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Hunting the Elusive Organ 
Pipe Cactus on San Esteban 
Island in the Gulf of California 

Thomas Bowen 
The Southwest Center 
The University of Arizona 
Tucson, Arizona 85718 

Admissions and Excuses 
Routine field projects sometimes have strange 
outcomes. This is a tale of how an offhand botanical 
observation, made during the course of an archaeological 
survey, took on a life of its own and led in a totally 
unanticipated direction. It is also a story whose ending has 
yet to be written, because completing it will need biological 
expertise beyond a simple ability to count organ pipe cacti. 
By telling the tale as it has unfolded so far, perhaps an 
inquisitive botanist can be enticed to bring this story to a 
satisfactory conclusion. 

Innocent Beginnings 
On January 4, 1982, Dan Bench, Dana Desonie, and I 
wandered into a small secluded drainage in the northwest 
corner of San Esteban Island, a rugged chunk ofland in the 
middle of the Gulf of California. Looking around, we were 
startled to find ourselves in the midst of a thin stand of organ 
pipe cactus (Stenocereus thurberi). Although we were doing 
archaeology, not botany, finding these cacti was a matter of 
some interest. In the first place, organ pipe cacti ("orpis" , 
to use Richard Felger's whimsical nickname) produce a fruit 
that was an important food resource for native peoples on 
both sides of the Gulf- Seri Indians (Comcaac) on the 
Sonoran side and the historic Cochimis in Baja California. 
In the second place, the only published reference to these 
cacti on San Esteban that we knew of had characterized 
them as "rare" (Felger and Moser 1974: 267). 

Until that day, our own observations seemed to confirm that 
organ pipes were few and far between. Because of their 
cultural importance, we had been keeping a lookout for 
them, but in our 44 days of field work over two years we 
had seen just seven plants, one of which was dying. So it 
was a quite a surprise to count about 40 organ pipes mixed 
among the ubiquitous card6ns (Pachycereus pringlei) and 
pitahaya agrias (Stenocereus gummosus) in that one small 
valley. Although we put in many more weeks of 
archaeological fieldwork throughout the island during the 
next five years, we never saw another organ pipe. Except 
for Orpi Valley, as we came to refer to it (Figure 1), organ 
pipes on San Esteban Island seemed rare indeed. 

It is not surprising that the Orpi Valley stand was unknown 
to the botanical community, for it lies in a remote corner of 
a remote island. San Esteban Island, about 40.7 km2 in area, 
is situated in the upper Gulf of California at approximately 
28.42' north latitude and 112.35' west longitude (Figure 
2). Though only 11.6 km from Tiburon Island, it is about 55 
km from the nearest port on the Sonoran mainland (Bahia 
Kino) and about 3 8 km from Punta San Francisquito, the 
closest port on Baja California. Because of its isolation, San 
Esteban has a long history of being bypassed by just about 
everyone. The first scientists to set foot on the island arrived 
in 1911 and stayed less than 24 hours, setting the pattern 
for most scientific visits during the next 50 years (Bowen 
2000: 289-313). Since almost every expedition disembarked 
on the eastern shore at one of the few feasible landing places, 
it is little wonder nobody found Orpi Valley, tucked away 
in the opposite corner of the island a slow 8 km trudge away 
(see Figure 3). In fact, botanists didn't know there were any 
organ pipes on the island until Richard Felger discovered 
some in 1965 (Felger 1966: 418; 2003: pers. comm.). 

The peculiar concentration of organ pipes in Orpi Valley 
called for an explanation, so I mentioned the stand to Felger. 
Felger had probably spent more time on the island than any 
other botanist and was rightly skeptical until I showed him 
a slide of the valley with organ pipes plainly visible. He 
immediately pointed out that that corner of the island is 
sometimes wrapped in sea fog and would catch the brunt of 
northwesterly storms. Very likely, he speculated, the extra 
moisture enabled organ pipes to thrive in this one locality 
while the rest of the island was too arid to sustain more than 
a few hardy individuals (Richard Felger 1983: pers. comm.). 
This "Microclimatic Hypothesis", as I shall refer to it, 
seemed entirely reasonable, and for the next 15 years I 
thought little more about it. 

Then in 1998 an entirely different explanation began to 
emerge, due in part to conversations with Gary Nabhan. At 
that time, Nabhan had begun working withthe Seris on 
ethnobiological questions and was conducting his own field 
work on San Esteban Island. Building on earlier suggestions 
(e.g. Yetman and Burquez 1996), he was pondering the 
potential role of native peoples, especially Seris or their 
ancestors, in dispersing native plants and animals in the Gulf 
region, including the Midriff islands. Intrigued by that idea, 
I told him about the Orpi Valley organ pipes and wondered 
aloud if they might in some way be the result of human 
activity, for Orpi Valley is not far from a locality that was 
heavily utilized by the island's former Seri inhabitants. 
N abhan in turn wondered if the stand could be related to the 
traditional Seri birth practice of burying the newborn's 
placenta, a practice he was currently investigating (Gary 
Nabhan 1998: pers. comm.). 

The Seri practice of burying the placenta was first described 
by Moser (1970: 205) and Felger and Moser (1985: 254). 
They reported that the placenta was buried next to a card6n 
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or saguaro and that five small plants, of any species, were 
buried with it. Nabhan, however, describes the practice quite 
differently. He maintains that the plants accompanying the 
placenta were long-growing succulents, including cacti. He 
further maintains that they were not buried but were 
transplanted over the placenta as live individuals, and that 
they might be brought for this purpose from locations more 
than 50 km away (Nabhan 2000: 548-50; 2002: 409). 

Nabhan suggests that placental burial, as he describes it, 
may help explain disjunct populations of cacti in Seri 
territory, and he cautiously raises the possibility that it might 
have introduced new species to some of the islands. He cites, 
as possible examples, the "out of typical habitat" stand of 
organ pipes in Orpi Valley and a second cluster of organ 
pipes which he observed "in the middle of San Esteban." 
The implication is that these two stands could be the result 
of Seri placental burials (Nabhan 2000: 548-50), thereby 
creating what I shall call the "Placental Burial Hypothesis." 

Figure 1. View down Orpi Valley looking southeast. 
Organ pipes occur in the valley floor and up both flanks. 
(January 1982) 

Nabhan's speculations raised interesting questions that 
merge biogeographical issues with anthropological ones. 
But they were also predicated on the accuracy of the 
distribution of organ pipes as we had perceived it. Our own 
observations in the 1980s had been incidental to our 
archaeological mission, and nobody had ever conducted a 
serious census. Consequently, when Dan Bench, Larry 
Johnson, and I had an opportunity to visit the island in 
February 2001, we thought it might be useful to spend a 
couple of days looking specifically for organ pipes. 
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Figure 3. Aerial view of San Esteban Island showing the area surveyed in April2002 (dark shading) and the location of the 
island's known organ pipes. Dots represent plants recorded in April 2002; triangles are plants encountered previously. 
Open dots and triangles indicate uncertain locations. Scale is approximately 21mm = 1 km or 1.33 inch= 1 mile. The image 
is an uncontrolled mosaic of four air photos digitally processed by Kevin C. Horstmann. 

