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. ::'''I,~t,Th:t.S fs the final' report on a research project financed by the
:11: ,Mini'stly of Overseas DevelOpment fran 1974-77. and' carried out by
: Dr.:~T:J. Synnott at the' Coomonwealth Forestry Institute, University of
.. Oxford. An' essential' part of the Project was tile preparation of a

# , ~n~~~ of ~erma~~nt Plot Procedures for Tropical Rainforests, which has
.been' 'publishe'd. as Tropical Forestry Papers No. 14.
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SUMMARY

· '.,". ;·This report describes the results of a research project concerned
.' with 181lyiculture and managemerit of tropical rainforest. Data from sil­
.. vic£ultural "treatment experiments were' analysed to e~ine the effects of
.. logging and treabnents on growt~ rates and yields. It waw shown that

. diameter increments, and basal area and volume production, 'were strongly
'affected by' reductions in stocking resulting from logging and treatment.

Various computer programs were developed and adapted for processing
'data from recurrent measurements of rainforest plots, including versions
suitable for small computers. New programs were developed to find ways of
using such data for making more reliable forecasts of future stocking and
yields in rainforest, and were shown to be feasible and very pr'omising for-
'management and research purposes.

The results of the project, and their practical implications for
management and research, are presented and discussed.

INTRODUCTION

In 1974, a research project was initiated in the Unit of Tropical
Silviculture at the Commonwealth Forestry Institute entitled 'The Management
of Tropical High Forests'. The aims of this project included:-

1) developing guidelines for management, by analysing data from silviculture
experiments involving various treabnents·or cutting systems; determining,
with improved statistical reliability, the effects of treatments on growth
rates; and interpreting these effects in terms of different management
systems;

2) developing new computer programs for forecasting stocking, composition
and si~e frequencies fran recurrent measurements 'of permanent plots, by
projecting the observed growth, mortality and recruitMent into the future:

3) developing programs for essential data-processing and calculations,
suitable for small computers in interested tropical countries.

In addition, an ongoing program of training and routine data­
processing for various countries was continued.

The project came to an end in 1977, but work on some aspects of the
research has continued with the Unit. The results and conclusions reported
here should be c'on8idered a8 part of 8 continuing 8earch for methods of
analysing and interpreting mea.urement'data and methods of managing rain­
foreat for their long-te~ productive and protective benefits. In part1­
c~~ar, much more work i. required to develop the existing atand-projection
program into a system for reliable forecaata and management planning•..

, , - ,-'
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, The experience sained with rainforest plots and data ot different
k~. ba. been used tQ prepare a manual of methods and. technique. for
~.""'~~~~~1.h1qJi~.I¥I~~~~t:~& perman.~t plots for ..cODt~nuou. for.,t 1nV8Il- .

. tory,:,~~ '.•11~lc;ultur.~e.e.rch. Thi. manual i. intended ~q Slvi. 'practical".. r

1!J~.4..tO..~~.,~.r~~!!'J-e'!l~i1ore .•~;~~r •.~o;._r._concerned with· ••~b. "
, l~!..~· or ~~,~.urln~ p~1:manent .plot.,_ .It', bal been publi.hed 1.~r.t.l1 .-.'
t~9P,~~~l '~;'~~~:tl,~~rh)No,- 14. A,'Kanual· of Pel1ll&ne'nt· Plot Pr~,.dur., -fot .. :; .
~~lc.l lla1nfor~.t•• ' d' .. ". ' ',".' ... ' .. \.. ,
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1. STAND FORECASTING

1.1'.' Backgr~und to problems of forecasting
.,

Production forecasts for many tropical plantations can now be made
reasonably confidently, based on site classification, accurate ·volume
tables, and yield tables. This is because it is not difficult to cor­
relate growth-rates, size, site and competitive status (crowding) in
stands of one species aod known ages grown together. Further, the per­
fonnance of each individual tree is closer to the average performance
in an even-aged monoculture, where sizes, spacing or thinning are rela­
tively uniform, than in a mixed indigenous forest.

In Tropical Rain Forest (TRF) a variable mixture of numerous
species, each with much geneti~ diversity, grows in a wide variety of
combinations of ages, sizes and relative competitive statuses. In order
to obtain a reasonably precise estimate of average growth rates, many
measurements are required for each category of s1ze and species and pre­
ferably for several categories of competitive status; the large sizes
and less cornmon species will inevitably be less well represented in any
fixed-area sample, and their growth rates and their correlations with
status can be less accurately estimated. Thus large samples are needed
for accurate est~ate8 of their average growth rates, and hence "times
of passage" (the term coined by Biolley for the average t~e required by
trees to grow from one diameter clas8 to the next higher one). However,
such large samples increase the problems caused by the variability ,of
site, stocking and composition, stnce they usually-embrace much variation
in genetic potential. age and status in each category. Therefore in TRF
the tree-by-tree variation around the average growth rates in each cate­
gory'is much larger than is found 1n a managed plantation monoculture.
~e variability of growth rates within a 8iz~ class of one species is
generally greater than the differences between size classes or even
between species.

