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Introduction 
The boojum tree or cirio (Idria columnaris Kellogg) is by 

far the tallest plant in the Sonoran Desert. The tallest indi- 
viduals occur in Central Baja California, Mexico. Those in 
the Sierra Cirio in Sonora, Mexico, where growth conditions 
are less favorable, are considerably shorter (Humphrey, 
1974). This raises the question of the time it may have taken 
these unusual members of the plant kingdom to reach their 
maximum heights. 

Determination of age is difficult since the boojum pro- 
duces no discernable annual rings nor does it produce much 
woody material that might be dated by carbon -14 or other 
chemical methods. Because neither of these techniques for 
determing age is feasible, an indirect method is proposed 
here that entails extrapolation from a series of rate -of- growth 
measurements. 

This paper describes the plant selection process, methods 
of measurement, and the subsequent estimation of the age 
of the boojum tree. 

Methods 
Sites Selected for Study. Inasmuch as plant growth is a 

function of several variables, one of the more important of 
which is site, three dissimilar sites were selected for study: 
two in Baja California, Mexico, and one in Sonora, Mexico. 
The two Baja sites were designated Vibora and Turquoise, 
the one in Sonora, Idria Island. 

The Vibora site (elev. 1500 ft or 457 m) with little question 
provided the best habitat of the three. Mean -annual pre- 
cipitation there probably averages about 5.5 in (140 mm), 
the physiographic gradient is generally less than one percent, 
and the soil is a deep, sandy loam derived from granite. As a 
consequence, runoff is minimal and moisture penetration 
optimal. 

The Turquoise site (elev. 1300 ft or 396 m), although ap- 
parently providing conditions more favorable for cirio ger- 
mination and establishment than Vibora, is not as well 
suited to later growth and perhaps, ultimate longevity. The 
terrain at Turquoise, as at Vibora, is essentially level, but 
the soil is comparatively impervious, consisting mostly of a 
rhyolitic clay. Moisture penetration in this fine -texture soil 
is poor and runoff is relatively high. Cirio establishment, 
however, is aided by an abundance of small rocks that pro- 
vides protection from evaporation, rodents, and birds during 
the highly critical first few weeks of growth. 

Precipitation at the Turquoise site is probably about 2/3 

that at Vibora, based on the Chapala record, a station about 
12.5 miles (20 km) distant, and 600 ft (138 m) higher (Hast- 
ings and Humphrey, 1969). The Turquoise site lies in the 
rain shadow of a high mountain to the west which may be 
assumed to reduce precipitation further, making it ques- 
tionable whether an average of more than three inches or 
about 76 mm falls here. 

Growing conditions at the Idria Island site (elev. 50 ft or 
14 m) appear to be less favorable than at Vibora, but more 
so than at Turquoise. A rain gauge at the site recorded a 
mean -annual precipitation of 4.39 in or 111.6 mm for the 
13.5 year period of June 11, 1972 through December 1985. 
Site gradient ranges from 3 to 5 percent and the soil, derived 
from granite and rhyolite, is shallow and moderately fine 
textured. The gradient, soil texture, and soil depth seem to 
combine to result in loss of much of the precipitation dur- 
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Table 1. Height (meters) of selected plants by date of measure- 
ment at three different locations. 

Location = Vibora 

PLANT 

DATE 5 6 7 8 9 10 11 12 13 14 

10- June -69 7.39 9.65 5.82 7.47 8.41 5.51 12.34 7.37 8.20 3.91 
20- Apr -70 7.39 9.70 5.82 7.52 8.64 5.56 12.19 7.42 8.36 4.01 

31- Mar -72 7.49 9.70 5.94 7.54 NR' 5.56 12.19 7.37 8.33 4.01 

25- Dec -77 7.82 9.75 6.05 7.65 8.76 5.72 NR' 7.49 8.41 4.22 
12- Dec -80 8.15 9.85 6.12 7.72 9.06 6.04 12.53 7.70 8.62 4.31 
27- Oct -82 8.19 9.98 6.20 7.75 9.04 6.09 12.70 7.74 8.62 4.38 
26- Mar -85 8.40 10.07 6.32 7.97 9.50 6.35 12.97 7.96 8.94 4.45 
15- May -86 8.44 10.10 6.35 7.90 9.34 6.39 NR 7.95 8.99 4.46 