The First Orpi Hunt, February 2001 
We set out with just two goals in mind. One was to make a 
more accurate count of the organ pipes in Orpi Valley. The 
other was to locate the stand N abhan reported "in the middle" 
of the island. Our census of Orpi Valley generally confirmed 
our hasty 1982 count. From a good vantage point above the 
mouth of the drainage, we scanned the area with binoculars 
and independently counted organ pipes. Our counts ranged 
from 48 to 62 for a mean of 55 plants. In 1982 we had 
counted 40 plants in the drainage proper. This time we 
included the entire southwest face of Male Mountain, which 
probably accounts for the higher figure. We did not scan 

the southwest side of Orpi Valley, which we could not see 
well from our location, or the total would have been greater 
still. As to population characteristics, the Orpi Valley plants 
spanned the full range of ages, from very small (under 1m) 
and presumably young individuals to large adults, and 
included a few skeletons. 

Our only surprise was to discover that organ pipes are not 
as closely confined to Orpi Valley as we had thought. Orpi 
Valley is one of three drainages that converge at nearly the 
same point to form upper Arroyo Limantour (Figure 3). Orpi 
Valley itself drains the southwest face of Male Mountain. 
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A second, adjacent valley, drains Male Mountain's southeast 
flank, and a third flows in from the east, draining the south 
side of Female Mountain. From our vantage point we could 
scan all three valleys. In the second valley our counts ranged 
from 23 to 29 organ pipes for a mean of 25. In the third 
drainage, farthest from Orpi Valley, we saw only five, or 
possibly six, plants. In addition, we spotted about 15 organ 
pipes on the interior-facing slopes of the sea cliffs just south 
of Orpi Valley. 

Our remaining effort focused on the middle section of 
Arroyo Limantour and its environs, where we assumed the 
second stand of organ pipes reported by Nabhan would be 
located. We spotted five plants widely scattered along the 
arroyo and possibly four more high on the adjacent mountain 
face, but we found no stand. We did observe four organ 
pipes in an entirely different locality, the steep arroyo behind 
the southwest corner of the island. 

To summarize, our quick survey in 2001 showed that organ 
pipes are not as closely confined to Orpi Valley as we had 
thought. Rather, Orpi Valley seemed to be the center of 
concentration, with plants thinning out rapidly in all directions 
from there. As for the rest of the island, we saw no more than 
about 13 plants. These results reinforced our belief that organ 
pipes are common in the northwest corner, rare elsewhere, and 
virtually absent from the eastern half of the island. 

Still More Hypotheses 
Shortly after our trip, a chance conversation with William 
Peachey and Thomas Bethard generated a third and very 
compelling hypothesis (2001: pers. comm.). Peachey and 
Bethard have been documenting the relationship between 
organ pipes and lesser long-nosed bats (Leptonycteris 
curasoae) in the Sierra Pinacate, at the head of the Gulf. 
Here they discovered a deep cave that serves as a maternity 
roost for about 100,000 bats. These bats are apparently 
responsible for maintaining the organ pipe population in 
the region. Organ pipes will grow from seed in the Pinacate 
but the population does not appear to be self-maintaining. 
In late summer, bats make long foraging flights outside the 
Pinacate region and gorge on organ pipe fruit, ingesting the 
small seeds along with the pulp. Oli the return flight they 
typically defecate as they approach the roost. This deposits 
large numbers of seeds, which are capaple of germinating 
if they receive sufficient moisture. Foraging vectors used 
by the bats are identifiable by lines of organ pipes 
converging on the Pinacate maternity roost. 

By analogy, Peachey and Bethard suggested that the simplest 
explanation for the distribution of organ pipes on San 
Esteban, as we then understood it, would be that 
Leptonycteris bats are roosting below the northwest corner 
of the island and maintaining the population there. Like the 
Pinacate, San Esteban may be too arid for organ pipes 
reproduction. But bats foraging on Tiburon Island or the 
Sonoran mainland may be excreting organ pipe seeds over 

Orpi Valley and the surrounding landscape as they return 
to their roost. This would explain the concentration of plants 
in the northwest corner and the fact that plants of all ages 
occur there, since the process is presumably ongoing. In 
line with Felger's observation;· Peachey and Bethard 
suggested that favorable microclimatic conditions in the 
northwest corner may provide the extra moisture needed 
for these seeds to germinate. 

This scenario also made sense to Theodore Fleming, who 
has intensively studied Leptonycteris bats on the adjoining 
coast of Sonora (Sahley, Horner, and Fleming 1993; 
Fleming, Tuttle, and Horner 1996; Horner, Fleming, and 
Sahley 1998; Fleming, Maurice, and Hamrick 1998). 
Fleming and his colleagues have located day roosts near 
Bahia Kino and maternity roosts at the southern tip of 
Tiburon Island. Though nobody has looked on San Esteban, 
Fleming remarked that the island would be a logical place 
for a maternity roost because it would be safe from predators. 
Safety is the bats' main concern, even if it puts their food 
resources a long distance away (30 km or more is not 
unusual). As for specific locations, Leptonycteris bats will 
roost in a variety of natural cavities ranging from small 
crevices to large caves. Sea caves serve as important roosting 
sites farther south in Mexico (Ceballos and others 1997) 
and San Esteban has several such caves near the northwest 
corner. Hence Fleming saw nothing implausible about bats 
foraging on Tiburon or even the Sonoran mainland, returning 
to San Esteban and excreting organ pipe seeds in Orpi Valley 
before dropping over the sea cliffs to roosts in crevices or 
sea caves below (Theodore Fleming 2001: pers.comm.). 

Appealing as this "Bat Hypothesis" was, it did not exhaust 
all possible explanations. An entirely different kind of 
hypothesis could be derived from the fact that San Esteban 
Island occupies a geographically marginal position within 
the broader distribution of organ pipes. This aspect of 
geography, coupled with climatic changes of the past 
century, suggested that San Esteban's organ pipes might be 
relicts - the last survivors of a larger population that has 
been dying out as the regional climate has become 
increasingly arid. 

The specific basis for this "Relict Population Hypothesis" 
is the simple observation that; within the Midriff region, 
the northern and western limits of organ pipes are described 
by a right angle with San Esteban at its apex (Figure 4). In 
other words, in Baja California organ pipes occur only as 
far north as San Esteban Island, while on the Sonoran side 
they occur only as far west as San Esteban Island. The 
limiting factor on the plant's range is generally assumed to 
be summer rainfall. As one proceeds northwest up the Gulf 
from San Esteban, precipitation decreases and organ pipes 
vanish. This suggests that San Esteban, at the limits of the 
plant's range on two dimensions, must be a very difficult 
habitat, and that any reduction in moisture might be 
catastrophic. As Raymond Turner (1990) has shown for the 
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Figure 4. Distribution of organ pipe cactus in the Gulf of California region. (Reprinted from Turner, Bowers, and 
Burgess (1995: 381) by permission of The University of Arizona Press.) 

