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| NTRODUCTI ON
Qur attention is captured by the unusual, the biggest,
and the oldest of anything -- particularly trees. These

are the individuals we photograph and wite about. Thus,
People including foresters are given to believe that trees
ive forever or at |east a thousand years or nore.
Bristlecone pine and California redwiods do l[ive for thou-
sands of years but the life span of typical trees is mch
shorter. ~Several years ago, was di Sappointed to note
that fewer than three of the trees planted by Thomas Jefferson
on the University of Virginia Canpus and fewer than 10
of the trees he ‘planted at Mntecello are still alive and
that there were no old trees (other than nullberries) at
Wl liansburg, Virginia.

How Ion% do trees typically live and how rapidly do
they grow? The followng is a sumary of data that may
answer these questions.

DATA FROM FORESTS

Foresters tabulate the nunbers of trees, their ages,
and sizes for typical stands of many species. A review
of these yield table data shows that Darwin's |aws of
eonetric ratio of the increase and survival of the fittest
old. Conpetition in the young forest stand is intense
with tens of thousands of seedlings per acre struggllng
to survive and dominate the main canopy. A typical hard-
wood forest will contain 25,000 or nore stens per acre
at year |; 10,000 stens per acre at year 5 1,500 stens
per "acre at year 20 and fewer than 200 stens per acre
at year 100. © Thus, less than one tree per hundred wll
live a hundred years. Visits to virgin forests like those
in the Qynpic National Park in Washington reveal a
simlar pattern of nortality., Only the rarest trees in
the park may be 1900 years old. . The typical maxi num age
of trees in this virgin forest is between 200 and 600
years old and these trees are confined to narrow bands
along the streams., Mst of the domnant trees of this
forest are less than 250 years old and are, as with typica
forests, the product of a self-thinning process that “elim
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inated the vast majority of trees before they were 20
years old,

The situation is no different in the Joyce Kil ner
Menorial Forest in the Southern Applachians. The big
trees there are confined to a few sheltered coves that
occupy fewer than 100 of the 3,000 acres in the forest.
New trees die there every year and there is nore dead
wood on the ?round than 1n the nain canopy. The hi gh-
est nunber of growth rings | have ever counted anong
the many trees that have fallen across the trails is
320. The size an age of the trees decreases rapidly
as one | eaves the noist streans and sheltered coves and
goes upslope to where fires and wind play an active role
In addition to the normal processes of conpetition. The
ol dest trees on the ridgetops are nmuch tw sted and pene-
trated by rots that devel oped after historic fires. The
average maxi mum age of trees on the ridge tops is be-
tween 100 and 220 years. Again the typical tree in
this virgin forest dies before it has lived 20 years.

Rates of growth are highly variable in a crowded
forest, and size bears little relationship to age. Trees
gromnn% without corn etition commonly attain dianeters of
30 inches (76.2 cmp or nore by age 50 years while the
same trees would attain dianeters of only 3 inches (7.62 cm)
when growing in a crowled forest. Rates of growth vary
radically wth the depth of the soil and availability of
nmoi sture and oxygen for a given site. The size a tree
achieves at a given age is nmade even nore unpredictable
when t hese environnmental variables are conbined with the
variable effects of crowding. Know edge of the trenendous
variation invol ved nakes foresters fall into enbarassed
silqpce when' chal | enged with the question "how old is that
tree?"

DATA FROM SI NGLE TREES

Conpetition, fires, wind, insects, rot,and other agents,
but particularly conpetition of other trees conbine to nmake
life harsh and short for nost trees of the forest. I's the
|ife expectancy of a tree in a park, protected by nan, and
free of conpetition any |onger?

Sone people chase after fire engines and anbul ances.
| chase after loggers and tree specialists, rights-of-way
clearers and construction firns to measure the stunps and
count their growh rings. Wwen possible, | |like to arrive
ahead of tinme and neasure and record the condition of the
trees before they are felled. Years of sem|legible notes in
sweaty pocket diaries reveal that undisturbed trees grown in
t he open areas of farmyards, house |ots, parks, or ceneteries
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achi eve an average nmaxi num age between 40 to 70 years before
they succunb to sone rot, insect, disease, ice storm wench-
ing wind or lightning bolt. Wen spacing between trees is
between 25 and 30 feet or nore dianeter growth is usually_
3/4in. tolin. (2to3 cm) or nore per year for the first
thirty years. Yard trees often attain diameters greater
than 20 inches before they are thirty years old. Heights to
the lowest |inb of such trees are usually 12 to 20 ft.

(3.66 to 6.10 neters) or less, and the total heights

achi eved by such trees are conmonly between 50 to 70 ft.
(15.24 to 21.34 meters). Such spreading "old honesite"

trees are the "wolf" trees of nost of our eastern forests
and reflect a land use history of agriculture and | and
abandonmnent .

