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A Rapid Biological and Ecological 
Inventory and Assessment of the 
Cajon Bonito Watershed, Sonora, 
Mexico. Part II: Using the 
Variable Transect 

Robert Hunt 
M.A. Environmental Studies 
Prescott College 
Prescott, Arizona 86303 

Walt Anderson 
Environmental Studies Program 
Prescott College 
Prescott, Arizona 86303 

Abstract 
The variable transect is an abbreviated, simplified version 
of a standard belt transect used in floristic analysis. 
Developed by the Rapid Assessment Program of 
Conservation International as part of a suite of "emergency 
field ecology" methods, it allows scientists to quickly 
inventory and assess habitats with high biodiversity values 
that are threatened by imminent development or other human 
activities. This alternate method was utilized in a study of 
Cajon Bonito in Sonora, Mexico. Assessment of the variable 
transect's value as both a convenient qualitative and 
quantitative tool for field studies and observations in the 
plant communities of the Southwest is reflected in the 
resulting database. The method proved flexible enough to 
vary the suite of floristic data to be sampled with little 
significant variation in the time spent applying the transect. 
The relatively quick sampling of flora, combined with easily 
characterized environmental observations, yields a wealth of 
information with less effort than most standard field methods. 

Introduction 
The time, effort and cost of conducting floral community 
studies using rigorous methods can limit the opportunities 
for researchers to increase effective sample sizes with 
additional surveys. Landscapes and ecosystems that may be 
unique sites for biodiversity or opportunities for conservation 
go unstudied and undescribed in the literature. 

Alternative field methods have been developed recently that 
allow researchers to quickly inventory and assess ecosystems 
that are in the path of some form of development. 
Conservation International and the Field Museum ofNatural 
History conservation science programs have led the way in 
developing newer, faster means of biotic inventory and 
assessment with their Rapid Assessment Program [RAP] 

(Tenneson 1998; CI 1997) and Rapid Biological Inventories 
[RBI] (FMNH 2004). One of these new field methods, the 
variable transect, has been used for inventories in neotropical 
forests with very high biodiversity values and complex arrays 
of habitats. The variable transect requires few tools and 
equipment. Unlike many area-based plot methods, the 
variable transect's size dimensions are determined by a set 
number of individuals to be sampled in predetermined plant 
classes. It can provide a high-quality snapshot of a plant 
community, its species and its community structure. These 
data are enough to describe richness, abundance, and 
diversity and to make comparisons among different sites. 

A rapid inventory and assessment was conducted in the Cajon 
Bonito watershed in northeast Sonora, Mexico, using variable 
transects for the plant inventories. The method was employed 
in its original form as related by its developer, Robin Foster 
of the Field Museum of Natural History (personal 
communication 1998). 

Origin of the Variable Transect 
The variable transect is one of several rapid field methods 
developed by the environmental advocacy group 
Conservation International [ CI]. It is part of a suite of field 
activities that collectively could be called "emergency field 
ecology" (CI 1997). CI and the Field Museum teams focus 
their conservation efforts on high-biodiversity wilderness 
habitats in . the tropical regions of the world, especially 
Central and South America (Parker and Bailey 1991; Parker 
and Carr 1992; Parker et al. 1993; Schulenberg and Aubrey 
1997). Usually these sites are relatively untouched, but they 
often face imminent pressure for development. CI and 
FMNH pursue protocols that include intensive field 
inventories, along with training and education of local and 
indigenous people, and coordination with local government 
agencies and non-government groups for protection of the sites. 

The Rapid Assessment Program (RAP) puts teams of 
scientists from Conservation International onto sites they 
have predetermined are at risk in order to conduct quick, 
intensive surveys. CI refers to their field personnel as 
scientific "swat teams." These teams are composed of some 
of the most experienced and expert tropical field researchers 
in the world. Since their formation in 1990 through the 
inspiration of Ted Parker and under the co-leadership of 
Alwyn Gentry (both now deceased), they have conducted 
dozens of surveys and assessments throughout the world. 
They have also trained local naturalists and students in their 
field methods and the follow-up software programs so that 
they can continue longer term monitoring studies and 
conservation activities. 

Initially, the RAP team's strategy was to survey as quickly 
and intensively as possible using standard field methods. 
The RAP team's primary objectives were to identify species 
at the site, assess the ecosystem qualities of the area, and 
then disseminate the information immediately. As such 
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surveys continued over the next several years, the RAP 
methods were refined and streamlined. Practical shortcuts 
grew from real field experience. The variable transect is one 
of those shortcuts. 

The Variable Transect: Descriptions and Applications 
The variable transect is a version of the belt transect, but its 
dimensions are determined by the number of individual plants 
to be counted (Foster, pers. comm. 1998). It is not a standard 
area-based plot method. In habitats and communities that 
have been identified for inventory and assessment, the plant 
species that are expected are divided into classes by size 
(e.g.,> 30 em diameter at breast height-dbh), height (e.g., 8-
25 m), taxon (e.g., Pinus ponderosa or all adult conifer 
species). or other ecological and physiological classes that 
will provide the sought-after data. In forests and other 
complex communities, canopy trees could be used as a class 
that defines the ultimate dimensions ofthe transect. The first 
50 or I 00 individuals of a class that are encountered within 
a predetermined width determine the length. 

Subdividing the plot into five or ten equal segments can aid 
in subplot sampling for the other classes, especially for those 
with more species and more individuals, such as in the shrub 
or herbaceous class. To sample 100 shrub individuals. the 
centerline can be divided into ten equidistant points. At each 
point sampling for five individuals on both sides can be done 
along a perpendicular line-intercept. 

Width is a very important decision and relies on the 
experience and expertise of the investigators. The transects 
need not be straight; they can follow contours of slopes or 
features in a floodplain and they can be run across more 
than one habitat or plant community type. They can be as 
discontinuous as the ecosystems they are measuring. The 
method is quantitative enough to measure species richness 
and abundance, determine diversity indices. and conduct 
diversity comparisons. 

Modifications of the Variable Transect 
The minimum amount of data that can be collected with a 
variable transect in its simplest form includes the following: 

l. Number of species (richness) in each plant class occurring 
within the transect. 
2. Number of occurrences of each species (abundance) out 
of a predetermined total to be sampled for each class. 
3. Classes of plants to be inventoried. 
4. Cover percentage for various classes of plants. 
5. Any structural or other physical characteristics that the 
surveyor feels can be added to the inventory without 
significantly slowing the process (e.g., dbh, height, crown 
size. number of stems, etc.). 

Southwestern plant communities do not host the biodiversity 
levels of most of the tropical communities. Yet. the region 
in which Cajon Bonito is located. the Madrean Sky Islands 

or Madrean Archipelago, is considered a regional 
'"megacenter" of biodiversity on a global scale (Felger and 
Wilson 1995). Much ofthis diversity is due to the interactions 
between a complex landscape and topography and the 
regional bimodal climate. 

For the rapid inventory and assessment of Cajon Bonito, 
significant adjustments to the original intended protocol were 
made. Since the field surveys were in the late fall and winter, 
sampling was limited to trees and shrubs and was conducted 
prior to leaf drop. Woody lianas, vines and succulents were 
included in the shrub class. Eventually, many identifications 
were conducted using only stems and other cryptic features. 

Field Studies in Cajon Bonito 
Natural History and Ecology of the Cajon Bonito Region 
Natural history and ecology were covered in Part I in Desert 
Plants Volume 18, Number 2, December 2002. A brief 
summary follows. Cajon Bonito is part of the Rio Yaqui 
watershed, which drains the western and northwestern slopes 
of the Sierra Madre Occidental in the state of Sonora, 
Mexico. Like many ofthe tributaries of the upper Rio Yaqui, 
Cajon Bonito describes a long 180Y arc. It flows north to 
within several miles of the U.S.-Mexico border; then reverses 
course and flows south towards the Rio Bavispe. The Bavispe 
describes a similar course before its confluence with the Rio 
Yaqui. Other regional drainages that describe similar arcing 
courses include the Rios Fronteras and Agua Prieta. 
Collectively the streams of the region describe a sub-trellis 
pattern that appears to be controlled by the horst-graben 
geology of the Madrean Archipelago. 

During its northward flow, Cajon Bonito drains a rugged, 
high-elevation basin (- 4,000-5.000 feet elevation) bounded 
by the Sierra San Luis (east). the Sierras Los Embudos and 
Minitas (west), Sierra Pan Duro (south), and the Guadalupe 
Mountains (north, U.S.). The Sierra San Luis straddles the 
continental divide; thus the waters of Cajon Bonito ultimately 
flow west to the Sea of Cortes. The Cajon's closest approach 
to the international border lies several miles south of the 
border comer between Arizona and New Mexico. Rancho 
Los Ojos, the study site. occupies this northern extreme of 
the drainage. 

Little geological literature exists specifically for the basin 
and surrounding mountains. but reasonable inferences can 
be made from studies in adjacent areas, general regional 
tectonic histories, and field observations. Drewes ( 1981 and 
1991) has produced two regional studies for the tectonic 
history of the Southern Cordillera and for southeastern 
Arizona. Imlay ( 1939) and Hayes ( 1972) worked out the 
basic stratigraphy for some of the areas adjacent to Cajon 
Bonito. Gans ( 1997) and others have described regional and 
nearby tectonics that have capped the region in Tertiary 
volcanics and produced the dominant block-faulted 
topography. The course and configuration of Cajon Bonito 
appears to be controlled by local faults created in the mid-
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to late-Tertiary. Secondary faults and fractures have created 
numerous, smaller tilted blocks, particularly in the northern 
extremes of Cajon Bonito in the Sierra Los Embudos. The 
canyon describes an angular zigzag pattern around these 
micro-blocks. 

The lowest, apparently oldest stratigraphic sequence 
observed in Cajon Bonito consists of vertical and sub-vertical 
limestone layers, probably the Paleozoic El Paso Formation 
(extrapolated from Hayes 1972). Its texture suggests that it 
has undergone some low-grade alteration. Where the layer 
dominates the substrate, as in the upper, southern portions 
of the canyon, the stream flow is unsurprisingly intermittent. 
There is an igneous dike or sill of unknown age that surfaces 
occasionally, and its apparent impermeability allows for 
stretches of perennial flow and springs. Overtopping the 
limestone are deep layers of Tertiary volcanics, mainly 
rhyolite and ash. Where the faulting has positioned this semi
impermeable layer to become the substrate for Cajon Bonito, 
there is perennial flow. Numerous springs issue from 
fractures in this formation in the Cajon's tributaries in this 
lower, northern portion of the canyon. Minor outcrops of 
conglomerate may indicate a thinning facies of the Baucarit 
Formation (Moran-Zentano 1994), which is considerably 
thicker to the south in the Rio Bavispe drainage. 

Fractured cliffs Cajon Bonito. (W. Anderson) 

The initial fieldwork was conducted along the apex of the 
northern loop of the Cajon within the zigzagging portion of 
the canyon. This configuration of the canyon produces a 
complex pattern of habitats based on rapidly changing slope 
percentages in the bounding uplands and shifting aspects 
within the bottomlands. Studies of terrain roughness, canyon
ness, (Bennett and Kunzmann 1992) found that floral 
richness was higher for several of the local sky islands as 
that measure increased. Data recorded in Cajon Bonito may 
extend that correlation to the great variety of expressions of 
the various habitats within the twisting, winding canyon. 

Though Cajon Bonito is shaped by the angular geometry of 
the faults and fractures, the floor is wide enough to allow 
for subtler physical stream features. Using the Rosgen 
classification system (Rosgen 1994), the portion of Cajon 
Bonito in the vicinity of Rancho Los Ojos varies between a 
"B" and "C" type stream. Dominant bed materials grade from 
cobbles to sands. There are only rare bedrock exposures and 
boulders between the enclosing vertical to sub-vertical cliffs. 
The pool-riffle arrangement of the stream seems to be only 
lightly impacted by the presence of the seldom-used road 
that crosses it 20 to 30 times in the study area. Conditions 
therefore have allowed for the development of a substantial 
riparian gallery woodland near and along the channel as well 
as on the intermittent terraces. 

