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" ,~ Resumen Sobre la e/iciencia de algunos metodo, de inventariacion forestal 

Se realizaron pruebas de cumparacion de la eficacia de diversos mervdos de inventariaci(in forestal, dt'sfinados a I" 
planificacion de la ordenacion. Los datos para eSflldiar las variaciones de la masa fueron tomados en cillrtl .Iuperfi­
cies, de extensiones variables entre 20 Y 900 flU . La.1 varianzas de los volumenes de las pareelas fuerun culnduda.1 
para /a mUJU entera, y divididas de!lpues en esfrafo.l. Se fomamll varias muestrus paru inventariucicJn sisfe/l/tlf;( u '."/1 
100 de computadores electronicos, calculando la desviacivn media de IOJ pmmedios. Las comparacione.1 (1'(.111 . ,;./w 
illdican que, en determinado numero de purcelus, los resul fad(}s de los inventario!l .lisfenUJticus son por I, . go,tfu/ 
tan exactos como los de inventarios por l'l mhod() e.ltrutificado al azar que, a .I·U re: . es clurall/ente .IUIJerio( que 
el sistema de inventariacion al a;.:ar. Se cu/culo una funci(J/I de regresion para proporcio/lur un ejemplo lid ej/··t"/o 
ejercido por fuctores tales co",o el twnano de lu jJarcela, la distancia entre parcelas, la exten.I;(Jn de la.1 parct'lus 
de invenluriacion )' el volumen medio sohre el error normal en inventurios uniformes por lineas de inventuriuci,lfl. 
La l'cuacion jue utilizada I'aw culcular las cifras de Ius {Jureelus con determinudos grudos de precisic;n . Mt'diunte n­
tudios de tiempos se calcult; la regresicJn del tiempo de conteo de cirboles por parcela de prueba sobre difermte.1 \"II­

riables. Se presti; lam bien utt'ncic;n a otrus fases dd trahajo de inventariucicJlI. Comhinundo los resultados dt' los t' .I­

flIditlS de tiempo y variacic)1I .Ie ha conseguido cOlllpurur la eficiencia de dil'er.ms metodos. La extension elp(inll.l , en 
general. oscila ulrededor de los 30() m!. F.n muchos casos no existiemll difert'llcias ell el tiempo total empleado, al 
vuriar lu eXfension de Ius parcelas de prueha de 100 a J .000 m!. Se illclu)'e tamhien un estudio subre el pO.liMe 
efecto de cUlllbiar factores tales como el Ill/mew de cirhole.I·, el tiempo requerido para la localizacic)n de III purct'la 
° la medich'n por Iinea.I·. n sistema ·de parcelas variuhles de pequeilo falllano, con compmbacion de cirbolt'l limifro­
fes de :,ituacicJn dudosa, parece ser por 10 menc>s tall exacto COII/O el de purce/as tijas. 

Sur l'efficacite de quelques methodes d'inventaire forestier 

Des exphiences ont ete effecluees pOllr compurer I'efficac;te t'Il vue de- l'amenagement de methodes diffhmte.1 d ';n­
ventaire torestier. Us donnees pour I' etude des I'ariatiol/l dll materiel sur pied fllrent recueillies sur cinq surfact's 
u/lall1 de 20 ti 900 ha. us variances des volumes par pluceTte.1 furent culculees pour la tOfu lite du peuplenll'flt ef re­
parties elltre les strates. Pour les inventaires systhllutique.1 plusieufJ echantillons !urem preleves en uti/i.mnt un cal- . 
culuteur e!ectronique, et I'ecart-type de leur tl/oyenne fUl culcule . La comparaison indiqua, qu'avec un nOl//hre dOIl­
ne de placettes, les resultuts d'inventaires .I),sthnutiques Semt generalement au 11/oins aussi bons que ceux des inven­
tuires .strutifies au hasard, lesquels, ti leur tuur, scml hidell/l//t'1lI meilleurs que ceux d'inventaires au hward. line 
fonct'ion de regression fut calcuUe pour apporter un exemple de I'effel de facteurs, leis que la dimension et lu tI,\: 
tance des place ttl'S , la .Iuperfide de I'unite tI inventorier et Ie volume II/oyen , sur I'erreur-type dam un inventw f(' 