Location = Turquoise 

PLANT 

DATE 2 3 4 5 6 7 8 9 10 

13- Jun -69 3.48 2.26 6.88 4.34 4.72 2.18 4.14 3.45 2.31 
05- Nov -70 3.53 2.36 6.96 4.37 4.80 2.39 4.34 3.57 2.36 
29- Mar -72 3.53 2.34 6.83 4.37 4.78 2.39 4.34 3.61 2.36 
26- Dec -77 3.53 2.44 NR' 4.39 4.88 2.56 4.60 3.84 2.49 
12- Dec -80 3.95 2.64 7.18 4.50 4.97 2.71 4.73 4.07 2.52 
30- Oct -82 3.97 2.63 7.16 4.46 4.98 2.71 4.76 4.06 2.52 
27- Mar -85 4.30 2.75 7.25 4.59 5.08 2.89 4.92 4.20 2.56 
15- May -86 4.37 2.78 7.33 4.65 5.10 2.92 4.93 4.17 2.60 

Location = Idria Island 

PLANT 

DATE 1 5 6 7 8 9 12 13 14 15 16 18 

26- Jul -69 6.43 1.14 1.04 0.66 6.25 4.75 2.52 2.69 4.98 1.58 4.04 0.86 
09- Mar -71 6.58 1.19 1.22 0.74 6.35 4.88 2.64 2.74 4.98 1.65 4.14 0.99 
09- Jun -72 6.55 1.22 1.25 0.74 6.33 4.88 2.67 2.72 4.98 1.65 4.14 0.91 
06- Jun -73 6.60 1.22 1.25 0.76 6.35 4.93 2.67 2.72 4.98 1.68 4.14 NR' 
20- Jun -74 6.63 1.22 1.27 0.74 6.40 4.93 2.69 2.72 5.00 1.68 4.17 NR' 
11- Jun -75 6.58 1.25 1.27 0.76 6.40 4.90 2.67 2.69 5.00 1.68 4.17 NR' 
25- Oct -77 6.63 1.35 1.27 0.79 6.40 4.90 NR' 2.72 5.00 1.68 4.17 NR' 
20- Oct -78 6.68 1.27 1.37 0.81 6.40 4.90 2.72 2.74 5.06 1.70 4.22 N12' 
29- May -80 6.71 1.37 1.32 0.91 6.50 4.98 2.72 2.82 5.28 1.96 4.37 1.17 
17- Oct -83 6.90 1.53 2.14 1.10 6.68 4.99 2.88 2.94 5.40 2.38 4.54 1.40 
14- Oct -85 7.01 1.70 2.36 1.14 6.73 5.08 3.02 3.00 5.49 2.53 4.63 1.45 
18- Jun -86 6.94 1.75 2.42 1.15 6.78 5.07 3.02 3.04 5.50 2.57 4.62 1.44 

NR = No Reading 

ing periods of intense rainfall. 
Site Selection Criteria. The Vibora site was selected be- 

cause it appeared to represent nearly optimum conditions 
for growth well within the geographic range of Idria in Baja 
California. The Turquoise site was chosen as representative 
of habitats near the northeastern limits of the Boojum's 
Baja distribution. Idria Island was selected because of its 
geographic location (Sonora), its accessibility (a gently slop- 
ing, dissected bajada with a three- to five- percent slope) 
and because approximately 25 cirios of various sizes, grow- 
ing within an area of about a quarter hectare, suggested an 
average to favorable habitat. 

Plant Selection. With the exception of two plants at Idria 
Island, all those selected for measurement had single stems. 
At the outset all had straight stems with little or no curva- 
ture. Measurements on any that developed curvature later 
were discontinued since it was impossible to conform the 
measuring pole to the bends of the trunk and there was no 
way, in the taller ones, to triangulate and account for cur- 
vature. 

Methods of Measurement. A nail was driven into the 
base of each plant about one decimeter above ground level 
to provide a constant point from which each pole measure- 

ment originated, and on which the base of the pole was 
placed. 

Pole measurements were made with a telescoping fiber- 
glass pole. In use, this was extended until the tip reached 
the top of the central stem of each cirio. In the few plants 
less than about two meters tall the readings were made un- 
assisted; on all others they were made with an assistant, 
usually with the aid of 50x binoculars. At both Turquoise 
and Idria Island none of the plants exceeded the extended 
height of the pole; at Vibora, one of them did, and was mea- 
sured by triangulation with a clinometer. 

Each tree chosen for study was numbered for identifica- 
tion. Some were tagged initially with small aluminum 
labels wired to the slender side branches. Others had the 
numbers carved into the trunk. Eventually, all were iden- 
tified by carved numbers because the aluminum labels 
tended to be removed by rodents. 