Sierra Pinacate, short-term climatic fluctuations, measured 
in just two or three decades, can greatly alter local plant 
distributions, including those of columnar cacti. 

There are no climatic records for San Esteban Island, and 
only spotty records for the surrounding region. On a 
hemispheric scale, the past century has been the warmest of 
the past millennium (Jones, Osborne, and Briffa 2001: 665), 
and parts of the Sonoran Desert are thought to be as hot and 
dry today as at any time during the Holocene (VanDevender 
1990: 159). If this is true of the Midriff, it is possible that 
rainfall at some point in the recent past dropped below a 
critical threshold for organ pipes. That suggests in tum that 
San Esteban might once have supported a larger population, 
and that the plants we see today are a relict stand in the 
climatically-favored northwest corner, plus a few hardy 
individuals that have managed to hang on elsewhere. 
Judging by the rate at which one dying organ pipe decayed 
and partially disappeared during the 1980s (Figure 5), a rapid 
extirpation of organ pipes early in the last century would 

leave no trace today, and likely none even a decade or two 
after their death. 

Coupled with this line of reasoning are possible early 20th 
century sightings of organ pipes on Angel de la Guarda 
Island, northwest of San Esteban (Turner, Bowers, and 
Burgess 1995: 381). Could it be that this island too once 
had a population of organ pipes which, lying in a still drier 
section of the Gulf, has completely died off? I'll return to 
these anomalous sightings later. 

We thus wound up with four loosely constructed and not 
mutually exclusive hypotheses. Though they might· not be 
easily testable, all were based on the apparently skewed 
distribution of San Esteban's organ pipes. The first survey 
convinced us that the concentration in the northwest corner 
was real. For the next step, it seemed essential to be certain 
that plants were as scattered and rare on the rest ofthe island 
as we believed. Thus Larry Johnson, Patricia West, and I 
began planning a return trip. 
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The Second Orpi Hunt, April 2002 
The second survey had four very specific objectives: First, 
to make an accurate determination of the abundance and 
distribution of organ pipes outside the northwest comer of 
the island. Secondly, to visit as many individual plants as 
possible and record enough information about each 
individual to characterize the population and provide a 
baseline data set. Thirdly, to revisit Orpi Valley to determine 
whether topography, soils, rock types, or other macroscopic 
characteristics could account for the concentration of organ 
pipes there. Unfortunately, the geologist who intended to 
help us with this had to drop out of the trip. Fourthly, to 
inspect caves for evidence of Leptonycteris bats, especially 
in the sea caves on the northwest side of the island. 

What We Did 
We spent six days searching for organ pipes. For four days 
we worked in the eastern half of the island. One day we 
circumnavigated the island by boat, inspecting the sea cliffs 
and shoreline visible from the sea. We used the sixth day to 
revisit Orpi Valley. 

We conducted much of the search by remote scanning with 
binoculars. Generally, we hiked the drainage bottoms or 
terraces, stopping frequently to survey the surrounding 
landscape, and climbing knolls and small peaks to get a 
panoramic view. Most areas were scanned from at least two 
vantage points in order to spot plants hidden from one 
direction. We visited as many plants as was practical, about 44 
percent of those recorded. We bypassed the remainder (many 
of which would have required long climbs) in order to maximize 
our areal coverage. All told, we surveyed about half the island. 

We recorded only plants we could positively identify as 
organ pipes. Those not clearly distinguishable through 
binoculars could sometimes be positively identified with a 
15X spotting scope. All plants not directly visited were 
confirmed by at least two of us, and in most cases by all 
three. This proved to be important, because we were 
surprised to discover that many young Pitahaya agrias 
closely mimic organ pipe growth form, branching from the 
base in the classic candelabra shape (Figure 6). At a distance 
their resemblance to young organ pipes is uncanny, and we 
took extra precautions to avoid recording these impostors. 

Ours was obviously a minimum count- no doubt we missed 
some plants in the areas searched. This is especially likely 
for small plants, which are more prone to be hidden than 
large ones. But we found that even large plants are easy to 
miss. In one case, the pair of organ pipes we spotted in 
binoculars turned into a cluster of five within a 30m radius 
(Plant Nos. 37-41) when we actually climbed up to them. 

What We Found 
We were astonished to discover that our fundamental 
assumption - that organ pipes are rare outside Orpi Valley 
and its environs - was dead wrong. Once we searched 

carefully, we found that they grow all over the island (Figure 
3). In five days we recorded 57 plants outside the northwest 
comer. If we add to this figure the plants we observed outside 
the northwest comer in the 1980s and 2001, that figure 
increases to about 74. Since we counted approximately 100 
plants in Orpi Valley and its surroundings, the total number 
of known organ pipes on San Esteban Island is 
approximately 174. Based on the number of plants we found 
outside the northwest comer, I estimate that there are about 
30 more in areas we did not survey. And since small plants 
are especially hard to detect, the actual total is no doubt 
higher still. Thus a reasonable estimate for the island as a whole 
might be around 250 plants. Organ pipes may not be abundant 
on San Esteban, but we now know that they are not rare. 

Of the 57 plants recorded in 2002, we visited 25 and observed 
the remaining 32 from varying distances. The specific data 
recorded for each plant are given in Appendix A. The present 
section summarizes those data and offers a few comparisons 
to the plants in Organ Pipe Cactus National Monument 
(OPCNM), which remains the only well-studied population. 
The limitations of samples as small as ours are obvious. 

1. Height of Tallest Stem 
Height (m) 
<1 
1.1 - 2.0 
2.1 - 3.0 
3.1 -4.0 
4.1 - 5.0 
>5 

Number of Plants (N=21) 
1 
3 
6 
7 
3 
1 

Measured heights ranged from 0.7 m to 5.1 m (Figures 7 
and 8). Following Parker (1987a: 298) we considered plants 
less than 2 m tall to be juveniles. Among plants observed 
only at a distance, we estimated that about 25 percent were 
less than 2 m tall, a figure roughly in line with the 19 percent 
of those plants actually measured. 

The measured height classes form a rough approximation 
of a normal distribution. Since we probably missed seeing 
a disproportionate number of small plants, the true 
distribution likely includes many more young plants, 
suggesting the extent of recruitment is greater than our 
observations indicate. 

2. Number of Stems 
Stems 
1-5 
6-10 
11-15 
16-20 
>20 

3. Flower Buds 
Flower Buds 
Present 
Absent 

Number of Plants (N=27) 
5 
9 
9 
2 
2 

Number of Plants (N=21) 
5 
16 
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Three of the plants lacking flower buds are less than 2 m 
tall and hence are probably not reproductively mature. On 
the other hand, one plant 1.9 m tall is producing buds. 

Buds were just beginning to appear at the time of our count. 
They were small and visible only at close range, so there 
was no chance of detecting them on distant plants. Organ 
pipes have a reproductive strategy that enables a small 
percentage of plants to bloom and set fruit earlier than the 
general population (Fleming 2000:436-37), and it may be 
that we only saw buds of these early bloomers. 

