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MEASURDmm' OF TREE GROWTH IN 'mOPlCAL FORESl'S 
Dr. C. B. Briscoe 
ReB6arch Forester 

United Statea F-:>rest Service, Institute of Tropical Fore.try 
Box 5TI, Rio Piedras, Puerto Rico 

The t1tle of ay paper - ..... aurement of Tree Growth 1n 1'rop1ce.l. 

foreat.-- 1s ac.evbat a1aleecll1 ns. Becauee tree and forest growth deter­

Il1.mt1on are ... cut1&1.ly tbe 881M anywhere, molrt ot wbat I haY. to ~ 1. 

aB appUcable 1A BritUh Collab1a, Japan, or lIIev Z-'1ll1CS ... 1t 1. 1n 

Select SRoc11"1c Prob1_ 

!'be tint Irtep 1D auy growth study ahoul4 be aeleetUII a .-cU1c 

prou.. About 20 y-.n 8&0 our Inst1tute bee ... 1Dterene4 in the 

poovtb at toreR. 1D tbe u.est<me h1ll.a al.oa2s tM DaI'th GOUt. TMn­

ton a plot of 30 acne .. eatabl.1abed, .upport1Dg 5000 tn., u4 

ocw.n.. trc. the bue to r1qe of a hUl, on both ~ u4 1 ...... 

814M • . OY .. a 15-1'JU' per10d each ot the 5000 tNe8 .. ....-.t ... 

r •• ....,. 6 tWea, Y1tb s..uv14lal reoorda 1Iept of each tne at ..u 

lteceDtly we WDte4 to c~ the grovtb at ~ baM ADd. ~. e.D4 

aD tile v1Dclvar4 u4 111 _. alopea. 8peolee OQIIII)Oa1t1cla YU"1411, of 

OCNI'M, aDd. we lmov II'OWth vanes rith epee1 .. , .a w cbeoUd \brCJUlb 

8peC1 .. oeeurr1.II& OIl all alte.. w. bad fOUl' ~1e. nth a total of 
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LlOOSurint; 5000 trees; of" ~;ery $lOU spent, ~~ vere .'asted. Unlen the 

original etudy i8 pl..a..l1ned to a1:sver a. spec ll ic qUEstlon, you v1ll waste 

lcbor, you vlll vaste money , J OU \01"111 \''a8"t.e tice. 

Design Teat to AnlNer Problem 
l.Jith Minimum Number of Measurements 

Once a growth probltlll 1s selected for solution, design a .tudy to 

solve tne problem w1th a minimum numLer of me&8UreQents. 

For example, vhen a comparison in growth" rates betVeeD spec!es is 

desired, & compar1801l between individual tree. 1s JDOre sensitive --and 

much more econaDical.-- than between plots. Obviously the .... thing ls 

true wen ccapar1Jla gcetic straine. 'l'heae latter caDp&riaon. are 

U8U&lly 1D plalltatlona and JI&y be designed to prov1de very sen.itive 

caaparison. frc. only a fw stems of ee.c:h strain •. 

81a11arly c~1aonabetween 81 tea are most effic1ently -.de 00 

an 1Dd.1v14ual tneeaal.. Care must be talten, in oatU1"&l lorens 

e8P«1&l....ly, to el1aiD&te or account for dif'ferencee in 8pecle. effect 

whe ~ site.. 10 one vould ccape.re growth of a piAe pl.antatl00 

on a · r1~e to -.ria growth in a v&lley, then cl.a1JI the ridge .1 te to be 

JlQl"e .en.itive bec&uae tbe pine outgrew the marta. But 1n natural. 

forest., even tlloush tbe difference in specie. cc.position -.y be Juat 

&8 UIportant, .ite C~8Oll8 vhich ignore 8pec1e. are CI)~. 