Time Span Involved. The first measurements at Vibora 
were made on June 10, 1969, at Turquoise - June 13, 1969, 
and at Idria Island - July 26, 1969. The final measurements 
at all three sites were made in May and June, 1986. Terminal 
growth occurs only during the winter and early spring in re- 
sponse to the winter rains, thus the terminal May and June 
measurements included the preceding 1985 - 86 winter's 
growth. 

Because of the remoteness of the three sites, particularly 
in Baja California, readings were not made at systematic 
time intervals. Thus, in some instances measurements were 
recorded annually, in others at longer intervals (Table 1). 

Number of Plants Measured. Measurements at Vibora 
were on ten individuals, all of which remained alive for the 
duration of the study. At Turquoise 10 plants were selected, 
one of which died not long after the study was begun. 
Twenty individuals were selected initially at Idria Island. 
However, because of mortality, gradually developing cur- 
vature, or bifurcation, seven of these were discarded and 
have not been included in the analysis (Table 1). 

Analysis 
Estimating the age of individual cirios by plant- height 

measurements assumes (1), that height is a valid indicator 
of age and (2), that growth rates have been constant since 
germination. 

Although precipitation, temperature, and soil character- 
istics must affect the rate of growth, comparative detailed 
data of these sorts were not available for inclusion in this 
analysis. The second assumption, maintenance of a con- 
stant growth rate since germination, is probably true in 
large part. The classical woody plant growth curve is "S" 
shaped, with a slower growth rate during the early and late 
time periods. If the boojum has a similar growth pattern, 
and when growth rates are based on measurements of 
height at specific time intervals, the growth rate may be 
either underestimated or overestimated depending on 
where in the growth curve the measurements are recorded. 
Analysis of the current data, however, gave no indication 
of a slower growth rate on the older cirios. 

Individual Plant Growth Rate and Age. The growth rate 
analysis made here is based on the relationship of height 
increments over time, where the time span involved is the 
number of years between the first and last measurement 
dates. This height -time relationship is estimated using re- 
gression analysis (Morrison, 1983) where the regression 



Humphrey and Humphrey 

coefficient is the estimated growth rate (meters per year) 
and the intercept (meters) is the estimated height on the 
first measurement date. 

The individual plant age estimate is the negative of the 
ratio of the intercept to the regression coefficient. Since the 
growth rate represents the rate of change in height per year 
and the intercept is the estimated height on the first mea- 
surement date, the ratio of the intercept to the growth rate 
is the number of years that have elapsed since the height 
was zero. When the sign is changed on this value, the result 
is the estimated age of the plant on the first measurement 
date. 

The growth rate estimates of all plants were found to be 
significantly different from zero (Table 2) with a range from 
1.44 cm per year (plant 9, Idria Island) to 7.90 cm per year 
(plant 6, Idria Island). Vibora had the most consistent 
growth rates while Idria Island had the most variable. This 
pattern is also true for the intercept estimates and is re- 
flected in the individual plant age estimates. 

Because Idria grows extremely slowly during the initial 
years of establishment the estimates of age for the smaller 
plants are probably too low. Plants 5, 6, 7, 15, and 18 at Idria 
Island are unquestionably older than the estimated age in- 
dicates, but as they represent the early growth period, this 
is to be expected. Also note that the larger the age estimate 
the larger the standard error. This is expected since the 
standard error of a ratio estimate includes the estimate 
itself (Kish, 1965). 

Location Differences. If the growth rate and the heights 
of the plants are the same among locations, then the data 
from the three locations could be aggregated to provide a 
single function for estimating the age of the boojum. Also, 
if growth rate is independent of height, then separate func- 
tions for different sized plants need not be considered. 

Differences among locations for growth rate and plant 
height were tested using a one -way Analysis of Variance 
model. Although the growth rates were not significantly 
different among the three locations, there were differences 
in plant height. Vibora had significantly taller trees while 
Idria Island and Turquoise were shorter and about equal in 
height. These results suggest that Idria Island and Turquoise 
could be combined in the average age analysis. Thus, in the 
average age analysis, there will be two location or site 
types: optimal ( Vibora) vs. sub -optimal (Turquoise and Idria 
Island). Also, since the growth rates are statistically the 
same at all three locations while the trees are significantly 
taller at Vibora, then the boojums at Vibora represent a 
stand that is about 60 to 90 years older. 

The correlation between plant height and growth rate 
were -.17, -.03, and -.43 for Turquoise, Vibora, and Idria 
Island respectively. None of these correlations is signifi- 
cantly different from zero. However, since all these corre- 
lations are negative, the implication is that the taller 
plants grow at a slower rate. 