4. Health 
Health Number of Plants (N=55) 
Healthy 45 
Sickly 5 
Dead 5 

The vast majority of plants (82%) appeared to be in good 
health, and many were positively robust. Three plants had 
one or more dead stems but appeared otherwise healthy. 

5. Slope Angle 
Angle Number of Plants (N=55) 
0°- 10° 8 
11°-20° 11 
21°-30° 17 
31°-40° 15 
>40° 4 

As at OPCNM, organ pipes occur on flat ground but seem 
to prefer moderate slopes. San Esteban is predominantly 
mountainous, and any organism that wants to be widely 
distributed had better like rugged topography. 

6. Slope Aspect 
Aspect 
N 

Number of Plants (N=56) 
7 

NE 5 
E 10 
SE 9 
s 6 
sw 10 
w 
NW 

4 
5 

About half again as many organ pipes are on south quadrant 
slopes (facing SE, S, or SW) as north quadrant slopes. 
Whether southern exposures are genuinely advantageous 
for organ pipes on San Esteban, as at OPCNM (Parker 
1987b: 153-54), is unclear. 

7. Elevation Above Local Drainage Channel 
Elevation Number of Plants (N=55) 
<1m 5 
1-5m 3 
6- 10m 3 
11-50 m 15 
51-100m 17 
>lOOm 12 

These elevation figures should be regarded as only rough 
estimates. Because arroyos trap solar radiation during the 
day and receive cold air flow at night, plants at or near the 
bottom of drainage channels are subject to greater 
temperature extremes than those on the slopes above. We 
saw healthy organ pipes in arroyo bottoms, but these figures 
suggest they prefer slopes. As to absolute elevation, organ 
pipes occur from sea level to the summits of high peaks at 
400 m or more. 

8. Substrate 
Substrate 
Rocky soil 
Talus 
Arroyo gravel 
Bedrock 

Number of Plants (N=47) 
31 
12 
2 
2 

Extensive talus slopes are common on San Esteban, but most 
of the island's surface consists of thin rocky soil. Coarse 
soils on steep slopes are derived from the island's volcanic 
rocks, while soil on gentler terrain often appears to be a 
fme loess blown in from elsewhere. Curiously, many organ 
pipes grow precisely where talus and rocky soil meet (Figure 
9), and it is purely a judgement call as to which one is the 
plant's actual substrate. We also observed two plants rooted 
in fractured bedrock. Presumably both talus and cracks in 
bedrock are more effective than bare soil at providing shade 
and holding moisture, and thus may facilitate the 
germination of seedlings. 

9. Nurse Plants or Rocks 

~ 
Plant 
Rock or outcrop 
None 

Number of Plants (N=27) 
4 
2 

21 
We were reluctant to assign a nurse function to plants and 
rocks merely on the basis of proximity. Some of San 
Esteban's organ pipes are indeed entangled in plants or stand 
close to rocks or outcrops (including talus), but the same 
can be said for many other species. Moreover, many plants 
have seemingly thrived in complete isolation. Of course, it 
can be argued that some now-isolated organ pipes may have 
germinated under nurse plants that have subsequently died 
and disappeared, but there is no way of empirically 
evaluating this supposition. 

At OPCNM, nurse plants and rocks optimize growth 
conditions for organ pipe seedlings in an otherwise marginal 
habitat (Parker 1987b: 153; 1988: 136). During the harsh 
winters, nurse plants reduce heat loss at night and may help 
retain moisture. South-facing nurse rocks or outcrops help 
prevent frost damage by acting as heat sinks, storing heat 
during the day and slowly releasing it at night, thereby 
creating a warmer microenvironment. 

San Esteban Island, lying some 350 km south of OPCNM, 
at a lower elevation, and influenced by the moderating effect 
of the sea, is thought to be frost free. This is supported by 
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the fact that we saw little evidence of stem constriction, a 
hallmark of frost damage at OPCNM. If nurse plants and 
rocks are important on San Esteban, their function would 
most likely be to provide shade and conserve moisture, as 
they do in Baja California (Nolasco, Vega-Villasante, and 
Diaz-Rondero 1997). 

10. General Conclusion 
One of Parker's chief conclusions for OPCNM was that the 
optimum habitats are southerly-facing (S, SE, and SW) 
middle and upper bajadas with slopes of 15° to 24° (Parker 
1987b: 152-53; but see also Parker 1988: 133, 136). These 
conditions produced the greatest mean density of organ pipes 
and the highest rate of recruitment. Superficially, this would 
also seem to be true for San Esteban (assuming slopes of 
coarse rocky soil above arroyo bottoms to be the local 
equivalent of upper bajadas ), but I suspect we would need 
much more comprehensive data, supported by statistical 
analysis, to demonstrate it. 

Back to the Hypotheses 
Now that we have counted some organ pipes, the real 
question is whether we have learned anything that enables 
us to discriminate among our four hypotheses. The answer 
is both yes and no. 

The "Microclimatic Hypothesis" proposes that organ pipes 
are concentrated in Orpi Valley and the northwest comer 
because this area receives just enough extra moisture to 
allow organ pipes to flourish on this otherwise inhospitable 
island. Though we spent a day revisiting the northwest 
comer, this idea is difficult to evaluate. To judge by the 
sparse plant cover, the northwest comer in general seems, 
if anything, more arid than some other parts of the island. 
On the other hand, Orpi Valley itself may be slightly wetter, 
for annuals seem to be denser here than elsewhere. The 
valley is also quite brushy (Figure 1 ), containing much 
limberbush (Jatropha cuneata), elephant tree (Bursera 
microphylla), and jojoba (Simmondsia chinensis). All of 
these make good nurse plants for young organ pipes but, as 

elsewhere, many ofOrpi Valley's organ pipes stand alone. 

We were not able to identify any other factors to account 
for Orpi Valley's organ pipes. As far as we could tell from 
casual observation, the rock types and soils are typical and 
unremarkable. The valley is relatively deep, which might 
encourage sea fog to roll down it. Our sense is that whatever 
extra moisture reaches this valley must be slight. Perhaps 
in this arid environment, even a small increase is biologically 
important. 

Thus the idea of extra moisture reaching Orpi Valley still 
seems reasonable, but as Patricia West notes (200 1: pers. 
comm. ), it is also possible that the concentration of organ 
pipes here is due more to chance factors than particular 
causes. And now that we know that plants exist in modest 
numbers elsewhere, maybe the Orpi Valley stand is less 

critical to understanding the distribution of San Esteban's 
organ pipes than we had thought. 

In the "Placental Burial Hypothesis", Gary Nabhan suggests 
that Seris transplanting live cacti over buried placentas might 
have created disjunct plant populations, such as the Orpi 
Valley stand of organ pipes. Having found many more plants 
outside the northwest comer, it no longer seems reasonable 
to consider the Orpi Valley stand a disjunct population. 
However, it might be appropriate to consider all of San 
Esteban's organ pipes as a disjunct population. From this 
perspective, Seri placental burial, as Nabhan describes it, 
might explain how organ pipes were introduced to the island 
in the first place. It would also suggest a likely source, for 
organ pipes are common on the historic Seri stronghold of 
Tiburon Island, less than 12 km from San Esteban. 

