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Abstract: 

 The science of tree morphology and understanding the physiological characteristics of 

tree growth is constantly evolving. A correlation commonly pondered is that of tree height to tree 

age. This study attempts to understand the relationship between tree age and height and whether 

or not elevation plays a role in these morphological characteristics. By measuring three 

Engelmann Spruce trees in four different elevation zones (a total of twelve trees) in the San Juan 

Mountain Range of Southwestern Colorado, it was found that trees’ heights do differ in varying 

elevations but that is not the only reason some trees are taller than others. It was also discovered 

that different elevations present differences in tree cores, such as: tree ring definition, core 

moisture, and how easy it was to core the trees. It was determined in this study that tree height 

has little relevance to tree age but elevation has a great impact on how a tree grows. 

Introduction:  

 Throughout history, trees have been used as a dating mechanism for past events in forest 

ecosystems. Studying these ecosystems and the dominant tree species in them can provide 

information about what limits tree growth and what conditions are presents during growing 

seasons. Dendrochronology is the dating of past events through the study of tree ring growth. 

Typically, each year as a ring of tissue growth is added to the heart wood and thus the trees’ girth 

increases. More ideal growing conditions create more bountiful rings and thus wider trees. Tree 

rings can reveal information about past years in that tree’s life. Each ring goes through two 

stages of growth: the inner ring grows early in the growing season and the outer ring grows later 

in the autumn. During the spring, growth is rapid and the wood is less dense. Adequate moisture 
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and a long growing season produce wider annual rings. Rings can also indicate if there was a 

drought or when growing conditions were less than sufficient. Different elevations provide 

different growing conditions for trees. Few trees grow in alpine zones, and those that do are 

gnarled timberline trees. These timberline trees are referred to as “Krummholz,” meaning 

“crooked trees.” Krummholz trees grow slowly and asymmetrically for increased longevity 

(Gellhorn 2002). Alpine zones and alpine-subalpine ecotone zones are subject to harsh growing 

conditions and that results in little vegetative growth. Weather is harsh, temperatures are cold, 

growing seasons are shorter, and UV rays are intense in higher elevations. As elevation 

decreases, these harsh conditions lessen and growing conditions improve accordingly. These 

more ideal growing conditions result in wider tree rings and wider trees. This study will analyze 

how tree height relates to the growth of trees. The correlation of tree height to age in different 

elevations will be evaluated by observing Engelmann Spruce in zones from montane to alpine-

subalpine ecotone. It has been herein hypothesized that by growing in a higher elevation, trees’ 

heights will be significantly shorter than those in lower elevation, and therefore concluding that 

height does not relate to the age of a tree. 

Site Description: 

 In the San Juan Mountain area, in the town of Telluride, many different elevation zones 

can be found. From alpine to montane, trees such as: Pinus ponderosa (ponderosa pine), Abies 

concolor (white fir), Pseudotsuga menziesii (Douglas-fir),) _Pinus strobiformis (southwestern 

white pine), Pinus balfourianae (bristle cone pine),  Abies lasiocarpa (corkbark fir), Picea 

engelmannii (Engelmann spruce), and Picea pungens (blue spruce) can be found. Sites near 

Telluride in the alpine-subalpine ecotone, subalpine, subalpine-montane ecotone, and montane 

zones, were tested for tree height/age correlation in Engelmann spruce in the elevations 
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11,500ft., 10,500 ft., 9,500 ft., and 8,500 ft. The 11,500 ft. site, alpine-subalpine ecotone zone, 

was above Bridal Veil Falls and below Blue Lake. The trees were not of great height but the 

ground vegetation was. The air temperature was cold and everything was coated in a layer of 

precipitation. Down a thousand feet, the 10,500 ft. site, subalpine zone, had taller trees, just as 

tall vegetation, and even more water. The 9,500 f.t site, subalpine-montane ecotone zone, was 

below Bridal Veil Falls and was significantly less wet. The trees were of taller heights and the 

surrounding vegetation did not grow to substantial heights. The last site, 8,500 ft., montane zone, 

was down in the valley near a river. The trees were of great height and the ground vegetation was 

manageable. 

Method: 

 To test if higher elevation results in stunted growth in the Engelmann Spruce, three trees 

were randomly chosen in an Alpine-Subalpine Ecotone Zone. After the best method for finding 

tree height was determined, the height of each of the trees was calculated, from thirty feet away, 

along with their age. To find the age of the trees, each one was bored into, at breast height, and 

the tree rings were counted. To count the tree rings, each core was lathered in olive oil, making 

the rings more visible. Moving down to a subalpine zone, three trees, with similar heights to 

those in the first zone, were selected. The exact heights were calculated and the tree rings 

counted. The same was done to three more trees in a montane zone. With nine tree heights and 

ages, the growth rate was calculated for each zone by dividing the height of the tree by its age. 

Each growth rate was compared and the effects of altitude/elevation, if any, were determined. All 

of the trees measured were on west-facing slopes and on the road side, or east of, the river in 

Bridal Veil Basin. 
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Best Measurement Method: 

 Measuring great heights has proven difficult throughout history. There are various ways 

for making this task easier. The most common form of measuring heights is using a clinometer. 

