habitat association, flight period, and larval 
characteristics reflect its distinctiveness as a species. The dis- 
tribution of this species is still largely unknown but the grass - 
feeding larvae should be found in areas of Semidesert Grassland of 
southern Arizona and northern Mexico, even where this commu- 
nity occurs close to the Plains Grassland. Hemileuca hualapai is 
known from a relatively small part of southcentral Arizona in the 
vicinity of Peña Blanca Lake, south and north of Sonoita, the foot- 
hills of the Huachuca Mountains, and in Texas Canyon northeast 
of Benson. A widely separated population apparently occurs in the 
Hualapai Mountains of Mohave County, Arizona (discussed as H. 
oliviae in Ferguson, 1971). This population has not been verified 
and no specimens have been found since the first records in the 
early 1900s. There are also reports of a spring flying Hemileuca 
population from Dixieland, Imperial County, California (Fergu- 
son, 1971: 113) that is almost certainly H. hualapai. A population 

Continued 
on page 23 
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Bouteloua eludens: 
Elusive Indeed, 
But Not Rare 

John R. Reeder 
Charlotte G. Reeder 
Herbarium 
University of Arizona 

Abstract 
Although considered to be rare and represented by only a few col- 

lections, the most recent in 1960, Bouteloua eludens Griffiths is 
shown to be relatively common in southern Arizona and in north- 
ern Sonora, Mexico. It has been known in Arizona only from the 
Santa Catalina and Santa Rita Mountains in Pima County, a few 
areas along Ruby Road in Santa Cruz County, and one collection 
from the northern end of the Whetstones in Cochise County. Re- 
cent field work has demonstrated that this species is by no means 
rare, but it is elusive. We found it, often in abundance, in all previ- 
ously known sites. New localities for Bouteloua eludens are: Em- 
pire, Rincon,and Sierrita Mountains of Pima County; Dragoon, 
Mule, Swisshelm, south end of Whetstone Mountains, Tombstone 
Hills, and Guadalupe Canyon of Cochise County; the Canelo 
Hills, Mustang and Patagonia Mountains of Santa Cruz County. 
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Bouteloua eludens was described by Griffiths (1912) in his clas- 
sic monograph of the Grama Grasses. The choice of the specific 
epithet is unusually appropriate. He indicates that he had col- 
lected in the areas where he found it first for three years before rec- 
ognizing it as a different species, even though its "homeland" is a 

region in which active collectors had worked over a period of 
years. 

The type [Griffiths 7269 (US)] is from southern Arizona: "Upon 
southern exposures in McCleary's pasture, Santa Rita Mts., 
Arizona. Sept. 17, 1904." Although Griffiths reported it to be com- 
mon in southern Arizona, his few collections all seem to be from 
the Santa Rita and Santa Catalina Mountains. He states, however, 
that it grows most luxuriantly in northern Sonora, Mexico, and is 
particularly abundant on the slopes of the Cananea and Celero 
Mountains. He writes that there are literally scores of acres where 
it forms one -half to three -fourths of the entire vegetation and con- 
sequently is, locally, an important economic species. Neverthe- 
less, he apparently collected it only twice in Mexico (Griffiths 
6746), near Nogales, Son., 16 Aug 1904, and 6789, Cocospora 
Ranch, Son., 17 Aug 1904). 

Since Griffiths' days in Arizona, few collectors have picked up 
Bouteloua eludens. At ARIZ, the most recent collection, at the 
time we initiated our study, was R. J. Barr 60 -277 (1960) from 
Santa Cruz County, 2 miles west of US Hwy. 89 on Ruby Road. 
There were additional gatherings from southern Santa Cruz 
County, all from the same general area: two with the date 1937 (L. 

N. Goodding 4451 and Anderso -Buzan 78), one in 1939 (L. Benson 
9693), the other in 1944 (R. A. Darrow & H. S. Haskell 2125). L. N. 
Goodding (478 -58) found it in the northern end of the Whetstone 
Mountains, [Cochise County], in 1958. Other collections (only 2) 

were from the Santa Rita Mountains in Pima County: [Thornber, 
J. J. s.n. (ARIZ- 17538) from Rosemont, 1907; and Ed. Morris 4956 
from Parker Ranch, Gardner Canyon, 1939]. The only specimens 
of this species from Mexico at ARIZ were two from Sonora, Rio 
Bavispe Region: Piedra Parada, S. S. White 3655 in 1940; and 25 
miles west of La Angostura, J. V. Santos 1813 in 1941. The White 
collection was originally determined as Bouteloua chondrosioides 
(H.B.K.) Benth. ex S. Wats.; the gathering of Santos was first iden- 
tified as B. rigidiseta (Steud.) Hitchc. by the collector, and verified 
by Agnes Chase. Gentry (1942) reported B. eludens from the Rio 
Mayo region, Sonora, and cited his collection (792) from 
"Guirocoba." His note that this is a "small turflike grass" raises 
doubts as to its correct identity. The plant is, in fact, a species of 
Cathestecum, and a specimen of Gentry 792 (US) has been anno- 
tated correctly as C. erectum Vasey & Hack. by T. R. Soderstrom. 

Goodding (1938), referring to Bouteloua eludens as "Santa Cruz 
Grama," states that it is very promising for use in erosion control. 
He notes that it seldom grows in pure stands and has not been lo- 
cated in sufficient quantities to make large seed collections feasi- 
ble. His expressed hope that it might be grown in "increase plots" 
in the Tucson and Pima Nurseries was apparently never realized. 
Although Goodding was a keen observer and an intrepid field 
botanist, he apparently collected this species on only two occa- 
sions. 

Not only have there been few collections of Bouteloua eludens 
since Griffiths' day, notes regarding its abundance are meager as 
well. Hitchcock (1951) and Swallen (1960) merely cite the range. 
Gould (1951), on the other hand, included the comment, "appar- 
ently infrequent." In his revision of the genus Bouteloua, Gould 
(1980) maintained essentially the same concept regarding abun- 
dance, stating: "Bouteloua eludens is a relatively rare species, 
known from a few localities in the area of distribution." He states 
that no chromosome count has been reported for this taxon. There 
is no indication that Gould ever saw the species in the field. 

We ourselves had made collections of grasses on several occa- 
sions over a period of years within the reported range of Bouteloua 
eludens before we recognized it. Our first encounter was on Sep- 
tember 7, 1981, in the Santa Rita Mountains. The recollection is 
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vivid! There were other species of Bouteloua on this grassy slope, 
most quite familiar, but one appeared to be a stranger. It was a few 
moments before we realized that here we were seeing Griffiths' 
B. eludens, and essentially in its type locality! The excitement of 
seeing this attractive, and reportedly rare, species in the field 
stimulated us to initiate a search for it; at first in southern 
Arizona, and later in northern Mexico. The quest, which has con- 
tinued up to the present, has been quite successful. We have now 
seen it in all of the previously known areas of its occurrence in 
Arizona and have added a number of new localities. It is often 
quite abundant, and may be the dominant grass in certain areas. 

New localities in which we have found Bouteloua eludens in 
Arizona in recent years are: the Empire, Rincon, and Sierrita 
Mountains of Pima County; the Dragoon, Mule, Swisshelm, south 
end of the Whetstone Mountains, Tombstone Hills, and Guada- 
lupe Canyon of Cochise County; the Canelo Hills, Patagonia and 
Mustang Mountains of Santa Cruz County. This species seems al- 
ways to be on south -facing slopes at an elevation of between (1030) 
1200 and 1650 m, and usually is associated with B. chondro- 
sioides, which it superficially resembles. 

As mentioned earlier, Griffiths stated in 1912 that Bouteloua 
eludens grows most luxuriantly in northern Sonora, Mexico. We 
can report that in spite of heavy grazing, it still persists there. In 
September, 1987, with R. S. Felger, we collected it in three dif- 
ferent areas, always on south- facing slopes. In each locality it was 
abundant, and on some steep gravelly slopes it was dominant. 

Since the chromosome number of Bouteloua eludens was appar- 
ently unknown, as we encountered this fascinating species in the 
field, along with herbarium specimens, we preserved young in- 
florescences in the standard 3:1 absolute alcohol- acetic acid fixa- 
tive for cytological investigations. Anthers were subsequently 
squashed in aceto- carmine. We found it to be consistently diploid 
(2n = 20). This number was determined in seventeen separate col- 
lections from different areas in Cochise, Pima, and Santa Cruz 

counties of Arizona, and in three collections from Sonora, Mexico. 
Meiosis appeared to be normal in all cases; no irregularities were 
observed. It has been shown (J. Reeder, 1967, 1971) that in the 
closely related and commonly associated B. chondrosioides, both 
diploid (2n = 20) and tetraploid (2n = 40) chromosome races occur. 

Griffiths made an excellent choice when he named this grass 
Bouteloua eludens. It is indeed elusive! Once one has recognized 
it in the field, however, it is seen to have a distinctive appearance 
which causes it to stand out, although not strikingly, from its as- 
sociates. It is most similar to B. chondrosioides in that both 
species have pubescent spicate branches. The inflorescence of B. 
eludens, however, normally consists of 12 -16 branches, although 
there may be as few as 8 or 10. Each branch is short, bearing only 
2 -6 spikelets. In B. chondrosioides, in contrast, the branches are 
fewer (mostly 3 -8) and longer, each bearing 8 -12 spikelets. Gould 
(1980) states that the ligule of B. eludens is a "short lacerate mem- 
brane", whereas in B. chondrosioides it is "a minute fringe of 
hairs." The ligules in these two species are, in fact, identical, con- 
sisting of a fringe of hairs 0.5 mm or less in length. 

Another species with a somewhat similar appearance is Boute- 
loua rigidiseta (Steud.) Hitchc., which differs in having the glumes 
sparingly pubescent, the hairs along the lower part of the mid - 
nerve and on lower third of glume body, rather than being evenly 
pubescent over the back as in B. eludens. The range of B. rigidiseta 
is Oklahoma, Texas, and NE Mexico; it is not known from New 
Mexico nor Arizona. Gould, whose chromosome counts have 
proved to be reliable, has published (1958, 1968) a tetraploid 
number of 2n = 40 for two different collections of B. rigidiseta. 
The counts of 2n = 28 (Brown, 1950) and 2n = 35 (Fults, 1942) are 
suspect. As pointed out above, B. eludens is a diploid with 2n = 20 
chromosomes. 

Griffiths suggested that B. eludens might be mistaken for a 
"hairy- spiked form" of B. curtipendula and this is, indeed, a possi- 
bility. The two species do not differ greatly vegetatively, and in the 
early stages of flowering they may appear quite similar. Moreover, 
the short inflorescence branches of B. eludens are fragile and fall 
readily from the axis as the seeds ripen. Once the "spikes" have 
fallen, the plants are strikingly similar to B. curtipendula, which 
is frequently an associate. 

Although the range of Bouteloua eludens is rather small (see 
map) the species is by no means rare. Within its range and in favor- 
able habitats it is often abundant. Once we had familiarized our- 
selves with its distinguishing characteristics and its habitat, we 
were often able to recognize it as we drove slowly along a forest 
service or ranch road. 

Collections of Bouteloua eludens Since 1960 
Collection numbers are the authors' unless otherwise indicated. 

An asterisk (') following a number signifies a chromosome count 
of 2n = 20. All collections are in the University of Arizona Her- 
barium (ARIZ). 

USA: Arizona: Pima County: SANTA RITA MTS.: Continental to 
Greaterville Road: 7477* 4 km E of Box Canyon, 1525 m, 7 Sep 
1981. Common on the slope, but mostly mature at this date. 
Rather inconspicuous amongst other species of Bouteloua; 7525* 
Just E of Box Canyon, 1463 m, 19 Sep 1981. Rather common, but 
most plants mature and shattering at this date; 7666 ca. 18 km E of 
Continental, 1310 m, 6 Sep 1984. Abundant, but mostly past flow- 
ering and represented by naked culms; 7667 23 km E of Continen- 
tal, 1495 m, 6 Sep 1984. Abundant, but inconspicuous with the 
dominant B. curtipendula and scattered B. chondrosioides; 7724 
ca. 6.5 km W of jct. with Hwy. AZ -83, 1550 m, 5 Sep 1985. On a SE- 
facing slope with other grasses, especially other species of 
Bouteloua; 7781 ca. 0.5 km E of Box Canyon, 1430 m, 27 Oct 1985. 
Most plants long past flowering, the culms and inflorescences 
dried. These specimens represent a second flowering after fall 
rains; 7788 ca. 8 km W of jct. with Hwy. AZ -83, 1525 m, 6 Nov 
1985. Frequent here, but mostly dry and mature. These specimens 



Bouteloua eludens. Close up of plants in a dense stand to show general habit. 

represent a second flowering after rains. Gardner Canyon: 7527 5 
km W of jct. with Hwy. AZ -83, 1493 m, 20 Sep 1981. Mature and 
mostly shattered at this date and difficult to distinguish from the 
much more common B. chondrosioides. Rosemont Road: 7719' 
ca. 6 km SW of jct. with Hwy. AZ -83, 1525 m, 5 Sep 1985. On a 
steep grassy slope with B. curtipendula dominant. Numerous 
clumps here, but in a rather localized area; 7720' ca. 7 km SW of 
jct. with Hwy. AZ -83, 1550 m, 5 Sep 1985. On a steep south -facing 
slope with other species of Bouteloua. One clump of this yellow 
form with the abundant purple form; 7722 ca. 10 km SW of jct. 
with Hwy. AZ -83, 1585 m, 5 Sep 1985. Frequent on south -facing 
slopes, but inconspicuous amongst B. chondrosioides and B. re- 
pens; VanDevender & VanDevender 87 -273 (yellow form) and 87- 
274 (purple form) ca. 4 km SW of Hwy. AZ -83 in Wasp Canyon, 
1400 m, 10 Sep 1987. Abundant perennial on rocky hillside. RIN- 

CON MTS.: Mescal Road (USFS -35): 7746 ca. 5 km N of entrance to 
Ash Canyon Ranch, 1190 m, 13 Sep 1985. On south -facing slope 
with abundant Agave Schottii; 7753 ca. 3 km N of Pima -Cochise 
Co. line, 1190 m, 14 Sep 1985. Frequent on a rocky south -facing 
slope amongst acacias, ocotillos, and Agave Schottii; 7759 ca. 3 
km SW of Pima -Cochise Co. line, 1220 m, 14 Sep 1985. On south - 
facing bank of a small canyon; mostly ripe and shattering at this 
date; 7767 2.5 km N of Pima -Cochise Co. line, 1220 m, 15 Oct 
1985. Fairly common on a south -facing slope, but inconspicuous 
with other species of Bouteloua, especially B. repens and B. chon- 
drosioides; 7872 2 km N of Pima -Cochise Co. line, 1250 m, 7 Aug 
1986. One of the dominant grasses here with other species of 
Bouteloua. EMPIRE MOUNTAINS: 7887 E of Hwy. AZ -83. 17.5 km S 
of jct. I -10 (exit 281), 1340 m, 19 Aug 1986. Scattered plants on a 
rocky south -facing slope with abundant B. repens, B. chon- 



Bouteloua eludens in Patagonia Mts., Santa Cruz Co. 
Dense stands such as this are not infrequent on south - 
facing slopes. Sept. 25, 1987. 

drosioides, and B. curtipendula; 8137 just N of summit along 
Hwy. AZ -83, 5.5 km N of jct. with Greaterville road, 1525 m, 11 

Sep 1987. Frequent on a steep south -facing slope. SANTA 
CATALINA MTS.: Redington Road: 7775 ca. 3 km NE of Mile 4 
marker, 1250 m, 19 Oct 1985. Fairly common, but inconspicuous 
amongst other species of Bouteloua, especially B. repens and B. 
chondrosioides; 7917' ca. 7.5 km SW of the eastern border of the 
National Forest, 1280 m, 25 Aug 1986. Rocky south -facing slope. 
SIERRITA MTS.: 8144 near terminus of McGee Ranch Road, 1400 
m, 25 Sep 1987. Abundant on south -facing slope with other 
grasses. Most plants mature and shattering at this date. 