Perhaps the most important step in evaluating Nabhan's 
hypothesis would be to reconcile the discrepancies between 
his account of placental burial and the original Moser-Felger 
description of the practice. According to Felger and Moser, 
plants are simply buried with the placenta, not transplanted. 
This is a critical point, for simple burial would probably not 
generate new plants and therefore would not disperse them. 
The practice, as Felger and Moser describe it, would not be 
relevant to understanding the distribution of organ pipes on 
San Esteban. 

The "Bat Hypothesis" proposes that Leptonycteris bats are 
maintaining the island's organ pipe population by excreting 
seeds as they return from overwater foraging flights to roosts 
in the cliffs below Orpi Valley. To evaluate this idea, we 
need to know three things: whether these bats frequent the 
island, whether they roost there, and whether the only organ 
pipe seeds that germinate are those carried in from 
elsewhere. Unfortunately, we struck out on all three counts. 

Bats are a common sight on San Esteban, but these could 
be the resident fish-eating bat Myotis vivesi (Maya 1968) 
or possibly the California leaf-nosed bat Macrotus 
californicus (Case, Cody, and Ezcurra 2002: Appendix 
12.3). Leptonycteris has not been reported on the island, 
but apparently nobody has looked for them, and we were 
not qualified to identify the bats we saw on the wing. 

We inspected all the sea caves near the northwest comer 
but found no evidence of roosts. San Esteban is also riddled 
with small caves and crevices, many inaccessible to humans. 
These potential roosts are so numerous that we quickly 
realized the futility of making a systematic search of even 
the accessible ones. 

We were on the island at the wrong season to determine 
whether organ pipes are self-recruiting. Although we saw 
buds on five plants, we don't know if they are setting fruit. 
If they are, the role of bats may be relatively minor. 
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In fact, judging by the situation in the Sierra Pinacate, if 
Leptonycteris bats do make use of San Esteban, their 
relationship with the island's plants might be vastly more 
complex than our simple scenario suggests. As William 
Peachey notes, (2002: pers. comm.), San Esteban's real 
attraction might be agave nectar. Paniculate agaves provide 
an important food resource for Leptonycteris bats (Hevly 
1979; Howell1979; Fleming, Nufiez, and Sternberg 1993), 
and the island has enormous stands of Agave cerulata spp. 
dentiens. It could be that they are foraging on San Esteban 
from roosts on Tiburon Island or the mainland, that they do 
not roost on San Esteban (except for night roosts), and that 
they are after agave (or cardon) nectar and have little or no 
interest in the organ pipes there. 

The one hypothesis we can evaluate with some confidence 
is the "Relict Population Hypothesis", which maintains that 
San Esteban's organ pipes are dying off everywhere on the 
island except the climatically-favored Orpi Valley. This 
hypothesis predicts that plants outside the northwest comer 
should be rare and show evidence of stress. Instead, we 
found plants in respectable numbers and fine health. 
Apparently, the "Relict Population Hypothesis" is wrong. 

Yet there is one nagging loose end tied to this hypothesis. 
That is the purported early 20th century sightings of organ 
pipes on Angel de la Guarda, and possibly other Midriff 
islands, where none are known today. These enigmatic 
sightings have almost acquired the status of folklore. Turner, 
Bowers, and Burgess (1995: 381) attribute them to Ivan 
Johnston, who visited Angel de la Guarda in 1921. Johnston 
uncharacteristically lumped his records of this plant without 
distinguishing individual islands, stating only that "On the 
peninsular side of the gulf this species was present on every 
island, with the sole exception of Catalina Island (which 
lies about 350 km south of the Midriff)" (Johnston 1924: 
1111 ). Since the expedition visited all the larger Midriff 
islands from San Lorenzo to · Angel de la Guarda (Slevin 
1923: 71-72), Johnston's statement, taken literally, implies 
that he saw organ pipes on San Lorenzo, San Lorenzo Norte, 
Salsipuedes, Rasa, and Partida, as well as Angel de la 
Guarda. (Johnston did specifical record organ pipes on 
Tiburon Island but makes no mention of San Esteban). 

Nobody is sure how to interpret Johnston's collective 
treatment of organ pipes. His field notes presumably list 
sightings on individual islands, but protracted efforts to 
locate those notes have come to naught. James Miller, 
Johnston's biographer, characterizes Johnston as a careful 
field worker. When pressed to speculate, Miller concluded 
that Johnston probably meant exactly what he said, which 
implies that he saw organ pipes on every Midriff island on 
the peninsular side, including Angel de la Guarda (James 
Miller: pers. comm. 2001). 

Reid Moran tracked down several references to organ pipes 
on Angel de la Guarda (Moran 1983: 401). He notes that 

Howard Gentry listed the plant (Gentry 1949: 110) but that 
Gentry did not recall his source, and that Hastings, Turner, 
and Warren's atlas (1972: 134) listed it based on Gentry's 
citation. Moran also notes that Los Angeles collector 
Howard Gates casually mentioned seeing stunted organ pipe 
cacti on a trip to Angel de la Guarda about 1936. In Gates's 
words (1946: 61), "So hot and dry is the island the great, 
giant Pachycereus pringlei and Lemaireocereus thurberi 
(i.e. Stenocereus thurberi) of the peninsula are here dwarfs, 
hardly recognisable (sic) as the same plants." 

Moran acknowledges that Gates "knew his cacti", but 
wonders if his memory was correct. Moran himself visited 
Angel de la Guarda ten times between 1952 and 1978 and 
never saw an organ pipe. The local fishermen he consulted 
told him they had not seen it there either, leading Moran to 
doubttheveracityofGates's report(Moran 1983:385, 401). 
Similarly, Jon Rebman attests to Gates's knowledge of cacti, 
but cautions that Gates once mentioned a beavertail cactus 
at Lake Chapala in Baja California, far out of its normal 
range. Rebman speculated that, if Gates's sighting on Angel 
de la Guarda was real, it might be that Seris once introduced 
the plant and that perhaps a few plants, gone now, survived 
there out of their normal range long enough fot Gates to see 
them (Jon Rebman: pers. comm. 2001 ). 

If organ pipes were once common on Angel de la Guarda, it 
might help explain the baffling abundance of archaeological 
remains on this nearly waterless island. The 18th century 
Jesuit missionaries in Baja California wrote that the liquid 
in organ pipe fruit could suffice for a time as a water 
substitute, enabling the local Cochimi Indians to temporarily 
exploit waterless and hence otherwise uninhabitable 
localities (Aschmann 1967: 58-61). 

A Little Heresy 
If San Esteban Island is perfectly good habitat for organ 
pipes, as our 2002 survey suggests, then why is the 
population so small and scattered? One hypothesis that 
would account for their relatively small numbers is that 
organ pipes were introduced to the island only recently, and 
that they are still in the process of filling the niche. If so, 
how might they have gotten to San Esteban in the first place, 
and when? 