The riparian community is an "interior riparian deciduous 
forest and woodland" (Brown et al. 1979) situated within 
the Apachian Biotic Province (Felger and Wilson 1995). It 
is composed of an interesting mix oflush, mid-successional, 
mid-elevation tree and shrub species. A discontinuous canopy 
of Populus fremontii and Platanus wrightii averages 20-30+ 
m in height. Immediately beneath this layer is a second story 
that averages 8-20 m. It is dominated by Fraxinus velutina, 
Juglans major and P. wrightii. A third short-tree layer, 2-8 
m, is composed of Juniperus coahuilensis, Quercus species, 
Fraxinus and Juglans. The shrub layer, including young tree 
species, is at least as complex as the overstories, and it varies 
from thin and scattered to dense. Finally, the herbaceous 
layer is patchy and sometimes dominated by three non
natives, Cynodon dactylon and scattered patches of 
Marrubium vulgare and Melilotus alba. Near the confluences 
with north-draining tributaries and along the toe-slopes of 
steep, north-aspect cliffs are scattered stands of Acer 
grandidentatum, sometimes in association with relatively 
uncommon (in this portion of the Cajon) Cupressus 
arizonica. 

Until a few years ago, the former owner heavily grazed most 
sites of this part of the Cajon Bonito. The current owner has 
opted to remove cattle from the land and allow it to rest and 
restore itself. Released from the burdens of grazing, riparian 
vegetation has proliferated very quickly. Cajon Bonito has 
been referred to as one of the most intact ecosystems in the 
Southwest, particularly for native fishes (Rinne and Minckley 
1991 ). Certainly the bank of native species and the ecosystem 
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dynamics are still robust. The riparian community is still 
adjusting. Though there is a welcome absence of tamarisk, 
there is an obvious missing generation for many native tree 
species. 

Older, taller cottonwood, ash, and walnut trees tower over a 
profusion of seedlings, saplings, and young trees. Many shrub 
species occur in relatively dense, scattered patches. Some 
shrubs, Frangula betulifolia in particular, occur as a near 
monoculture no more than one to two meters tall. 
Toxicodendron radicans is profuse. Along with Vitis 
arizonica and Clematis ligusticifolia, it contributes its vines 
to still another noteworthy structural element in this lush 
portion of Cajon Bonito. 

Classification of Physical Features 
The region's floral communities have been mapped in a 
general way (Brown and Lowe 1994). The personnel of the 
boundary survey of 1893 (Mearns 1907) conducted a few 
floral and faunal collections and surveys in Cajon Bonito 
and the nearby Sierra San Luis. Though short on species 
lists, the data give glimpses of conditions in the area that are 
valuable as historical reference points. Marshall (1957) 
conducted another study in the upper reaches of the side 
canyons in the Sierra San Luis in the 1950s. Though he was 
primarily concerned with avifauna of the pine-oak 
woodlands, his plant species lists are valuable resources for 
previews of some of the local plant assemblages. 

During reconnaissance ofthe stretch of Cajon Bonito within 
Rancho Los Ojos, several distinct plant combinations or 

communities that could be surveyed with relative ease within 
the vicinity of the ranch quarters were identified. These 
identifications were based upon recognizable plant 
communities and/or abiotic factors that helped to delineate 
them. Many of the physical features described follow a 
general classification for uplands topography for the Basin 
and Range Province (Peterson 1981) and stream channel 
features developed by Rosgen (1994) and Harrelson et al. 
(1994). 

Riparian: Referred to in the remainder of this report as the 
bottomland. This is the canyon/ drainage floor bounded by 
cliffs, steep hills and their toe-slopes. This macrohabitat 
consists of channels, floodplains, and terraces. Bankfull 
features, the depositional boundary adjacent to the 
predominantly erosive channel environment, were chosen 
as channel boundaries. There is a marked difference in the 
vegetation along this boundary. 

Upland: Lower slopes and cliff toe-slopes immediately 
adjacent to the bottomlands often host ecotones between 
riparian communities and upland communities. They also 
tend to have greater soil moisture than higher slopes or ridge 
tops, so they can support a unique combination of upland 
species and a richer assemblage. The relatively uncommon 
maple/sycamore/oak and more rare maple/oak/cypress 
associations are found in those habitats with northerly 
aspects. Southerly aspects host hackberry/mimosa/succulent 
associations. In this anfractuous section of Cajon Bonito, 
the bottomland and lower slope habitats form a very complex 
mosaic of small habitat parcels. 

Lush riparian area amidst juniper-studded hills. Nice contrast between riparian and upland. Cajon Bonito. June 1999. 
(W. Anderson) 
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Riparian area in side canyon Cajon Bonito. May 2004. (W. Anderson) 

Uplands flanking main canyon. Cajon Bonito. May 2004 (W. Anderson) 
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Above Cajon Bonito are the middle slope or backs lope and 
summit habitats. Though much broader in area than the 
canyon habitats, they are often interrupted by massive cliffs, 
buttes, spires and other bedrock outcrops. The soils are 
generally thin, stony and patchy. Some of the associations 
found here include mimosa/succulent spp./grass spp. and oak/ 
juniper/Little leaf Sumac/ grass species. 

Tributary drainages, many with flowing water and significant 
springs, host both facultative and obligate species that match 
much of the composition of the main drainage with less 
species diversity. 

Southern drainages feature willows, cottonwoods, 
sycamores, Baccharis, and south-aspect upland species such 
as Rhus microphylla and Lycium pallidum. Northern 
drainages were just as mesic and perhaps cooler than the 
tributaries on the opposite side because of their aspects. Their 
floristic compositions are quite distinct from the drainages 
on the opposite side of the canyon. Sycamores tower over small 
dense stands of maples (Acer grandidentatum) and Skunkbush 
(Rhus trilobata). It is in these sites that upper-elevational species 
shelter in nodes along this portion of the Cajon. 

Methods 
Transect OJ 
The first transect was set up on a relatively large terrace 
area with rich, dark soils and a thick humus and litter layer 
adjacent to the ranch headquarters. Based upon the 
community structure at this site and along much ofthe Cajon 
in this area, trees >20m tall were chosen as the canopy class. 
The first 50 trees encountered within the 20m-wide transect 
would define its length. Twenty meters seemed wide enough 
for sampling the immediate plant community while making 
the transect long enough to include most ofthe tree and shrub 
species found there. This was a qualitative judgment meant 
to eliminate the time-consuming method of using nested 
quadrats and finding a species-area curve (Smith 1990). 

Diameters-at-breast-height ( dbh) were measured for the first 
fifty overstory trees within 10 em subclasses. The edge of 
the terrace was reached by the 40th canopy tree, so I skipped 
over to the terrace diagonally opposite across the channel to 
extend the transect to a 50th tree. Discontinuous transects in 
response to disjunct community parcels are encouraged by the 
method's developers as long as these discontinuations are noted. 

Most sycamores are multi-trunked, and some have as many 
as six or seven large trunks. Often these individual trunks 
can have as much influence on the structure of the canopy 
and understory as smaller trees of other species. Individual 
trees were recorded as multi-trunked each trunk's dbh was 
measured. Several shrub species grew stems in profusion. 
Dense and expansive clusters of stems might represent the 
same individual plant. This was especially true of poison 
ivy (Toxicodendron radicans). The first five individuals of 
any species were counted, thus over-representation of some 

Sycamore Cajon Bonito (W. Anderson) 

Poison ivy with Fremont cottonwood trunks, Cajon Bonito. 
May 2004. (W. Anderson) 
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species could be expected. Such data might give a rough 
characterization of a species' structural and biomass 
contributions along the line-intercept. For this transect each 
stem was treated as an individual. 

Fifty understory trees (2-20m), 100 shrubs and 100 sapling/ 
seedling individuals were recorded. There were not enough 
individual understory trees to subdivide beyond a 2-20m 
class. The seedling/sapling class was measured as such data 
might help to decipher the early successional dynamics of 
the understories (Foster, pers. comm. 1998). 

The resulting dimensions of this transect were 20H400 m. 
The transect was subdivided according to a formula that 
could give a good representation of understory species 
richness and abundance. For the 2-20m class, the transect 
was divided into five sections at each 80 m point on the 
centerline. Attempts were made to use a perpendicular line
intercept method on either side to tally the first five 
individuals. This usually proved impossible before reaching 
the lateral limits of the transect. The measurement was begun 
with these perpendicular lines, but if necessary, I would 
sweep them forward and record the first five hits on both 
sides. 

For the 100 individuals to be inventoried for the shrub and 
the seedling/sapling classes, the sweeping line-intercept 
method would start at every 40 m point along the centerline. 
Some of the new bilateral intercept-sweeps were of unequal 
length and this needed to be addressed in the fmal assessment. 
The most problematic areas of TO 1 were those where 
Cynodon dactylon dominated the terrace floor. Here few 
shrubs and seedlings grew, and the sweeps threatened to 
overtake the next 40 m-point. Several unidentified shrub 
species were encountered, labeled with sample codes, and 
specimens collected for identification back at the field station 
or in Prescott. In fact by the end of this trip, 27 such samples 
were collected. 

For each class, Daubenmire's (1959) cover percentage 
classes were used: 1 (0%- 1 %), 2 (1-5%), 3 (5-25%), 4 (25-
50% ), 5 ( 50-7 5% ), 6 (7 5-100% ), and unknown. Each species 
was assigned a spacing code, "C" for clustered and "R" for 
random. Elevations were recorded at the beginning and end 
of the transect. Slope percents and aspects were recorded 
along with landform types, substrate, soil characteristics, any 
signs of disturbance at the site and any significant or obvious 
natural or human-made features that were adjacent to the 
transect. The qualitative assessments ofthe plant community 
included a general description of the composition and 
structure. The time it took to complete each transect was 
noted. TO 1 took eight hours to finish. 

Transect 02 
One-halfkilometer upstream of the Rancho Los Ojos quarters 
is a narrow constriction of the canyon that is unique enough 
to earn its own habitat designation, canyon narrows. There 

are many such gorges throughout Cajon Bonito with vertical 
and sub-vertical walls that constrict the drainage bottom. In 
the upper reaches of the Cajon, 10 miles upstream of Rancho 
Los Ojos, the gorges become numerous and spectacular. 
Many have sheer walls that vary from 50 to over 150 meters 
in height and constrict the canyon in some places to as narrow 
as 10 meters. Unique expressions of the local riparian 
community can be found in these sites. Habitats in this 
environment are controlled by constricted flood flows. 
Diversity along the bottoms may be reduced to those species 
adapted to endure or thrive in a flood environment. 

The short narrows ( ,...,500 m) identified for measurements 
would be a good test of the variable transect in an extreme 
expression of Southwestern riparian habitats where flood 
events are exaggerated compared to those of more open flood 
plains. Narrow bedrock walls that vary in height from five 
to thirty meters mostly enclose the gorge itself. The width of 
the floor varies from fifteen to thirty meters. There are few 
terraces. The only one of any size lies at the base of a short, 
steep, north-facing cliff. A tiny stand of Cupressus arizonica 
and Acer grandidentatum has found purchase on one of the 
few apparently stable substrates in the gorge. Elsewhere the 
channel and small floodplains take up the entire drainage 
floor, and the channel itself often creates discontinuities in 
the thin, dense stringers of vegetation. Often the stream 
meanders back and forth against both walls so that available 
substrate for plants occurs in small alternating patches. 
Despite this, the stream channel was chosen as the centerline. 

Riparian Ecosystem: Narrows in afternoon shadow, Cajon 
Bonito. May 2004. (W. Anderson) 



10 Desert Plants 2004 

Based on the available plants and the nature of the 
community, three classes were measured: trees >4 m, 
seedlings and saplings <4 m, and shrubs. The paucity of 
plants in many sections and the structure of the community 
and habitat forced the expansion of the width to 30m where 
possible. Beginning at the mouth of the narrows the first 50 
large trees were inventoried. The transect length was 420 m. 
To characterize the profuse seedling and sapling growth 
along the margins of the water, 100 individuals in that class 
were inventoried. Shrubs were inventoried in the same 
manner, expecting that at least half would be Baccharis 
salicifolia and at least some of the more rare species such as 
Senecio douglasii would be picked up. 