Santa Cruz County: PAJARITO- ATASCOSA MTS.: Ruby Road 
(Hwy. 289): 7491' 5 km W of White Rock Campground, 1260 m, 13 

Sep 1981. Abundant here with other species of Bouteloua; 7501 
6.5 km SE of Sycamore Canyon, 1400 m, 13 Sep 1981. Frequent, but 
most plants mature at this date; 7502' 6.5 km NW of Sycamore 
Canyon, 1300 m, 13 Sep 1981. Apparently not common. Difficult 
to distinguish amongst the very abundant B. chondrosioides; 
8043' Calabasas Picnic Ara, ca. 9.5 km W of I -19 along Ruby Road, 
1220 m, 14 Aug 1987. The dominant grass here, just coming into 
flower; Toolin 2195 3 km W of Pena Blanca Canyon on south -fac- 
ing slope, 1260 m, 17 Sep 1986; Toolin 2197 11 km W of Pena 
Blanca Canyon on south- facing slope, 1400 m, 17 Sep 1986; Van - 
Devender & Dimmitt 87 -239 ca. 8 km E of Sycamore Canyon, 
1280 m, 1 Sep 1987. Oak woodland / desert grassland, perennial, 
common in open grassland. PATAGONIA MOUNTAINS: 7508' just 
S of Harshaw townsite, 13 km SE of Patagonia. 1490 m, 15 Sep 
1981. Growing with B. chondrosioides, but less common; 7510 2 

km S of Harshaw, near Flux Canyon, 1490 m, 16 Sep 1981. Abun- 
dant, much more common than the associated B. chondrosioides; 
7791 1.3 km S of Harshaw townsite near Flux Canyon, 1490 m, 6 
Nov 1985. The dominant grass here. A second flowering after late 
fall rains; 7888' 2 km S of Harshaw, near Flux Canyon, 1490 m, 19 

Aug 1986. Abundant here, just coming into flower; 7514 9.5 km N 
of Washington Camp, 1625 m, 16 Sep 1981. Common locally on an 
exposed south -facing slope with oaks, junipers, and manzanitas; 
8188 Sycamore Canyon, W edge of Patagonia Mts., along USFS -61 
ca. 6 km E of the National Forest boundary, 1400 m, 15 Oct 1987. 
On a steep south -facing slope which forms the canyon side, in 
loose gravelly soil. Abundant, but most plants mature and shatter- 
ing. CANELO HILLS: 7516 6.5 km NW of Canelo, 1500 m, 17 Sep 
1981. Rather common locally on a steep rocky south -facing slope 
above a wash. Mature and dry at this date; 7714 rolling rangeland 
with oaks, manzanitas, and junipers near Mile 19 marker on road 
from Sonoita to Canelo, 1645 m, 4 Sep 1985. Abundant on steep 
south -facing bank of a small gulch. MUSTANG MOUNTAINS: 8296 
E of Elgin Road, ca. 2.5 km S of jct. with AZ -82, 1524 m, 2 Sep 1988. 
Abundant on a rather steep rocky south -facing slope. 

Cochise County: 7520 5 km E of Santa Cruz -Cochise Co. line 
(ca. 2 km N of Mexican border), 1524 m, 17 Sep 1981. Common 
here with B. chondrosioides on a steep rocky slope with scattered 
oaks. TOMBSTONE HILLS: 7875' ca. 2 km NW of Mile 13 marker on 
Charleston Rd., SW of Tombstone, 1380 m, 15 Aug 1986. On a 
rocky south -facing slope with ocotillos, agaves, acacias, etc. Fairly 
common here with other grasses, including several species of 
Bouteloua. DRAGOON MOUNTAINS: 7908 near "Sheep's Head" 
formation (ca. 3.5 km N of Middle March Rd.), 1525 m, 21 Aug 
1986. Common on a rocky south -facing slope with other grasses. 
WHETSTONE MOUNTAINS: 7921 south end, ca. 3.5 km W of Na- 
tional Forest border on Mine Canyon Road, 1525 m, 3 Sep 1986. 
Frequent on a south -facing slope. MULE MOUNTAINS: 7935 north 
edge, ca. 1.5 km N of Hwy. US -80, ca. 16 km SSE of Tombstone, 
1400 m, 6 Sep 1986. Scattered clumps on a south -facing slope, as- 

Continued 
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of this moth was recently discovered in Sonora, Mexico in the 
Sierra La Campanera, 13 miles east of El Novillo in the foothills of 
the Sierra Madre Occidental. In April, 1987 several adult H. 
hualapai were attracted to lights operated by Ray Nagle and 
Richard Sobonya. The habitat at this locality consists of a mix of 
oak woodland, grassland, and leguminous trees and is similar to 
the habitat of the foothills of the Huachuca Mountains of Arizona. 
Like most members of this subgenus, the pupae are the overwin- 
tering stage and the adults fly in the spring (April and May), while 
the larvae emerge with the summer monsoons in early August. 

Subgenus Argyrauges 
Hemileuca burnsi J. H. Watson (type locality - Reno, Nevada): 

This is a white Buckmoth with heavy black markings. It can be 
confused with the similar species H. neumoegeni, but can be read- 
ily separated by its black and white abdomen, and the flat white 
color of the wing surfaces. The adults emerge in the fall, primarily 
September and October. Males fly in the afternoon and occasion- 
ally into dusk (P. Savage, pers. comm.). Females are nocturnal, fly- 
ing during the first few hours of night, and are attracted to light. 
Hemileuca burnsi is an inhabitant of the Mohavean Desertscrub 
and can be found along the western edge of the study area, entering 
Arizona in Mohave County. There are also specimens in the U. S. 

National Museum from Yavapai and Apache Counties (Ferguson, 
1971), but these records have not been repeated in recent years. 
The species is best known from the Mojave Desert of California, 
Nevada, and Utah; and from the western edge of the Great Basin in 
eastern California and western Nevada, north to the Reno area. It 
is probably more widely distributed in western Arizona than pres- 
ent records reflect. Its habitat within these communities is on the 
flats or bajadas just below the mountains, and often up the washes 
and gullies into the foothills. The overwintering eggrings hatch in 
early spring, January to March, and the larvae feed on a variety of 
desert shrubs. The principal foodplants are Cottonhorn (Tet- 
radymia), Fremont Indigo Bush (Dalea fremontii Ton.), and Des- 
ert Almond (Prunus fasciculata (Ton.) Gray). Although H. burnsi 
appears to prefer a single foodplant species in each portion of its 
range, larvae have been found on all three shrubs at one location in 
Washington County, Utah (P. Savage, pers. comm.). Late instar lar- 
vae have been found on alternate hosts such as Wild Buckwheat 
(Bauer, 1948; Ferguson, 1971; Tuskes, 1984), and Catclaw Acacia 
(M. Smith, pers. obv.). Although H. burnsi is found commonly in 
Clark County, Nevada and near Oatman, Mohave County, 

-F 

Hemileuca burnsi 

Buckmoths and Foodplants 23 

Arizona it should be sought along bajadas throughout western 
Arizona, especially where suitable larval foodplant occurs. 

Hemileuca neumoegeni Henry Edwards (Type locality - Pre- 
scott, Yavapai County, Arizona): This is another white Buckmoth. 
A red abdomen and lustrous, shiny white wing surfaces separates 
this species from H. burnsi. Hemileuca neumoegeni occurs in a 

bit of an odd distribution in the eastern Mojave Desert and por- 
tions of northern Arizona and north into eastern Utah. This dis- 
tribution pattern is better understood when its habitat preference 
is recognized. The moth is usually found in the lower portion of 
the pinyon -juniper zone (Great Basin Conifer Woodland), which 
occurs in the lower portions of the western desert mountains and 
along the edges of the White Mountains of Arizona. In the Mojave 
Desert population (eastern California, southern Nevada, south- 
west Utah) the principal larval hostplant is Desert Almond, al- 
though Skunkbrush Sumac is occasionally used (Tuskes, 1984). In 
the eastern half of its range in Arizona and Utah, larvae of H. 
neumoegeni feed primarily on Skunkbrush Sumac as well as 
Apacheplume (Fallugia paradoxa (D. Don) Engl.) (D. Mullins, K. 

Hansen, pers. comm.). These two shrubs are quite common in the 
lower edges of the Great Basin Conifer Woodland, especially along 
washes. The ova overwinter and the larvae usually hatch in Feb- 
ruary and March and feed until late May, depending on elevation. 
The light gray larvae are difficult to find in the later instars, possi- 
bly because they feed during the night and retreat to the lower por- 
tions of the foodplant during the day. Larvae in Arizona popula- 
tions are slightly darker and with a more yellowish cast than other 
populations, possibly because the Skunkbrush Sumac has 
branches darker than other foodplants and the darker colored lar- 
vae are better camouflaged. The adults fly in the late summer, Au- 
gust and September. They readily come to light and fly for only the 
first hour or two after dusk (P. Savage, pers. comm.). Hemileuca 
neumoegeni has been considered very rare (Ferguson, 1971) but it 
can be extremely common in its habitat. 

Subgenus Hemileuca 
Hemileuca nevadensis Stretch (type locality - Dayton, Lyon 

County, Nevada): The Nevada Buckmoth is a widespread species 
found throughout western North America, but seemingly absent 
in central and southern Arizona and all of Mexico. An inhabitant 
of plains- associated riparian communities or remnants, it is corn - 
mon in the Southwest along the Little Colorado River near 
Winslow and Holbrook, Navajo County, Arizona, water courses in 
the Great Basin southwest Utah and the Short Grass Prairie of 
southern Colorado east of the Rocky Mountains, and many suita- 
ble areas of northern New Mexico. The species overwinters as ova 
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Larva of Hemileuca nuttalli nuttalli on 
Symphoricarpos, Iron County, Utah. 

Adult of Hemileuca nuttalli nuttalli from Box 
Elder County, Utah. 26- vi -86. 

Adult of Hemileuca nuttalli uniformis from 
Routt County, Colorado. 12- viii -79. 

Larva of Hemileuca eglanterina annulata on 
Amelanchier, Grand Canyon, Coconino County, 
Arizona. 

Larva of Hemileuca hualapai on grass stem, Pima Larva of Hemileuca diana on oak branch, near 
County, Arizona. Sonoita, Pima County, Arizona. 

Adult of Hemileuca eglanterina annulata from Adult of Hemileuca hualapai from Pima County, Adult of Hemileuca diana from Pima County, 
Clark County, Nevada. 10- viii -87. Arizona. vi -85. Arizona xi -87. 

in eggrings on foodplant twigs and, in the Southwest regions, lar- 
vae emerge in late April to early May. They feed on various species 
of Populus and Salix. Pupation is just beneath the soil surface. The 
adults fly from late September to late October, are predominately 
black with wide white bands on the fore and hind wings, and can 
be quite abundant. 

Hemileuca artemis was originally described from the Las 
Cruces, New Mexico area and is considered a synonym of H. 
nevadensis. However, the relationship of H. nevadensis and H. ar- 
temis is currently being investigated. This Buckmoth was proba- 
bly named after Artemis, the mythological Greek goddess of the 
moon, hunting, and of wild animals. Hemileuca artemis seems re- 
stricted to the Rio Grande drainage of southern New Mexico. It is 
known from White Sands National Monument, Otero County and 
Las Cruces, Dona Aña County. Suitable habitat exists south along 
the Rio Grande for H. artemis to follow this river into extreme 

west Texas and Chihuahua, Mexico. Published records do not in- 
dicate H. nevadensis nor H. artemis occurring in either of these 
states but it seems likely that field investigation would de- 
monstrate H. artemis in both areas. The species can experience 
local population explosions. During the 1960s it was so abundant 
on cottonwood at White Sands National Monument that repeated 
chemical controls were applied (Furniss and Carolin, 1977 (as H. 
nevadensis]). 

Hemileuca ¡uno Packard (type locality - border of Arizona and 
Sonora, Mexico): Packard apparently named this species in honor 
of the mythological Roman figure Juno, sister and wife of Jupiter, 
queen of the Gods, and Goddess of marriage. This moth is primar- 
ily black with somewhat wide white bands on the forewings. As- 
sociated with the Mohavean, Sonoran, and Chihuahuan Des - 
ertscrub, the species is an inhabitant of the mesquite woodland 
community. It can be found across southern and western Arizona, 
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Larva of Hemileuca oliviae from Colfax County, Larva of Hemileuca nevadensis from Iron 
New Mexico, resting on twig of Salix. Grasses are County, Utah, on Salix exigua. 
the normal foodplants. 