Final Age Analysis. While individual estimates of age 
were found for each plant, the purpose of this analysis is to 
combine the results across plants and obtain an aggregate 
function for estimating age. The relationship between the 
height of each plant and its estimated age provides a direct 
method of estimating age based on plant height. The value 
selected for height could be an actual measurement or a 
predicted value of height from the previous analysis. To 
maintain consistency and provide a general format for esti- 
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Table 2. Individual plant estimates for intercept (height in meters 
at first measurement date), growth rate (meters per year), and age 
(years by location). 

Location = VIBORA 

PLANT 
INTERCEPT 

ESTIMATE S.E. 

GROWTH RATE 
ESTIMATE S.E. 

AGE 
ESTIMATE S.E. 

5 7.34 0.0297 0.0654 0.0028 112 5 

6 9.63 0.0353 0.0252 0.0033 38.3 50 
7 5.81 0.0192 0.0304 0.0018 191 11 

8 7.47 0.0323 0.0257 0.0030 291 34 
9 8.45 0.0980 0.0533 0.0086 159 25 

10 5.45 0.0563 0.0519 0.0052 105 11 

11 12.18 0.0848 0.0410 0.0087 298 63 

12 7.32 0.0481 0.0349 0.0045 210 27 

13 8.21 0.0660 0.0399 0.0061 206 32 
14 3.94 0.0151 0.0319 0.0014 124 5 

Average 7.56 0.0401 208 

Location = TURQUOISE 

PLANT 
INTERCEPT 

ESTIMATE S.E. 

GROWTH RATE 
ESTIMATE S.E. 

AGE 
ESTIMATE S.E. 

2 3.39 0.092 0.0508 0.0085 67 11 

3 2.27 0.027 0.0293 0.0025 77 7 

4 6.86 0.038 0.0257 0.0035 267 36 
5 4.32 0.030 0.0155 0.0028 278 50 

6 4.73 0.016 0.0208 0.0015 227 16 

7 2.26 0.033 0.0384 0.0031 59 5 

8 4.21 0.028 0.0435 0.0026 97 6 

9 3.49 0.028 0.0438 0.0026 80 5 

10 2.34 0.011 0.0158 0.0011 147 10 

Average 3.76 0.0315 144 

Location = IDRIA ISLAND 

PLANT 
INTERCEPT 

ESTIMATE S.E. 
GROWTH RATE 

ESTIMATE S.E. 
AGE 

ESTIMATE S.E. 

1 6.45 0.027 0.0293 0.0028 220 21 

5 1.08 0.035 0.0337 0.0036 32 4 

6 0.90 0.113 0.0772 0.0118 12 2 

7 0.63 0.028 0.0292 0.0029 22 2 

8 6.23 0.027 0.0289 0.0028 216 21 

9 4.82 0.021 0.0141 0.0022 342 54 

12 2.55 0.029 0.0250 0.0030 102 12 

13 2.64 0.029 0.0199 0.0031 133 21 

14 4.86 0.043 0.0349 0.0045 139 18 

15 1.42 0.080 0.0601 0.0083 24 4 

16 4.01 0.033 0.0346 0.0035 116 12 

18 0.84 0.034 0.0359 0.0032 23 2 

Average 3.04 0.0352 115 

Table 3. Estimated ages (years) and standard errors (years) for 
Boojum trees in the optimum and sub -optimum growth sites, 
based on plant height. 

HEIGHT 
OPTIMUM 
(VIBORA) 

SUB -OPTIMUM 
(TURQUOISE, IDRIA ISLAND( 

FEET METERS AGE S.E. AGE S.E. 

5 1.52 42 4 59 5 

10 3.05 84 8 119 10 
15 4.57 125 12 178 15 

20 6.10 167 16 237 19 
25 7.62 209 20 296 24 
30 9.14 251 24 356 29 
35 10.67 293 28 415 34 
40 12.19 334 33 474 39 
45 13.72 376 37 534 44 
50 15.24 418 41 593 48 
55 16.76 460 45 652 53 
60 18.29 501 49 712 58 
65 19.81 543 53 771 63 
70 21.34 585 57 830 68 
75 22.86 627 61 889 73 
80 24.38 669 65 949 78 
85 25.91 710 69 1008 82 
90 27.43 752 73 1067 87 
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mating age, the predicted height at the first measurement 
date (growth rate intercept) was selected. Again a regression 
analysis is used where the regression coefficient is now the 
inverse of the average growth rate (number of years for a 
plant to grow one meter) and the intercept is the estimated 
age at germination (theoretically zero). If the intercept for 
this model is not significantly different from zero, it can be 
dropped and the growth rate inverse parameter re- estimated. 