(

Average growth rates have often been used in the past for est~ating

- times of passage, rotation lengths and felling cycles, and sometimes for
production forecasts in TRF. (cf 17; 32, p. 218; 38; for ways of calcu­
lating increments and t~es of passage for rotations, felling cycles and
yields.) However, these methods could take little account of the varia­
b~lity between trees and the fact that moat trees are gravina f ••ter or
slower than the average. Therefore they' cannot reliably predict the range
of sizes expected within each species or the numbers of1treea which will
reach any particular size. It is biologically unreasonable to b•••
detailed management,plans or forecasts on the a88~pt1oQ ~.t each ~ee

will grow at. just the average rate calculated frQD other tree. of~
sama size-class in the past. Such forecaats may-becODe mor~ r~a.ohable

if they include confidence l~it. calculated from-the' ob.erved varia-
'b111~ of'8r~wth ratea~ and better atill if they relate growth rat•• to'
other me~sured var1~~ea in addition to 8ize. (

• '- .4, ~
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1'•.2::' Coolput'er' programs for stand table projections

Several stand forecasting models have been developed for mixed hard­
wo~d forest's in North America (7, 21, 36, 41, 56). These appear to be
very useful and effective in certain circUMstances but not all suitable
fo~ the data collected 'in TRF sample plots. In several of the studies
reported, data were obtaIned from recurrent measurements of stands, span-
~ning up to 40 years, and the predictions involved a MBrkov approach,
based on a transition probability'matrix for ca1~ulating the probability
for each tree of growing from its current size class to the next larger.
These transition probabilities for each tree are calculated from the
actual observed growth of all trees between size classes during the pre­
ceding measurement period, and are not aff~cted by the growth rates of the
tree earlier in its life.

In TRF Sample Plot data, the diversity is so great that many size­
classes of many species would contain few or no trees, so the transition
matrix contains discontinuities, and the probabilities cannot be accur­
ately estimated. Many more transition matrices are required if it is
desired to relate increments to other variables such as crown scores or
competition indices. This would result in a very clumsy model, and in
TRF it would be almost impossible to obtain enough data to calculate prob­
abilities reliably.

The stand table projections by this method are based on mav~ents

between size classes, so much of the precision obtained in TRF plots by
careful measur~ents of individual-trees is lost in the forecast.

"'::::r'\...!

A number of other models of tree growth, mortality, regeneration
" and stand development have been developed for long te~ forecast~ (6, 22,
'48). These methods are not necessarily based on several recurrent
measurements of the stand, but require information about individual
~pecies characteristics such as maxima for age t height and diameter, and
relationships between photosynthesis and light reg~e8, cl~ate and soil
moisture, and also about the environment (regtmes of seed-eaters and
seedling-browsers, and'topographic and climatic data). In TRF, such
detailed information is seldom available, so we are l~ited to methods
which invqlve projection of existing trends in the measured variables
such as size and stocking.

We need a model which can make the best use of careful measurements
of, often, few trees covering a wide range of sizes, and will project
these measurements, often only a few variables, allowing for correlations
between increment, size, status and the tree-by-tree variation, over the
whole period of measurement.

1.3 Current approach

, The approach adopted in this project has been to.use recurrent
mea8urements.of permanent plots in TaP to correlate growth rates with­
sizes and' other measured variable. for each tree. "for any speci•• or
&rOUP of epeci... A regression model 1. derived frOD all the tree. and
11 then applied .~~ each tree individually to predict ~t. iDcreaent fr~
ita ~ize 'and .tatua. Inevit.bly~ t~e campetit~ve atatuB of each tree .
change. with t~'and ita, growth 18 influenced 'by different factors Which

'4
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callDo~c.alvays·be measured so the model cannot be used dete~in1at1cal1y.

:'.A1t-randan element .1s 'included in the model to allow for the apparently
; r,ndan elements of growth', .i~~. the' often poor correlation between
growth rate and size;··species, and available measurements of status. If
there is little correlation between growth and the other variables, then
the mod~..l will predict nearly ran'dan increments for successive periods
for each tree.

The computer program GROWTH is a first working ver.ion, while pro­
gr~ GROPE is a more complex version not yet fully developed (2).

1. 4 ProS!am GRowTH

In GROWTH, a regression is calculated relating dimneter increment .
to diameter only, thus using the same variables as in time of passage
calculations. Usually, observed increments are very variable and not
strongly correlated with initial diameter, l.~. the diameters account
for only a small part of the observed variation., This model incorporates
a random element (see below) to ensure that predicted increments show a
variability comparable to that of observed increments; this feature dis­
tinguishes GROWTH from deterministic models, based on smoothed graphs and
times of passage, in which predicted increments confo~ to the mean of
the observed increments with no variability.