- syslematiqlU' avec placettes ell ligne. Cette equation lUI uti li.lee pour ('ulculer Ie nombre de placettes pour un dt''! -e 
determine ile precision , A {lartir de ['etude 'cJel fell/pS d 'erecution, on a calcule la regression sur ditterentes vw ;.J· 
hies du temps necessaire pur plucette pour ;fl ventor;er le.\ urhres. 1/ fut egalement porte atTention aux ullfres phu ·. ,' , 
du travail d·inventaire. l.4J cumbinai.\()n des- etudes_tie I'CJriutiom et de temps d'execution rendit possih!e la cun;:',/­
raisun de l'efficadte des difthentes methodes. La dimen .llOn-+Jptimum variant autour de 300 ml. Dans beauo "A (1 

de cas, il n'existail pas de difference majeure dans le' temps lotal nece.Haire, ·-u [,inthieur d'un eventail de varian of1 

tit' f(X) ti J D()(} m~ duns la dil//t'lI.\;on de I" Illucelle. On II egalell/ent inclll 1II1e disclIssion :I//r retfet des I'ari(l(iom ii' 

facteurs leis que Ie nombrl' de tiges, Ie temps necenaire pour a,ueoir la placettl'et Ie chainage d'lin cheminem;or!(. 
us petites placettes de dimensiuns variables. dans ['hypothese ou un controll' des arbres douteux de limite est eft · ·· 
tue, ont paru brl' au moins aussi efficaces que les placettes correspondantes de surface fixe. 

MINIM IZING EXPERIMENTAL ERROR IN THINNING RES .. :ARCH 

Many diverse approaches have been made prescribing 
and evaluating thinnings on an objective basis (Ass­
mann. 1961; Chisman et ai., ]940; Cooper, ]961; Craig. 

I 1947; Crane. 1962: Czarnowski, 1961; Dawkins, 1960; 
2 .. 76 Downs, 1946; Gentle et . al .. 1962; Hiley et at., 1955; 
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Hummel. 1953; Petrescu, 1962; Sagreiya. 1461: Singh. 
1960; Smith et al. , 1961: Tadaki, 1964: Zahner l't al., 
1960: and others). For two helpful reviews. e~ ['Ccially of 
the American and European works; see Braathe (1957) 
and Vezina (1 .963). None of the techniques proposed has 
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been widely accepted. Indeed. none has been proven 
superior to the others. nor even widely applicable. There 
are at least two possible reasons for this: none of the 
techniques suggested is of any general utility. and/or 
experimental error (whether or not results are actually 
subjected to statistical analyses) is so large that real 
treatment effects are hidden. 

No good idea among the many suggested may be con­
sidered unlikely. Not only are the techni4ues the result 
of a great deal of thought and work by well qualified 
men. but all are clearly related to established physio­
logical principles. Furthermore. many have given sta­
tiscally significant results under certain circumstances. 
Excessive experimental error. the second reason sug­
gested. seems a more likely explanation . Certainly 
error values are often high. which can easily obscure real 
and important differences. This paper reviews briefly 
some of the ' general methods of limiting experimental 
error and discusses one technique applicable specifically 
to thinning research. 

GENERAL METHODS 

RESTRIITION TO A SIMPI.E {"OM PAR l-;ON. Experimental 
designs. now widely understood. efficiently compare 
many levels of a variety of factors. These designs per­
mit large savings in time and money for agricultural and 
short-term forestry studies. Unfortunately. long-term 
studies are subjected to so many random accidents and 
systematic influences not recognized before establish­
ment that even a moderately complex plan becomes 
filled with missing plots and non-comparable compari­
sons. Minor variations accumulate through time into 
major differences completely unrelated to or - worse -
confounded with planned treatments. Keep it simple. 

REPLICATION. In spite of the expense and difficulties 
involved some replication is simply indispensable. Not 
only to limit experimental error. but as Fisher (1951) 
pointed out (p. 60) « .. .its main purpose ... is to supply 
an estimate of error» and (p. 34) « .. .it is all too fre­
quent. for an experiment to be so conducted that no 
valid estimate of error is available. In such a case the 
experiment cannot be said. strictly. to be capable of 
proving anything.» Current literature indicates this view 
has not been completely accepted as yet. Replication of 
thinning research is often thought to be physically 
impossible; sufficiently large areas of uniform forest just 
do not exist. However. only one complete set of treat­
ments - normally about four plots -- need be installed 
at a single location; in fact. not even a single complete 
set of treatments at each location is essential. but com­
plete sets are preferable. Other replications may be at 
other locations. and reliability of results is actually 
improved by doing so. 