Larva of Hemileuca artemis on branch of Populus 
at White Sands National Monument, Otero 
County, New Mexico. 

Adult of Hemileuca oliviae from Colfax County, Adult of Hemileuca nevadensis from Navajo Adult of Hemileuca artemis from Otero County, 
New Mexico. 15- ix -87. County, Arizona. 10 -x -87. New Mexico. 5 -x -86. 

Larva of Hemileuca magnifica on Artemisia 
tridentata, Costilla County, Colorado. 

Larva of Hemileuca juno from Pima County, 
Arizona, on Prosopis branch. 

Larva of Hemileuca griffini from San Juan 
County, Utah, reared on Cercocarpus betuloides. 

Adult of Hemileuca magnifica from Costilla Adult of Hemileuca Juno from Cochise County, Adult of Hemileuca griffini from San Juan 
Arizona. 31 -x -82. County, Utah. 25- vi -86. County, Colorado. 23- viii -85. 
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extreme southeastern California, southern New Mexico, and 
northern Sonora, Mexico. The larvae feed on mesquite (Prospis 
spp.) and the moth can be expected wherever the foodplant occurs. 
It has occasionally been found in great numbers near Wickenburg, 
northeast Tucson, Sierra Vista, and Douglas, all in Arizona. Suita- 
ble habitat also occurs in west Texas and Chihuahua, Mexico al- 
though there are no records for those states. Three specimens are 
recorded from Minidoka, Minadoka County, Idaho (Comstock and 
Dammers, 1939: 116) but that is a strangely disjunct population for 
this species. The validity of this Idaho record is further questioned 
because the only known foodplant, mesquite, is not recorded from 
that state (Davis, 1955). The adults are on the wing in October and 
November; males fly in the early morning to mid afternoon 
searching for females. The females fly from mid afternoon to dusk 
searching for foodplants upon which to lay their eggrings. The eggs 
overwinter and larvae hatch in late spring, usually about mid 
April, just before mesquite begins to flower. The larvae grow very 
quickly, probably as a result of their preference of feeding on nu- 
tritious mesquite flowers. 
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Hemileuca artemis 

Hemileuca electra Clio Barnes and McDunnough (type local- 
ity - Kingman, Arizona): The nominate species, H. electra electra 
W. G. Wright, was named in honor of the mythological Greek fig- 
ure Electra (Shining One), daughter of Agememnon and Clytem- 
nestra. Barnes and McDonnough named subspecies Clio after the 
Greek Muse of history. This lovely Buckmoth has black and white 
forewings and red -orange hindwings. Hemileuca electra Clio is 
found over a wide distribution in southern California, southern 
Nevada, southwest Utah, western Arizona, and Baja California 
Norte. Populations have recently been discovered in the south- 
eastern portion of its known range in Gila and Pinal counties, 
Arizona. The larval foodplant is Wild Buckwheat (Eriogonum fas- 
ciculatum Benth.) and the moth can be expected to occur any- 
where in the Southwest where the foodplant is found. Although 
the moth is essentially an inhabitant of the Mojave and Colorado 
Deserts, it occurs within the Sonoran Desert uplands where its lar- 
val foodplant is common in the foothills. Wild buckwheat usually 
is found in these foothill habitats, often mixed with mesquite and 
paloverde and can be quite common. Although suitable habitat 
exists, it is seemingly absent in the vicinity of Sells and Quijotoa, 
Pima County, Arizona. The moth is usually quite common in its 
habitat; however, the recently discovered colony in southwestern 
Utah appears to be a very sparce population despite an abundance 
of foodplant. The insect has not been found south of the Gila 
River. It should be searched for, along with its foodplant to the 
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southeast of Superior to help determine the extent of its range. 
Presently, a population about three miles west of the Boyce 
Thompson Southwest Arboretum in Pinal County, Arizona is the 
southeasternmost known colony. 

Recent field efforts by workers have recognized several different 
forms of H. electra throughout its range, specifically a dark form in 
Arizona and a lighter form in the Mojave Desert of Utah, Nevada, 
and California. Collections made at the type locality near 
Kingman, Arizona in 1986 and 1987 have shown the true H. electra 
Clio represents the darker Arizona form, which tend to have a great 
degree of black suffusion on the upper wing surfaces, especially 
the hindwings. Populations in the Black Mountains of Mohave 
County, Arizona and the Newberry Mountains, Clark County, 
Nevada appear to be transitional to the lighter Mojave Desert 
form. Populations from west of Jean, Clark County, Nevada and 
west of St. George, Washington County, Utah represent the light 
Mojave Desert form. 

4 

Mojave Desert form 

Baja California Norte form 

Hemileuca elect ra 

The adults are day -fliers and on the wing in September through 
November. The species overwinters as ova and the larvae can be 
found from January through April. In addition to its primary 
foodplant, Wild Buckwheat, larvae have been found on alternate 
foodplants such as Tamarisk, Jojoba (Simmondsia chinensis (Link) 
Schneid), Boojum, and Elephant Tree (Bursera microphylla Gray) 
(G. Bruyea, P. Thskes, pers. comm.). 
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Hemileuca diana Packard (type locality - Plum Creek, Col- 
orado): This species was once considered a western race of H. 
grotei, probably because adults of both species can be somewhat 
similar, having brown or black wings with a broad white stripe and 
discal spot on the forewing, and only slight differences serve to 
separate the two species. Ferguson (1971) assigned H. diana full 
species status. Hemileuca diana is found in Colorado and Arizona, 
and has only recently been recorded from Sonora, Mexico. Once 
considered rare, recent collecting efforts throughout central, east- 
ern, and southern Arizona indicate that the Buckmoth is widely 
distributed throughout most suitable habitat of those areas and is 
much more abundant than previously thought. Although wide- 
spread in central and southern Arizona, H. diana is restricted to 
the interior chaparral belt found on the larger mountain ranges. 
Because of this, the overall population is expressed as isolated col- 
onies. Like H. grotei, the larvae feed exclusively on oak. Larvae 
hatch from the overwintering eggrings in April and feed on the 
newly opening oak flower and leaf buds; leaves are consumed as 
the larvae mature and buds are no longer available. Flight records 
indicate the adults are on the wing from late August through the 
middle of November. The males fly from mid morning to mid af- 
ternoon and the females from mid to late afternoon. 

Until recently the only specimens of H. diana known from Col- 
orado were the single type female, one male collected in 1887 on 
the north slope of Grand Mesa, Mesa County, and a pair from Fre- 
mont County collected in the mid 1960s. However, at the type lo- 
cality in September, 1987 the senior author and R. Peigler collected 
a large series of adult males. On 18 and 24 June, 1988 a total of 31 
4th and 5th instar larvae were also taken at the type locality by the 
senior author and R. Peigler. 
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Subgenus Pseudohazis 
Hemileuca magnifica (Rotger) (type locality - about 3 miles 

east of Mesita, Costilla County, Colorado): This large, magnifi- 
cent, black and white day -flying Buckmoth is found in the sage- 
brush habitat of the Plains and Great Basin Grasslands in Costilla 
County, Colorado south to Valencia County, New Mexico and 
west to Apache County, Arizona, some 26 miles southeast of Hol- 
brook (Navajo County). The moth is commonly found in large 
numbers, but in rather isolated colonies, often widely separated by 
many miles of apparently suitable habitat. The larval foodplant is 
exclusively Artemisia tridentata in Costilla County, Colorado 
and northern Taos County, New Mexico. In Bernalillo County, 
New Mexico west to Apache County, Arizona the foodplant is A. 
filifolia. Ova are deposited in eggrings that overwinter and hatch 
from mid April to mid May. The larvae may feed until well into 
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September when they pupate a few inches under the soil surface. 
The pupae normally hold over a second winter; thus, this 
Buckmoth has a two year life cycle, spending the first winter as 
ova and the second as pupae. The adults fly from late July to early 
October. 

Hemileuca eglanterina annulata Ferguson (type locality - Bot- 
tle Creek Camp, Carbon County, Wyoming): This subspecies of 
the Common Sheep Moth occurs in the lower elevations of the 
Rocky Mountain Petran Montane Conifer Forest community. It is 
a medium sized, day flying moth that occurs widely throughout 
Utah, Wyoming, and central and northern Colorado. The sub- 
species perhaps only marginally occurs within the northern -most 
borders of the Southwest; populations have recently been recorded 
from Kyle Canyon, Clark County, Nevada and Stout Canyon, 
Kane County, Utah. A population close to H. eglanterina an- 
nulata is known to exist within the Grand Canyon in Arizona. 
The adult H. eglanterina annulata have cream colored forewings, 
with occasional tinges of pink or purple, and yellowish hindwings. 
The wing veins are heavily marked with black. On the hindwings 
of some individuals, the black color suffuses to the wing margin 
almost entirely replacing the yellow. The adults are mid summer 
fliers, mid June through August. The larvae hatch from the over- 

Hemileuca eglanterina annulata 
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Larva of Hemileuca burnsi on Prunus fascicu- 
lata, Clark County, Nevada. 

Larva of Hemileuca electra clio from Newberry Larva of Hemileuca conwayae on Rhus micro - 
Mountains, Clark County, Nevada, on Eriogonum phylla, Eddy County, New Mexico. 
fasciculatum. Photo by J. Tuttle. 

Adult of Hemileuca burnsi from Clark County, Adult of Hemileuca electra clio from Mohave Adult of Hemileuca conwayae from Eddy 
Nevada. 26- ix -87. County, Arizona. 5 -x -86. County, New Mexico. 10- ix -87. 

Larva of Hemileuca neumoegeni from Clark Larva of Hemileuca chinatiensis on branch of 
County, Nevada, on Prunus fasciculata. Photo by Mimosa, Terrell County, Texas. 
J. Tuttle. 

Larva of Hemileuca tricolor on Cercidium micro - 
phyllum, Pima County, Arizona. 

Adult of Hemileuca neumoegeni from Clark 
County, Nevada. 9- viii -87. 

Adult of Hemileuca chinatiensis from Culberson Adult of Hemileuca tricolor from Pima County, 
County, Texas. 18- ix -83. Arizona. 6 -v -83. 
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wintering ova in late spring, around late April to mid May and feed 
on a wide variety of foodplants that include Amelanchier, Cer- 
cocarpus, Prunus, Rosa, Salix, Purshia tridentata (Pursh) DC (An- 
telope Bitter Brush), and Symphoricarpos (Snowberry). The Corn - 
mon Sheep Moth may have a one or two year life cycle, depending 
on regional characteristics. Most pupae from some populations 
will almost uniformly produce adults the same year the larvae 
hatch while just as uniformly pupae from other populations will 
hold over through the winter to produce adults the following year. 

Hemileuca nuttalli nuttalli (Strecker) (type locality - Rocky 
Mountains, head of the Snake River): Nuttall's Sheep Moth is a 
mid- to upper elevation species and an inhabitant of the Rocky 
Mountain Petran Montane Conifer Forest community and its 
Pacific coast equivalent, the higher elevation pine -oak forest 
habitat. It marginally enters the Southwest and can be expected to 
be found in southern Utah, the Kaibab Plateau and the Chuska 
Mountains of northern Arizona, and the mountains of northern 
New Mexico. It is more widely found in the northwestern states 
extending to southwestern Canada. It is differentiated from the 
similar H. eglanterina annulata by a general whitish to yellowish 
base color, the lack of pink or purplish colors, and a slightly differ- 
ent shape of the postmedial line of the hindwing (Ferguson, 1971). 

H. nuttalli H. eglánterina 

Adults fly in July and August. The primary larval foodplants are 
Snowberry and Antelope Bitter Brush. The larvae are found from 
about mid May to mid -July. 

H. nuttalli uniformis (Cockerell) (type locality - south of Island 
Lake, 11,000 feet, Boulder County, Colorado) is named for a more 
heavily marked form found at higher elevations. Like many of the 
Pseudohazis, H. nuttalli probably has a two -year life cycle, over - 
wintering first as ova and then as pupae (Stone et al., 1988). 

Hemileuca nuttalli 
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Unassigned species 
Hemileuca chinatiensis (Tinkham) (type locality - Shaf ter, 

Chinati Mountains, Presidio County, Texas): The wings of this 
striking black and white Buckmoth are about 60 percent black and 
40 percent white. It occurs in the Semidesert Grassland and 
Chihuahuan Desertscrub in the Trans -Pecos Region of Texas, just 
within the study area, from Hudspeth County to Terrell County, 
and probably in adjoining areas of Mexico. The ova are the over - 
wintering stage and the larvae emerge around March. Hemileuca 
chinatiensis larvae are polyphagous feeders and are found on many 
foodplants such as Condalia, Ephedra, Mimosa, Rhus, Forestiera, 
and Acacia. The larvae prefer to feed on blossom -buds and flowers 
but the more mature larvae will readily accept mature leaves. The 
larvae grow very quickly probably as a result of feeding primarily 
on nutritious buds and the need to rapidly complete the larval 
stage before the summer heat and drought eliminates foodplant. A 
true resident of the Chihuahuan Desert, this species frequents the 
desert foothills where its principal foodplants occur. The adult 
moth flies in the fall, usually mid October through November. 
The males are on the wing from mid morning to mid afternoon 
while the females fly from mid to late afternoon. 

Hemileuca conwayae Peigler (type locality - Highway 652, ca. 
50 km west of Orla, Culberson County, Texas): Hemileuca con - 
wayae is known only from north Culberson County, Texas and 
Eddy County, New Mexico. The black and white adults are similar 
to H. chinatiensis but the white markings on the fore- and hind - 
wings of H. conwayae are more reduced giving these adults an 
overall darker appearance. Like H. chinatiensis, this species is also 
an inhabitant of the Chihuahuan Desertscrub and Semidesert 
Grassland communities of the Chihuahuan Desert but is found 
slightly further north. The two species are apparently separated by 
the Guadalupe and Delaware Mountains, and the adjacent Salt 
Basin, all of which may pose a habitat barrier and prevent any re- 
productive intermingling of the two taxa. Hemileuca conwayae 
adults are on the wing in September and October and the flight 
extends from early morning to mid afternoon; males fly in the 
morning and females in the afternoon. The species overwinters in 
an eggring and mature larvae have been found in April which prob- 
ably indicates that larvae hatch in early to mid March. In Texas, 
mature larvae have been found on foliage of Condalia ericoides 
Gray (Rhamnaceae) and Rhus microphylla Engelm. (Anacar- 
diaceae). Hemileuca conwayae larvae feed almost exclusively on 
flower buds and young expanding leaves and they grow very 
quickly, probably for much the same reasons as H. chinatiensis 
but are much more reluctant to accept mature leaves than are lar- 
vae of H. chinatiensis. It is unknown whether H. conwayae nor- 

Hemileuca chinatiensis 
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mally has a one or two -year life cycle. Pupae resultant from a 
single mass of larvae collected in April produced adults during 
each of the following four consecutive autumns. 