One way is by "natural" agents of dispersal. Bats and birds 
eating the fruit on Tiburon Island, the Sonoran mainland, 
or Baja California could have carried the seeds to San 
Esteban Island, and done so only recently. While this is a 
straightforward and simple explanation, one cannot help 
wondering why the plant would not have been introduced 
long ago, resulting in a larger population today. The 
orthodox answer, that introductions are essentially random 
with respect to time and hence as likely to be recent as 
ancient, is no doubt correct, but ultimately not very 

satisfying. Could there be another explanation? 
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Figure 5. Dying organ pipe near the summit of Pico Rojo, 
looking east northeast. (January 1981, TB) 

Figure 7. Plant No.2 (left), the smallest organ pipe encoun
tered during the April2002 survey. It is a single stem 0.7 m 
tall. Photo looks northwest. (April2002, TB) 

Figure 6. Orpi wannabees. Two young Pithaya agrias mimic 
the growth habit of organ pipes. As they mature, they will 
adopt the dense creeping and sprawling form normally as
sociated with this plant (as has the individual in front of the 
card6n). (April2002 TB) 

Figure 8. Plant No. 29, the largest organ pipe visited during 
the April2002 survey. It is 5.1 m tall and has 29 stems. It is 
located at the junction of an arroyo terrace and the east-fac
ing rocky slope above, about 5m above the bottom of one of 
the island's major drainage channels. Photo looks northwest. 
(April2002, TB) 
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In fact, it is equally straightforward and simple to suppose 
that the dispersal agents were humans. This brings us back 
to N abhan' s thesis that Seri Indians or their ancestors might 
have intentionally dispersed a number of native plants and 
animals within the upper Gulf region. Though Nabhan 
implies a connection between organ pipes and placental 
burial, the mechanism could have been even simpler. Seris 
might have introduced the plants by seed rather than 
transplant, and this could have happened unintentionally. It 
is easy to construct a plausible scenario of how this might 
have happened. 

Organ pipe seeds are contained in the fruit in large numbers, 
averaging close to 2000 per fruit. Since they are small they 
are routinely consumed with the pulp by birds, bats, and 
Seris alike. They must be free of pulp to germinate 
(McDonough 1964: 155), but once cleaned, as is the case 
after a trip through a digestive tract, the germination rate 
can be as high as 88 percent, given ideal temperature and 
moisture conditions (Parker 1987a: 299). 

The Seris say that before the 1920s organ pipe fruit was 
usually not eaten directly but was mashed, fermented, and 
consumed as wine (Felger and Moser 1974: 268; 1985: 247, 
259). The fruit, gathered on Tiburon, might either have been 
fermented and drunk there or carried across the channel 
intact and made into wine on San Esteban. Either way, 
people probably ingested a large number of seeds with the 
wine, for Seris do not normally strain liquids to remove 
particulate matter (Mary Beck Moser 2002: pers. comm.; 
Richard Felger 2002: pers. comm.). Hence Seri travellers 
could easily have consumed wine on Tiburon Island and 
excreted the seeds on San Esteban a day later. Once a few 
plants were established, seeds from the founding population 
would have been further dispersed throughout the island by 
birds and bats as well as by Seris. Birds and bats have 
presumably continued this process to the present. 

One of the appealing aspects of this scenario is that we can 
specify who the people introducing the plant likely were 
and when the introduction likely took place. Through the 
combined sources of Seri oral history, the Euroamerican 
documentary record, and the archaeological record, it has 
been possible to reconstruct something of San Esteban 
Island's cultural history. Although the island may have been 
occasionally visited for thousands of years, it remained 
uninhabited until post-Spanish times. The people who 
eventually moved there were a small group of Seris who 
were pushed off Tiburon Island by mainland Seris fleeing 
to Tiburon to escape European military persecution. Exactly 
when this displacement occurred is uncertain, but the best 
guess is the late 18th century. If so, the San Esteban people, 
as these Seris became known, lived on the island only about 
a hundred years. Late in the 19th century these reclusive 
folk were apparently rounded up and exterminated by 
Mexican soldiers (Moser 1963: 25-26; Bowen 2000: 437-
41). 

The San Esteban people would have been thoroughly 
familiar with organ pipe cactus before they were pushed 
off Tiburon Island. They undoubtedly remained familiar 
with the plant, for they often paddled from San Esteban to 
Tiburon Island, and the Seris who replaced them on Tiburon 
sometimes paddled over to San Esteban for visits. Thus 
throughout the 19th century, there would have been multiple 
opportunities for travelling Seris to consume organ pipe fruit 
from Tiburon (presumably as wine) and deposit the seeds 
on San Esteban. 

Whatever the precise mechanism, a late 18th or 19th century 
introduction of organ pipes to the island by historic Seris 
seems consistent with the population's sparse but more or 
less island-wide distribution, good health, and (apparently) 
successful recruitment. It might also explain why organ pipes 
were not discovered by botanists until the mid-20th century, 
for if they are recent introductions and are still in the process 
of expanding their numbers, they may, in fact, have been 
rare plants until quite recently. 

What this scenario does not specifically account for is the 
modest concentration of plants in the Orpi Valley area. Also, 
as a hypothesis it would be difficult to test in its entirety. 
Mitochondrial DNA analysis might establish Tiburon Island 
as the source of San Esteban's organ pipe population. But it 
is hard to imagine how humans could be unambiguously 
distinguished from bats and birds as the agents of dispersal, 
or how introduction by seed could be distinguished from 
introduction by transplant. 

Looking farther afield, the idea of Seri dispersal might 
explain why there are no organ pipes on San Lorenzo Island. 
San Lorenzo lies midway between San Esteban, where there 
are organ pipes, and Baja California, where there are also 
organ pipes (Figures 2 and 4). There is nothing obvious 
about San Lorenzo's topography, rock types, or soils that 
would preclude the plant. Cody et al. (2002: 92)) attribute 
their absence to less annual rainfall on San Lorenzo than on 
Tiburon and San Esteban, but their own isohyets (2002: Fig. 
4.1) indicate similar annual precipitation for all three islands, 
as well as the adjacent portion of the peninsula where organ 
pipes occur (Turner, Bowers, and Burgess 1995: 381 ). Much 
more important is summer rainfall, and San Lorenzo receives 
less than does Tiburon and the Sonoran mainland. But here 
again Cody et al. (2002: Fig 4.3) indicate that San Lorenzo 
receives as much or more than San Esteban and the adjacent 
portion of Baja California, where organ pipes 
unquestionably occur. While their precipitation figures are 
admittedly imprecise (Codyet al. 2002: 65), on the face of 
it San Lorenzo's lack of organ pipes would appear to be 
due to something other than climate. Could it be that organ 
pipes are missing from San Lorenzo simply because nobody 
introduced them there? 