The variable transect method was "flexed". At every 42 m 
point, a line to either side (when possible) was visually 
extended and swept forward counting the first ten individuals 
beyond it for, most of the individuals might be picked up on 
one side of the "centerline." At some of these 42 m points, I 
had to walk almost up to the next point to get ten individual 
plants. Salix "seedlings" and saplings, like the poison ivy in 
TO 1, required a judgment call to determine what constituted 
an individual plant. Where several were crowded together, 
and no direct connection between them was obvious, I dug 

Riparian Ecosystem: Willow, cottonwood, seep willow. 
Cajon Bonito. May 2004. (W. Anderson) 

into the alluvium to find connections. When this was not 
possible, they were counted as one, if they were crowded 
enough for a connection beneath to be plausible. Poison ivy 
was treated similarly in other transects. The forward sweep 
methods for understory classes reinstated a greater measure 
of consistency for applying the variable transect method. 
This transect took five hours to complete. 

During the reconnaissance and initial assessment of this 
portion of Cajon Bonito, I was impressed with how rapid 
and robust the early successional dynamics ofthe understory 
layers of the community were. In TO 1 the absence of the 
early-mature and middle-aged cohorts of the larger tree 
species and the presence of many upland trees such as 
junipers, mesquites and hackberries on relatively mesic 
terraces suggested that, ifleft ungrazed, the composition and 
appearance of the bottomlands community was going to 
change significantly. Many species that_ thrived in this site 
under the old grazing regime may be supplanted as other 
more obligate and facultative species revived their roles in 
the riparian community. In T02, the seedlings and saplings 
were an important expression of a flashflood environment 
and community in recovery. In such an environment as the 
narrows, adult cottonwoods and willows rarely reach the 
same sizes and heights as they have upstream and 
downstream of this site. The immature species are an 
important measure of that habitat's health, even if the 
majority of these individuals never reach recruitment size. 

Transect 03 
Channels, floodplains, terraces and toe-slopes were 
interwoven in a complex mosaic, none of the habitat parcels 
being large enough and close enough to each other to splice 
together a convenient transect. This portion of the canyon is 
a relatively narrow and frequently zigzagging macro habitat. 
Angular turns in the drainage combine with an equally wide 
variety of bounding slopes and cliffs to create innumerable 
repetitions of small to moderate parcels of all four habitats. 
Changing slope aspects increased the variety of plant 
associations by an order of magnitude. 

Rancho Los Ojos is connected to the upstream Ranchos 
Nuevo and El Pinito by means of a rarely used dirt road 
along the bottom of Cajon Bonito. This road crosses the 
creek as often as twenty times in just three to four kilometers 
and even stays in the channel several times for as long as 
50-100m. Downstream ofRancho Los Ojos, the road is no 
longer used and has become overgrown, but it repeats the 
winding course of the upstream section. In either direction 
it crosses or runs adjacent to every habitat designated for 
the bottomlands, and it does so often enough that a transect 
using the road as a centerline would include every habitat 
several times over a distance of less than a kilometer. 

Although the road had some maintenance this survey year 
(it is now abandoned and nearly eradicated by stream action), 
it was seldom used. Its influence on the vegetation and 
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substrate immediately adjacent to it was minimal. The 
abandoned road downstream of the ranch looked as if its 
bed had been in recovery for as long as the rest of the riparian 
area around the ranch. Only seedlings and saplings grew 
there. and shrub recovery lagged just enough to make the 
understory trees discernible. The currently used roadbed in 
the upper Transect 03 was not counted. Rather. l 0-meter 
belts on both sides were inventoried as the road wound its 
way through all habitats. 

The first 50 trees > 20 m height were chosen as the canopy 
and transect length-defining class. Since the road wound 
through all of the bottomlands habitats, the already 
fragmented canopy of the canyon might be even more 
discontinuous along the road transect. Significant canopy 
discontinuations were noted. These trees were recorded in 
groups as they were encountered. For this and all other 
classes, a two-letter code was assigned for every individual • 
.. C .. and "T'' depending on whether they were found in the 
channel and floodplain or on the terrace. All stem dbhs for 
multi-trunked trees were recorded. Other classes included 
understory trees 8-20 m. tree species 2-8 m. shrubs and 
saplings/seedlings. Any species in these classes that did not 
make it into the normal inventory was noted. Total length of 
the transect was approximately one kilometer. Over that 
length. the road (centerline) crossed the stream and the 
channel habitat seven times. It crossed terrace habitats six 
times swinging to the extreme outside on at least three 
occasions. Transect lengths on the terraces varied from 20-
210 m. Distance in the channel/floodplain habitat ranged 
from 15-100 m. 

Recording understory classes would again require using a 
forward-sweeping line intercept. as in the other transects. In 
some cases the road went right to the edge of the bottomlands 
habitat. which meant the sweeping line necessarily 
emphasized one side of the road over another. Despite this 
"convenient" flexing of the variable transect. the data 
recorded at all of the transects portray the composition and 
abundance ofthe recorded species. Most species not making 
it into the data set for the transect were noted. 

Poison ivy was counted only once per side per sweep
intercept. As in T02 judgment calls were made on what 
constituted a single willow sapling. It became apparent that 
recording a seedling/sapling class may only be necessary in 
a fraction of transects to characterize that aspect of 
successional structure. Recording that class did pick up some 
species that might not have been noticed at all. such as a 
low-growing Quercus hypoleucoides hidden beneath a 
juniper. This transect took six hours to complete. 

Transect 04 
Transect 04 was set up two kilometers downstream of the 
ranch using the same methodology as T03. A seedling/sapling 
class was not recorded. however. the first ten were recorded. 
More species were recorded in this site that was structurally 

and compositionally less complex than the site upstream at 
T03. 

The understory was lighter. so the intercept-sweep was 
utilized. As in the other transects, the distance each sweep 
moved forward from each transect subsection varied widely. 
If inventory is the only object. then this seems to be no 
problem. Abundance values. though. could be 
overemphasized for less common species. This might be 
overcome if several transects were run contiguously. The 
two immediate benefits were a more thorough inventory of 
the species within the transect and less time to conduct the 
inventory. This sample took four hours to complete. 

Notes on Subsequent Transect 
Ten transects were set up along approximately a ten
kilometer length of middle Cajon Bonito. The number of 
new species that were recorded per transect leveled out at 
two or three. and most of these were found outside of the 
transect boundaries. Opportunistic searches in and around 
the transect sites in follow-up trips in late winter and spring 
1999 added even more species to the inventory total. Most 
likely even more species in some of the plant classes (e.g .• 
shrubs. succulents and woody vines) could be found on 
subsequent visits. Cajon Bonito is in a state of relatively 
rapid change after the exclusion of cattle and the inception of a 
recovery program by the new owners. The total species bank 
for the study area may not yet be fully expressed and awaits the 
completion of various environmental and ecological cycles. 

Six transects were run on opposing upland slopes: two on 
lower slopes just above the canyon walls and toe slopes; 
two along mid- to upper-level slopes: and two along ridge 
tops on either side of the Cajon that hosted assemblages that 
were relatively distinct from each other. Time restrictions 
prevented expanding the study into the wide variety of upland 
vegetation associations that create a mosaic across the hills 
and mountains. 

There was as much plant community variability in the uplands 
as in the canyon bottoms. Different classes of plants were 
utilized for sampling in each of the six transects. One ridge 
top transect had only one class, shrubs of all sizes. The 
density of the small shrubs was such that a very narrow. two
meter transect was used. The ridge top on the opposite side 
of the valley to the north had scattered trees and was therefore 
longer and wider. Soil moisture increases downhill on most 
hills. and this was reflected in an increasing abundance of 
trees at lower elevations. particularly on the lower and upper 
slope of north-facing transects. The upper transect on the 
south-facing side of the valley hosted many of the same plants 
as the opposite side. but they were restricted to small. 
favorable aspects and the bottoms of small drainages. The 
lower transect on the south-facing slope just above the Cajon 
not only differed in aspect but also in substrate. Massive bedrock 
exposures. small cliffs and scattered thin. stony soils allowed 
elements of juniper-grassland to mix with desert flora. 
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As in the riparian zone. the uplands are recovering from 
heavy grazing. Range-increaser species for this region, such 
as mimosa. mesquite and snakeweed, dominate slopes, 
particularly those with south aspects. These areas are often 
mapped juniper-grassland but are actually scrub mesquite 
grassland with scattered junipers. Juniper and mesquite were 
notorious range-increasers, and these cooler slopes were 
even more attractive for cattle. 

Summary of Data and Observations 
Riparian Plant Community Structure and Composition 
The riparian community structure was divided into seven 
horizontal layers for most of the transects. Each of these 
layers was treated as plant classes to be sampled. These 
included the following layers from top to bottom: 

Canopy or overstory layer. For purposes of sampling with 
the variable transect, this was the control. the class that 
determined the dimensions of each variable transect. For 
eight of the ten riparian transects, the minimum height was 
set at >20m. Generally. this layer was dominated by Populus 
fremontii (0.64) and Platanus wrightii (0.30). There were 
rare Cupressus ari=onica that rose majestically in the shaded 
lee of streamside cliffs and hinted at the cooler, higher 
elevations miles upstream. This visually and structurally 
dominant layer was discontinuous. The breaks usually 
occurred where the fullest forces of flood and erosion by 
the stream were expressed, such as where the canyon walls 
constricted tightly to allow room only for the stream channel 
and scattered, tiny terraces and floodplains. This layer 
produced a stately, cathedral-like atmosphere with inviting 
shade. 

First understory (8-20 m height). The sycamores that could 
not match the cottonwoods in height in the overstory 
dominated this layer (0.53). However, this percentage 
significantly underestimates the structural contributions by 
this species to the overall appearance in the upper layers. 
About 90% of the individuals sported from two to twelve 
often massive and tall trunks, each with the structural impact 
of a single individual of another species. As mentioned 
earlier. the paucity of cottonwoods in these taller understory 
layers may reflect the impacts of the old grazing regime. 
The result is a largely missing generation of cottonwoods. 
Virtually all of the cottonwoods in this and the next class 
were old trees like those in the understory that had collapsed. 
been snapped off by storms, or had tilted. The data show 
that their dbhs fall into the same range as those of the 
overstory. The largest of the Fraxinus velutina (0.13) and 
Juglans major (0.09) individuals add significantly to the 
color and structure of this layer. Although the species 
numbers jump from six to fourteen in this class. most species 
are represented by rare examples of their tallest individuals. 

Second understory (2-8 m). The number of species in this 
class jumps dramatically to 24. Abundances are more evenly 
distributed. The most common species. as measured with 

the variable transect, are Juniperus coahuilensis (0.23), 
Prosopis velutina (0.15), Salix bonplandiana (0.15), Juglans 
major (0.08), Quercus grisea (0.07), Platanus wrightii (0.06) 
and Celtis reticulata (0.05). Salix spp. andPopulusfremontii 
(0.04) are under-represented since the centerline of the 
transect did not follow along the stream channel. Cottonwood 
and willow saplings there sometimes forming a nearly 
impenetrable curtain along the stream banks. 

Shrubs. This class includes woody and suffrutescent shrubs, 
lianas and vines, and succulents. Epiphytes such as 
Phoradendron spp. and Tillandsia recurvata were noted as 
"present." Equisetum hyemale was listed with shrubs because 
it is the most significant perennial in the mesoriparian area 
and dominates streamside habitats. Vines will be discussed 
separately. The shrub class was the most problematic during 
surveys. Identifications were difficult during the winter. 
Return trips in the spring added many new species. 