Hemileuca griffini Tuskes (type locality - ca. 6 miles south- 
west of Mexican Hat, San Juan County, Utah): Like the previous 
two species, H. griffini is a black and white species but with rela- 
tively little black coloring; the forewings are about 60 percent 
white and 40 percent black while the hindwings are about equally 
black and white. Hemileuca griffini adults average about 25 per- 
cent smaller than H. chinatiensis and H. conwayae. Hemileuca 
griffini is known from a limited area of the Great Basin Des - 
ertscrub community in San Juan and Kane Counties, Utah and 
Coconino, Mohave, and Navajo Counties, Arizona. The larvae 
have been collected on Coleogyne ramosissima and Ephedra and 
will accept Cercocarpus betuloides Nutt. in captivity. Not much 
has been published about the life cycle of H. griffini and much field 
research is still required. The diurnal adults have a known flight 
period of September and October. Mature larvae have been col- 
lected in early May in Coconino County, Arizona. Ova are the 
overwintering stage and larvae probably hatch sometime in 
March. It is not known whether the species has a one or two year 
life cycle. 
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Postscript 
Since this article was accepted for publication, Peigler and 

Stone* published a paper that resurrected Hemileuca artemis 
from the synonymy of H. nevadensis, elevated an east Texas 
species, H. maia peigleri, to full specific rank, and described H. 
slosseri, a new species. A brief discussion of H. slosseri follows: 

Subgenus Hemileuca 
Hemileuca slosseri Peigler and Stone (type locality - Jayton, 

Kent County, Texas): This is another black and white Buckmoth 
somewhat reminiscent of H. nevadensis and H. artemis. Both the 
fore- and hindwings are black with broad white bands but the 
wings are thinly scaled giving them a glossy semi -transparent 
quality. The body is black with two scarlet tufts near the bases of 
the forewings and there is also a scarlet tuft on the tip of the abdo- 
men. 

Hemileuca slosseri has a known range within that of its primary 
foodplant, Shinner Oak (Quercus havardii Rydb.). This Buckmoth 
is found in the Plains and Great Basin Grasslands, and Grasslands 
with Shinnery Oak in the west Texas counties of Kent, Gains, Cot- 
tle, Dickens, Stonewall, Terry, Yoakum and Andrews. In New 
Mexico it has so far been recorded only from Chaves County near 
the community of Elkins. Based on published maps of Shinnery 
Oak distribution, suitable habitat also exists in the eastern portion 
of the Texas panhandle and southwestern Oklahoma. A Shinnery 
Oak -feeding Buckmoth resembling H. slosseri has recently been 
collected in southwestern Oklahoma. 

In addition to Shinnery Oak, captive H. slosseri larvae have been 
reared on several other species of oak. Hemileuca slosseri over - 
winters as eggrings and larvae hatch around mid April, coinciding 
with opening of leaf buds. The larvae pupate in late May or early 

'Peigler, R. S. & S. E. Stone. 1989. Taxanomic and biological notes on the Hemileuca 
mala complex (Lepidoptera:Saturniidae) with description of a new species from Texas 

and New Mexico. Journal of the Lepidopterological Society of Japan, 40:149 -165. 

June. The adults are diurnal and on the wing from about early 
November to mid December. 
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From left to right: inflorescences of Bouteloua eludens, B. 
chondrosioides, and B. curtipendula. Note as many as 14 
racemes in B. eludens in contrast to a maximum of 8 in B. 
chondrosioides. Also that the young individual racemes in 
B. eludens are rather similar to those of B. curtipendula. 

Bouteloua eludens 
- Continued from page 22 

sociated with B. curtipendula. SWISSHELM MOUNTAINS: 7936* 19 
km E of McNeal on Rucker Canyon Road, ca. 2 km S of 99 -Bar 
Ranch, 1430 m, 6 Sep 1986. On a heavily grazed rocky south -facing 
slope. Frequent, but inconspicuous with B. eriopoda, B. curtipen- 
dula, and B. radicosa. GUADALUPE CANYON: 8334 10 km E of jct. 
of Guadalupe Canyon road and Geronimo Trail, 1340 m, 14 Sep 
1988. Scattered clumps on a steep rocky brush -covered south -fac- 
ing slope. Mostly mature and dry at this date; 8351 ca. 1 km NE of 
entrance to Guadalupe Ranch on a steep south -facing slope with 
mesquites, acacias, ocotillos, and junipers, 1310 m, 23 Sep 1988. 
Abundant locally on steeper eroding portions of the slope, with 
Agave Schottii. Mostly mature and shattering. 

MEXICO: Sonora: (with R. S. Felger) 8094' 27 km NE of 
Cananea, 1524 m, 2 Sep 1987. Abundant on a steep rocky south - 
facing slope, in places dominant, especially on sites with rocky - 
gravelly soil. (the common purple form); 8096 27 km NE of 
Cananea, 1524 m, 2 Sep 1987. Occasional on a steep rocky south - 
facing slope. (a yellow form); 8116' along Hwy. 2, 26 km W of 
Cananea, 1311 m, 2 Sep 1987. One of the dominants here on a steep 
rocky south -facing slope; 8127' along Hwy. 15, ca. 41 km S of the 
International Border at Nogales, 1036 m, 3 Sep 1987. The domi- 
nant grass on a steep rocky south -facing slope and hilltop with 
scattered mesquites. 
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Abstract 
Nineteen forage species used by Desert Mule Deer 

(Odocoileus hemionus crooki) in the Picacho Mountains, 
Arizona were collected bimonthly in 1983 and analyzed for 
dry matter, protein fiber, lignin, ether extract, ash, cel- 
lulose, cell solubles, and hemicellulose. Results of the 
analyses are presented as a reference source for wildlife 
biologists, range managers, and others working with desert 
ecosystems. 

Introduction 
Knowledge of the nutritional composition of forage used 

by wildlife is important for land managers. Rautenstrauch 
at al. (1988) briefly summarized how forage quality data 
have been used and presented the first data on the quality 
of Desert Mule Deer forage in xeric regions of the Sonoran 
Desert. Although forage quality has been measured 
throughout the range of Rocky Mountain Mule Deer 
(Odocoileus hemionus) by Kufeld et al. (1973) and in the 
more mesic regions of the range of Desert Mule Deer (O. h. 
crooki) in the Trans -Pecos region of Texas (Payton and 
Garner, 1980), in Arizona chaparral (Swank, 1956; Reynolds, 
1967), in desert grassland (Short, 1977), and in chaparral - 
desert ecotone (Urness et al., 1971; Horejsi, 1982), quality 
values of Desert Mule Deer forage in xeric regions of the 
Sonoran Desert have only been reported once (Rauten- 
strauch et al., 1988). 

The objective of our present study was to measure the 
nutritional quality of some important Desert Mule Deer 
forages in the Picacho Mountains of southcentral Arizona. 
We present this information in an unsummarized format 
as a reference for wildlife managers and researchers work- 
ing with the Sonoran Desert. 

B. D. Leopold, University of Arizona, helped collect for- 
age samples. K. C. Maddock supervised the proximate 
analyses. This study was funded by the U.S. Bureau of Rec- 
lamation and the U.S. Fish and Wildlife Service. 

Study Area 
The study was conducted in the Picacho Mountains, 

Pinal County, Arizona. The study area covered approxi- 
mately 228 km2 and ranged in elevation from 485 to 1,374 m. 

The Lower Sonoran Life Zone (Lowe, 1964) which covers 
the Picacho Mountain lowlands consists of two basic plant 
communities, one of Little -Leaf Palo Verde (Cercidium 
microphyllum) and Saguaro Cactus (Carnegie gigantea) on 
the mountain slopes and bajadas (the transition zone be- 
tween the desert floor and mountain slopes), and one of 
Creosotebush (Larrea tridentata) and Triangle -Leaf Bur - 
sage (Franseria deltoidea) on the flats. 

Within the mountainous terrain and bajadas water was 
available in 6 big game water catchments, 1 ephemeral 
spring, and an undetermined number of rain pools. In the 
flat country away from the mountains (a- 1 km) (1 km) 
there were 21 stock ponds. 

Mean daily maximum temperatures 13 km east of the 
study area at Eloy, Arizona ranged from 19 C in January to 
41 C in July, and mean daily minimum temperatures 
ranged from 2 C in January to 24 C in July (Sellers and Hill, 
1974). The area has an arid climate with an annual precipi- 
tation average of 21 cm, 40% of which falls during the sum- 
mer months of July, August, and September (Sellers and 
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Table 1. Nutritional composition ( %) of 19 Desert Mule Deer forage species collected bimonthly in the Picacho 
Mountains, Arizona 1983. 
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Catclaw Acacia (Acaciagreggn) Sep -Oct 44.13 10.43 37.72 52.98 8.14 2.80 11.46 30.15 47.02 15.26 

Jan-Feb 52.07 13.91 37.21 52.80 10.51 2.51 5.78 27.02 47.20 15.60 Nov -Dec 47.93 8.10 49.83 58.97 13.63 2.46 10.15 36.11 41.03 9.14 

Mar -Apr 45.21 12.29 41.86 57.70 9.67 3.53 5.98 32.16 42.30 15.84 Desert Lavender (Hyptis emoryi) 

May -Jun 47.12 13.81 38.07 47.15 10.42 1.63 6.43 27.93 52.85 4.40 Jan-Feb 51.05 5.85 41.82 57.11 10.74 5.76 5.55 30.89 42.89 15.29 

Jul -Aug 59.32 11.29 47.62 56.90 9.75 2.60 9.30 36.63 43.10 9.28 Mar -Apr 48.24 5.25 47.08 57.33 10.66 7.37 5.98 35.97 42.67 10.25 

Sep -Oct 51.90 14.43 42.12 54.37 10.25 3.02 5.98 32.45 45.63 12.25 May -Jun 56.56 7.20 38.20 46.23 11.34 12.45 8.10 24.75 53.77 8.03 

Nov -Dec 47.55 13.45 43.72 57.30 11.48 1.93 5.55 32.64 42.70 13.58 Jul -Aug 55.52 6.13 53.24 60.01 16.67 7.98 7.12 35.06 39.99 6.77 

False Mesquite (Calliandra sp.) Sep -Oct 31.17 11.48 38.92 50.95 11.63 7.87 8.33 27.55 49.05 12.03 

Jan-Feb 56.73 9.76 47.30 54.61 9.02 1.87 6.37 36.29 45.39 7.31 Nov -Dec 36.80 8.56 42.44 50.23 15.05 9.62 7.00 27.29 49.77 7.79 

Mar -Apr 55.00 12.25 37.04 52.24 8.51 2.37 5.95 27.53 47.76 15.20 Janusia ( lanusia spp.l 

May -Jun 55.49 10.56 44.46 40.20 12.31 2.17 7.01 29.26 59.80 4.26 Jan -Feb 63.76 4.77 47.86 61.98 9.72 0.84 5.95 39.20 38.02 14.12 

Jul -Aug 59.35 8.62 56.87 59.46 12.36 3.09 8.63 40.16 40.54 2.59 Mar -Apr 64.27 4.97 51.83 67.66 13.18 1.77 6.97 45.97 38.04 8.74 

Sep -Oct 44.76 13.45 30.56 47.59 6.98 2.98 9.55 20.53 52.41 17.03 May -Jun 63.92 8.31 44.11 57.2.3 10.50 2.42 6.64 32.85 42.77 13.12 

Nov -Dec 56.41 9.93 49.93 60.17 10.88 1.54 8.44 35.41 39.83 10.74 Jul -Aug 74.16 6.63 48.76 62.30 9.22 0.79 6.98 38.94 37.70 13.54 

Saguaro ICereusgiganteus) Sep -Oct 31.03 8.90 42.80 56.84 9.09 3.22 7.23 34.19 43.16 14.04 

Jan -Feb Nov -Dec 53.13 6.88 44.10 59.23 9.91 1.78 6.66 33.48 40.77 15.13 

Mar -Apr Range Ratany (Krameria parvifolia) 

May -Jun 35.42 9.66 26.15 26.76 3.90 9.35 9.28 22.39 73.24 0.61 Jan-Feb 66.11 5.81 41.75 62.37 10.33 1.02 5.14 31.60 37.63 20.62 

Jul -Aug 10.68 13.75 35.91 39.47 8.40 3.92 7.68 27.41 60.53 3.56 Mar -Apr 58.75 5.79 39.25 60.86 9.63 1.06 5.43 29.65 39.14 21.62 

Sep -Oct May -Jun 58.42 6.58 33.27 54.36 9.36 1.07 4.49 23.69 45.64 21.09 

Nov -Dec Jul -Aug 62.35 7.87 39.75 59.32 11.74 0.69 5.29 27.84 40.68 19.57 

Little -leaf Palo Verde (Cercidium microphyllum) Sep -Oct 52.37 7.30 40.68 60.54 11.16 1.32 5.00 29.67 39.46 19.86 

Jan -Feb 62.51 6.27 47.45 63.58 6.53 4.10 5.34 41.28 36.42 16.13 Nov -Dec 60.63 6.28 37.38 60.66 11.16 1.49 6.36 24.52 39.34 23.28 

Mar -Apr 60.95 7.38 40.38 64.62 8.99 2.38 7.59 31.59 35.38 24.24 Mammillaria ( Mammillaria spp.) 

