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MEASURFMENRT OF TREE GROWTH IN TROPICAL FORESTS
Dr. C. B. Briscoe
Research Forester

United Statea Iorest 8ervice, Institute of Tropical Forestry
Box 577, Rfo Piedras, Puerto Rico
The title of my paper --Measurement of Tree Growth in Tropical
Forests-- is samevhat misleading. Because tree and forest growth detexr-
nimtionmulmtmuthomwyvhm, most of vhat I have to say is
as applicable in British Columbia, Japan, or Hew Zealand as it is in

Ecuador or the Philippines.

Belect Bpecific Problem

The first step in any growth study should be selecting & specific
problem. About 20 years ago our Institute became interested in the
grovth of forests in the limestone hills along the north ocast. There-
fore a plot of 30 acres was established, supporting 5000 trees, and
covering from the base to ridge of & hill, on both windward and lesward
sides. Over a l5-year period each of the 5000 trees was messured and
remcasured 6 times, with individual records kept of each tree at each
neasurement.

Recently we wanted to campare the growth at the base and ridge and
on the vindward and leeward slopes. Species ocuposition varied, of
oourse, and ve knov growth varies with species, so we checked through
the data of all 5000 trees of 74 species to obtain the reccrds of the
species occurring on all sites. We had four species with a total of
200 trees.

My point is this. BDmctly the same amount of useful information

could have been obtained by measuring 200 trees as was obtained by
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weasuring 5000 trees; oi every §10U spent, $yL were vasted. Unless the
origircal study is planned to auiswer a speciiic question, you will waste

lebor, you wiil waste money, ;ou will waste tinpe.

Desifn Test to Answer Problem
With Minimum hmber of Measurements

Once a growth problem is selected tor solution, design a study to
solve tne problem with a minimm number of measurements.

For example, when 8 campearison in growth rates between specles is
desired, a camparison between individual trees is more sensitive --and
much more economical-- than between plots. Obviocusly the same thing is
true vhen ccmparing genetic strains. These latter comparisons are
usually in plantations and may be designed to provide very sensitive
coamparisons from only a few stems o each strain..

8imilarly comparisons bétvoen sites are most efficio_ntly made on
an individual tree besis. Care must be taken, in naturel forests
especially, to eliminate or account for differences in species effect
vhen camparing sites. No one would campare growth of a pine plantation
on & ridge to marfa growvth in a valley, then claim the ridge site to be

more sensitive becsause the pine outgrew the marfa. But in natural
forests, even though the difference in species camposition uy be Jjust
as important, site camperisons which ignore species are common.

On the other band, in routine forest inventory for management
guidance, differences between individual trees are of little or no
practical significance. The interest lies with developments on an area
basis; that is, on plots. In such cases precise measurements of
individual trees and the meintenance of individual tree records are
frequently superfluous.

It is also worth pointing out that a plé)‘t- value based on measure-
ment of 30 trees is usually about as reliavle as one based on 100 trees,

even wher used strictly under an area concept. When plots are to be
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stratified before analysis, by site, composition, age, pest treatment,
etc., small piots are of course, easier tc locate properly and are more
litely to be classified correctly vbecause each plot occupies less area
and is less varied.

Brietly, the nature of the problem under study determines the type
and precision of measurements desirable, and stand characteristics and

statistical probabilities should be considered in detexmining the

number of measurements necesgsary.

Tree Measurement

Now let us consider actual measurement of trees, since growth --as
considered here-- is um to be the difference between repested
messurements. : -
Dismeter-Girth

— —

The measurement of diameter (or girth) in growth studies was almost
universal until about 10 years ago. The introduction of relascopes (or
angle gauges) bas wodified this situation only slightly. The technique,
and tool, used varies scoevhat vith the frequency of measuresent planned.

Veexly. To determine seascoality of growth measurements are
cammonly mads at intervals of a week or lees, and the calipers or tape
normally used by foresters are not sufficiently precise vhen used in
the accustamed manner. A mumber of solutions have been sdopted.