Some species, though relatively uncommon or even rare in 
the transects, such as Ceanothus fendleri, C. greggii and 
Anisacanthus thurberi. occurred at regular intervals in 
microsites such as the cool. well-shaded north-flowing 
tributaries to Cajon Bonito and in hanging gardens and 
grottos. Others such as EIJ'flll·ina jlabelliformis could be 
found frequently along the edges of the riparian woodlands 
in bedrock and rocky substrates. Species such as 
Arctostaphylos pungens and Cercocarpus montanus were 
rare at that elevation. Desmodium psylophyllum and 
Parthenocissus vitacea were noted. 

While many species were distributed randomly throughout 
the understory, such as the Senecio spp., others. such as 
Frangula betulifolia and Toxicodendron radicans could 
occur as dense monocultures of uniform height. Some shrubs. 
like Agave palmeri andAgare schottii. were found in clusters. 
Other shrubs. such as all of the Baccharis species except for 
B. sarothroides. were narrowly distributed indicating strict 
habitat requirements. In general. the distribution of shrubs 
varied, and that may have had as much to do with the old 
grazing regime as with environmental needs and tolerances. 
In some places the shrub growth was quite dense and 
complex, and in other places the spacing was much more 
open. There were whimsical occurrences of Opuntia 
phaeacantha and Agave growing in the crotches of tree 
trunks. 

Vines. Several vine species added to the structural complexity 
that went beyond their numbers as individual plants. One 
species in particular. poison ivy. was both incredibly prolific 
and in many places dominant in the understory. 
Toxicodendron even added an interesting structural 
modification: thick. persistent and long tendrils crawled up 
cliff sides and made numerous green bridges from trees to 
canyon walls. Some of the vines were several inches thick 
and climbed as much as 50-1 00 feet up the rock walls. 
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Epiphytes. Several species of Phoradendron added to both 
the vertical and horizontal complexity of the riparian woods. 
Tillandsia recurvata was the only flowering and obligate 
epiphytic species and bromeliad observed. 

Uplands Plant Community Structure and Composition 
Substrate and aspect seem to be the two major factors 
determining both composition and structure among the 
upland sites. Several sites had similar species composition, 
but abundances shifted dramatically, resulting in assemblages 
of quite different appearance. 

Many abundant species may have increased during the earlier 
grazing regime. Shrub species that occurred in greater 
numbers and more openly beneath the tall canopies of the 
riparian area could still be found beneath junipers and oaks 
in the uplands, even on southerly aspects. Some relatively 
rare species such as Fraxinus cuspidata and F greggii could 
be found at the base of north-facing cliffs where the soil was 
deep and its moisture protected from the direct rays of the 
sun for most of the year. Larrea was extremely rare, and it 
was probably at its extreme elevational range. 

Other Plant Communities: 
Hot Springs Cienega. The small valley that was the site of 
the hot springs also hosted dozens of other small to large 
cool water springs. All of these springs flowed beneath dense, 
tall grasses and sedges. They eventually flowed into the main 
tributary, which hosted a dense mesoriparian woodland and 
shrub land. Even in these years of prolonged drought, the 
flow from these hillside springs is stable. The grassy swales 
are large and stand out distinctly from the gallery woodland. 
This cienega habitat is perhaps the most intact, healthy and 
robust of any throughout the Madrean Archipelago. 

Hanging gardens. Though these microhabitats host few shrub 
species, they are the green jewels of Cajon Bonito and are 
located at the head of small tributaries to the Cajon. Within 
the grottos, lush, dense riparian forests tower above the 
hanging gardens. Even small seeps will host monkey flowers 
and honeysuckle, sometimes in dense growth. 

Cliff Bases (Uplands and Canyon Bottoms). Within the 
canyon itself, especially cool, moist and shaded habitats at 
the cliff bases can host disjunct patches of montane riparian 
woods. Acer grandidentatum and Cupressus arizonica 
overshadow other higher elevation adapted plant species such 
as Rhus trilobata, Quercus grisea and Q. rugosa. Soils in 
these sites remain moist throughout the year. Cumulatively 
these moist, cool sites lie scattered like beads throughout 
middle Cajon Bonito to form an attenuated montane riparian 
stringer. 

Further Research 
For the study conducted in Cajon Bonito, inventory and 
qualitative assessments in a relatively short time were the 
goals. The region is little known, and no existing general 

description does a comprehensive job. Any data gained from 
an experimental method is valuable. Several more transects 
will be run through both lower and higher elevation portions 
of Cajon Bonito that undoubtedly differ in community 
composition from the mid-elevation study site described in 
this report. 

Fern grotto and falls, Cajon Bonito. (W. Anderson) 
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APPENDIX 1: Trees: from Variable Transects (includes relative frequency of occurrence per total number 
of samples recorded for that class). 
U: unconunon (<0.01); R: rare (one to just a few individuals seen throughout survey). 

Family Riparian Transects Upland 
Species Transects 

Height: >20m 8- 20m 2-8m 

Cupressaceae 
Cupressus arizonica u u u 
Juniperus deppeana R 
J. coahuilensis I 0.23 0.57 

I i 
J. monosperma I I 

0.06 
Salicaceae I 

I 
Populus fremontii I 0.64 I 0.10 0.04 
Salix taxifo/ia I 

I 
R 

S. gooddingii I R 
I 

0.02 I 
S. bonplandiana u 0.15 

I J uglandaceae 
Juglans major 0.03 0.09 0.08 
Fagaceae 
Quercus rugosa R u 
Q. oblongifolia u 0.09 
Q. grisea R I 0.05 0.07 
Q. toumeyi I u : 

Q. emoryi i u u 0.07 
Q. hypoleucoides 

I 
R 

Ulmaceae 
Celtis laevigata var. reticulata I u 0.05 i 

Platanaceae 
I Platanus wrightii 0.30 0.53 0.06 

Rosaceae 
I Prunus emarginata 0.02 0.01 

I Fabaceae ! 

I 
! 

Prosopis velutina I 0.15 i 0.21 
I I 

Rutaceae i 
Ptelea trifo/iata u I 

I 
Aceraceae I 
Acer grandidentatum u u I 
Sapindaceae I 

I 

Sap indus saponaria var. u 0.04 0.03 
drummond it 
Oleaceae 

I 

Fraxinus anomala 0.13 u 
F. velutina 0.04 0.03 

15 

: 

I 

I 
I 

I 
I 

I 
I 

I 
I 
I 

I 

i 
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APPENDIX 2: Woody and Suffrutescent Shrubs, Succulents and Epiphytes. 

Taken from Variable Transects (includes relative frequency of occurrence). 
U: uncommon(< 0.01 ~ 4-6 individuals); R: rare (one to just a few individuals seen throughout survey); 
X: found outside of transects, or not counted within transects). 
V: vines or shrubs that also grew as woody vines/lianas. 
Spacing code: Cl: clustered (horizontally, or, as in the case of epiphytes, vertically also). R: all other 
species assessed as randomly spaced. 
900 individuals counted in riparian area; 600 in uplands. 

Shrubs 
Family Riparian Uplands 
Species 
Equisetaceae 
E_guisetum hyemale 0.02 c 
Ulmaceae 
Celtis pallida 0.01 
Moraceae 
Morus microphy/la 0.02 u 
Polygonaceae 
Eriogonum wrightii R 0.02 
Chenopodiaceae 
Atriplex confertifolia u 
A. canescens R 
Krasheninnikovia /anata R 
Ranunculaceae 
Clematis drummondii V u 
Clematis /igusticifolia V u 
Berberidaceae 
Berberis haematocarpa 0.07 u 
Saxifragaceae 
Philadelphus argentus R X 
Fend/era rupicola R u 
Rosaceae 
Fallugia paradoxa RC 
Purshia stansburiana XC 
Fabaceae 
Cal/iandra eriophylla 0.02 
Acacia gregg it R 0.02 
A. constricta uc 
Mimosa dysocarpa R 0.02 
M. biuncifera 0.05 0.02 
Amorpha fruticosa R 
Eysenhardtia polystachya u u 
Dalea neomexicana R 
D. formosa 0.01 
D. versicolor ssp. versicolor var. sessilis u 
D. albiflora R 
D. tentacu/oides 0.01 
Desmodium psylophyllum V 0.03 
Erythrina jlabel/iformis XC u 
Zygophyllaceae 
Larrea tridentata X 
Malohil!iiaceae 
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Janusia gracilis u X 
Euphorbiaceae 
Croton fruticulosis 0.04 0.01 
Anacardiaceae 
Toxicodendron radicans V 0.07 RC 
Rhus tri/obata R u 
R. choriophyl/a 0.05 0.03 
R. microphyl/a 0.01 u 
Sapindaceae 
Dodonaea viscosa RC X 
Family Riparian Uplands 
Species 
Rhamnaceae 
Condalia spathulata R 
Ziziphus obtusifo/ia R R 
Frangula betulifolia 0.08 
Ceanothus greggii R 
C.fendleri R 
Vitaceae 
Vitis arizonica V 0.01 
Parthenocissus vitacea V X 
Garrvaceae 
Garrya flavescens 0.01 u 
G. wrightii R 
Ericaceae 
Arctostap_hylos p_ungens R RC 
Fouquieriaceae 
Fouquieria splendens X 0.03 
Frankeniaceae 
Frankenia jamesii X X 
Sapotaceae 
Sideroxylon /anuginosum R 
Oleaceae 
Fraxinus cuspidata XC XC 
F. greggii X XC 
Forestiera pubescens u 
Verbenaceae 
Aloysia wrig_htii uc 
Solanaceae 
Lycium pallidum uc R 
L. andersonii R 
Bignoniaceae 
Tecoma stans R 
Acanthaceae 
Anisacanthus thurberi X 
Caprifoliaceae 
Sambucus sp. X 
Asteraceae 
Brickel/ia betonicifo/ia X 

I 
X 

B. ca/ifornica 0.01 c X 
B. grandiflora 0.05 

\ 

i 
Gymnosperma glutinosum 0.07 

I 
0.01 

Gutierrezia sarothrae u 0.04 
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Ericameria laricifo/ia 0.08 0.09 
lsocoma plurijlora R u 
Baccharis pterinoides R 
B. sa/icifo/ia R 
B. sarothroides 0.11 c 
B. thesioides uc R 
Zinnia acerosa X X 
Artemesia ludoviciana R 
Senecio jlaccidus var. jlaccidus R 
S. longjlobus R 
Family Riparian Uplands 
Species 
Asteraceae 
Senecio salignus 0.05 
Agavaceae 
Yucca baccata u uc 
Y. schottii 0.01 0.01 
No/ina microcarpa R 0.10 
Dasylirion whee/eri u 0.03 
Agave palmeri 0.03 

I 
0.05 

A. schottii XC 0.07 c 
Cactaceae I 
Echinocereus pectinatus R I 0.04 
E.fendleri X 

I 
X 

Mammilaria microcarpa X 0.01 
Opuntia santa-rita RC i 0.01 c 
0. violacea XC I uc 
0. phaeacantha var. laevis R ! 

0. phaeacantha var. major R i 0.02 
0. phaeacanthe var. dis~ata 0.01 I 0.01 

I 
0. spinosior 0.04 ! 0.06 

APPENDIX 3: Epiphytes 
Only the presence of epiphytes was noted for each transact. 

Family, Species 

Bromeliaceae 
Tillandsia recurvata Clustered 

Viscaceae 
Phoradendron californicum 
P. juniperum 
P. jlavescens 

P. coryae 

Host Trees 

Juniperus spp., Cupressus arizonica, 
Quercus spp. 