The rapid dianeter growth of these early years continues
as long as conpetition fromsurrounding trees I's kept to a
m ni mun and as | ong as construction workers and ot her di%%Frs
and burriers of tree roots are restrained. After the 20
to 30th year, dianeter ?romﬁh slows gradually but trees 70
to 80 years of age still commonly nmaintain annual dianeter
increments of 3/8 in.&8nn) or more per year. A typical ard
tree 40 to 70 years of age will have a dianmeter of 3 to 4 ft.
(0.914 to 1.22 neters). Rapid growh rates and large tree
sizes are not just confined to trees in southern latitudes
or mld climtes. The larger trees in the cenmeteries of Mine
and in the Royal Botanic Gardens of Edi nburgh, Scotland are
over 45 inches in diameter and 90 to 115 feet (114.3 cm
DBH and 27.4 to 35.0 m height) tall even though they are |ess
than 75 years ol d.

| have done ny stunp-sitting and ring-counting act from
southern Florida to Northern Maine, from Los Angeles to the
A ynmpic Penninsula of Washington, and from London to Inverness,
Scotland. The results are amazingly honogenous. Werever
there is sufficient space for root growh, and water is in
reasonabl e su%PIy, and conpetition between trees is kept to
a mninum and man is reasonably restrained, the average
maxi mrum age of tree stunps is |less than 70 years and the
average diameter is between 3 and 4 ft. (0.914 to 1.22

meters). In urban situations, the vast majority of the stunps
| exam ne Posses fewer than 30 growth rings.  Indeed, the
majority of trees | exanine in the pun planting holes

(4 x 4 ft. and less 1.22 x 1.22 neters) that line our city
streets are |less than 15 years ol d

~The key take-hone | essons from several hundred stunp-
sitting and ring-counting episodes are:



1. The average nmaxi num age of open grown tree in the
U.S. and the British Isles is much less than 40 to 70 years
o; age. Most city and forest trees are less than 20 years
of age.

When water, roots space, and other resources are in
ood supply, tree gromh is extrenely rapid so that trees
hirty years of age often attain dianeters of 20 or nore

i nches (50.8 cm).

3. Gowh in dianeter and size is nuch slower in
crowded forests than it is in yards.

4, Trees that are large are common, trees or stands
of trees older than 120 to 150 years are indeed unconmon.

DATA FROM LANDSCAPE PLANTI NGS

Random nmeasurenents of single trees only yield data on
t he average maxi num age of trees. Mire precise data on
average ages of single trees can be obtained by nmeasuring
the dianeters of trees in multiple-tree plantings of known
age and relating the frequency distribution of tree diam
eters to the diameter vs. age relationship of the |argest
and ol dest trees present. Usually, | have been fortunate
in locating a fresh stunp so that the use of increnent
borers has not been required to obtain a dianeter vs.a?e
relationship. Figures 1 through 5 represent the results
of two such studies. The horsechestnut planting at the
Queen's pal ace at Hanpton Court was planned by Sir Christopher
Wenn in 1699. Multiple rows of trees were set out ex-
tending some 4 mles fromthe formal entrance to the Pal ace.
The spacing between the trees is 44 feet or 120 trees per
mle. These colonnades of trees served as "rides" where the
Queen and her court could ride horseback and where grand
parades and receptions could be organized. The average
di aneter of the stunp represented In figure 1 was actually
61 in. including the buttress roots but the effective
di aneter to where the growth rings were indistorted was 505
inches. The dianeter-at-breast-height curve was estinated
from nmeasurenents of 20 trees at both stunp height and breast
height. Wen the effects of root buttresses were di scounted
there appeared to be very little taper for the l|arger
horsechestnut trees and the dianeter at breast height of
the tree represented by the stunp was estimated to be 49
inches. As indicated in figure 2, a total of 84 trees were
measured and one half of the trees or 42 were less than 16.5
inches DBH.  Reference to the dianmeter vs. age curve based
on neasurenents of the stunp indicates that the age of
one-half of the trees in the 276-year-old planting conceived
by Sir Christopher Wenn was |ess than 26 years. |f one



assumes nore optimstically that the half-life of a tree in
this planting 1s 30 years and that nortality patterns are
approxi mately described with a negative exponential function
one conmes to the conclusion that the average tree in the
Queen's ride has been replaced 9.5 tinmes in the 276 years
before ny measurenents were made in 1976. Further extension
of these assunptions indicated that fewer than 0.1% of the

trees in the original planting are still alive. Patient
replanting by the Queen's gardener has yielded a long ride
of trees which still naintains the solid visual inpact in-

tended by the architect. Only the deliberate observer who
| ooks across the rowis aware of t he irregular size and
survival of Her Mjesty's horsechestnuts.

| have made simlar observations of the rides planned
by van Brugh for the Dutchess of Marlboro at Blenheimin
1719 and conclude that the elns in this planting had a
half-1ife of less than 26 years before the depredations of
the Dutch el m di sease.