1. Multilevel measurement. Dawkins (1956) reported that when

tree girth is measured to the nearest 0.l-inch at ten levels, vith the

tape carefully placed on painted bands, the mean, carried to two decimal
places, is sufficiently precise and progresses consistently emough for
measurement of growth over periods of one week or less. This method
requires a great deel of labor per tree measurement, but it calls for

almost no capital outlay and is practlically vandal-proof.
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2. Vernier bands. The use of vernier [rowth bands, as

sucgeated by Hell (1944), has vecome widespread in the United States.
As cammonly prepsared they yield accurute readings of circumference to
the nearest 0.0l-inch. This is sufilciently precise to folbw the daily
fluctuations in girth wvhich accampany the transpiration cycle. The
preparation of the rings requires & jig, which is moderatel; expensive
(usually about $50 in the US), and aluminum tape and springs. Installa-
tion is quick and easy, and the number of readings per man-day is
limited almost entirely by travel time. On the debit side the tapes are
fairly conspicuous on the tree and subject to vandaliam. On large t_rou,
especially, thermal expansion and construction of the tape may cause
seasonal fluctuations in the readings in temperate regions.

3. gm-m::icrmeter. One of the earlier tools used for

precise weasurements of redial growth was the dial-gauge micrometer,
wvhich is placed on & small platform mounted on lag screvs set well into
the xylem. This shows less thermal effect and is relatively resistant
to vandalism. However, micrometers are too expensive to mount on each
tree, even if theft were no problem, and obtaining perfectly consistent
results each time one is set in position is somewbat difficult. In
addition, of course, only one radius can be measured per mounting, and
the lag screws must be set well away from the point of measurement if
the results are not to be affected by the formation of callous tissus.
4. Dendrogreph. When continous measurements are desired on
ane or & very fev trees, a recording dendrogreph is used. Although girth
measurement is possible, all installations I have seen measured & single

redius only. Their high price and susceptibility to theft and vandalism

strongly restricts poseible epplicatiors.

S R e R




3
."

5 it ighy !
R A L IS A

PN Ny W I A v, o LY

I K ST LS

* e — N a e e o s S Do T " B
¥

_1_’_%. When dismeter gcrowti: is to be determined I'Or.perlodl of
& year or more, conaistent resuits cun be ottained Ly careful use of a
diameter tape. We use & stee. tane placed on a % .nted line and read
diameter to tie completed tentii-imcin. Although wessurement on. a ring
peinted compietely around tane tree is theoretically more consistent than
vhen the paint covers only one-eight to cne-fourth of the circumference,
we have bLeen unable to demonstrute any improvement under our woarking
conditions, so we no 1oﬁger use complete rings. We measure to campleted
units rather than the nearest unit in order to reduce bias i.n favor of
preferred species; for the same reason the measurer is never alloved to
Know the previous measurement before he remeasures, and if the second
measurement appears incompatible with the first he is told only to check
his remeasurement. Hithou{: these precautions we found f.hn.t vigorous-
appearing triu of preferred species almost always sluxped sbharply in
growth after the initisl period of measurement.

It may be worth mentioning that growth in most of the tropics is
seasonil, and time of measurement should be planned accordingly.

Periodie. MNeasurement of dlameter grovth for periods of five M'
or longer can be obtained milywifhutapcuﬂ.nﬂﬂwﬂblycmi“t
even with calipers. If studies are planned with sufficiemt foresight
to permit measuring trees at the beginning as well as the end of & growth
period, the lack of easily counted annual growth rings is of little
ixportance.

Howvever, if the need be sufficiently urgent ring:a of many tiopicnl
forest trees can be counted, at least in regions of marked seascnal
fluctuations in rainfall. Even vhere rainiall exceeds 150 inches per

year in Puerto Rico some species form relatively clear anpual growth
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rings. The use o: J-iv millimeter increment cores, stuins, microscopic
cross-sections, and ruiniull records aselp wh€:. neur-per.ect counts are
necessar’/.
Height

Techniques ard toals far measur.ng height vary primsrily with the
keight of the trees toc be measured.