Prosopis velutina 
Juniperus spp. 
Populus fremontii, Platanus wrightii, Celtis 
reticula/a, Juglans major, Fraxinus velutina, 
Prosopis velutina 
Quercus spp. 
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The Sperrgebiet - a Diversity 
Hotspot of Desert Plants 

Antje Burke 
P.O. Box 90230, Klein Windhoek, Namibia 
Tel: +264-61-223 739, Fax: +264-61-227906 
antj e.burke@enviro-science.info 

Coleen Mannheimer 
National Botanical Research Institute ofNamibia 
P/Bag 13184, Windhoek, Namibia 
Tel: +264-61-2022012, manfam@iafrica.com.na 

A small portion of the Succulent Karoo, southern Africa's 
hotspot of plant diversity, extends into southern Namibia. 
Locked up in the enigmatic Sperrgebiet or Diamond Area 1, 
a remarkable diversity of living diamonds rivals the riches 
excavated from ancient beaches beneath the sand and sea 
by the diamond industry. Antje Burke, a freelance plant 
ecologist who has worked in Namibia over 15 years, and 
Coleen Mannheimer, associate researcher and former curator 
of the National Herbarium of Namibia, take stock of the 
Sperrgebiet's fascinating plant riches. 

Patches of yellow, pink and purple succulents, their leaves 
bursting with water, carpets of yellow daisies, colourful 
white, purple, and yellow lilies, slopes covered in delicate, 
violet-flowered herbs and wherever we looked there was 
more to be seen. We will never forget our first 'formal' plant 
collecting trip to the Sperrgebiet in 1996 when the entire 
area had received exceptionally good rains and we happened 
to get the timing exactly right. Many more trips followed
at least once a year - and even if we were not always as 
lucky as the first time, a good seven years later we feel 
equipped to give a report back. 

We always knew this area to be rich in plant species in the 
Namibian context. Yet, (1) How rich? (2) How special? and 
(3) What are the possible reasons for this? . . . are three 
questions we would like to explore in this article. 

What and where is the Sperrgebiet? 
Covering some 20 000 km2 

- if one excludes the northern 
strip that extends into the Namib sand sea- in the south
west of Namibia, the Sperrgebiet (German for 'forbidden 
territory') is a prime wilderness area at the transitional zone 
between winter and summer-rainfall in southern Africa 
(Figure 1 ). Extreme aridity,- annual mean rainfall increases 
from about to 20 mm to some 60 mm along a coast inland 
gradient - relentless winds, mainly from the south, and 
regular fog, particularly along the coast, characterise the 

climate of this biodiversity hotspot. Certainly not a mellow 
environment for plants. 

Breathtaking, spectacular and contrasting landscapes abound. 
Dune fields, some sparsely covered in low stem succulent 
shrubs ( Othonna cylindrica and Othonna furcata ), others 
mobile and only supporting a few patches of robust desert 
grasses (e.g. Cladoraphis spinosa and Stipagrostis 
sabulicola) alternate with gravel plains," ancient river courses 
that dried up many thousands of years ago, and groups of 
isolated mountains (inselbergs) with variable substrates 
caused by the complex geology of this ancient land surface. 
Some patches of gravel plain are so densely packed with 
minute succulents ( Crassula, Dracophilus, F enestraria, 
Lithops species and many more) it is almost impossible not 
to step on them, while the inselbergs and mountain areas 
provide perfect rock gardens that any horticulturist would 
envy. Here tall stem succulents (e.g. Aloe ramosissima, 
Tylecodon paniculatus ), a tremendous variety of dwarf 
succulent and deciduous shrubs, lilies, herbs, climbers and 
creepers congregate to form structurally diverse, aesthetically 
astounding and taxonomically challenging plant 
assemblages. Many of the leaf succulent shrubs look very 
much alike, but a closer look reveals that they are all very 
different. 

Long stretches of sandy beaches with occasional rock 
promontories break up the regular coastline. Along here 
fierce winds have perpetually swept valleys that run north
south for hundreds of years, preventing all but a few, isolated 
hardy shrubs from taking a foothold. In the lee of rocks and 
outcrops, numerous dwarf succulents cling onto the often 
steep slopes, many, such as the appropriately named Namibia, 
endemic to these rocky coastal habitats as well as other 
species, such as Eremothamnus and several Pelargonium 
species. Salt pans adjoin the sandy beaches inland, possibly 
relicts of former lagoons and now maintained by underground 
seawater seepage. All these varied habitats provide a home 
for plants, predominantly succulents, which seem well 
adapted to this harsh desert environment. A linear oasis, the 
Orange River, which carries water all year round, forms the 
southern boundary and locally supports evergreen riparian 
woodlands, reedbeds and grassy lawns. 

The name of the area deserves an explanation. Initially 
created as a buffer zone for the diamond industry, the 
Sperrgebiet was proclaimed by the German colonial 
administration in 1908. Since then it has been closed to the 
public, and only mining and exploration activities are allowed 
there. Recently, in a very restricted area, a tourism concession 
has been granted. Mining is restricted to a small area on the 
eastern boundary, the Orange River terraces, and beaches 
on the coast. Yet exploration activities occur throughout the 
area. Its status is state land with, save of the mining and 
exploration licences, plans to proclaim a formally protected 
conservation area. 
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How rich is the Sperrgebiet flora? 
Nearly 25 % of the species comprising the entire flora of 
Namibia- 24.3% to be more precise- are packed into the 
southwest comer ofthe country onto only 2.5% ofNamibia 's 
land surface. Some 1038 flowering plants have been recorded 
to date, and very likely more will be found in future (Burke 
& Mannheimer in press). In a national context this is no 
doubt one of the prime plant diversity hotspots. Richard 
Cowling, Craig Hilton-Taylor ( 1999) and colleagues have 
repeatedly drawn our attention to the Succulent Karoo 's 
remarkable. and world-wide unrivalled arid plant diversity. 
Our account from the Sperrgebiet certainly supports their 
views. 

Is the Sperrgebiet flora special? 
Straight numbers aside. what else makes the Sperrgebiet flora 
special? Let's look at the composition of the flora. 
Characterised by a tremendous diversity of leaf succulents, 
the family Mesembryanthemaceae contributes the largest 
portion of species to the Sperrgebiet flora. followed closely 
by Asteraceae (Table 1 ). The two families together contribute 
nearly one third ( 31%) of the species listed. A total of 90 
families are represented in the Sperrgebiet, nearly as many 
as the far richer Namaqualand flora to the south, which has 
representatives from 107 families. Amongst the vygies (as 
the Mesembryanthemaceae are locally known) pat1icularly 
rich are the genera Conophytum. Drosanthemum. 
MesemhlJ'anthemum. Lithops and Ruschia. A number of 
genera are Sperrgebiet endemics. (e.g. Namibia). or near
endemics (e.g. Dracophilus. Hartmanthus. Juttadinteria. 
Psammophora. S.vnaptophyllum ). Geophytes are another 
important contributor to the Sperrgebiet flora. and amongst 
those many are restricted to this area. If we compare 
contribution by families to the Sperrgebiet flora, to the 
composition of the floras of biomes in the general area, our 
analysis shows that the Sperrgebiet is an integral part of the 
Succulent Karoo Biome. It shares many of the dominant 
families in the same order of importance (Table 1 ). However. 
one exception is the family Zygophyllaceae. which does not 
rank amongst the top ten families in neighbouring biomes. 
The Sperrgebiet is believed to be the centre of distribution 
for the genus Zygophyllum in southemAfrica (Van Zyl2000). 
explaining why some 30 species of this family occur there. 

From a global perspective, A vi Shmida ( 1985) reported from 
other desert areas that Asteraceae. Poaceae and F abaceae 
are the most species-rich families in drylands. neatly 
following the order of their contribution to the world flora 
in general. In the Sahara. Middle East. Asia and Australia 
Chenopodiaceae is also an important contributor to desert 
floras. While less important in southern African dry lands in 
generaL the family does feature prominently in the 
Sperrgebiet flora. This is a result of the profuse speciation 
in Sa/sola Botschantzev ( 1974) por1rayed to have occmTed 
in this area. However. we arc not convinced that this is a 
true reflection of the situation in the field and more detailed 
taxonomic work is required to elucidate the seemingly 

tremendous speciation in this genus in the Sperrgebiet and 
Namibia in general. 

Why is the Sperrgebiet flora so rich in species? 
Our colleagues in South Africa have suggested that relatively 
predictable rains, falling in gentle showers, moderate 
temperature regimes. variable soil conditions- often within 
the space of a few tens of centimetres- and relatively recent 
climatic fluctuations have contributed to the Succulent 
Karoo 's remarkable plant diversity (Cowling et al., 1998; 
Midgley et al. 2000). These selective forces also apply to 
the Sperrgebiet. Moreover, there are additional factors that 
may play an important role. 

One is that the Sperrgebiet is positioned in a transitional 
area between winter and summer-rainfall in southern Africa 
and hence there may be two rainy seasons in a year. 
Temperate cyclones offthe Atlantic coast bring winter rains. 
usually during June- September. when the south-westem 
tip of Africa. the Cape Region. receives the bulk of its 
precipitation. Moist. tropical air moving in from the north 
and east can bring summer rains. In this part of the continent 
these accumulate in March-May. Often the transition between 
the winter- and summer rainy season is somewhat murky, 
and. unless one studies weather maps during rain events. 
rains are not always clearly attributable to one or other main 
pressure system. The result is that plants are blessed with a 
more regular supply of rain here than in other arid parts of 
Namibia. 

Compared to the rest of the Namib desert, habitat diversity 
is very high. Not only in terms of the different types of 
habitats that are available overall, but particularly so when 
one looks at their spatial distribution. Instead of vast 
homogenous dune fields. as seen to the north, several sand 
sheets occur in the Sperrgebiet. interrupted by gravel plains, 
isolated mountains and ancient drainage systems. The 
complex geology, particularly in the mountainous areas, 
provides many different substrates. and hence more habitat 
diversity at the local level. Not surprising that some 
inselbergs (German for '"isolated mountain") support 
endemic species, some restricted to a particular outcrop. 

Richard Cowling and colleagues ( 1998) suggested that steep 
gradients of soil depth. for example, drive compositional 
turnover in the succulent Karoo and it could be conceived 
that the number and extent of habitat interfaces might well 
contribute to creating very diverse plant assemblages. For 
the Sperrgebiet these are only theories. for which hard 
evidence is still outstanding. 

More recently, restricted access. although not the reason for 
the evolution of plant diversity, can nevertheless be named 
as a contributor to maintaining it. Elsewhere in the succulent 
Karoo impacts related to livestock farming have undoubtedly 
contributed to a decline in plant species diversity, at least 
locally. These impacts have largely been prevented here. 
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Some challenges ahead 
The Sperrgebiet has undoubtedly benefited from its secluded 
position in a diamond mining buffer zone. having largely 
been inaccessible to plant collectors. livestock and off-road 
vehicles for nearly a century. 

The flora in this area is special in that it supports a nationally 
unrivalled plant diversity. represents a genuine part of 
succulent Karoo vegetation in Namibia and- as few in-depth 
studies in evolution. ecology or the properties of its 
magnificent flora have hitherto been undertaken- may have 
more. as yet undiscovered, surprises in stock. 

The effects of climate change. which are predicted to hit the 
succulent Karoo hardest on the African continent (Midgley 
et al. 200 1 ), and uncertain land use status are two of the 
main challenges to the preservation of the Sperrgebiet flora. 
The former is out of our hands. but the latter can be achieved 
if the recommendations that emanated from the Succulent 
Karoo Ecosystem Plan. an internationally supported 
conservation planning exercise spanning the entire Succulent 
Karoo Biome, and the Sperrgebiet Conservation Planning 
Study in particular, are put in place. Mining and exploration 
have helped to create this special area. but these activities 
also contribute to losses amongst the flora. A careful balance 
has to be struck between the extraction of the Sperrgebiet's 
diamond and mineral wealth- unsustainable, yet imperative 
for Namibia's economic development- and the preservation 
of the Sperrgebiet's living diamonds. 
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In Pursuit of Plants 
Philip Short 
352 pages, 45 color illustrations. 20 b/w illustrations, 
6 f x 9 ° " hardcover 
$29.95 
2003 Timber Press, Portland, OR 

In Surinam, plant hunter F.W. Hostmann allowed vampire 
bats to suck his toes~ Thomas Drummond was attacked by a 
bear in the North American woods~ George Forrest narrowly 
escaped rampaging llamas in western China~ and in Fiji, 
Berthold Seemann recorded which plants cannibals used as 
an accompaniment to human flesh. 