The regression of estimated age versus initial plant 
height, conducted across plants within each site type, was 
first conducted with the intercept included in the model. 
The estimate of this intercept, for both groups, was not sig- 
nificantly different from zero. The analysis was re -run 
with the intercept excluded from the model. The inverse 
growth rate for the optimum site -type was found to be 
27.42 years per meter with a standard error of 2.67 years per 
meter. The corresponding figures for the sub -optimum site 
type were 38.91 and 3.18. The inverse growth rate is sub- 
stantially smaller for the less favorable sites than for the 
more favorable. It takes about 27 years for the plants at 
Vibora to grow one meter and almost 40 years at the other 
two locations. This translates into a growth rate of about 
3.7 cm per year at Vibora and 2.6 cm per year at the other 
two locations. 

The inverse growth rates presented in the final age 
analysis can be directly applied to estimate the age of a 
plant based on its height. The age estimate for a Boojum 
tree can be obtained by multiplying the inverse growth rate 
by the height of the plant. The standard error of this esti- 
mate can be similarly the stan- 
dard error of the inverse growth rate by the plant's height. 
This procedure was used in developing Table 3. 

If the height of a plant is known, the estimated age and 
standard error can be read directly from the table. In inter- 
preting these estimates one can be about 68% confident 
that the true age is within one standard error of the esti- 
mated age and about 95% confident that the true age is 
within two standard errors of the estimated age. 

Discussion 
As previously indicated under Analysis, any attempt to 

determine the age of a long lived plant species by rate -of- 
growth measurements during a recent, relatively short 
period, must be based on certain assumptions. These are 
that (1) environmental conditions affecting rate of growth 
have not changed appreciably during the life span of the 
plants, and (2) plant height (as expressed in rate of growth 
over a limited time period) is a valid indicator of age. 

In the present instance there are no long -term, on -site 
meteorological records that might indicate climatic 
change at Vibora, Turquoise, or Idria Island. The records for 
San Borja and San Ignacio, the central Baja California sta- 
tions closest to Vibora that might be expected to have an 
essentially similar climate, extend back only to 1965 and 
1963, respectively; the record at Chapala, cited earlier with 
reference to the Turquoise site, was begun in 1963 (Hastings 
& Humphrey, 1969). The earliest precipitation records near 
Idria Island go back to 1925 (Humphrey, 1981), a record 
longer than those in Baja but still short, relative to the 
probable age of the cirio. 

According to Van Devender and Spaulding (1979) there 

has been a gradual, long -term trend toward greater aridity 
in southwestern North America. This is believed to have 
begun no later than late Wisconsinan time - 22,000 to 
11,000 years BP (before the present by radio -carbon dating). 

This gradual, though slight tendency toward increased 
aridity, seems to be continuing into the present (Humphrey, 
1987). It does not, however, show up in a comparison of the 
earliest Punta Cirio (Idria Island) records for the period 
1925 -1935 with the more recent ones for the period 1961- 
1976 (Humphrey 1981). 

There is a possibility, admittedly conjectural, that a 
gradual, slight tendency toward increased aridity during 
the lifetime of even the oldest cirios has had some deter- 
rent effect on their growth rates. In this event, the calcu- 
lated ages would be too large. In the absence, however, of 
any studies on which to base conclusions relating growth 
rate of the cirio to climate, we are assuming a uniform rate 
of growth similar to that since 1969 over the entire life 
spans of the plants measured. 

This brings us to the crux of the problem: based on these 
rate -of- growth measurements, how old are the plants mea- 
sured at these three locations? Recognizing that the plants 
measured at these sites are not the tallest to be found in the 
general areas they represent, what are the probable ages of 
the other taller individuals growing under essentially the 
same conditions? 

Referring to the measurement data in Table 1, and the 
age estimates in Table 3 it will be noted that the tallest 
cirio at Vibora has an age of about 360 years. Similarly, the 
tallest at Turquoise is about 280 years old and at Idria Island 
about 270 years. 

At none of these three sites were these tallest individuals 
as tall as others growing nearby. At Vibora many had at- 
tained heights of 18 meters and at Turquoise and Idria Island 
of 10 and 13 meters respectively. The estimated ages of 
plants of these and other heights may be determined by ref- 
erence to Table 3. 
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