ACCURACY. Whatever the degree of precision. measure­
ments must be correct. If diameter is measured to the 
nearest millimeter. it should be correct to the nearest 
millimeter. If height is measured to the nearest two 
meters. it must be correct to the nearest two meters. 

MINIMUM EXTRANEOUS VARIATION. In practice. this 
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usually means select a site and stand that appear uni­
form. then use the smallest plots practical as close 
together as possible. Plots need not be the same size 
for all treatments; precision of plot values depends 
- almost invariably - on the number of trees per plot. 
not on area of plot. 

UNIFORMITY Of TRI:ATMENT. Treating all plots the 
same. except for the variable under study. is extremely 
difficult to accomplish in practice. chiefly because of 
the difficulty of deciding what constitutes «the same» . 
if to m 2 of basal area are cut per hectare on two dif­
ferent plots. is that equal treatment when original basal 
areas were 30 and 60 m2 per ha? Is thinning to a spac­
ing of 20 percent of top height a constant treatment 
whether original spacing is 5 percent or 15 percent'? 
Obviously not. It is with one aspect of this problem 
that the remainder of this paper deals. 

THINNING CYCLE 

Johnston and Brad ley (1963) made an important . con- . 
tribution to the scientific study of thinning effects by 
pointing out that «weight» (amount of stand removed) 
is quite distinct from «cycle» (number of years ~etween 
thinnings). although the two . are often com?med as 

. «intensity». i. e .• weight divided by cycle. The mference 
is plain that weight and cycle must be controlled. But 
how? Virtually all thinning studies have treated cycle 
as a constant when all weights of thinning are made on 
a cycle of the same number of years. That is. if ~O •. 20. 
and 30 percent of basal area is cut at each thmnmg. 
cycle may be set at five years for all .. The tacit 
assumption is that such a procedure constItutes equal 
treatment. In fact. it is grossly unequal. 

MEASURING CYCLE IN YEARS. The normal increment 
pattern of an undisturbed stand is shown in the upper 
curve of Figure I (McArdle et a/ .• 1949; Avanzo. 19(3). 
The assumed effects of thinning the same stand are 
shown as the dashed portion of the middle curve. and 
the loss and the gain resulting from the thinning are 
shown in the lowest curve. It is apparent that regard le~s 
of the exact shape of the modified curve. assumed In 

Figure I to be identical to the undisturbed one. th:re 
will be a net loss in total increment if a second thm­
ning is made before point 2 in time. ~ctually. the dis­
turbed portion of the curve may well flse more slo~ly. 
peak at a lower absolute value. and fall more rapidly 
than the undisturbed curve. but such a response would 
simply accentuate loss resulting from too short a cycle. 

Figure 2 shows the effects of a light. medium. and 
heavy thinning. again assuming identical curve shape. 
A second thinning at point 2 in time would greatly 
favor the light thinning. since recovery is still not com-
plete for the other two. A second thinning at point . 3. 
however. would favor a medium thinning. and at pOint 

4 would favor heavy thinning. Thus a study supposedly 
of weight of thinning could y~eld an~ of three mutually I 
contradictory results. dependmg entIrely on the cycle . 
selected . The relatively short cycles selected for most 2477 
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FIGljRE I. ASSl'~IED PATnRN OF FOREST iNCREMENT. 
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a. Undisturbed stand. 
b. Thinned stand. 
c. Undisturbed and thinned sunds. showing initial loss and 

increment resulting from thinning and subsequent ,;ain. 

FIGl 'RE 2. INCREMENT PATIERN OF ~TANO IF L'M)ISruRBEU, AND IF 
GIVEN A LIGHT, MEDIUM, OR HEAVY THINNING. 
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thinning studies may be thereason most have indicated 
light thinnings yield more. Similarly. a constant time 
cycle combined with a changing pattern of stand recov­
ery may be why some thinning studies have shown one 
weight of thinning to yield most at first. to be supplanted 
by a different weight later. Finally. too short thinning 

I cycles. before point 2 in Figure 1. may be why many 
2478 studies have indicated that any thinning reduces total 

yield. It should be clear from the above that thinning 
cycle cannot be fixed in terms of years. 