These and other incidents are recorded in this compilation 
of fascinating first-hand accounts of the experiences of 
nineteenth and early twentieth century collectors in their 
pursuit of plants from around the world. Extracted from 
journals and letters, the accounts are a mix of adventure, of 
sometimes grim but always captivating and occasionally 
humorous images of a lost world, and of stories of the 
practical problems associated with plant collecting. 

Notes about the collectors and commentary on the plants 
they gathered are included as too are appendices detailing 
development of the Wardian Case for the shipment of live 
plants and the role of herbaria in the discovery and naming 
of plants. 

Illustrated with a selection of nineteenth century botanical 
art and modem photographs, In Pursuit of Plants will appeal 
to professional and amateur botanists. gardeners and anyone 
interested in natural history and travel. 

Philip Short is currently a plant taxonomist at the Northern 
Territory Herbarium. He has spent over twenty years working 
in herbaria, initially having been employed at the National 
Herbarium of Victoria. In 1991-92 Philip was the Australian 
Botanical Liaison Officer at the Royal Botanic Gardens, Kew. 
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Table 1. Composition of the Sperrgebiet flora with regard to the eleven largest families and 
their contributions in other biomes (averaged from Cowling and Hilton-Taylor 1999, 
Succulent Karoo: n = 3 and Nama Karoo: n = 2, except where otherwise indicated). 

Family Contribution No. species in Succulent Nama Karoo 
Sperrgebiet Sperrgebiet Karoo 

flora 
~esemb~anthemaceae 15.9% 165 15.4% 5.3% 
and Aizoaceae 
Asteraceae 14.9% 155 18.6% 18.4% 
Liliaceae (summarised) 7.8% 80 7.9% 5.8% 
Poaceae 5.6% 58 6.8% 10.2% 
Scro_l)hulariaceae 5.3% 55 5.9% 4.8% 
Crassulaceae 5.1% 53 6.3% 2.5% (n=l) 
Fabaceae 4.6% 48 3.6% 3.9% 
Chenopodiaceae 3.8% 40 2.7% (n=l) 2.7% (n=l) 
Euphorbiaceae 3.0% 31 2.7% (n=2) 2.9% (n=l) 
Zygophyllaceae 2.9% 30 
Asclepiadaceae 2.9% 30 2.6% (n=l) 
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Figure 1. Landmarks in the Sperrgebiet and its position in Namibia. 
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Figure 2. Rocky habitats support the highest plant diversity in the Sperrgebiet (A. Burke). 

Figure 3. This enormous lily, called Whiteheadia etesionamibensis has only recently been described. Most likely restricted 
to the Sperrgebiet, its leaves grow flat on the ground and can measure up to 0.5 min length. The inflorescence stands nearly 
half a meter tall (A. Burke). 
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Figure 4. Small stem-succulents, such as Othonna cylindrica provide a sparse plant cover on sand sheets inland (A. Burke). 

Figure 5. Inselbergs provide botanists with new discoveries at each visit (C. Mannheimer). 
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Figure 6. Red dune sands provide the perfect backdrop for Gazaniajurineifolia (C. Mannheimer). 

Figure 7. Dracophilus delaetianus is an attractive tufted mesemb, endemic to the Sperrgebiet. (C. Mannheimer). 
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Chollas, Circles, and Seris: 
Did Seri Indians Plant Cactus at 
Circle 6? 

Thomas Bowen 
The Southwest Center, University of Arizona 
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Background and Abstract 
On November 26, 1966, during an archaeological survey, 
one of us (Bowen) and Stephen D. Hayden discovered a 
circle of stones on Punta Santa Rosa. a prominent point of 
land on the coast of mainland Sonora, Mexico (Figure 1 ). 
This in itself was not remarkable because they had 
encountered other circles previously. What was noteworthy 
was that this particular circle was surrounded by a ring of 
small jumping cholla cacti ( Cylindropuntia .fitlgida var. 
.fi1lgida) that seemed obviously planted (Figure 2). 

Punta Santa Rosa lies within the historic territory of the Seri 
(or Comcaac) Indians, and Bowen and Hayden knew that 
the Seris had used stone circles as part of the traditional 
vision quest. But since the Seris were considered a non
agricultural hunting-gathering-fishing people, the association 
of a presumably Seri circle with cacti that appeared 
intentionally planted seemed incongruous. At that time, 
however, Bowen and Hayden did nothing more with this 
odd feature than photograph it, give it the prosaic designation 
··circle 6", and pass it off in an archaeological report as 
probably just an unusual Seri vision ring (Bowen 1976: 40). 
They did not anticipate that Circle 6 would continue to pose 
an ethnobotanical puzzle and one day provide an object 
Jesson in archaeological interpretation. 

But puzzle it was. In this paper we reexamine Circle 6 in 
light of the known history of Seri planting. We consider 
several hypotheses, some of them proposed by modern Seris, 
about the circle's age, cultural identity, and function. We 
conclude that the original interpretation of Circle 6 as a vision 
ring is incorrect but that the peculiar cholla ring most likely 
docs constitute a case of purposeful Scri planting. 

Seris and Planting 
Designations like "hunter-gatherers" are useful labels, but 
cultures are often more complex than such catchphrases 
imply. Although Seri lands are too arid for agriculture, the 
Seris have almost certainly known about planting since 
prehistoric times. They have always been great travellers, 
and all their indigenous neighbors in Sonora were 
horticulturists. Some of the earliest historic accounts of the 
Seris note that they traded with other Indians for cultivated 
maize (Perez de Ribas 1999: 23; Sheridan 1999: 13, 17: 
Bowen 2000: 4 7-48, 4 79-81 ). Beginning in the late 
seventeenth century, Spaniards and Mexicans made repeated 
attempts to turn the Seris into farmers by relocating them to 
villages in the well-watered interior of Sonora and providing 
them with land, tools. and seeds. The earlier efforts succeeded 
in persuading a sizable minority of Seris to try agricultural 
life. Some Indians adapted reasonably well, but by 1750 
deteriorating Seri-Spanish relations had destroyed any 
chance oflong-term success (Spicer 1962: I 04-08; Sheridan 
1999: 141 ). Nevertheless, sporadic attempts to forcibly 
resettle the Seris and transform them into farmers continued 
as late as 1880 (Bowen 2000: 241-42). These episodes gave 
hundreds of Seris over many generations direct experience 
with planting. Among those who experienced the 1880 
attempt, personal memories of farming may have persisted 
well into the twentieth century. 

Not long after the discovery of Circle 6, Richard Felger and 
Mary Beck Moser learned that Seris had, on occasion, 
planted or transplanted a number of native and non-native 
species within their own territory. During the mid-nineteenth 
century a man named Manuel Molino is said to have planted 
date palms (Phoenix dactylifera) and the mesquite-like 
guamuchil (Pithecellobium dulce), a legume tree with an 
edible pod (Felger and Moser 1985: 334, 351). It is also 
said that century plants (Agave subsimplex) and two cacti, 
the desert prickly-pear ( Opuntia engelmanii var. engelmanii 
= 0. phaeacantha var. discata) and purple prickly-pear (0. 

gosseliniana = 0. vio/acea var. gosseliniana) were planted 
long ago by Seris in the Punta Sargento area, some 40 krn 
northwest ofPunta Santa Rosa (Felger and Moser 1985: 225, 
271-73). In the mid-1990s, David Yetman and Alberto 
Burquez discovered a small disjunct population of even-aged 
cardons (Pachycereus pring/ei) in the interior of Sonora that 
they believe may have been introduced (though not 
necessarily intentionally planted) by eighteenth century Seris 
(Yetman and Burquez 1996). Recently, Gary Nabhan has 
suggested that Seris or their ancestors may have engaged in 
widespread transplantation of young cacti and other 
succulents as part of the practice of burying the placentas of 
newborns (Nabhan 2000: 547-50; 2002: 408-11; 2003: 95-
96). Although previous accounts of this practice maintain 
that cacti were simply buried, not transplanted (Moser 1970: 
205; Felger and Moser 1985: 254 ), there is no doubt that the 
Seris have long been familiar with the closely related 
principle of propagation by cuttings. Traditional Seri bmsh 
houses utilize a framework of cut ocotillo (Fouquieria 
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Figure 1. The central coast of Sonora and adjacent islands in the Gulf of California. Traditional Seri territory includes the 
portion of the Sonoran coastline shown here along with Isla Tiburon and Isla San Esteban. 

splendens) stems placed in the ground, and occasionally 
these stems have taken root and grown into new plants 
(Felger and Moser 1985: 114-17, Figs. 17.89-17.90). 
Similarly, Seris would have known about living fences of 
cut ocotillo stems, since these have been common features 
of Sonoran settlements since at least Colonial times. 

Seri planting during most of the twentieth century has been 
limited to a relatively few species. For many years one man, 
now deceased, cultivated marijuana plants (Cannabis sativa) 
for his own use (Felger and Moser 1985: 273). Beginning 
about 1960, many Seris began growing salt cedars (Tamarix 
aphylla) next to their houses for shade. This was usually 
done by placing a cutting in water for a few days and then 
planting it in the ground, a technique learned from Mexican 
neighbors (Felger and Moser 1985: 371; Mary Beck Moser 
2003: pers. comm.). For a time during the 1970s, a man and 
his wife maintained a small garden plot in a locality where 
water was available. In the late 1970s, a few Seri families 
were growing native agaves and cacti in small flower pots 
next to their homes. In the 1990s, as native ironwood ( Olneya 

tesota) that the Seris used for carved figurines was becoming 
scarce, the nut of the tagua palm (Phytelephas macrocarpa) 
was introduced as a possible substitute carving medium. 
Several Seris tried to get the nuts to propagate but, 
predictably, these highly tropical plants did not fare well in 
the desert. In recent years the list of cultivated plants in the 
two Seri communities of Desemboque and Punta Chueca 
has greatly expanded (N abhan 2003: 91-95), although it may 
be that many of these plants are being grown by Mexican 
residents rather than Seris. One Seri, however, currently 
maintains a small cactus garden containing cardons, senitas 
(Pachycereus schottii,= Lophocereus schottii), and possibly 
one or more saguaros (Carnegiea gigantea). 

Considering the extent of the Seris' experience with planting, 
Circle 6, with its apparently planted ring of chollas, may not 
be as incongruous as it seemed in 1966. Nevertheless, since 
there is no record of anything quite like it, we naturally 
wondered whether it constitutes another case ofSeri planting. 
With this question in mind, we thought Circle 6 was worth a 
second look. 
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Circle 6 
We relocated and re-recorded Circle 6 in February 2004. 
The circle is situated on a semi-stabilized sand dune between 
the beach and an arm of Estero Santa Rosa. Jumping cholla 
grows in abundance on the dune and would have provided a 
ready supply of joints ( cladodes) from which to create the 
cholla ring of Circle 6. Other common plants include coastal 
saltbush (A triplex barclayana ), pickleweed (Salicornia 
subterminalis), Frankenia palmeri, and Suaeda nigra(= S. 
moquinii). The adjoining estero is dominated by red, white, 
and black mangrove (Rhyzophora mangle, Laguncularia 
racemosa, and Avicennia germinans) and associated 
halophytes. 

There is a thin scatter of shells all along the dune surface but 
we saw no artifacts, charcoal, or animal bones in the 
immediate vicinity of Circle 6. The nearest indigenous 
cultural material is at SON M:4:5, an old shell-gathering 
site 400 m away (the figure published in 1976 was 300m). 
There is, however, a considerable amount of recent trash, 
especially plastic bottles. Much of it is probably beach drift, 
although vehicle tracks 7 m from the circle (which have been 
there since 1966) show that there have been modem visitors. 