Sonetimes it is possible to make estimates even when
there are no stunps available and when use of increment
borers would result in jail sentences. The 1920 pl anting
of elmtrees in front of the Lincoln Menorial in Wshington
D. C. extended along the mall to the Capitol. A frequenc
distribution of dianeters indicated that a maxi num of 30%
fo the original trees were still alive in 1975. Again
cal cul ati ons based on an assumed negative exponenti al
mortality pattern indicate that the average half-life of a
tree in this planting is not nore than 31 years.

Sone trees are shorter-lived than others. The Japanese
cherry trees in the planting that surrounds the Jefferson
Menorial area and extends out Haines Point in Washington
D. C are an exanple. M. Roland Jefferson of the National
Arboretum ki ndly made a beautifully polished cross section
from one of the Japanese cherry trees killed by hurricane
Agnes in 1973. The first of the trees included in this
beautiful planting were set out in 1912, A few of the
original trees are still alive and present a picturesque
array of twists, warbles, hollows, and rots. Even the newer
replacement trees in this famous planting seemto be prone
to one sort of plague or another. The ring counts and
di ameter neasurenments fromthe sanple tree are sumari zed
in figure 4, and a cumul ative frequency distribution for
70 trees in the vicinity of the original planting site
(figures) indicated that the average dianeter of one-half
of the trees was less than 5.2 inches (13 cm). The data
indicate that the avera?e cherry tree in the vicinity of
the Jefferson Menorial lives only 16,j years.

_ The Anerican | andscape architect O nsted planted many
rides of trees. Many of the plantings |ike the one at
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Franklin Park in Boston involved eln trees which have
succunbed to the Dutch Elm Disease. An exception is the
Mal | planting in Central Park which was sprayed regularly
until 1975. ~"The half-life of this planting has been

35 + 5 years. One of the nore successful rides planned by
A nsted was for Cornelius Vanderbilt in 1897 on the
Biltnore Estate near Asheville, N. C Yellow Poplan
(Lirodendron tulipifera L.) was the species selected and
the trees have been provided with excellent care and
growi ng space. After 89 years, only 16 of the origina

52 trees In the planting have died and the cal cul ated
half-l1ife of the planting is a remarkable 152 years.

Such longevity is an exception anong the many rides
and plantations that | have neasured and it is nore
realistic to conclude that the half-life of a typica
| andscape Blanting is less than 30 years when conditions
are favorable and less than 15 to 20 years anng city
streets. The intended design life of many buildings is
50 years or nore. Architects will need nore data Tike
these for various species if the |andscape plantings are
to continue to enhance the beauty and confort of our
structures after beyond the first 20 to 30 years. A
regul ar program of replacenent should be planned;
particularly in locations where the space for roots
Is small or where soil conpaction from pedestrians and
salt fromroads and other i1nsults will further shorten
the normally short life of a tree.



CAPTI ONS FOR | LLUSTRATI ONS

Fiqure 1. Diameter vs. age relationship for a 184-
year-olg horsechestnut i nThe ?andscape planting at the
Hampt on Court Pal ace near London. This planting was con-
ceived by Sir Christopher Wenn and established in 1699.
The trees in this fanous Blanting have died and been
replaced several times. eference to Figure 2 indicates
that one-half of the trees in this planting are less than
16.5 inches (41.9 cm) DBH and estimations using the above
graph indicate that one-half of the trees in this planting
are replacedevery 26 years.

Figure 2. Cunul ative nunber of trees vs. diameter
for a sanple popul ation of 84 horsechestnut trees in the
planting at the Royal Palace at Hanpton Court. One-half
of the trees in this planting are less than 16.5 inches

41.9 cm). See Firgure 1.

Figure 3 Hypot hetical percent survival vs. time for
t he horsechestnut planting at Hanpton Court. See Figures

land 2. Assuned i1s a negative decay function in which
one-half of the ﬁoFuIation dies every 30 years. The
assumed 30-year half-life is nore optimstic than the
26-year half-life indicated by Figures 1 and 2. Calcul a-
tions based on these assunptions indicate the average
tree in this plantin% has bee replaced 9.5 times since
1699 and that less than 0.1% of the trees fromthe original
popul ation are likely to be alive today.

Figure 4. Daneter vs. age relationship for a
Japanese cherry tree planted near the Jefferson Menori al

in 1912 and which was killed by hurricane Agnes in 1973,
Reference to Figure 5 indicated that one-half the trees in
this planting are less than 16 years of age.

Figure 5 Cunulative nunber of trees vs. dianeter
relationship for the 1912 planting of Japanese cherry
trees in Washington, D. C One half of the trees in this
planting are less than 5.5 inches (13 cm) in dianeter.
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