May -Jun 30.99 16.31 31.79 36.39 8.22 2.99 5.50 24.09 63.61 4.66 Jan -Feb 35.72 6.08 26.49 61.56 6.02 2.16 15.59 18.64 38.44 35.07 

Jul -Aug 57.48 6.24 49.37 65.66 11.66 2.41 5.86 36.81 34.34 16.29 Mar -Apr 62.28 5.46 30.50 66.24 8.82 0.93 18.42 15.57 33.76 35.74 

Sep -Oct 38.28 12.22 30.97 49.02 8.30 4.14 8.41 22.94 50.98 18.05 May -Jun 23.37 4.56 32.07 67.66 6.62 0.53 13.79 21.57 32.34 35.59 

Nov -Dec 63.56 6.67 42.26 60.12 11.66 1.89 6.24 30.86 39.88 17.86 Jul -Aug 40.81 6.30 48.13 77.14 4.57 0.41 33.91 16.84 22.86 29.01 

Brittlebush (Encelia farinosa) Sep -Oct 52.61 4.05 24.43 45.98 5.84 1.85 17.08 11.76 54.02 21.55 

Jan -Feb 36.86 11.04 22.31 30.36 5.48 5.12 11.74 17.21 69.64 47.33 Nov -Dec 16.07 5.75 44.15 69.30 3.34 1.83 16.53 19.38 30.70 25.15 

Mar -Apr 38.23 9.28 20.67 28.86 5.87 8.93 12.29 14.86 71.14 8.19 Opuntia (Opuntia spp.) 

May -Jun 49.56 8.49 28.74 38.98 8.08 3.57 14.80 20.09 61.02 10.24 Jan-Feb 86.64 6.47 14.22 23.30 3.08 3.69 16.94 11.81 76.70 9.08 

Jul -Aug 72.02 3.28 48.72 63.88 13.64 3.31 8.23 33.79 36.12 15.16 Mar -Apr 75.56 6.08 17.26 28.98 3.88 2.45 15.24 11.37 71.02 11.72 

Sep -Oct 38.28 8.60 28.28 34.84 7.60 7.37 16.66 20.45 65.16 6.56 May -Jun 36.40 6.64 29.63 44.67 5.60 5.02 11.68 22.65 55.33 5.04 

Nov -Dec 31.84 12.70 26.11 31.27 8.74 6.24 13.06 17.57 68.73 5.16 Jul -Aug 26.99 5.07 24.47 42.47 4.93 5.64 14.36 21.91 62.14 6.61 

Mormon Tea (Ephedra spp.) Sep -Oct 15.40 5.82 19.09 74.00 2.42 3.06 9.06 13.12 26.00 54.91 

Jan-Feb 56.80 6.69 49.92 59.94 10.03 1.66 5.88 40.26 40.06 10.02 Nov -Dec 14.03 7.77 27.99 44.72 5.85 7.87 7.10 22.14 55.28 16.73 

Mar -Apr 55.12 6.43 47.83 63.87 7.44 3.06 6.93 39.65 36.13 17.32 Odoro I Porophyllum spp.) 

May -Jun 48.79 4.89 54.39 60.92 7.21 1.60 4.15 52.30 39.08 9.72 Jan-Feb 44.11 6.27 43.60 56.09 8.60 1.98 6.33 35.85 43.91 12.49 

Jul -Aug 56.60 5.23 59.04 68.35 9.90 0.93 5.75 48.74 31.65 9.31 Mar -Apr 44.14 5.50 37.66 50.48 9.17 1.83 7.60 28.65 49.52 12.82 

Sep -Oct 56.44 8.46 53.00 62.30 9.76 2.52 7.36 43.88 37.70 9.30 May -Jun 54.14 4.50 42.24 53.65 10.00 1.74 5.22 32.24 46.35 11.41 

Nov -Dec 57.04 5.55 55.17 63.39 7.91 1.60 6.07 47.49 36.61 8.22 Jul -Aug 68.90 3.21 49.10 62.56 12.44 2.10 5.50 36.43 37.44 13.46 

Wild Buckwheat (Eriogonum fasciculatum) Sep -Oct 52.37 7.30 37.95 50.95 9.47 3.09 9.54 28.88 49.05 13.00 

Jan -Feb 60.13 5.67 43.39 58.11 11.72 2.44 7.94 31.02 41.89 14.72 Nov -Dec 41.20 7.25 41.80 54.08 10.55 1.64 7.81 31.30 45.92 12.28 

Mar -Apr 62.76 3.70 46.58 60.73 11.93 2.38 6.34 34.14 39.27 14.15 Mesquite (Prosopis spp.) 

May -Jun 68.97 5.34 31.85 52.85 12.39 1.54 6.76 24.23 47.15 15.14 Jan -Feb 53.40 13.39 29.84 44.19 6.83 5.11 9.35 23.17 55.81 14.35 

Jul -Aug 87.18 3.94 52.64 66.88 13.76 1.31 6.22 38.41 33.12 14.24 Mar -Apr 31.62 25.12 27.43 38.40 7.07 4.62 7.67 20.24 61.60 10.97 

Sep -Oct 67.92 4.95 56.69 67.45 13.52 2.00 6.13 43.33 32.55 10.76 May -Jun 38.47 20.82 31.24 39.45 7.11 2.93 6.54 24.43 60.55 8.21 

Nov -Dec 58.41 5.46 47.91 60.31 15.15 1.21 5.89 32.71 39.69 12.40 Jul -Aug 62.64 13.11 30.98 42.28 6.18 4.50 6.71 25.60 57.72 11.30 

Wright Buckwheat (£riogonium wrightii) Sep -Oct 42.62 19.11 27.42 42.54 5.74 4.83 8.08 22.57 57.46 14.94 

Jan -Feb 60.39 6.73 46.83 60.71 10.44 3.38 5.15 36.35 39.29 13.88 Nov -Dec 50.40 16.34 32.00 44.07 8.92 4.45 8.60 23.55 55.93 12.07 

Mar -Apr 68.36 5.19 50.16 63.57 15.38 3.59 5.02 33.77 36.43 13.41 Jojoba (Simmondsia chinensis) 
May -Jun 63.40 5.93 36.76 57.55 12.46 2.40 3.86 31.78 48.49 13.24 Jan-Feb 45.73 6.99 28.01 50.86 6.12 2.24 6.06 22.68 49.14 22.85 

Jul -Aug 81.20 4.28 48.53 72.77 16.79 1.50 3.23 31.43 27.23 24.24 Mar -Apr 51.00 10.07 27.59 48.30 7.43 3.83 6.61 19.92 51.70 20.71 

Sep -Oct 52.50 7.54 41.32 57.52 10.39 3.52 4.34 31.41 42.48 16.20 May -Jun 42.59 7.52 29.65 54.73 9.06 6.15 5.90 19.68 45.27 25.08 

Nov -Dec 55.47 5.10 44.81 61.30 11.43 1.82 4.26 34.09 38.70 16.49 Jul -Aug 57.32 6.25 39.22 58.28 10.80 2.52 7.00 27.81 41.72 16.56 

Spurge (Euphorbia spp.) Sep -Oct 44.77 10.98 30.61 55.45 7.75 3.18 6.88 23.27 44.55 24.84 

Jan-Feb 60.67 6.40 29.11 37.32 7.59 3.97 9.43 18.30 62.68 8.21 Nov -Dec 44.71 9.36 27.55 55.15 8.80 2.39 6.09 19.68 44.85 27.60 

Mar -Apr 49.86 27.75 34.92 7.40 5.52 8.30 17.28 65.08 7.17 Globe Mallow (Sphaeralcea spp.) 

May -Jun 51.92 5.12 26.78 31.67 6.95 3.17 5.67 19.59 68.83 4.89 Jan -Feb 29.93 18.35 25.66 43.77 5.86 2.19 12.67 20.24 56.23 18.11 

Jul -Aug 65.82 5.90 31.25 37.86 8.21 4.35 6.60 21.91 62.14 6.61 Mar -Apr 32.94 12.95 33.78 51.65 8.88 3.47 10.14 24.50 48.35 17.87 

Sep -Oct 39.03 6.62 37.20 44.20 5.88 4.59 20.58 15.23 55.80 7.00 May -Jun 50.47 6.47 38.26 56.79 9.14 1.75 6.66 29.09 43.21 18.53 

Nov -Dec 49.17 5.81 40.83 48.74 8.38 4.49 14.78 21.55 51.26 7.91 Jul -Aug 74.04 5.74 48.78 70.60 12.59 1.74 7.58 34.89 28.05 21.82 

Lance -leaf Ditaxis IDitaxis lanceolata) Sep -Oct 36.91 13.32 30.86 53.70 8.54 3.47 11.43 46.30 22.87 22.84 

Jan-Feb 44.73 11.08 39.47 51.84 7.81 2.09 10.12 31.81 48.16 12.37 Nov -Dec 33.28 13.52 39.71 54.80 10.86 1.53 10.04 29.76 45.20 15.09 

Mar -Apr 49.03 6.25 
May -Jun 61.92 7.02 

Jul -Aug 80.30 6.47 

48.85 
47.63 
50.71 

65.19 
58.61 
67.55 

11.33 
10.49 
10.40 

0.94 
2.92 
1.35 

7.56 

8.91 

8.34 

37.16 
36.74 
39.66 

34.81 
41.39 
32.45 

16.34 
10.98 

16.84 

All values except dry matter reported on a moisture free basis. 

Plant parts used by Desert Mule Deer not available for sampling. 

Hill, 1974). Climate data for 1981 -82 were not significantly 
different from the 20 year averages given above (Natl. 
Oceanic and Atmosph. Admin., 1981, 1982). 

Methods 
During 1983 samples of 19 forage species used by Desert 

Mule Deer were collected bimonthly. The selection of for- 
age species collected was based on observations of forage 
consumed by Desert Mule Deer in the Picacho Mountains. 
Plant collections were made during two to three days in the 
middle of each bimonthly period. At least 200 g (fresh 
weight) of each species was collected from at least 20 differ- 

ent individual plants over a range of the available habitat. 
Plant parts collected mimicked plant parts selected (leaves, 
flowers, new growth) by Desert Mule Deer as much as pos- 
sible. As plant parts were collected they were individually 
placed in pretared brown paper bags and weighed. Samples 
were kept for approximately 48 hours at ambient tempera- 
tures until received at the Animal Sciences Laboratory, 
University of Arizona, where they were frozen and stored 
at -20 C until analysis. 

Dry matter (% ) was determined by heating samples to a 
constant weight in a convection oven at 35 C. Dried matter 
was then ground to a 2 mm particle size with a Wiley 
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laboratory mill. The percentage of ether extract (lipid) was 
determined by the procedure described by the Association 
of Offical Agricultural Chemists (1980). Fiber, lignin, and 
cellulose were determined according to Goering and Van 
Soest (1970). Nitrogen was determined using a micro 
Kjeldahl digestion and an autoanalyzer. 

All parameters for each sample were only measured 
once. Following completion of all laboratory analyses, 
anomalous data points were reanalyzed for verification of 
accuracy. In some cases, bimonthly samples on either side 
of a data point in question were also reanalyzed. Plant 
names follow Lehr (1978). 

Results and Discussion 
Results of chemical analyses are presented in Table 1. A 

knowledge of nutritional values of key forage species has 
practical application in ungulate management and re- 
search. Our purpose was to present the nutritional quality 
of key forage plants as an easily accessed reference. Forage 
quality can be used as a criterion for assessing the quality 
of habitats. Monitoring seasonal nutritional levels of key 
forage species can help wildlife managers determine when 
the habitat is most productive and may provide clues as to 
when and if diet supplements are called for. This is espe- 
cially important on ranges shared by native ungulates and 
livestock. 
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The Desert Laboratory staff with visitors in 1906. Standing, left to right: Mr. Reeder, Godfrey Sykes, 
William A. Cannon, Burton E. Livingston, Francis E. Lloyd, Mr. Lantz. Seated, left to right: Mrs. Sykes, 
Dr. Davenport, Robert S. Woodward, Daniel T. MacDougal, George H. Shull, Mrs. Livingston. 
Courtesy Special Collections, University of Arizona Library. 

Desert Laboratory 
- Continued from page 12 

of light on his condition he said, 'Well I should think that is 
a place where you could spell Ecology with a large o.' I 

hated to tell him we didn't. X21 Within the next decade, 
however, as the staff pursued their discovery of the desert, 
the fame of the Desert Laboratory would spread beyond the 
borders of the United States.22 

The Productive Years - 1906 -1917 
The earliest years of the Desert Laboratory were charac- 

terized by excitement and uncoordinated projects. Once 
the permanence of the lab seemed assured, however, the 
staff confidently began many long -term projects and in- 
itiated the laboratory's most productive era. 

Permanence brought expansion; remodeling of the lab- 
oratory building started in March 1906 and was finished be- 
fore the end of the year. Sykes supervised the stonelayers, 
carpenters, and other workmen as they added a greenhouse 
and three laboratory rooms variously equipped for chemis- 
try, physics, and physiology. This doubled the size of the 
building. Sykes also supervised the overhauling of the 
water system, the installation of climatic instruments, and 
the digging of a constant temperature chamber. The next 
year MacDougal obtained permission from St. Mary's Hos- 
pital to fence 2.5 acres of land at the bottom of the hill; in 
1909 the Desert Laboratory purchased this land and reno- 
vated a house on it as an office for MacDougal. Other im- 

provements involved construction of a carpenter's shop 
and several shade houses in 1908 and a chemistry labora- 
tory in 1914. (This lab burned to the ground in 1938.) The 
public telephone line was removed in 1910 following a dis- 
pute with the Chamber of Commerce, but in 1913 a private 
line connecting the various buildings was installed. 
Further remodeling of the main laboratory in 1914 caused 
one researcher to observe that "the disappearance of an- 
cient landmarks at Rheims and Lorrain (during World War 
I] is tiddley -winks to what has been going on here. X23 

A major step taken once the laboratory seemed a perma- 
nent fixture was the fencing of the grounds. Soon after Can- 
non had arrived, he had recognized that a fence would be 
necessary to deter the cattle and goats which fed "in con- 
siderable numbers" on the hill.' He also hoped to discour- 
age the pothunters, who had already defaced petroglyphs 
and other Indian artifacts on the property' and "stone 
pickers," who harvested surface rocks to use in building.26 
In 1905 Woodward gave Cannon permission to have the 
grounds surveyed, and two years later, under Sykes's direc- 
tion, a fence surrounding the property was erected. This 
proved to be a milestone in the history of the Desert 
Laboratory: it made possible long -term studies of undis- 
turbed vegetation, and it fostered perception of the prop- 
erty as a nature reserve. 