Circle 6 is actually an oval rather than a true circle. The 
stone component is 2.25 m long, northeast to southwest, and 
1.85 m wide, northwest to southeast (inside dimensions). 
The source of the stones was obviously the beach,. which in 
1966 was about 50 m from the circle (erosion has now 

brought it to within 15 m ). When Circle 6 was recorded in 
1966, some 41 stones were visible. Nearly all were embedded 
in the sand but none were more than about halfburied. They 
were typically between 1 0 and 20 em long, and many were 
set on edge with the long axis pointing toward the center of 
the circle. Most stones were closely spaced, less than 5 em 
apart or even touching, but several were 20 em to 40 em 
apart. Since it is common for stones in archaeological 
structures to become displaced over time, these larger gaps 
were accorded no special significance at that time. 

In 1966, the cholla ring consisted of at least 30 plants 
completely surrounding the stone circle at a distance of about 
20 em to 50 em (Figure 2). The largest plant was about 50 
em tall, and about eight others were 20 em or more in height. 
Six of the tallest plants were bearing fruit. Although a few 
plants seemed healthy, the vast majority appeared senescent 
and some were probably already dead. 

Circle 6 has undergone major changes since 1966. At that 
time the stone circle was obvious even from a distance. In 
2004 we were almost unable to find it because all but five 
stones were completely buried (Figure 3), having either 
migrated downward into the unconsolidated sand underneath 
or been covered by windblown sand. Probing with a trowel 
determined that the tops of most stones were between 0.5 
em and 4 em below the present surface. We did not excavate 
the circle, but in order to identify and define it we brushed 
sand off the tops of23 of the buried stones (Figure 4). 

Figure 2. Circle 6 in November 1966 looking WSW, showing the stone circle and cholla ring. Regrettably, some small 
plants were removed from the center of the circle to make the feature stand out in the photograph. The north arrow scale 
is 30 em long. 
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Figure 3. Circle 6 as we found it in February 2004, looking SW. The buried circle, invisible in this photo, is at the bottom 
center just to the right of the large dark green Frankenia palmeri in the left foreground. The mountains in the background 
are on Isla Tiburon. 

Figure 4. Circle 6 in February 2004, looking S, with the tops of some ofthe stones exposed. The two live chollas at the tar 
right center and the extreme lower right comer are possible legacies of the cholla ring. 



30 Desert Plants 2004 

In 2004 we saw only two live chollas that might have been 
part of the original ring. One plant was about 30 em tall and 
the other was about 20 em tall. We did note several decayed 
skeletons within about 30 em of the stone circle. Although 
these could be remnants of the cholla ring, there are enough 
dead chollas in the immediate vicinity to swamp any hint of 
a circular pattern. Thus the cholla ring that was so distinctive 
in 1966 was essentially gone in 2004. 

Who Made Circle 6? 
If we are to consider Circle 6 as a possible case of Seri 
planting. we need to be reasonably sure it was made by Seris. 
There are three major reasons for thinking it was. First, it is 
located in the very heart of Seri territory. Not only has this 
stretch of coast been inhabited by Seris since the first Spanish 
contacts. but the archaeological record indicates that Seri 
occupation extends well back into prehistoric times (Bowen 
1976: 91-94; Felger and Moser 1985: 378). Secondly, stone 
circles occur elsewhere in Seri territory, including the islands 
of Tiburon and San Esteban, both of which were inhabited 
by Seris. Thirdly, the Seris themselves readily identify other 
stone circles in their territory as theirs, even if they are not 
always certain of their function. 

This said, we cannot categorically rule out the possibility 
that Circle 6 is the work of non-Seris. First, it is apparently 
unique - we know of no other circle in Seri territory 
surrounded by a ring of chollas. Secondly, Seris do not have 
a monopoly on stone circles, for they are known 
archaeologically throughout much of the western United 
States and northwestern Mexico. Thirdly, peoples other than 
Seris have been to Punta Santa Rosa. Historically, these 
visitors have included Spaniards, Mexicans, Americans, and 
both Pima and Tohono O'odham Indians. 

The main reason outsiders have gone to Punta Santa Rosa is 
its proximity to Isla Tiburon. Because the channel there is 
less than 2 km wide, non-Seris have sometimes used this 
location as a jumping-off place for expeditions to the island. 
One such expedition was the Spanish military invasion of 
Tiburon in 1750. Though led by Spanish soldiers, the small 
European contingent was reinforced by several hundred Pima 
Indian auxiliaries. This force assembled on the mainland, 
most likely at Punta Santa Rosa, before crossing en masse 
to the island (Pimentel 1999: Note 98~ Bowen 2000: 86-87). 

In I X95. Punta Santa Rosa served as a staging area for WJ 
McGee's polyglot anthropological expedition to Tiburon, 
which consisted of Americans, Mexicans, and Tohono 
O'odham Indians (McGee 2000: RO-X4). During the 
twentieth century. the area has often been visited by tourists, 
especially kayakers bound for Isla Tiburon. Other non-Seris 
have almost certainly used this locality as a point of departure 
f(>r Tihun·m since Colonial times, but most have left only 
vague records of their passage or none at all. However many 
crossings there might have been, these non-Seri visits to 
Punta Santa Rosa would have been sporadic and brief, 

whereas the Seris and their ancestors have continuously 
inhabited the region for hundreds. if not thousands, of years. 
Despite occasional outsiders on Punta Santa Rosa, odds are 
that Circle 6 is Seri. 

Age 
Although it is impossible to be certain, the fact that the stone 
circle and the cholla ring are congruent argues strongly that 
they were created at approximately the same time. The 
question is, how long ago were they built? 

Archaeological evidence suggests that stone circles have a 
long history throughout the Desert West. Stone circles may 
have first appeared thousands of years ago (Hayden 1967: 
337; 1976: 285-86; Tuohy 1984: 44), although the current 
consensus is that most circles probably date from late 
prehistoric times (Hartmann and Thurtle 2001: 502-03). In 
the Seri area, some circles may be much more recent. 
According to the modem Seris, stone circles that they or 
their ancestors made for use in the vision quest can be ''very 
old", but they also note that such circles were made until 
about the tum of the twentieth century (Bowen 1976: 92). 
The Seris say that game circles, which are still used today in 
conjunction with the girls' puberty fiesta and other 
celebrations, were also sometimes made of stones, and at 
least two stone game circles were observed as late as the 
mid-1950s (Griffen 1959: 14; Mary Beck Moser 2004: pers. 
comm.). 

There is no reliable way of dating the stone component of 
Circle 6 directly, but one physical process that might provide 
a hint is the burial rate of the stones. Since it took just under 
40 years for the stones that were half buried in 1966 to 
become completely buried, it might also have taken about 
that long for the stones to become half buried from the time 
they were initially laid on the surface, assuming, of course, 
that the burial rate was constant. By this logic, the stone 
circle would be a recent feature, built sometime around the 
1920s. It is possible that Circle 6 is even more recent than 
that because the stones, having been placed on soft sand, 
might have been partly buried to begin with. 

The cholla ring is more easily datable within certain limits, 
based on the known longevity of jumping chollas. Forrest 
Shreve (1935: 68) estimated that jumping chollas in the 
Tucson area live about 60 to 80 years. Tschirley and Wagle 
( 1964: 70-71) found the life span to be only around 40 years 
for plants at relatively high elevations but possibly longer 
for plants in lower and more arid environments. Since most 
of the plants in Circle 6 were dead or dying in 1966, they 
could not have been more than a maximum of 60 to 80 years 
old at that time. In fact, they may have been younger, having 
died prematurely from being too closely spaced for healthy 
growth. Whatever the cause of death, these plants would not 
have been more than a few decades old in 1966. If, as we 
think most likely, the stone and cholla components are more 
or less contemporaneous, Circle 6 cannot be older than its 
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youngest component. This means that Circle 6 is probably a 
twentieth century feature. 

Function 
Archaeologists often refer to stone circles as "sleeping 
circles" (Ahlstrom and Roberts 2001: 1 ). They are typically 
found in rock-strewn landscapes, and the standard 
interpretation is that the stones that defme the circle were 
removed from the interior to create a comfortable place to 
sleep. While this makes good sense for circles on rocky 
terrain, Circle 6 is on loose sand, which happens to be the 
sleeping surface traditionally preferred by the Seris (Bowen 
1976: 23). Not only did the rocks have to be brought from 
the beach to build the circle, but no sane person would plant 
chollas in a place intended for sleeping. Circle 6 is clearly 
not a sleeping circle. 

Between the 1960s and early 1980s, many Seris were asked 
what the stone circles in their territory might have been used 
for. Their response was almost always the same -they were 
made for use in the vision quest. To become a shaman, a 
man or woman needed to make direct contact with the spirit 
world. The aspiring shaman would prepare by fasting in 
isolation for four days and four nights. On the final night he 
or she would go to a sacred cave or build a circle of stones 
in a location known for its spirit power and sit inside to await 
the appearance of the spirits (Griffen 1959: 50-51; Bowen 
1976: 40; Felger and Moser 1985: 103-04). Separation from 
ordinary life and society was essential, so vision seekers 
would not make circles near currently or formerly inhabited 
camps. Conversely, people would not camp in the immediate 
vicinity of a known vision ring. 

The stone component of Circle 6 corresponds well with the 
idealized Seri conception of a vision ring in size, shape, and 
isolation. Although it is situated just 400 m from a shell 
gathering site, the archaeological remains at that site indicate 
that it has not been occupied in a long time, so a vision seeker 
constructing Circle 6 might not have known it was there. 
The problem is that the Seris know of no reason why a vision 
seeker would have surrounded his or her stone circle with 
chollas. 

In fact, many stone circles have proved baffling to the Seris. 
The circles on Isla San Esteban are the right size and shape 
to be vision rings, but in nearly all cases the stones were 
placed on soil infused with charcoal and ash. Every Seri 
who has been asked about these charcoal-laden circles has 
been thoroughly perplexed because they say that vision 
seekers would never build a fire in conjunction with a vision 
ring. They also say that the San Esteban people, who were 
culturally distinct from other Seris, sought visions at sea, 
not in caves or circles, and that the Tiburon and mainland 
Seris who did use circles did not go to San Esteban to seek 
visions. From an archaeological perspective, the most 
plausible explanation for these charcoal-infused circles is 
that they had nothing to do with the vision quest, but instead 

mark the locations where the San Esteban people baked 
agave hearts for food (Bowen 2000: 330-33). 

The Seris also baked certain chollas for food, which raises 
the obvious question of whether the stones in Circle 6 might 
mark a cholla-baking oven, and whether loose joints might 
have taken root to form the encircling ring. The answer, 
however, is almost certainly not. Although the stems of some 
cholla species were baked and eaten, only the fruits of 
jumping chollas were consumed. Moreover~ these fruits were 
usually eaten fresh; only occasionally were they baked 
(Felger and Moser 1985: 268). There is, furthermore, no 
record of Seris marking cholla ovens with circles of stones, 
nor is there any evidence of fire at Circle 6. 

The Seris may be predisposed to viewing stone circles as 
vision rings, but they also acknowledge that circles 
sometimes served other functions. They say that stone circles 
that occasionally occur at camps may be game circles used 
during the girls' puberty fiesta and other celebratory 
occasions. Betting games are an integral part of these four
day events, and one is called the "circle game" ( cam6iilcoj). 
The players are women and children who cast dice and bet 
small items while seated around a circle laid out on the 
ground (Figures 5 and 6). Normally, this circle is made of 
cut segments of organ pipe cactus stems (Stenocereus 
thurberi) which are set on edge and point inward toward the 
center of the circle. If organ pipe stems are not available, 
stones are used instead. The cactus stems or stones are laid 
out in sets of five with a small space between each stem or 
stone and a larger space between the sets. The number of 
sets depends on the size of the circle, which in turn depends 
on the number of players. Eight to ten sets is typical, and a 
circle with eight sets might be 3 m to 4 m in diameter. The 
cactus stems were discarded at the end of the game (Griffen 
1959: 14; Felger and Moser 1985: 160). 