While this idea may be heresy in conventional 
biogeographical thinking, it is consistent with what we know 
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of the human use of San Lorenzo. In sharp contrast to 
Tiburon, San Esteban, and the adjacent shores of both Baja 
California and mainland Sonora, San Lorenzo has few 
archaeological remains (Bowen 2000: 471-72), which 
indicates that humans were never more than temporary 
visitors there. The only indigenous people we know of who 
went there were the San Esteban people. According to Seri 
oral history, these folk often paddled from San Esteban to 
San Lorenzo, and it is said that one group actually lived 
there for a whole year (Bowen 2000: 23). But if organ pipes 
were just being introduced to San Esteban during that time, 
there would have been few plants on San Esteban and even 
fewer, if any, fruits. The probability of anyone consuming 
fruit or wine on San Esteban an<P-·depositing the seeds on 
San Lorenzo would have been close to zero. 

The concept of overwater dispersal of native plants and 
animals by humans in the Midriff is not new (Shaw 1946; 
Lowe and Norris 1955; Grismer 1994; see also Yetman and 
Burquez 1996; Bahre and Bourill6n 2002; Mellink 2002). 
If anyone still recoils at the very idea of humans as agents 
of dispersal, I would point out that one of the truly great 
themes in human history worldwide - one intricately 
documented by archaeologists - has been the deliberate 
translocation of useful plants and animals and the inadvertent 
dispersal of others. Proof of this is as simple as a glance at 
the menu of any American coffee shop or a consideration 
of the global problem of invasive exotic species (e.g. 
Tellman 2002). The idea of moving plants and animals to 
new locations is simple and obvious, and pragmatic hunting 
and gathering peoples like the Seris and Cochimis have long 
understood the biological requirements of familiar 
organisms. It is worth remembering that even the world's 
plant and animal domesticates were once "native" species, 
that it was hunting and gathering peoples who first expanded 
their ranges, and that this entire process has taken place just 
within the past 11,000 years. 

Archaeological evidence shows clearly that humans had 
arrived in the Midriff region, and may have begun visiting 
the islands, by 11,000 years ago (Robles and Manzo 1972; 
Bowen 1976: 89-91; 2000: 390-94; Hyland 1997: 387-88; 
Bahre and Bourill6n 2002). Thus there is no doubt that 
people were available to help with the great reshuffling of 
Gulf flora and fauna that took place as the climate changed 
from Plleistocene to Holocene conditions. Given what we 
know ofhumans elsewhere, it would be astonishing if they did 
not play some role in this process in the Midriff, and there is 
no reason why their participation should not have extended 
into historic times. Wind, bats, birds, and rafts of detritus have 
undoubtedly been important agents of overwater dispersal since 
time immemorial, but for the post-Pleistocene period, humans 
have by far the best track record the world over. 

Now What? 
Whatever role humans may have had in introducing organ 
pipes to San Esteban, it is certain that humans are neither 

maintaining nor further dispersing the population today. And 
with that statement, I have related the story far as it presently 
goes. Whether this tale will eventually be brought to a proper 
conclusion remains to be seen, but the ending will have to be 
written by a biologist- someone with the expertise to see where 
the plot might lead from here. For whomever is willing to take 
up the story, I hope that pursuit is as much fun as it has been so 
far, and I wish them every success in figuring out the ending. 

Thanks! 
I am deeply grateful to Tom Bethard, Marty Brace, Richard 
Felger, Ted Fleming, Jim Miller, Becky Moser, Gary 
Nabhan, Bill Peachey, Jon Rebman, Patty West, and Dave 
Yetman for many enlightening discussions and for providing 
helpful information, ideas, and editorial corrections. I thank 
ana Luisa Figueroa of Islas del Golfo de California for 
permits to count San Esteban's organ pipes. I especially 
thank Dan Bench, Dana Desonie, Larry Johnson, and Patty 
West for their keen observations and insights (to say nothing 
of the sweat of their brows), and for making our trips to San 
Esteban truly joyous events. 
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Figure 9. Plant No. 7, situated at the boundary between a 
talus slope (behind the plant) and the island's characteristic 
rocky soil (foreground). Photo looks north. (April2002, TB) 
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Appendix A Data for Individual Plants 

Plant no. Visit Ht. (m) No. stems Buds Health Slope Angle (deg) Slope Aspect Approx. elevation above drainage Substrate 
Nurse 

Yes 3.8 13 No Healthy >40 E 15 RS ' No 
2 Yes 0.7 1 No Healthy >40 E 15 RS No 
3 Yes 2.8 18 No Healthy 11-20 sw 100 p No 
4 Yes 3.9 83 No Sickly 11-20 SE 100 T No 
5 Yes 1.1 3 No Healthy 11-20 sw 100 RS No 
6 Yes 1.9 7 Yes Healthy 11-20 NW 100 T No 
7 Yes 2.7 11 No Healthy 11-20 sw 100 RS No 
8 Yes 3.8 134 Yes Healthy 11-20 sw 250 T No 
9 Yes 1.9 8 No Sickly 21-30 sw 80 RS No 
10 Yes 2.9 No Healthy 11-20 SW 50 RS Plant 
11 No As 7+6 Healthy 0-10 E 0 
12 No A 7+ Sickly 0-10 E 0 AG7 

13 No A 8+ Healthy 0-10 SE 
14 No A 10+ Healthy 21-30 NW 50 
15 No J' 2+ >40? s 300 Plant 
16 A 8+ Healthy 11-20 sw 200 Plant 
17 No A 7+ Healthy 31-40 SE 20 T 
18 No A 3+ Healthy 31-40 s 200 No 
19 No A 5+ Healthy 31-40 s 200 No 
20 No A 5+ Healthy 31-40 s 200 No 
21 Yes 3.8 7 No Healthy 11-20 N 5 T No 
22 No A 11+ Healthy 31-40 s 200 T Plant 
23 Yes 2.9 14 No Healthy 0-10 s 30 RS No 
24 No A 7+ Healthy 11-20 NE 0 RS No 
25 Yes 4.5 27 No Healthy 31-40 SE 50 RS No 
26 Yes 3.0 11 No Healthy 31-40 SE 50 RS No 
27 
28 No A 7+ Healthy 31-40 w 20 RS 
299 Yes 5.1 29 Yes Healthy 21-30 E 5 RS No 

30 No A 11 21-30 NE 120 RS 
31 No A 7+ Sickly 21-30 NE 100 RS 
32 No J 3 Healthy 0-10 E RS No 
33 Yes J Healthy 21-30 NW 8 T No 
34 No A 6+ Healthy 21-30 NE 10 RS 
35 No A 5+ Healthy 21-30 SE 50 RS 
36 No J 4+ Healthy 31-40 SE 100 T 
37 10 Yes A 10 No Dead 21-30 N 100 RS 
38 Yes 2.8 711 Yes Healthy 21-30 N 100 RS 
3912 Yes No Dead 21-30 N 100 RS 
40 Yes 4.7 1213 Yes Healthy 21-30 N 100 RS 
41 14 Yes 4.8 12 No Dead 21-30 N 100 RS 
42 No J 3+ Healthy 40 RS 
431S Yes 3.5 20 No Dead 0-10 E 5 RS 
44 No A 6+ Healthy NE 30 
45 No J 9 Sickly 21-30 sw 30 RS 
46 No J 3+ Healthy 21-30 w 30 RS 
47 Yes 3.7 9 Healthy 0-10 w 0 T 
48 16 No A 11+ Healthy 21-30 NW 100 
49 No J 5 Healthy >40 NW 50 BR17 