Tumamocville, as its inhabitants called it, was a pleas- 
ant place to work and live. At first, the laboratory staff 
lived in tents on the grounds. These measured about 
twelve feet by fourteen feet and were erected over wooden 
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frames. Eventually, MacDougal, Livingston, Shreve, Can- 
non, and Sykes built real houses at the base of Tumamoc 
Hill, and visiting scientists were accommodated in the 
tents. The population of Tumamocville rose every summer 
with the influx of visitors; MacDougal said that the 
laboratory was "fast becoming the Mecca of North Ameri- 
can botany. "27 According to the Carnegie Yearbooks, be- 
tween 1906 and 1918 thirty -four visiting investigators used 
the facilities. The popularity of the lab was due partly to 
MacDougal's genial hospitality and partly to the unique 
opportunities for research. As plant physiologist J. Arthur 
Harris noted, the southwestern deserts were possibly "the 
best naturally equipped experimental laboratories which 
have been placed within the reach of American students of 
living things" (Harris 1916, p. 41). 

During this period Cannon continued his ecological 
studies of roots. In excavating a variety of desert plants, he 
found two specialized types of root system in which either 
tap roots or lateral roots were prominent and a generalized 
type in which both tap and laterals were well developed 
(Cannon 1911). Cacti made a fourth, highly specialized 
category. Few cacti possessed deeply penetrating roots, he 
discovered; in most species, the roots branched profusely 
just beneath the soil surface. He hypothesized that Car- 
negiea was nearly restricted to rocky slopes because boul- 
ders provided both anchorage for shallow roots and extra 
runoff not available on flats. In contrast, Larrea, with its 
generalized root system, could thrive in a variety of 
habitats. Among the first ecologists to discuss competition 
in desert plant communities, Cannon concluded that "no 
direct competition may ensue between different species 
growing near together, as their roots occupy horizontal 
layers at different depths" (Carnegie Yearbook. Vol. 8. 
1909. p. 63 -64). His studies of roots in place eventually led 
him to undertake laboratory experiments to see how vary- 
ing temperature, moisture, and aeration regimes deter- 
mine root development (Cannon, 1915, 1916). One of the 
most important contributions of this work was his discov- 
ery that cacti are abundant in regions where rain falls dur- 
ing the warm months; this is, he concluded, because their 
roots grow only when the soil is warm. 

Once long -term projects at the Desert Laboratory 
seemed assured of some continuity, Spalding set up nine- 
teen permanent plots on the grounds. This had been a 
dream of his since 1903. He recognized that while "the 
modern use of quadrats, transects, migration circles, etc." 
would be time -consuming, it was nevertheless essential to 
"make an ecological survey of the laboratory hill and adja- 
cent territory ... finally securing the data for an explana- 
tion of observed differences of the vegetation.i36 In 1906, 
with the assistance of Jacob Blumer, Spalding mapped the 
woody perennials on each plot. This was, he told Mac- 
Dougal, "one of the means by which 'the saving of data' is 
accomplished." He regarded this work as "a debt to the fu- 
ture. X37 Around the same time, he supervised Blumen in 
the mapping of five perennial dominants, including Blue 
Palo Verde (Cercidium floridum) and Carnegiea gigantea, 
on the Desert Laboratory grounds and of two of the three 
exotic plant species there.38 These maps appeared in his 
classic Distribution and Movements of Desert Plants, to 
which Cannon, Livingston, MacDougal, and other local 

scientists contributed (Spalding, 1909). Henry Cowles, the 
eminent plant ecologist at the University of Chicago, 
called the book "one of the most notable of recent con- 
tributions, clearly showing that the intensive study of 
plant associations is quite as productive in results in des- 
erts as in mesophytic climates" (Cowles 1910, p. 383). 

Although Spalding thought of himself as indebted to fu- 
ture scientists to carry on his work, it is instead modern - 
day scientists who find themselves indebted to him. The 
Desert Laboratory plots have been continually monitored 
since 1906, making them the longest -running in ecologi- 
cal history (White, 1985). The populations of Cercidium 
floridum and Carnegiea gigantea have also been mapped at 
intervals, as have exotic annuals and perennials (Turner 
and Bowers, 1988). These long -term projects, a product of 
Spalding's foresight and perseverance, have provided a 
wealth of data and results that could not have been ob- 
tained by any other means. 

By 1907, however, it seemed that Spalding's studies 
would have to come to an end. Having become increasingly 
crippled by arthritis, he told MacDougal that it would be 
necessary to hire "some young man who has the proper 
training and who has the enthusiasm for the subject that 
will enable him to pursue it hopefully for a period of years, 
and have him undertake this work. X39 MacDougal, as it 
happened, already had such a young man in mind: Forrest 
Shreve, then a professor of elementary botany, plant 
physiology, and plant morphology at the Women's College 
in Baltimore. Shreve's appointment to the staff of the Des- 
ert Laboratory became official on May 1, 1908, and in June 
he arrived in Tucson. 

The accession of Forrest Shreve proved to be another 
milestone in the history of the laboratory. Among his 85 
published papers and books were several ecological clas- 
sics, including Vegetation of a Desert Mountain Range 
as Conditioned by Climatic Factors (1915), Vegetation of 
the Sonoran Desert (1951), and "The Desert Vegetation of 
North America" (1942). His steady concentration on 
ecological research, his creativity in attacking and solving 
new problems, and his devotion to the desert helped forge 
the reputation of the Desert Laboratory. If Shreve shaped 
the Desert Laboratory, it in turn molded him, gave him a 
focus for his interests and scope for his abilities. 

Shreve, like most of scientists early in this century, 
learned ecology not in the classroom but in the field. 
Trained by professors who were morphologists and 
anatomists, Shreve brought a strongly experimental ap- 
proach to working out -of- doors. In studying the distribu- 
tion of Carnegiea, for example, he subjected small potted 
plants to freezing temperatures of varying duration. This 
experiment confirmed "what might be observed in the 
field at appropriate times," he wrote; that is, that juvenile 
Carnegiea plants could withstand as much as fifteen hours 
of freezing but not as much as twenty -nine (Shreve, 1911a). 

Shreve's research during this period anticipated by de- 
cades certain ecological topics of the 1950s, 60s, and 70s 
(Lowe, 1961; Whittaker, 1962; Billings, 1980; Bowers, 
1988). His studies of Carnegiea (Shreve, 1910) and Foothill 
Palo Verde (Cercidium microphyllum) (Shreve 1911b) were 
among the earliest analyses of the changes that take place 
in plant populations with time. Based on heights of indi- 
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vidual Carnegiea plants, he derived a growth -rate curve 
and estimated that the oldest individuals were as much as 
175 years old. He also discovered that, since about 1860, es- 

tablishment of both Carnegiea and Cercidium microphyl- 
lum had declined on Tumamoc Hill. His analysis of high - 
elevation floras in the Santa Catalina and Pinaleño moun- 
tains eventually led him to postulate what later became a 

prediction of the theory of island biogeography, that mas- 
sive mountain ranges serve as source areas of propagules 
and smaller mountain ranges as targets (Shreve, 1919). 

While working in the Santa Catalina Mountains, he deter- 
mined that desert plants are limited in their upward move- 
ment by cold, and that forest plants are limited in their 
downward movement by soil aridity. He emphasized that 
physical environmental factors, not competition between 
plants, control the vertical limits of species distribution. In 
Vegetation of a Desert Mountain Range (1915), he stated 
clearly that plant species are distributed according to indi- 
vidual requirements and tolerances such that no two have 
identical distributions. Thus plant communities are not 
rigidly repeated entities but fluid, gradually changing as- 

semblages. Several years later, Henry A. Gleason, a mid - 
western plant ecologist, codified and named this principle 
as the "individualistic concept of the plant association" 
(Gleason, 1917, 1926). By the 1950s, the individualistic con- 
cept was supported by a substantial body of evidence 
(McIntosh, 1975), and by the 1970s it was widely accepted. 
Whittaker and Niering eventually verified Shreve's obser- 
vations with detailed sampling in the Santa Catalina 
Mountains (Whittaker and Niering, 1965). 

During these productive years, Shreve also edited the 

Plant World, a botanical magazine that had been founded 
in 1897. The Plant World came to the Desert Laboratory in 
1906 with Francis Lloyd, who had edited and published it 
since 1904. Upon taking over the magazine, Lloyd found it 
in "an apparently hopeless condition," but after two years 
of effort, he felt that readers were at last getting their 
money's worth. All it needed to really ensure its success, 
he told MacDougal, was "a small amount of capital. "40 

MacDougal's solution, which Lloyd accepted, was for a 
group of botanists to form a Plant World Association for 
financing and publishing the journal. This change was 
made in time for the first issue of 1907; among the twelve 
members of the association that year were Lloyd, who con- 
tinued as editor, MacDougal, who became the business 
manager, and Spalding, Livingston and Cannon. In 1909 
and 1910 Spalding assumed the unremunerative task of 
editing the Plant World, then, after Spalding left, the job 
fell to Shreve, an obvious choice, as Livingston pointed 
out, because of his "energy and push and solid horse 
sense.i41 Shreve edited the journal from 1911 until it was 
turned over to the Ecological Society of America in 1919. 
The first issue of Ecology, dated January 1920, carried the 
words "Continuing the Plant World" on its cover, a tradi- 
tion that continued until 1954. 

When the Carnegie Institution hired Shreve, they also 
acquired his wife, Edith Bellamy Shreve. Due to regula- 
tions against nepotism, Edith could not be on the Desert 
Laboratory payroll, but she worked just as hard as any of 
the salaried staff, and desert studies are richer for her con- 
tributions (Bowers, 1986). Trained as a chemist and physi- 
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The Desert Laboratory pack train in the Santa Catalina 
Mountains in 1908. 

cist, she took up research in plant physiology in 1911 under 
the guidance of Livingston and MacDougal. By 1918, she 
had published six papers including a study of transpiration 
in Cercidium microphyllum (E. Shreve, 1914) that is still 
cited in ecophysiological literature. In studying autonomic 
movements in joints of Cholla Cactus (Opuntia ver- 
sicolor), she discovered that the plants lost water during 
the night and took it up during the day, the opposite of the 
expected pattern (E. Shreve, 1915). 

Like Forrest Shreve, Burton Livingston took an experi- 
mental approach to plant ecology, and although he thought 
of himself primarily as a physiologist, his work in Tucson 
was oriented toward native plants in the natural environ- 
ment. When he came to the Desert Laboratory as a visiting 
investigator in 1904, little was known about movement of 
water from the soil through the plant and into the atmos- 
phere. It was not known how plants removed water from 
the soil nor how stems conducted water from roots to 
leaves nor to what extent stomata regulated transpiration 
nor even for certain that they did. Livingston undertook 
studies of these and other problems. He discovered that the 
rate of evaporation from an artificial surface and the simul- 
taneous rate of transpiration from a leaf were not the same; 
he inferred that plants do indeed regulate their transpira- 

tion rates, and he defined relative transpiration as the ratio 
of transpiration to evaporation (Livingston, 1906). Within 
two years, he had determined that relative transpiration 
"followed quite closely" the pattern of stomatal openings 
and that stomates "have much if not all to do with the reg- 
ulation [of transpiration]. X42 (At virtually the same time, 
Lloyd had erroneously concluded that "stomatal regula- 
tion of transpiration does not occur" [Lloyd, 1908: p. 137]). 

One of Livingston's more durable contributions was the 
atmometer, a device that measured the evaporative power 
of the air. Atmometer data collected from fifty stations in 
the United States provided the basis for one of his major 
works, written with Forrest Shreve, The Distribution of 
Vegetation in the United States as Related to Climatic 
Conditions (Livingston and Shreve, 1921). This 590 -page 
book was one of the early attempts to correlate climatic 
factors with vegetation types, a long- standing interest of 
Livingston. In 1908 and 1911 he used evaporation data to 
explain distribution of vegetation types; in 1913 he defined 
broad climatic areas based on temperature, precipitation, 
and evaporation; in 1916 he derived an index of moisture - 
temperature efficiency for plant growth. 

Livingston's studies of soil moisture and evaporation 
"contributed immensely to the foundations of modern 



Bowers Desert Laboratory 39 

A tent house at the base of Tumamoc Hill around 1915. 

Courtesy Special Collections, University of Arizona 
Library. 

physiological plant ecology" (Krikorian, 1973: p. 425). As 
late as the 1890s, college students were being cautioned 
that there was "no future for a young man in plant physi- 
ology" (Moore, Gager, and Shreve, 1939: p. 191); largely 
through Livingston's efforts, plant physiology attained re- 

spectibility as a field of research. The Desert Laboratory 
can legitimately claim some of the credit for Livingston's 
success. He found that working in the desert stimulated 
many new ideas (Livingston, 1948) and that "certain funda- 
mental truths regarding the vital activities of plants may 
be more advantageously studied in the case of organisms 
existing under these extreme conditions than by confining 
attention to what are considered the more normal cir- 
cumstances of life and growth" (Livingston, 1906: p.5). 

After Livingston left the Desert Laboratory in 1909, Mac - 
Dougal replaced him with Herman A. Spoehr, a young 
chemist and plant physiologist who had recently earned 
his Ph.D. at the University of Chicago. MacDougal felt 
that since Livingston planned to work in Tucson during 
the summers, it would "not be advisable to have a new 
member of the staff who follows the same line.i43 In fact, 
he hoped Spoehr would feel free to "bring out every new 
idea and discovery ... whether it is botanical or not. "44 

Spoehr's arrival in Tucson in 1910 eventually proved to be a 
turning point for the laboratory because his interests lay 
not in the relationship of plants to environment but in 
their internal processes. Where Livingston had been a 
physiological ecologist, Spoehr was a straightforward 
physiologist, and Livingston's departure left a gap that 
Spoehr did not fill. 

Something of a philosopher, a stickler for detail, and a 
conscientious researcher, Spoehr eventually became best 
known for his work on the chemistry of carbohydrates. 
When he arrived at the Desert Laboratory, however, 
knowledge of photosynthetic processes was limited. He 
started by systematically investigating current theories, 
among them Baeyer's hypothesis that carbon dioxide is re- 
duced in the plant to formaldehyde, which is then con- 
densed to cabohydrate. By 1916 he had concluded that, al- 
though Baeyer's hypothesis was "alluring on account of its 
simplicity, it is by no means as well established as many 
writers on the subject would have us believe." Instead of 
being simple, photosynthesis was "a process of great com- 
plexity" (Spoehr, 1916: p. 16). Largely because of Spoehr's 
work, physiologists ultimately abandoned Baeyer's theory 
(Stiles, 1954). 