Bhort. Trees less than 12-15 feet tall are most easily measured
wvith a l-piece or jointed rod. Precise measurements of trees more than
€ feet tall usually require care to avoid parellax errors.

Medium. Trees of medium height may oe measured vith various hypso-
meters or extension poles.

Vhen many trees close together are tobgmod, and vhen ground
conditions pexmit, an eu:tann.ion pole is about as accurete and is faster
tounthnnhypw. Readings must alwvays be made by an observer
soms distance from the btese of the tree under measurement.

Any mmber of hypsometers are sufficiently precise for most purposes.
Probably the most widely used is the Abney, vhich incorporetes a spirit-
level. Howe'sr, several of the nev pendulum hypscmeters are faster and
easier to read, and are alsc less expensive. Both the Haga and Elume-
Leiss have mm‘m alwvays available; the Suunto can be read most
quickly of all btut bas only percentage and degree scales.

Tall. BHeights of trees more than 50 feet tall are almost univer-
sally determined with the aid of hypsometers. Any of the standard makes
are oapable of more precision than a forester can obtain under normal
field conditions, especially vhen measuring round-topped trees. Accuracy
dmnmu;;sininmudbyminém'apomtulfuu

possible from the base of the trees, and consistency is improved by
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marking the point from which sights sre taken on the tree so that sub-
sequent messurements can be token from the same spot.

Most errors in height determination of trees vith a distinct,

easily seen tip and tese are due to inexact measurement of the tree-to-

observer distance or incorrect use of the hypsometer. 8ightings with

the Haga, especially, are sametimes mede before the pendulux has settled

to its final position.

Basal Ares per Acre

At times the unit of growth to be considered is basal ares per acre,
(or other unit of area). This is an especially common unit for use as
a guids in the extensive mansgement of large scresges. We have found
that vhen a plot contains mcre than about 25 trees the messurement of
mhtrthoO.l-M precision, mmmummtm
m“,ﬂMtMMyhm-sﬂmofmmutmtym
mm“wdmmm_l-mwmu,uw
ing to basal ares by class instead of by tree. The savings in aritimetic
using 4bh classes rather than individual trees are appreciable, and the
larger class permits the use of cumulative tally sheets, which save evem
move time.

Vhen no information cn stand structure is necessary and wndergrowth
is not exovessive plot btasal area can be measured vith some form of
relasecpe; ve prefer the wedge prism because of its canvenience in use
and extreme portabdbility. By selection of the sppropriate gawge of
relascope virtually any desired degree of reliability may be attained;
& 10-factor relascope is about equal to fifth-acre plots in stands of
one-foot mean dismeter and is suyperior in larger stands. All are
tremendcusly faster than any other means of measuring stand basal area.
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Sumpary

In summary, before beginning a growth study in tropic or temperate

regions & specific problem shoulé be selected far solution. Once the
problem is selected use all availa‘ola information on the forest in
particular and statistical probabilities in gemeral to reduce the number

of measurements necessary and increase the reliability of those madae.

Thuetwutcpnunu-mdoualyrduﬁatheeostnorandincrnuﬂu

useful informamtion from growth studies.
Unless labor is very cheap, weekly dismeter measuresents are probe~

bly best made with vernier bands. Longer-term measurements can be made
satisfactorily vwith a steel tape; every effart ghould be mads to
elimipate personsl or systemstic bias in measuring.

Beight of shart trees can be measured vith a gradusted rod, but
taller trees usually require a hypscmeter. WM'&MM-
oarily affect results much more than the particular hypsometer used.

Basal ares is easily and quickly measured with & relascope vhen

the mature of the study permits.

July 21, 1961.
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