One can make a simple clinometer from a protractor, a straw, string, and a weight. Professional 

Clinometers, such as those used by the forest service, are also made to make professional 

measurement estimations. These clinometers are used by standing at a distance from the object 

being measured, looking through the device to the bottom of the object and adding, or 

subtracting, that value from the measurement taken at the top of the object. That number is then 

divided by the distance from the object divided by 100. This will give an estimate of the height 

of the object. The protractor method calculates the height of an object by looking at the top of the 

object and measuring the angle of elevation. The tangent of the angle of elevation is then found 

and multiplied by the distance from the object. If the measurement is taken standing up, the 

distance from the ground to where the angle of elevation was taken must be added to the final 

number. This will be the approximate height of the object.  

 To determine whether a clinometer or protractor clinometer produces a more accurate 

measurement, a fixed object (flag pole) was measured. Then, both methods were used and the 

answers were compared. On a flag pole, measuring 34’8” the protractor estimated the height to 

be 36’3” and the clinometer estimated the height to be 33’. Both methods produced a similar 

difference to the actual height, but the clinometer proved easier and is thus determined the better 

method. 
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Results: 

 In comparing tree height to tree age of the Engelmann spruce in different elevations it 

was found that the majority of taller trees were older than shorter trees. At 11,500 ft. 

(alpine/subalpine) a “small” tree of 19.7’ was 26 years old. A “medium” tree of 35.9’ was 41 

years old. And a “tall” tree of 47’ was 109 years old. At 10,500 ft. (subalpine) the small tree, 

28.5’ was 29 years old, the medium tree, 34.5’ was 94 years old, and the tall tree, 60’ was 165 

years old. At 9,500 ft. (subalpine/montane) the small tree, 15’ was 66 years old, the medium tree, 

31.5’ was 30 years old, and the tall tree, 42’ was 232 years old. At 8,500 ft. (montane) the small 

tree, 22.5’ was 42 years old, the medium tree, 40.5’ was 52 years old, and the tall tree, 57’ was 

49 years old. The highest average growth rate was found in the subalpine zone and the lowest 

average growth rate was found in the montane zone. (See Table 1.) 

Plot Elevation (ft.) Zone Average Growth Rate 
(ft. / yr.) 

1 11,500 Alpine/Subalpine 1.593 
2 10,500 Subalpine 2.163 
3 9,500 Subalpine/Montane 3.623 
4 8,500 Montane 1.337 
Table 1: Average Growth Rate vs. Elevation 
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Graph 1: Average Engelmann Spruce Growth Rate per Year in elevation increments (from 

Montane to Alpine/Subalpine zones.) 

 

Graph 2: Tree height versus tree age for small, medium, and large trees in Montane, 

Subalipne/Montane, Subalpine, and Alpine/Subalpine zones. 
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Discussion/Conclusion: 

 When comparing the physiological attributes of Engelmann Spruce trees growing at 

different elevations many climatic variables must be considered.  This study showed that, by 

conducting basic observations of these trees at various elevations, the hypothesis that an 

Engelmann spruce growing at a lower elevation will be taller than an Engelmann spruce growing 

in a higher elevation is not true. This study did not examine enough environmental factors at the 

different elevations to conclude that altitude is the responsible factor for limiting tree growth.  In 

a study conducted by J. Paulsen et al., 2000 at the Institute of Botany in Basel, Switzerland, it 

was found that variations in climate have a stronger effect on tree growth than elevation. It’s 

evident that as elevation increases tree height tends to decrease. However, the height of trees 

does not necessarily correlate to the tree age. For example, at 9,500 ft. a tree that was 15’ tall was 

66 years old and a tree that was 31.5’, more than twice the previous tree’s height, was only 30 

years old. (See Graph 2.) Also the Subalpine zone showed the greatest average growth rate (See 

Graph 1). The Subalpine zone was neither the highest nor the lowest elevation zone proving that 

growth rate is not necessarily dependent on a high or low elevation. As elevation differs so do air 

temperature, growing seasons, moisture levels, and soil value; all contributing factors to the 

growth rate of a tree. In a crowded area, where trees compete for resources, trees will grow taller 

and not have as wide a girth. In more spacious areas, trees are not forced to go “up” and have the 

chance to have a greater girth. Tree height has no real relation to tree age (Fritts H.C. 1976). To 

accurately test how elevation affects the growth rate of trees, soil, air, and moisture would also 

have to be recorded, or kept constant for each site. Higher elevations typically produce “shorter” 

trees but it is because of conditions typical of these sites, such as high wind and cold 

temperatures, that tree growth is stunted. As elevation decreased and moisture level in the trees 
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increased it was found that trees seemed “healthier.” The tree cores were moister and the trees 

were generally easier to bore into. In future studies, all variables should be taken into account: air 

temperature, moisture in the air and soil, soil nutrients, soil temperature, and how close together 

the trees are growing. The more data collected, the more accurate of a conclusion can be drawn. 

Also, it is recommended that a couple Krummholz trees be cored to compare to the other cores. 

Finding the true reason some trees grow taller than others can only be solved by taking record of 

all variables present in the growth of a tree. Overall, the Engelmann spruce can be found growing 

in various different elevation zones with a wide range of tree ages in relation to their heights. 
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