Spoehr also studied the breakdown of malic acid, a 
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photosynthetic derivative abundant in cactus tissues 
(Spoehr, 1913). In fact, he was the first to show how malic 
acid breaks down into simpler derivatives upon exposure 
to light (Richards, 1915; Evans, 1932). It was to be many 
years, however, before plant physiologists were able to fit 
these details into the overall picture of crassulacean acid 
metabolism, in which cacti and other succulents take up 
carbon dioxide at night, producing malate, which is broken 
down the following day into various acids and carbon 
dioxide. 

While Spoehr worked on the carbohydrates of cacti, Her- 
bert M. Richards, a visiting investigator from Barnard Col- 
lege, studied their gas exchange and acidity. He noted, as 
had other chemists and physiologists, a build -up of acids in 
cactus tissues at night, followed by a decline during the 
day. Richards concluded that "the accumulated acid, to- 
gether with whatever carbon dioxide is evolved during the 
process of accumulation, represents the end -products of 
the respiratory activity.... The breaking down of the acid 
by sunlight is an unavoidable consequence of its accumu- 
lation in the tissues and does not seem to be connected 
with the energy -releasing actions" (Richards, 1915: p. 102- 
103). Like Spoehr and Edith Shreve, Richards found pieces 
of the puzzle of crassulacean acid metabolism, but since 
knowledge of photosynthesis was rudimentary, none of 
these workers was able to complete the puzzle. 

The Carmel Brain Drain - 1918 -1927 
The years between 1906 and 1918 had been very produc- 

tive. This was a function partly of the large number of re- 
searchers at the lab (thirty -four, according to the Carnegie 
Yearbook, more than in any other period), partly of their 
relative youth and vigor, and partly of how much they had 
yet to learn about the unexplored desert environment. 
Also, the atmosphere at the laboratory provided fertile 
ground for the germination of new ideas: as MacDougal re- 
marked, "the perfect good fellowship and fine personal 
contact of our group of workers ... has always made possi- 
ble the free discussion of a research in all of its stages and 
aspects. "as 

The decade between 1918 and 1928 saw a temporary loss 
of direction and vigor, however. By 1918, MacDougal's 
early interest in desert ecology had waned in favor of 
physiology and genetics. The Coastal Laboratory proved 
more amenable to his purposes than the desert station, and 
by 1920 he was residing in Carmel year- round. Spoehr and 
his family also moved to Carmel that same year. Moreover, 
once Shreve's work in the Santa Catalina Mountains was 
completed, he had no particular reason to stay in Tucson 
during the summer, and between 1918 and 1926, he and 
Edith spent their summers in Carmel. In fact, after 1917 the 
entire staff of the Desert Laboratory decamped during the 
summer, leaving only a secretary or a caretaker to forward 
mail and keep an eye on the premises. 

McGinnies (1982) saw the eventual demise of the Desert 
Lab in the founding of its coastal counterpart. He argued 
that when the Carnegie Institution underwent financial 
cutbacks during the depression, there wasn't enough 
money to go around, and funds that would have supported 
the Tucson laboratory were diverted to the coastal station. 

Whether or not the Coastal Laboratory was the ultimate 

cause of the Desert Laboratory's demise, its founding cer- 
tainly created more immediate effects. MacDougal's genial 
hospitality and tireless publicity- mongering had evidently 
been essential to the Desert Lab's success. Once he was no 
longer actively involved with its day -to -day operations, the 
number of scientists there fell sharply: the Carnegie Year- 
books for the period 1918 -1927 record only eight inves- 
tigators who used the Desert Laboratory facilities, and 
most of them were present only intermittently. 

At MacDougal's request, the Department of Botanical 
Research was reorganized as the Laboratory for Plant 
Physiology in 1923. The department's new name, presuma- 
bly selected by MacDougal, emphasized his greater in- 
terest in physiology as opposed to ecology and may also 
have reflected a perceived need for a more "scientific - 
sounding" name. In 1926 Shreve was put in charge at Tuc- 
son and Spoehr in Carmel, both remaining under Mac - 
Dougal's supervision. 

The Carmel brain drain was countered to some extent by 
the arrival of Frederic E. Clements, the best known plant 
ecologist of the first half of this century. In 1913, 1914 and 
1915 Clements held an appointment as a research associate 
in the Carnegie Institution with an honorarium but no sal- 
ary. During these years he was head professor of botany at 
the University of Minnesota. Through MacDougal's ef- 
forts, the institution hired Clements on a permanent basis 
in 1917. While stationed at the Desert Laboratory from 
1917 to 1925, Clements functioned as an autonomous unit 
and had his own funds, assistants, and annual reports. Usu- 
ally he and his wife Edith spent summers at his laboratory 
on Pike's Peak in Colorado; in 1925 they moved to Santa 
Barbara, where he established his own Coastal Laboratory. 
Thereafter they divided each year between Colorado and 
California. 

As McIntosh (1983) pointed out, it is one of the curious 
anomalies of ecological history that during the years when 
Shreve and Clements both worked at the Desert Labora- 
tory, two markedly divergent ecological viewpoints origi- 
nated from the same instutition. Clements classified 
natural plant communities into an elaborate and rigid 
hierarchy; Shreve saw them as gradually changing as- 
semblages. Clements posited that competition determined 
the composition of all plant communities; Shreve coun- 
tered that, in deserts, competition between plants was neg- 
ligible. Clements thought that his principles of succession 
applied to all plant communities; Shreve denied the exis- 
tence of succession in deserts. 

Once established at the Desert Laboratory, Clements in- 
stalled permanent plots on the Santa Rita Experimental 
Range south of Tucson and near the city itself. Based on his 
plots near Tucson and his travels in the Southwest, he set 
down his impression of desert vegetation in Plant Indi- 
cators (Clements, 1920), a treatment that has since been ig- 
nored by plant ecologists in favor of more thorough studies 
by Shreve and others. 

During Clements' tenure at the Desert Laboratory, his 
most important work took place at other locations: his in- 
novative experiments in pollination biology, for example, 
were based on the flora in the vicinity of his Alpine 
Laboratory. In fact, his assistants apparently spent more 
time at the Desert Laboratory than he did; while he 
traveled throughout the western United States, they car- 



Bowers Desert Laboratory 41 

Auxographs in the laboratory greenhouse measuring 
changes in the volume of Opuntia pads. Courtesy Arizona 
Historical Society. 

ried out laboratory studies on stomatal behavior, rubber 
content of native plants, plant water relations, and transpi- 
ration of Carnegiea. It is fair to say that although Cle- 
ments' reputation far outstripped that of Spalding, Shreve, 
or Cannon, his contributions to the Desert Laboratory and 
to knowledge about the desert fell far short of theirs. 

The most interesting work issuing from the Desert 
Laboratory in this otherwise dim decade was that of the 
Shreves and Godfrey Sykes. Edith Shreve's physiological 
investigations took on a distinctly ecological tone. Brittle 
Bush (Encelia farinosa), she reported, produced new leaf 
types in response to onset of drought or mesic conditions 
(E. Shreve, 1924). The two types were morphologically and 
anatomically distinct (E. Shreve, 1923). Many years later, 
Ehleringer and others showed that increasing pubescence 
throughout the growing season has adaptive value, as Edith 
Shreve had suggested; although it dramatically reduces the 
photosynthetic rate, it also reduces the heat load of the 
leaves (Ehleringer et al., 1976; Ehleringer and Bjorkman, 
1978; Ehleringer and Mooney, 1978). 

Forrest Shreve continued his studies of distributional 
phenomena. Comparison of the Santa Catalina Mountains 
with neighboring ranges enabled him to derive some gen- 

eral principles for plant distribution in the Southwest. As a 
rule, desert species reach higher elevations on volcanic 
substrates than on granitic ones and attain their highest 
limits on limestone, he found (Shreve, 1919, 1922). Small 
mountains tend to support a more xeric vegetation and 
flora than higher mountains having the same basal eleva- 
tion (Shreve 1922). In November 1923, Shreve made his 
first extended trip into northern Mexico, followed by 
another one the following year. These eye- opening excur- 
sions laid the groundwork for his monumental Vegetation 
of the Sonoran Desert (Bowers, 1988). 

Beginning in 1925, Sykes installed two series of long - 
period rain gauges, one along the old Camino del Diablo in 
southwestern Arizona, the other extending from Tucson to 
Puerto Libertad on the Sonoran coast. Sykes read the 
gauges twice a year, having designed them to hold up to 
forty inches of rainfall (Sykes 1931). Over the next decade, 
the original fourteen gauges were augmented by another 
fourteen (Mallery, 1936a, 1936b). 

During this period, Sykes continued his work in the Col- 
orado River delta, an area he had first explored in 1890. 
These investigations into the delta's physiography and 
stream dynamics took him through "a complete cycle of 
change," from a "practically unexplored and wholly unde- 
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veloped wilderness, to its final condition as a man- control- 
led region dependent for its water supply upon the 
penstock releases from Boulder Dam" (Sykes, 1945; p. 312). 
He eventually summarized his studies in The Colorado 
Delta (Sykes, 1937). 

The Shreve Years - 1928 -1940 
In 1928 the Desert and Coastal laboratories underwent 

administrative reorganization again, and the Laboratory 
for Plant Physiology became the Division of Plant Biology. 
Spoehr was promoted to chairman of the new division, and 
MacDougal stepped down. The following year Spoehr 
moved his operations from Carmel to new laboratories on 
the campus of Stanford University. Shreve remained in 
charge of the Desert Laboratory with full responsibility for 
its direction and tone. 

This proved to be yet another turning point in the Desert 
Lab's history. MacDougal, during his first decade as direc- 
tor, had impressed his personality on the laboratory. His 
wide -ranging interests and outgoing personality took visi- 
ble form in the variety of scientists who made the lab their 
research home. This scattered approach, however, meant 
that he let pass an unparalleled opportunity to focus tightly 
on ecological problems of the desert. It was not until For- 
rest Shreve took charge of the laboratory in 1928 that this 
opportunity was fulfilled. 

Recognizing that the quality and quantity of research at 
the Desert Laboratory had diminished in recent years, 
Shreve told one colleague in 1930 that "things have been 
going on rather slowly here ... and I am anxious to enlarge 
our staff and to get a little more motion on the investiga- 
tions that seem to me to be most vital to our understanding 
of the desert."' He started by hiring Thomas Dwight Mal- 
lery in 1929, Robert R. Humphrey in 1930, William V. Turn - 
age in 1931, and Arthur L. Hinckley in 1930 or 1931. These 
assistants worked on a variety of projects mostly aimed at 
answering the question "Through what means is the desert 
perennial able to exist under conditions fatal to plants na- 
tive in a moist region ?" (Carnegie Yearbook. Vol. 30. 1930/ 
31. p. 256). Shreve also tried to attract visiting investigators 
whose studies would mesh with his research goals. Like 
MacDougal before him, he publicized the Desert Labora- 
tory in various journals (Shreve, 1929a, 1931), and he 
succeeded in luring scientists from as far away as Germany 
and Great Britain. Among them were Heinrich Walter, of 
the University of Heidelberg, who studied osmotic values 
in the sap of characteristic desert plants and Eric Ashby, of 
the Imperial College of Science in London, who examined 
the stomatal anatomy of Larrea. 

Earlier researchers at the laboratory had placed so much 
emphasis on cacti that nonsucculent perennials had been 
neglected, Shreve felt, so in 1927 he began a comprehensive 
investigation of Larrea, and he, his assistants, and several 
visiting scientists studied various aspects of its physiology 
and ecology until about 1935. Heinrich Walter found little 
correlation between the osmotic value of cell sap in Larrea 
leaves and the moisture content of the soil (Carnegie Year- 
book. Vol. 29. 1929/30). Mallery, however, concluded that 
soil moisture and rainfall "exert the strongest influence 
upon the variations in the osmotic value of the cell sap of 
the leaves and small twigs of Larrea tridentata" (Mallery, 
1935: p. 28 -29). The mechanisms of drought resistance in 

Larrea were of great interest. From his study of the 
stomatal anatomy of Larrea, Ashby concluded that its 
most effective adaptations to drought were the high osmo- 
tic potential of the roots and the high osmotic value of the 
leaves (Ashby, 1932). Ernest Runyon, a visiting inves- 
tigator from the University of Chicago, argued that "the 
extreme xeric character of this plant would not be expected 
from the structure of the mature leaves" (Runyon, 1934: 
p. 132). Instead, behavioral characteristics enabled plants 
to survive drought: shedding of twigs, death of older 
branches, loss of leaves at the onset of drought and resump- 
tion of growth with the return of moist conditions, resinous 
coating to check transpiration and mechanically prevent 
wilting. Runyon also worked on germination and estab- 
lishment of Larrea in nature and in the laboratory. He 
learned that the seeds display delayed germination, that 
the leaves and stems might be allelopathic, and that germi- 
nation in nature is enhanced in disturbed areas (Carnegie 
Yearbook. Vol. 28. 1928 / 29; Vol. 29. 1929 /30). 

Another habitué of the Desert Laboratory during the 
Shreve years was Howard Scott Gentry, an independent 
young botanist who supported himself by collecting in re- 
mote areas and selling his specimens to herbaria. In- 
terested in Gentry's collections from the Mayo River val- 
ley in southern Sonora, Shreve offered him desk space at 
the Desert Laboratory in 1937 and encouraged him to write 
up the results of his studies. This Gentry did in Rio Mayo 
Plants (1942), a book still useful to biologists working in 
the area. 

Shreve's early interest in plant demography found a new 
outlet when he remapped some of the nineteen permanent 
plots that Spalding had established in 1906. In 1917 Shreve 
had believed that desert vegetation displays "an extremely 
stable character," (Shreve, 1917: p. 216), but he changed this 
opinion after examining the permanent plots in 1928 and 
1929. The changes in vegetation - death of certain indi- 
viduals and establishment of others - provided interesting 
demographical information. Populations of large perennials 
lost and gained numbers slowly, in keeping with their long 
lives, while populations of small perennials underwent 
great gains and losses, proving them to be short -lived 
plants. The patterns showed no successional trend, Shreve 
decided; rather, they reflected "the amount of disturbance 
that the vegetation had suffered prior to 1906, and the rain- 
fall conditions of the years immediately preceding the 
mapping" (Shreve, 1929b: p. 370). Yet another series of 
maps made seven years later confirmed Shreve's conclu- 
sion about the absence of succession in the Sonoran Desert 
(Shreve and Hinckley, 1937). Since 1936 various workers 
have mapped some of the permanent plots at irregular in- 
tervals; Goldberg and Turner (1986) brought the series up to 
date and discussed the demography of the plotted species. 