On the other band, 1n routine fore.t 1Irventory for MDIC..-nt 

gu1dance, dlfference. betWeen individual tre •• are ~ llttle or DO 

practloal .1gD1f1cance. The 1nterest lie. with develol&Cl't. OIl ea u. 

baa1_; tbat 1., OIl plot.. In such cases precl.e _eaaureent. of 

1nd1vldual tree. and the .1utenance of 1nd1V1d\&l tree recor4aare 

It 1. &l.o vart.h pointing out that a plot value la.ed on meaaure­

ment ot 30 tr_ i. u.ually about as rel1able as one baaed on 100 treee, 

even wher: usedstrlc:tly under an area. concept. When plot. are to be 
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stratified before analySis, by site, c~osi~10nl ace, past treatment, 

etc., amo.ll plots are of coara£', eB.S ier tc loc3te properly and ere more 

l:8el.y to be classified correc~ly beca.use each plot occupies le8S area 

and i. les8 varied • 

Brlelly, the nature of the problem under study determines the tJ~e 

a.;ld prec1elon of JHl&surtlDente desirable, a.nd stand character1stics and 

statistical probabilitiea abould be considered in determining the 

'!'ree Measurement 

Bow let ua cons1der actual. mee.eureme.nt of treea. 8iDee p-ovt.h --u 

COIla1.4arecl bere-- 18 u.-..d to be the difference ~veen ~tec1 

~ .. 
Di.aJMrter-017th 

'lbe ~t of d1uIeter (or girth) in grottth atucU .. wu &l:.o8t 

uzUveral Wltll about 1.0 ~e 860. The introduct10n ot rel.a8eopes (01" 

ual' .. upa) baa JJ041t'1e4 th18 aituat1cm only al1ghtJ.y. '1'ba t.chn1qu.e, 

W!!§l.y. '1'0 48tenI1De 's:' a goa) 1 ty of growth ~tl are 

c· xly.u.. at 1I:rterv&l1 of a week or le.a, aDd the oaup.n or tape 

QOJW&11 Y UMd. by ' tOl"Mt ... are DOt auf'f'1c1ently Feel .. vbeD uae4 in 

the e.ecutaM4 PM"... A JMlbc" of eolut1cma bave bleD a40pt44. 

tZ'M &1rth 1 • .-..ure4 to the neareat O.l-inch at ten levela, with the 

tape caretull,y placed OIl painted bIulda, the --.n, carr1ed to two dec1al 

~t ot growth over periods 01' one week or lea.. '1'h11 aethod 

requ1ftI & gr_t 4-.l ot labor per tree mee..sureaent, but 1t call.. for 

alaaoat no capltal outlay and 18 practlca.lly vandal-proof. 
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2. Vernier bands. The use or vernier o-ovtb '-ntis, aa 

lJ\l££eated by Hall (1744), r..s. .. i;ecane widespread in the United States. 

As COJIJDOnlJ prepared they y ield accurute readings of circumference to 

the nearest 0.Ul-iuch. This i.a Guffi ciently precise to folbw the daUi 

fluctuations to birth which accompany the transpiration cyc~e. The 

prepe.ra.t:!.on of the riDge reqa1res a Jl.£, which 1s modero.te.l,l upena1V8 

(u.aual.ly about 4:50 1n the US), and al\IDinum tape aDd spr1D6a. rn.tal.la-

t10n 1. quick aDd .. y, and the D\lDber of readings per -.D-day 1. 

lim1ted alaost ent1r~ by travel t1JDe. On the deb1t aide tlle tapes are 

tairly COD~icuou.e OIl the tree and subjec:t to V1\Dda ll_. On l..ar&e trees, 

eapec1Ally, tberIal expansion &.lld conatruetion of t.be tape -.y oauM 

eeaaoD&l. fiuctuat10zw 1n the readings 1D t~te res1au. 

3. D1&l-pvge .1Cl"CDeter. One of the ear11 .. tool.a UMCl tor 

prec1 .. ~ta at I'&4ia.l growth was the d1&l-PoUSe 1l1~, 

to VIID4al1_. ao..e, .. , ,m1craaetera are too ~1ve to .auDt on each 
, , ' 

tI'ee, even 1t thett "... DO probl_, aDd abt&~ pertecUy cc.wUteat 

r.ul.ta each tiM ODe 1s Nt 1n poait1on 1s ecaevh&t 41tt1cNlt. In 

a441t1cm, ot oouree, ~ one radius can be __ wre4 pel' .auntlD&, aD4 

tbe lac .cnva .u.t be Nt vell away t'roaI the po1Dt or I118U\1nMDt if 

tbe I'HUlt. are DOt to be atfected by the fozwat101l at C&l.l..cNa t1swe. 