Though not obvious in 1966, it is clear in hindsight that Circle 
6 closely matches the essential characteristics of Seri game 
circles. The fact that Circle 6 consists of stones instead of 
cactus stem segments is easily explained by the absence of 
organ pipe cactus in the immediate vicinity. Like game circles 
made of cactus segments, the stones of Circle 6 are set on 
edge and point inward. Most importantly, the gaps between 
certain stones noted in 1966 may not be from stones 
randomly missing, but may be there by intent. Close 
inspection of the 1966 photograph reveals that the circle is 
composed of nine sets of stones with spaces between the 
sets. Moving clockwise from the east, the number of stones 
in the sets appears to be 5, 3, 5, 5, 5, 5, 4, 4, and 3. The sets 
that seem to have fewer than five stones may actually have 
additional members that are not visible in the photo. It is 
also possible that some stones had become displaced by 
1966, perhaps explaining the "extra" stones that do not seem 
to belong to any set. But if Circle 6 is a game circle, we are 
still left with two thorny questions. First, why is it not 
associated with a recognizable camp? More importantly, 
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Figure 5. Seri game circle of cut segments of organ pipe cactus stems at Saps camp, about 40 km north of Punta Santa 
Rosa, March 1981. The occasion for this fiesta was the capture of a leatherback sea turtle (Dermochelys coriacea ), which 
lies under the shade ramada behind the circle (see Felger and Moser, 1985: 42-45). (M.B. Moser) 

Figure 6. Seris playing the circle game ( camoiilcoj) during the leatherback turtle fiesta at Saps camp, March 1981. The 
players are seated around the circle of organ pipe cactus stem segments, which are grouped into sets of five. (M.B. Moser) 
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why are there chollas where the players would have been 
sitting? 

In April 2004 we showed the 1966 photograph to several 
Seris. Every person who saw the photograph identified the 
stones as a game circle and agreed that it was very old. In 
fact, nearly everyone agreed that the circle was so old that it 
was built not by the Seris but by the Giants (Xica Coosyatoj 
'Things Singers') who lived on the Sonoran coast before the 
Seris appeared. This ancient game was simply called hast 
hamoiij 'rock circle'. Like the modem circle game, bets were 
involved, but the Giants played for much higher stakes. One 
tale tells of a particular Giant who was especially good at 
the game, and every challenger who took him on not only 
lost the game but lost his life as well. 

There is ample evidence that the Seris invoke the Giants as 
a metaphorical device to refer to past things and events that 
lie beyond living memory (Bowen 1976: 103-07; 2000: 404-
05; Felger and Moser 1985: 9-10). In the case of Circle 6, 
this transformation has evidently taken place in less than 
100 years if we assume, based on the longevity of jumping 
chollas, that the circle was built sometime in the first half of 
the twentieth century. The Seris see nothing incongruous 
about attributing things to the Giants and at the same time 
describing them in ordinary Seri terms. Thus while most of 
the people we talked to ascribed Circle 6 to the Giants, they 
also said that in the old days Seris used stones for game 
circles but that now they make them with sections of organ 
pipe cactus stems, implying that Circle 6 is an archaic version 
of the modem Seri game circle. 

This still does not account for the cholla ring. The Seris who 
identified Circle 6 as a Giants' game circle did so solely on 
the basis of the stones, not the plants. When asked specifically 
about the cholla ring, they simply conjectured that the circle 
must also have been marked by cholla stems laid around the 
stones. As they explained, the Giants would have left 
everything in place at the end of the game, so the joints must 
have taken root and grown into new plants. 

This explanation shows, of course, that the Seris fully 
understand vegetative propagation in jumping chollas, and 
it suggests how the cholla ring might have been 
unintentionally "planted". But it also indicates that cholla 
rings are not something they normally associate with stone 
circles. In fact, those who provided interpretations of Circle 
6 quickly began referring to the cactus in the photograph as 
''pitahaya" (organ pipe) rather than cholla, even though they 
were all well aware of the difference. Thus they seemed to 
be recasting the facts into terms that inherently made more 
sense to them, and their explanations of the cholla ring seem 
based more on the logic of the situation than on traditional 
knowledge. 

Two Seris, Maria Luisa Astorga and her husband Efrain 
Estrella, offered a slightly different interpretation that 

provides a plausible explanation of the cholla ring. Rather 
than attributing Circle 6 to the Giants, they simply assumed 
it was an old Seri game circle left over from a fiesta. They 
said that after the fiesta ended, people might have strewn 
cactus around the circle to mark the location so they could 
continue to see where the game was played. The implication, 
apparently, is that the stones would eventually become buried 
but the cactus would take root and grow into new plants that 
would serve as a long-term reminder of the fiesta. According 
to this scenario, the cholla ring would have been intentionally, 
if somewhat haphazardly, planted. 

Compelling as the game circle interpretation is, a few other 
possibilities remain. Seris have sometimes said that circles 
at camps could be nothing more than the result of children's 
play (Bowen 1976: 41). Unfortunately, we have no specific 
information about what these play circles might look like. 
Although the Seris apparently think of them as domestic 
structures, Seri children are no doubt capable of wandering 
a long way from camp. Children are also the ones most likely 
to regard playing with chollas as fun. 

Alternatively, one might suppose that Circle 6 is a Seri grave 
marker. Several observers over the past century have noted 
that Seris often piled brush or rocks on graves to thwart 
coyotes from digging up the body. In 1898 WJ McGee stated 
that graves near pebbly beaches were marked by piles of 
fist-sized rocks that formed a mound ("cairn") three to four 
feet long and a foot or so high. Graves away from the shore 
were marked with: 

heaps of cholla stems and branches, rudely 
thatched with miscellaneous brambles 
roughly pinned together by okatilla 
stems ... (McGee 1898: 288-89). 

A few decades later Edward H. Davis described in detail the 
burial of Seri "chief' Juan Tomas, which took place during 
the mid-1930s, noting that: 

the grave was partially filled, and then a 
heavy layer of cholla cactus spread over. 
The grave was then filled and mounded 
up and covered with chollas, mesquite, 
shells, and thorny growths, and also a five 
gallon can. The cactus spines were to 
discourage coyotes (Quinn and Quinn 
1965: 211). 

According to William Griffen (1959: 29) and Mary Beck 
Moser (1968: pers. comm.) brush and rocks were still 
sometimes piled on graves as late as the 1950s. 

Although these descriptions clearly link Seri burials with 
rocks and chollas, they do not account for Circle 6. Heaping 
rocks or cholla stems on a grave is not the same as arranging 
them in a tidy circle. This is graphically illustrated in a 1924 
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photograph by Edward H. Davis which shows a large mound 
of cholla stems on a Seri child's grave (Felger and Moser 
1985: Fig. 17.58). Cholla stems heaped on a grave in this 
manner might take root and establish themselves as new 
plants. but the result would be an amorphous clump rather 
than a well-defined ring. The Seris. pragmatic people that 
they are. have embraced an unusually wide array of burial 
practices (Bowen 1976: 46-51 ). but there is no evidence that 
they ever marked graves with well-made circles of stones or 
chollas (Mary Beck Moser 2003: pers. comm.). 

Nor is Circle 6 likely to be a Mexican grave. The Mexican 
graves we have observed on Isla Tiburon and in other remote 
locations are mounded and marked with makeshift crosses. 

The fact that jumping cholla propagates vegetatively from 
joints suggests yet another explanation for Circle 6. An old 
Tucson trick for keeping dogs from digging in one's garden 
is to place cholla stems around the edge. One encounter with 
the cholla is enough to keep a dog from repeating its 
transgression. Seris have not traditionally tended gardens. 
but they certainly have had dogs. and the technique might 
have been used to protect other things. Thus somebody might 
have buried a valuable item in the location of Circle 6, 
marked the spot with a circle of stones. and then placed cholla 
stems around the stones to thwart dogs (or coyotes). This 
arrangement of cactus would have the advantage of allowing 
the person to later enter the circle by simply stepping over 
the cholla ring. In time. some of the joints might have taken 
root and produced the ring of plants we saw in 1966. 
Although the cholla ring would not have been intentionally 
planted. it would certainly have been the result of human 
activity. 

While this scenario accounts for the cholla ring. it leaves 
other things unexplained. Perhaps the most obvious is that 
the stone circle seems redundant since the cholla branches 
alone should be sufficient to mark the spot. The stone circle 
makes sense only if the place needed to be periodically 
relocated in order to continue protecting the buried contents 
by replacing decayed cholla stems with fresh ones. This in 
turn raises the question of what sort of item might need to be 
buried for an extended period, be easily retrievable. would 
not need to be concealed from other people. but would need 
protection from marauding dogs. Excavation of Circle 6 
might reveal the answer (assuming the buried item was never 
retrieved). but we do not wish to destroy the circle to find out. 

Conclusion 
Circle 6 may not correspond exactly to any known type of 
Seri structure. but we would invoke Occam's Razor and 
suggest that it is almost certainly Seri, that the stone circle 
and cholla ring together comprise a single entity. that they 
were created at approximately the same time. and that that 
time almost certainly falls within the first half of the twentieth 
century. Going a step further. we would point to the 
organization of the stones into sets as a highly diagnostic 

feature and suggest that Circle 6 is most likely a game circle. 
If so. the simplest explanation for the cholla ring is probably 
the one proposed by Maria Luisa Astorga and Efrain Estrella. 
that the plants grew from the joints of cholla stems that had 
been placed around the stones. If this outcome was intended 
by those who laid out the stems. as Astorga and Estrella 
implied. then Circle 6 would be a clear case of purposeful 
Seri planting. 

Although we have stressed the ethnobotanical aspect of 
Circle 6. we close by noting that this modest feature bears 
implications for archaeology as well. Our experience with 
Circle 6 underscores the fact that in archaeology. as in most 
endeavors. one tends to see what one expects to see. In 1966, 
Bowen and Hayden knew about vision rings but not game 
circles. and consequently they perceived the gaps between 
stones in Circle 6 as a disruption of a simple pattern rather 
than as an essential component of a complex pattern. It is 
also clear from our experience that timing can be a critical 
factor in archaeology. Had we not discovered Circle 6 until 
2004 we would have had no reason to suspect that there had 
once been a ring of chollas. But of course. had we not already 
known about Circle 6 in 2004. ~e would never have 
discovered it at all. With only five stones showing on the 
surface we would have had no reason to suspect a circle of 
stones lay buried below. For all practical purposes, Circle 6 
had completely vanished in the 38 years between 1966 and 
2004. Finally. we suggest the possibility that Circle 6 might 
not be unique after all. The transience of the cholla ring raises 
the inescapable question of how many other stone circles in 
Seri territory. or the Desert West, were originally surrounded 
by similar rings that disappeared before any archaeologist 
arrived to record them. It is hard not to wonder whether Circle 
6 is the exception or the rule. 
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\\'hen migrating birds and other creatures move along a path 
of plant communities in bloom. they follow what has come 
to be known as a nectar trail. Should any of these plants be 
eliminated from the sequence - whether through habitat 
destmction. pests, or even aberrant weather- the movement 
of these pollinators may be interrupted and their very survival 
threatened. In recent efforts by ecologists and activists to 
envision a continental-scale network of protected areas 
connected by wildlife corridors. the peculiar roles of 
migratory pollinators that travel the entire length of this 
nem·ork should not be underestimated in shaping the ultimate 
conservation design. 

This book. a unique work of comparative zoogeography and 
conservation biology. is the first to bring together studies of 
these important migratory pollinators and of what we must 
do to conserve them. It considers the similarities and 
differences among the behavior and habitat requirements of 
several species of migratory pollinators and seed dispersers 
in the \Vest- primarily rufous hummingbirds, white-winged 
doves. lesser long-nosed bats. and monarch butterflies. It 
examines the population dynamics of these four species in 
t1yways that extend from the Pacitic Ocean to the continental 
backbone of the Sierra Madre Oriental and Rocky Mountains. 
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Upland Vegetation: Shrub mesquite grassland with scattered junipers. Cajon Bonito, Sonora Mexico. May 2004. (W. 
Anderson) · 

Canyon riparian: sycamore, cottonwood, willow. Cajon Bonito, Sonora, Mexico. May 2004. (W. Anderson) 