Shreve's assistants assumed the responsibility for cli- 
matological measurements on Tumamoc Hill and else- 
where. Humphrey (1933) set up a series of gauges on the 
Desert Laboratory grounds to measure variation in rainfall 
over a small area, and Humphrey and Turnage measured 
soil moisture and runoff at the laboratory for several years. 
Their data showed that "winter rains are far more effective 
than the summer ones in building up the moisture of the 
soil" and that availability of water changed with topo- 
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graphic situation and soil type (Shreve, 1934a: p.149). After 
Sykes retired in 1929, Turnage and Mallery took over the 
task of reading the long -period rain gauges in southwestern 
Arizona and northwestern Sonora. Their analysis of rain- 
fall in the Sonoran Desert, based on eighty -seven stations 
having three to sixty -six years of record, demonstrated that 
the proportion of summer to winter rainfall increases from 
northwest to southeast across the desert (Turnage and Mal - 
lery, 1941). They noted that winter rains, which approach 
from the Pacific Ocean, are less erratic from spot to spot 
than summer rains, which blow in from Mexico. However, 
winter rainfall over the entire desert varies over a wider 
range of values than summer rainfall. (McDonald (1956] re- 
discovered the same phenomenon several decades later.) 
Turnage and Hinckley described the effects of the January, 
1937, cold wave, which was "in many respects the most se- 
vere freeze that has invaded the Sonoran Desert during the 
period covered by climatic records" (Turnage and Hinckley, 
1938: p. 547). They recorded frost damage to some sixty 
plant species and suggested that "it is highly probable that 
those species which experienced damage are hindered by 
cold weather from migrating much farther into colder reg- 
ions" (Turnage and Hinkley, 1938: p. 548). They also noted 
that seedlings of many desert plants might be particularly 
susceptible to frost -kill due to a thin layer of cold air near 
the ground. 

To carry out his program of research, Shreve felt he 
needed the assistance of a plant physiologist and a soil sci- 

Forrest Shreve. 
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entist. He had lined up two candidates for these positions 
when word came from the Carnegie Institution that 
neither person could be hired. The stock market crash in 
October, 1929, at first had little effect on the institution, 
but by the end of 1930, its impact was being felt in every de- 

partment. 
As the depression deepened, the number of visiting in- 

vestigators who could afford to spend summers at the Des- 
ert Laboratory dropped steadily. In 1929, according to the 
Carnegie Yearbook, fourteen scientists had worked at the 
lab for periods of three to twelve months and forty -two 
others had visited for one to ten days. In 1932 the number 
of visiting scientists fell to six, and for several years after 
that, none came. The lab was no longer the busy place 
Shreve had envisioned but a scientific backwater. 

Though staff salaries were prohibitively expensive, 
travel was still cheap, and in April 1932 Shreve botanized 
in northern Sonora with LeRoy Abrams, a plant tax- 
onomist at Stanford University. Shreve hoped to secure 
data on the habitats occupied by Larrea, Fouquieria, Cer- 
cidium, and Encelia; Abrams wanted to make an extensive 
plant collection. From this inconspicuous beginning came 
Shreve's five -year -long Sonoran Desert project and, even- 
tually, his classic Vegetation of the Sonoran Desert (1951). 

Travel in Mexico during the 1930s was not easy. Even 
major roads were unimproved, and minor ones were often 
little more than tracks. After heavy rains, some roads be- 
came quagmires and could hardly be navigated even with 
chains on the tires. Often Shreve made no more than forty 

Thomas D. Mallery with long -period rain gauge. 
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The Desert Laboratory staff around 1938. Left to right: 
Arthur L. Hinckley, Forrest Shreve, Edith Shreve, Howard 
Scott Gentry, Thomas D. Mallery, William V. Turnage. 

or fifty miles in a day, partly because of the poor roads and 
partly because of frequent stops to collect plants and in- 
spect the vegetation. Water in remote settlements was of 
questionable purity, which necessitated bringing a supply 
from Tucson. Over much of Baja California, as Shreve 
noted, "there are extremely few places in which even the 
simplest supplies or repair parts can be secured. X47 Mal - 
lery, Shreve's aide de camp on these excursions, antici- 
pated problems by bringing a variety of spare parts, once in- 
cluding an axle which proved useful when the old one 
broke. 

Between 1932 and 1937, Shreve traveled 10,000 miles 
throughout the Sonoran Desert. These trips gave rise to a 
series of descriptive papers on vegetation (1934b, 1934c, 
1936a, 1936b, 1937a, 1937b, 1937c, 1938) and to Vegetation 
of the Sonoran Desert (1951), published the year after his 
death. Hailed as a classic soon after publication, this book 
delimited the Sonoran Desert and seven subdivisions 
within it; described the characteristic plant communities 
and life forms of each subdivision; presented distributional 
maps and brief narratives of twenty -six dominant species; 
and discussed ephemeral species with an emphasis on their 
distributional affinities and germination requirements. In 

the decades since publication of the book, countless biolo- 
gists, geographers and other workers have followed Shreve's 
definition of the Sonoran Desert and its subdivisions. (Re- 
cently, Turner and Brown [ 1982) suggested that only three 
of Shreve's seven subdivisions are truly desert.) 

Shreve intended Vegetation of the Sonoran Desert to be 
the first in a series of books about the North American des- 
erts, and between 1937 and 1944, he even made six trips to 
the Chihuahuan Desert, but he never reached his goal of 
treating all the deserts in detail. The closest he came was 
his 1942 paper "The Desert Vegetation of North America," 
in which he delineated four major deserts and described 
their vegetation. 

By the time Shreve retired in 1945, the Desert Laboratory 
had been closed for five years. The lab's demise, after 
thirty -seven productive years, was the result of several fac- 
tors. One was lack of confidence in Shreve's administrative 
abilities. He had been in charge of the Desert Laboratory for 
only two years when John C. Merriam, president of the 
Carnegie Institution, decided that Shreve lacked "either 
the initiative or the continuing faith in his convictions, 
and the unswerving purpose, required for bringing a really 
great program to success.i48 Merriam considered replacing 
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the fifty- two -year -old Shreve with a younger, more vigor- 
ous man, but because of the depression was reluctant or 
unable to make major changes in personnel. Shreve's im- 
mediate supervisor, Spoehr, was hardly more sympathetic. 
He had little regard for Shreve's abilities as an adminis- 
trator and seemed to believe that fieldwork was "a kind of 
glorified camping and vacationing. "a9 

Another factor was the depression, which made serious 
inroads on the Carnegie Institution's invested funds, 
necessitating budgetary cutbacks in every department and 
culminating in closure not only of the Desert Laboratory 
but also of the Marine Biological Laboratory at Dry Tor- 
tugas, Clements' Alpine and Coastal laboratories, and sev- 
eral other research stations. (Spoehr's laboratory in Palo 
Alto remained open.) The institution also terminated its 
programs in archeology, paleontology, and paleobotany at 
the same time. 

Although the depression may have been the proximate 
cause of the laboratory's demise, it was not the ultimate 
one. Even as it closed certain laboratories, the institution 
provided substantial amounts of money to others, enabling 
the Department of Terrestrial Magnetism to build a cyclo- 
tron and the California Institute of Technology to con- 
struct a two -hundred -inch telescope. In the end, the Desert 
Laboratory was closed because the research goals of the in- 
stitution had shifted from field- oriented investigations to 
technologically advanced laboratory programs. 

In 1940 Vannevar Bush, president of the Carnegie Institu- 
tion, wrote that in closing in the Desert Laboratory the in- 
stitution had "succeeded in avoiding the sacrifice of valu- 
able elements" by transferring the buildings and grounds 
to the U. S. Forest Service, which had "objectives closely 
parallel to those which prompted the early establishment 
of this laboratory" (Carnegie Yearbook. Vol. 39. 1939 / 40. 
p. 7). Unfortunately, Forest Service officials proved to be 
poor stewards of the land. In permitting easements for 
pipelines, transmission lines, and radio towers, they un- 
wittingly fostered destruction of several of Spalding's per- 
manent plots (Goldberg and Turner, 1986) and of irreplace- 
able archeological sites (Wilcox and Larson, 1979). 

Frederick Coville's original inspiration lives on in two 
locales. One, the Carnegie Laboratory on the campus of 
Stanford University, was formerly Spoehr's lab. From this 
base, J. R. Ehleringer, H. A. Mooney, O. Bjorkman, and 
others have investigated the physiological ecology of 
plants in the Mojave and Sonoran deserts. The other locale 
is on Tumamoc Hill, where the former Desert Laboratory 
is undergoing a renaissance under the joint sponsorship of 
the Department of Ecology and Evolutionary Biology and 
the Department of Geosciences of the University of 
Arizona, in cooperation with the Water Resources Division 
of the U.S. Gological Survey. 

Many years earlier, Coville had hoped to earn some 
small measure of immortality through Covillea, the creo- 
sotebush. When its name was changed to Larrea, he wor- 
ried that he would now be forgotten; as he told Shreve, 
"The most useful memorial of myself, so far as the Desert 
Botanical Laboratory is concerned, ... is the genus Covil- 
lea. "50 He need not have worried. Having set in motion 
nearly nine decades of research on the ecology, biology, 
geomorphology, and geography of deserts, Coville will not 
soon be forgotten. 
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33. D. T. MacDougal to W. T. Hornaday, 27 Jan. 1909, AHS. 
34. E. Huntington to D. T. MacDougal, 6 Aug. 1913, AHS. 
35. D. T. MacDougal to C. F. Cox, 31 March 1909, AHS. 
36. V. M. Spalding to D. T. MacDougal, 28 July 1905, AHS. 
37. V. M. Spalding to D. T. MacDougal, n.d., ca. 19 Aug. 1907, AHS. 
38. Blumer, claiming that he could no longer tolerate the desert heat, left the laboratory 

shortly after these Herculean labors were completed, upon which Livingston told 
MacDougal, "I am certain that you will get more for your money than B. gave" (Bow- 
ers 1983). Looking at Blumer's map of Carnegiea, which shows locations of some 
10,000 to 15,000 individuals, we cannot help but wonder at this glib dismissal. 

39. V. M. Spalding to D. T. MacDougal, 29 June 1907, AHS. 
40. F. E. Lloyd to D. T. MacDougal, 12 Oct. 1906, AHS. 
41. B. E. Livingston to D. T. MacDougal, 20 Aug. 1910, AHS. 
42. B. E. Livingston to D. T. MacDougal, 15 July 1908, AHS. 
43. D. T. MacDougal to F. Shreve, 12 Aug. 1909, AHS. 
44. D. T. MacDougal to H. A. Spoehr, 25 May 1911, AHS. 
45. D. T. MacDougal to B. E. Livingston, 31 July 1909, AHS. 
46. F. Shreve to J. W. Shive, 14 June 1930, SC. 
47. F. Shreve to P. C. Standley, 22 Sept. 1931, SC. 
48. J. C. Merriam, memorandum of conversation with Dr. Shreve, 5 Aug. 1930, CIW. 
49. H. A. Spoehr to F. Shreve, 31 July 1937, SC. 
50. F. V. Coville to F. Shreve, 27 July 1936, SC. 
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(Review) 

Baja California Plant Field Guide by 
Norman C. Roberts. Natural History 
Publishing Co., P. 0. Box 962. 
La Jolla, CA 92037. $24.95 Postpaid. 

Norman Roberts has produced a book that is not only 
invaluable in the field, but which is a pleasure to look 
at and fascinating to read. It should be purchased not 
only by persons planning to go to Baja California, but 
as a reference book for all persons interested in desert 
plants and their uses. The author has been very gen- 
erous in sharing his unique knowledge. 

This is a completely revised and greatly enlarged 
and improved version of A Field Guide to the Corn - 

mon and Interesting Plants of Baja California by 
Jeanette Coyle and Norman Roberts (1975). It retains 
the same paperback format, and although thicker, it 
is still easily carried in vehicle or large pocket. It con- 
tains so much more information, both descriptive 
and pictorial (there are 318 color plates) that it is 
essential for all persons interested in plants of Baja 
California. 

Besides the clear color photos of plants (as well as 
occasional people and animals associated with 
them), there is a good color map of the peninsula, 4 
pages of color drawings to identify species of more 
difficult genera (Bursera, Acacia, Cercidium and Pro - 
sopis), and line drawings to show general leaf, flower, 
fruit types to aid in using keys. The color rendition is 
sparklingly accurate, a great improvement over the 
old edition. 

The introductory chapter has been expanded and 
includes valuable information on physical geog- 
raphy, geology, climate, regions of origin of the flora, 
endemism, and phytogeographic areas. A key to 
plant families follows, then the descriptions of indi- 
vidual plants accompanied by photos of most plants 
treated. 

The book is particularly useful for correlating 
Spanish names with English common names and sci- 
entific names. However, it would have been more 
convenient for this user if the scientific name of the 
plant had also been included in the photo captions 
along with the English and Spanish common names, 
making it easier to sight- identify plants like cacti, 
where the same common names refer to numerous 
species. 

The descriptions include abundant ethnobotanical 
information, much of it obtained first -hand by Mr. 
Roberts from residents of Baja California that he met 
on his many trips there. There are also all sorts of fas- 
cinating observations to be met in the pages, such as 
quail and other birds finding water condensed in the 
terminal depressions of fruits of Opuntia bigelovii; a 
plant that is used as a hair rinse; chopped stems of 
Lophocereus schottii used to stupefy fish; the "sec- 
ond harvest "; and dried masses of Tillandsia recur - 
vata used as saddle pads by ranchers or for filling 
mattresses. Although clearly and concisely written, 
the information in the book cannot help but reveal 
a great knowledge, love and affinity for the area 
treated, which adds immeasureably to a volume well 
worth its price. - F. S. and C. D. Crosswhite 
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