4. ~. When continoua JDe&8U1"tIDIIDt8 ve desired on 

QM or • VfIrY ffIV trees, a recording de.ndro6raPh 1. uaed. Alt.b.o\ash a1rth 

~ 1. poee1ble. all lnat&llatlona I have aeen ..... ured & .ingle 

n41U8 only. '!'heir high price a.nd susceptibility to theft aDd vancSalt_ 

atronslY re.trtct. possible &pp11catlon~. 
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Yearly- \fben diameter O"""rt~ ~8 to be detcrrnlnoo for periods of 

u year or more, consistent rc:;al t '3 CWl Ue ot.tD. :!.noc 1;)' carefiU. uae of a 

di!l.fJeter t&,i>e. \-'e uoc a :;t.ee --. ~ll)e plu.ced O!: a i)L:. _nted line and read 

pa.inted completely around tne tree is theoretlca.lly more conslstent tlJan 

.... l.en the paint covers only one-eight to one-fourth of the cil'cumferenee, 

\(e have been unable to deonstrate any improvement under our vark.1Ds 

CaJditionlS, .0 we no lone;er use ccmplete rinse. We .... ure to CGIIJPlete4 

Wl1ts rather than the neare6t unit 1n order 'to reduce b1&a in !avor ot 

pre1'creci speeles; tor the aeme reason the ... aurer 1. MYer al10ved to 

know the prev10uS --.aurement before be remeaeures, aDd it the MCOD4 

--.sur_ent a~. incaapatible \lith the first, h. 18 tolA onl,y 'to cIaeck 

Without these precaution. we t'cnm4 that viSaroue-

appee.riJ:J& tree. ot preferred species a.l.JDoat al_y. al~ al:Iarply 1D 

growth after the 1n1t1&l perlod of mee.~t. 

It -1 be vortb ..zlt1oning that srwth in mo.t at tbe tropic. 18 

Per1od1e. ~ ot cU.amet.er srovth tor ~ or t1v. ,an 

or looaer caD be obt&1Md -.ally nth a tape aDd are naaoaabl.7 caoa1stet 

evcv1th eal.1per.. It Rudie. are plaDM4 nth aun-1c1_t tor •• 1&ht 

to pcI'II1t MUUZ'ing tree. at the beginn1ns a. vel.l ... the eDd of a poovth 

peI"1od, the l..&c.k ot -.1ly counted a.nn\&l growth r1np 1. or little 

~. 
• 

Banver, it the DMd be sufficiently urgent r1nssot -.ny trop1cal. 

.tarest tz'eu can be COWlted, at least in regions of -.zoked ... oaal . 

nuetWot1ona in ra1n!all.. Even where ra1n1'all exeeeda 150 1D<:h •• per 

:r-z 1n Puerto Rico 8<Be apecies form relativel.y clear anznal. grovth 
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The use 01 3-1..0 mmimeter incre;nCl~t c ~:es, et..O:i1l6, microscopic 

Cl'QSII- sections, and ru Ln'fllll record~ Del i) ..,i!~) . ncur-:;'1er:ect counts are 

neceS8EU""J • 

Technique3 and ::'0016 far JI8O,aur .:.ng heigh:t vary' pr~ilJ' vlt.h t he 

height of the trees to be measured. 

Short. Tr .. s less tha.n 12.015 feet tall are most easily .-.sured 

Vito a 1-p1ece or jointed rod. Precise mee.aurementa of tree. more 1alan 

6 feet t&l.l WN&l.ly requ1I'e oare to a v Q id pare.l.l.ax error •• 

meters or extension pol ... 

c:ODCUti0D8 ptIl'II1t, &11 extension pole is about a.e accurate aDA 1. tast .. 

to UN thaD hypac:.et.n. Read 1ngs must alw.y8 be ~ by M obeGY .. 

... cU.ataDce fI'C8 the baae ot the tree under ~nt. 

Any _bel- ~ ~ are sufficiently precise for II08t purpo .... 

Pro-bl..Y tbe mR vWal,y \1MIl 18 the Abney, vb1ah 1DooorpoI'W.tea .. ep1l"1t­

lAvel. &:MI,'''''-enl. or the new peDdul.l.a hyp~ an f&at.er u4 

•• 1_ to ~, aDd. ana.ao 1 ... expensive. loth t.be Hlp aDd. Bl~ 

LI1u lave eev--.l. ecal. .. &l.w.y. avallabl.ei the 8uuDto CAll be na4 808t 

41'0'''\7 ot aU 'bYt bU ~ pe:rc-ta&e aDd. UsJ'M .0&1 ••• 

~. Betpts of tn. .... than 50 teet tall an aJ.-oat un1vezo.. 