OTHER UNITS FOR MEASURING CYCLE. Only brief reflec­
tion is needed to see that a unit of heighl growth is 
equally unacceptable. since height growth is simply time 
corrected for site quality, and modified to an unl..nown 
extent by tree physiological age. A unit ofdiarneter 
growth is somewhat better. since it is at least more 
closely related to growing conditions and vigor. hut it 
is certainly not adequate. Shortest cycles would be 
applied to trees with no competition whatever. and which 
biologically least need release. On the other hand. dense 
stands badly in need of thinning may require years and 
years to complete a cycle based on diameter growth. 
Lexen's (1943) bole area. based on both height and 
diameter, may be found useful for a rule-of-thumb prac­
tical application, but appears to have no place in study­
ing thinning cycle. The above discussion seems to point 
quite clearly to the curve of stand development as the 
logical means of determining thinning cycle. a technique 
first suggested to the writer by R. T. Bradley: Jncre­
ment in value. volume. basal area, diameter, or even 
bole area could be used as the dependent variable. The 
critical point is this: a separate curve must be deter­
mined for each thinning plot. and each plot must be 
thinned at· the same point on its curve. 

ADVANTAGE OF UNIFORM CYCLES. With thinning cycle 
actually equal for all weights of thinning. objective stud­
ies of the effects of varying weight should be pos­
sible. If sufficient accurate measurements are made. a 
single study could compare thinning weights and also 
compare methods of expressing the weight. Simple cor­
relation analysis will determine empirically whether the 
currently popular spacing as a percentage of height 
(Brown. 1847; Hart. 1928; Becking. 1953) is in fact 
superior to average diameter (Warren. 1936; Mitchell. 
1943; Sagreiya. 1946). number of stems (Reinecke. 1933; 
O'Connor, ) 935; Witch. 1948). basal area directly (Joer­
gensen. 1957). or indirectly (Assmann. 1961), crop tree 
release (Langsaeter. 1941; Staebler; 1956; MacDvnald. 
1962). or some other character or combinat ion of char­
acters. Although I believe Sakaguchi () W,ll may have 
been too pessimistic in his conclusion that qualitative 
thinnings cannot be replicated or consistent, the most 
widely-used thinning grades in Europe certainly con­
found both weight and frequency with crown class and 
stem quality. Purely quantitative controls seem to offer 
more useful information until their effects are known. 
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Resum.en 
Reduccion del error experimental en investigaciones 

sobre ac14reos 

EI error e:f{wrillll'ntul pllede rt'dllcirw .Iilllpliticunc/o el estwlio. reilliconc/o, lIIic/ielld(l correctumente. lI.IUlldo puree­
las peque;ius uwuf!uda.l· /0 mel.1 eereu Il(lsihle y trutul1du iRual tudus Ius {JUrcelus. /'aru COfl.leRllir eslo II/limo. dehe 
esluhlecerse un cie/o de uc/ureo fluru cudu purcelu, hwudo en .IU IITCIlliu ('urm de desurrollo, yu que los cic/o,l" 
de uno.1 iRu"le.1 mcurecell 0 il/l 'ierten los etectos \'erduderos del peso I'uriuhle de uc/ure(l. 

Comment reduire l'eJ'f'eur exper'imentale do JlI) 10 
recherche sur les eclair'des 

L'errellr ('XII';'imentule Ileul hre n ;duire II'" lu .lillllllijicuriol1 de tellide. par la repeW/olI, pur des mell.lurari,"'1 
correcles, en utilisant de.\' petires parcel/es etroitement grull{lees et en U{lllliquunt lin truirelllenr eRul iJ tollfe.1 le.l· 
{lurcel/es. POllr mener tI honne jin ce/f(' derniere ruche. lu {Ieriode de.1 kluircie.1 c/oit hre t!tuhlie pour chuque 
{Iurcelle .Iur lu huse de .IU courhe de develop{lelllellt. {larce que des TClturiol1.\ eRule.1 {leul 'ent musquer ou inrefl'l'ftir 
les effet.~ reels de /'influence l'IlTiuhle de i'kluircie. 

ECOLOGICAL RESEARCH IN 
CHANGING FORESTS OF WILDERNESS AREAS 

The trend of life in modern civilization has evolved to a 
~Ia~e where leisure time is available to most working 
cla s!'cs . With more and more urbanization, man in 
incrl!.s~ing numbers is seeking the forests. lakes, and 
~' ''l1lpSile~ for his recreation . Population increases make 

C. E. AHLGREN (V. S. A.) 

this exodus to the forest even greater. Consequently. 
recreational pressures on forested lands are growing at 
an alarming rate in many countries. Furthermore, 
modernized equipment has changed the modes of travel I 
and camping, making it necessary to adapt the recrea· 2479 
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