50 No A 5+ Healthy 31-40 E 250 T 
51 No A 7+ Healthy 31-40 SE 200 T Rock 
52 No J 4+ Healthy 31-40 sw 100 BR Rock 
53 No A 6+ Healthy 31-40 sw 200 RS 
54 No A 5+ Healthy 31-40 SE 100 RS 
55 No A 6+ Healthy 31-40 E 100 RS 
56 Yes A 13 Healthy 31-40 N 10 RS 
57 No A 15+ Dead 31-40 w 0 AG 
58 Yes 3.7 4 Healthy 31-40 E 150 RS No 

Key 
1. RS = rocky soil 
2. T =talus 
3. One stem is dead; one is a skeleton, and two are discolored brown 
4. Three stems are skeletons 
5. A= adult plant, >2m tall. Heights of plants not visited could not be more accurately estimated froiJ1 a distance. 
6. Plus signs(+) indicate that additional stems may have been hidden from view. For plants observed only from a distance, it was seldom 

possible to be sure we counted every stem. Hence figures with plus signs are minimum numbers. 
7. AG = arroyo gravel 
8. J =juvenile plant, <2m tall. Heights of plants seen only at a distance could not be estimated more accurately. 
9. This plant was seen in 1980. 
10. A standing skeleton. 
11. One stem is a skeleton. 
12. A fallen skeleton 
13. Five stems are skeletons but plant is otherwise healthy. 

14. A standing skeleton. 
15. The plant, alive and healthy in 1980, is now a fallen skeleton. 
16. This plant was seen in 1981. 
17. BR=bedrock 

18. Still standing, but mostly or completely reduced to a skeleton 
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Appendix A Data for Individual Plants Approx. 

Slope Elev. (m) 

Plant Ht. No. Angle Slope Above Sub-

No. Visited (m) Stems Buds Health (deg.) Aspect Drainage Strate Nurse 

1 Yes 3 .8 13 No Healthy >40 E 15 RS1 No 

2 Yes 0 .7 1 No Healthy >40 E 15 RS No 

3 Yes 2 .8 18 No Healthy 11-20 sw 100 Tl No 

4 Yes 3.9 83 No Sickly 11-20 SE 100 T No 

5 Yes 1.1 3 No Healthy 11-20 SW 100 RS No 

6 Yes 1.9 7 Yes Healthy 11-20 NW 100 T No 

7 Yes 2.7 11 No Healthy 11-20 sw 100 RS No 

8 Yes 3 .8 134 Yes Healthy ll-20 sw 250 T No 

9 Yes 1.9 8 No Sickly 21-30 SW 80 RS No 

10 Yes 2 .9 8 No Healthy ll-20 SW 50 RS Plant 

11 No N 7+6 Healthy 0-10 E 0 

12 No A 7+ Sickly 0-10 E 0 AG7 

13 No A 8+ Healthy 0-10 SE 

14 No A 10+ Healthy 21-30 NW 50 

15 No Jl 2+ >40? s 300 Plant 

16 A 8+ Healthy 11-20 SW 200 Plant 

17 No A 7+ Healthy 31-40 SE 20 T 

18 No A 3+ Healthy 31-40 s 200 No 

19 No A 5+ Healthy 31-40 s 200 No 

20 No A 5+ Healthy 31-40 s 200 No 

21 Yes 3 .8 7 No Healthy ll-20 N 5 T No 

22 No A 11+ Healthy 31 -40 s 200 T Plant 

2~ Yes 2 .9 14 No Healthy 0-10 s 30 RS No 

24 No A 7+ Healthy 11-20 NE 0 RS No 

25 Yes 4.5 27 No Healthy 31-40 SE 50 RS No 

26 Yes 3.0 11 No Healthy 31-40 SE 50 RS No 

27 [NO DATA RECORDED] 
28 No A 7+ Healthy 31-40 w 20 RS 

299 Yes 5.1 29 Yes Healthy 21-30 E 5 RS No 

30 No A 11 21-30 NE 120 RS 

31 No A 7+ Sickly 21-30 NE 100 RS 

32 No J 3 Healthy 0-10 E RS No 

33 Yes J Healthy 21-30 NW 8 T No 

34 No A 6+ Healthy 21-30 NE 10 RS 

35 No A 5+ Healthy 21-30 SE 50 RS 

36 No J 4+ Healthy 31-40 SE 100 T 

3710 Yes A 10 No Dead 21-30 N 100 RS 

38 Yes 2 .8 711 Yes Healthy 21-30 N 100 RS 

3912 Yes No Dead 21-30 N 100 RS 

40 Yes 4 .7 121] Yes Healthy 21-30 N 100 RS 

4}14 Yes 4.8 12 No Dead 21-30 N 100 RS 

42 No J 3+ Healthy 40 RS 

4JIS Yes 3.5 20 No Dead 0-10 E 5 RS 

44 No A 6+ Healthy NE 30 

45 No J 9 Sickly 21-30 sw 30 RS 

46 No J 3+ Healthy 21-30 w 30 RS 

47 Yes 3.7 9 Healthy 0-10 w 0 T 

4816 No A 11+ Healthy 21-30 NW 100 

49 No J 5 Healthy >40 NW 50 BRI7 

50 No A 5+ Healthy 31-40 E 250 T 

51 No A 7+ Healthy 31 -40 SE 200 T Rock 

52 No J 4+ Healthy 31-40 SW 100 BR Rock 

53 No A 6+ Healthy 31-40 sw 200 RS 

54 No A 5+ Healthy 31-40 SE 100 RS 

55 No A 6+ Healthy 31-40 E 100 RS 

56 Yes A 13 Healthy 21-30 N 10 RS 

5711 No A 15+ Dead 11-20 w 0 AG 

58 Yes 3 .7 4 Healthy 0-10 E 150 RS No 

Key 
1. RS = rocky soil. 
2. T=talus. 
3. One stem is dead, one is a skeleton, and two are discolored brown. 

4. Three stems are skeletons. 
5. A = adult plant, >2m. tall. Heights of plants not visited could not be more accurately estimated from a distance . 

6 . Plus signs (+)indicate that additional stems may have been hidden from view. For plants observed only from a distance, it was seldom possible to be sure we counted every 

stem. Hence figures with plus signs are minimum numbers. 

7 . AG = arroyo gravel. 
8. J =juvenile plant, <2m. tall. Heights of plants seen only at a distance could not be estimated more accurately. 

9. This plant was seen in 1980. 
10. A standing skeleton. 
11. One stem is a skeleton. 
12. A fallen skeleton. 
13. Five stems are skeletons but plant is otherwise healthy. 

14. A standing skeleton. 
15. This plant, alive and healthy in 1980, is now a fallen skeleton. 

16. This plant was seen in 1981. 
17. BR = bedrock. 
18. Still standing, but mostly or completely reduced to a skeleton. 