~ ~ nth the .. 14 ot hypSCIMtere. Any o~ tbI ataMar4.-&_ 

an -rble of .... Jl&"M1a1oa tl:&n a fanner O&D obt&1D \IDUr DOInal 

t1el4 eoad.1ti.cma, upec~ when JMa8\Ir1.Ds rouDd-t0ppe4 trees. Acc:urac:y 

of 8UCh ~ts 1a 1nc:r..Hd by JMa8\Ir1.Ds f'rca' a point ... ,tar u 

~.1ble fl'c8 tbe bue ot tbe trees, and con8i.tency i. 1IIprove4 by 
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-.rk1Jl&. the po1Dt t'raI vh1ch siahts ere taken on the tree 110 . that mb-

aequent mee.surt!lSeIlte can be to.ken frOO1 the seae spot. 

Mo8t errore in height determination of trees vith a distinct., 

ee.a1l.y eeen tip aDd ·~e are due to 1.uexaet JDe88UraDent 01' the tree-to-

observer dietance or 1ncorrec:t u.se of the hyp~. 81ahtiDge with 

the Bap. e~1&l.l.y, an .~1ae8 -.de 'Detore the p8Ddul\a baa settled 

to 1 t. tiDal poe1 t1oD. 

aael Ar_ ])!I" Am 

At timea the UD1t 01'. srovth to be CCIIl81a..nd 18 ~ ana pat acre, 

(or otha' lmit of ana). t'h18 18 IUl eapeei&l.ly NWICm VDlt tor \1M .. 

a &U14a ill the ext-.1ve ..... tliDeDt of large acr-au. V.)an 1'0UD4 

tlat __ a plot oaata1Da .are tbaD about 25 tfte4I the ~t of. 

eub tne 41.", to O.l-1Dch prec1sion, ccavwt.1Ds to 1II41Y1d1al vee 

laal. ana, aDA __ '. tbe lot yields a fJ,gun of DO .... .t.Wt.7 tIIIA 

~ t.be lUI .. of v.. in each l-iDCh 41 H''t8r' c1ua, uI ccar.t-

iIrc to bual. U'Wtbyelaaa 1.ut-a ot by tne. fte ____ ill U'1~ 

__ 4bbol.u ... _ua. ~ 1.Dd1vidl&l. tNea an ~1abl.., u4 tiM . 

lAIS- ol.u8 ~tII tbe \1M ot CWNlAtive tal.i.y ebMta,1da1ct1l .... __ 

.anu.. 
... DO 1Iatcnatia:l em .taD4 atructure 1 •• ~ ........ powt.b 

s.. DOt ..... 1 .... plot laal __ c.D be ....... v1th ... tara of 

...a au.. pll"tab1.UV. ., MleCtlO1l , of the 8ft1II'OIC'SAU ..... of 

me.co,. ~ uq 4ea1n4 Usr'M ot reUabll.1ty __ be atal", 

oae-toot __ 4twet.- aDd 18 auperior 1D .l.U'ser 1Jt&1:I4a. All an 
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In 8U11D&rY, before be6innlne; a. ~ study in tropic or teapen.te 

regions a spec1!ic problem should be selected for solution. Once the 

problem 1s selected use a.l.l ava.ilable information on the forest in 

particul.8r aDd statistical probabilities in gcera.l. to reduce the nwaber 

of measur_ents Decessary am increase the reliabllity of tboee ..sa. 

usefUl intor..tion trca growth studies. 

Unle •• labor 1s very cMap, veek..l.¥ d1aeter ~. are pro __ "' 

bly bMt ..u with vCD1C' buda. l.oI:lf;.r-tC'ID~. GaD be..u 

.tlatactor1ly v1th a eteel tape; every effort aboul4 be ...sa to 

IIa1cbt of 8bart tree. C&Il be .-..ured vi tha Sl"84uate4 1'04, but 

t&ll. .. tI'M8 U8U&l.l¥ NfI'l1n a hypacaeter. ~ ocaU~1c.aa 0Iti­

~ attect nnlt.a IIaah .an tb&n the pe.rtlculu' ~ ue4. 
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