The growth model is in the form of a regression

r

....•
", I

. '

.~ ~ ;''''~.t ·7~\......
,t •

Program GROWTH also constructs models of ingrowth (recruitment) and
loss (mortality) for each species-group. The program calculates the
average size of the ingrowing or lost trees, and the S.Ds., and the average
~rates of ingrowth or loss ~.~. the numbers of ingrowing or lost trees a8
a proportion of the population) and the S.Ds. of the rat•• in 8uccessive
intervals. The predicted numbers and sizes of all ingrowing and lost
trees are then calculated, based on the observed averages modified by
random elements based on the S.Ds.; thus the numbers and sizes of trees
lost or gained in each predicted interval continue to be as variable as
in the observed data'. Ingrowth trees predicted by the progr8M will
usually be close to the lower size;Jtmit of measurement, wher••• lost
trees will usually have a wider, more random diatribution through-all
sizes. ' , ,'/'

i d from t l to t 2 • ~ + b (d at t l ) + e

where d - diameter
i • individual tree increment
e - a random element, generated by the program, with a mean of zero

and a variance defined for each species by the standard devi­
ation (S.D.) of the regression i d on d

t 1 , t 2 - times of measurement
a, b - constants

-Separate regrea.ion model. are calculated.for e~cb 'Peel•• or for
~y\.cbosen 8r~p of species. In addition, .everal dlff.rent\~typ•• of

'mOdel" have been deve1~ped';and test'ed;'·1DcOt:porat1ns..'txaatiifo_t1onl of .the·
'independent':var1able1'd/ui1nS reclprOcal.~ logarlt1'm!8,' '.~C •.i~..... .

~" , "
"!j( tl>l" \~ ~ '.
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• .',~"o~ram GaOW'fU can d~rive the models of ineremen.t, ingrowth and
~ortal1~ 'from two or. more sets of measurements, and operates by applying
the models to the~la8t measur~ents to forecast future sets of trees and
'sizes 'in the form:of a' full .and canposition. Each tree is projected
forWard," with successive increments, unless the'mortality model pre'dicts
lts~eath: sfmultaneously, new ~growth trees are introduced and each is
grown through successive intervals. The program can list the complete
predicted'stand and also a stand table of numbers and total basal area
for each species-group, each size-class and each predicted date.

The program includes several ways of assessing the reliability of 1.
the predictions. The program calculates the stand table for each date
of measurement using the data provided, derives a regression model from
the !tame data, and then calculates a "predicted" stand table for the same
dates by applying the regression model to the first measurements. The
calculated "predicted" stand table is then printed.beside the true,
"observed" stand table and any major faults or discrepancies will show
up as differences. So far, these differences have been assessed subjec­
tively, while testing the usefulness of different types of model.

A more useful check is possible if several years of measurements
are available; the regression model is then constructed from only the
earlier years of data and then used for predicting the later years. If
there are no important differences between the predicted and observed
stand tables for the later years, then longer predictions into the future
may be made more confidently using models based on all the data.

"-
The accuracy of this model is inevitably limited since it corr-

elates only size and increment, and takes no account of other info~ation'

o~ tree status and stand canpetition. This was.. appreciated when the pro~
gram was "first written, and it was anticipated that the model would be
developed to include crown fO~J crown position and some measure of com­
p~tin8 basal area. We have gained considerable experience of the problems
and techniques of this kind of modelling approach, particularly 1n:-

a)

b)

c)

d)

the use of several different regression models using transformations
of the diameters;

(
methods of manipulating the data and results so that numerous options
could be calculated and tabulated clearly, including any chosen
grouping of species and converted units of measurement:

methods of calculating recruitment and mortality in terms that are
biologically and statistically acceptable;

developing ideas of what other factors are required for Unproved
models •

. During 1976, GROWtH was developed and tested sufficiently/to' .l~­
1nate pro~leD18'of handling various types of data and of .printing the _
results. 1J:!.~" the. formata , and options required., Predictions using varlou."
.cOD~r~l~;,of'~~dlamet.rvere c~~ed, and.. it vas 'found that the equatlC?n'
~.1D1 (101i.~)~.i~~r.8ultl'~l~h,were usually the cl0.~.t t~ ,the ob.e1:Ve~ r

,!~~.~:' 1JJ~~!r",c•• tcfould u~~11)" .,,~ .ttr1bute~ to obl.mel c11~cr.p.
·~t.:a' ~t!~!anc.ali••· 1D the data (such a8 thOle caused by the'1Colanbansara
.c~lOD.:~"~8». t( •

" ' . 'I • •

" ,.', .. ..
,~. :':~.' ';-~~"\.. "
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.·:~·':·'(¥.1;.," ", ..~~~:~Th~ r~sults confirmed 'the feasibility, of this approach for- uking
,,' ',:. ,c, ~:jeliab'le 'fotecasts' without the inadequacies of earlier det·erm1.n1.stic

methods~' We :did not make' an -exhaustive attempt to develop the most reli­
~'alile version 0'£ GROWTH; and the program 1s not being further developed,
be'cause 'it, was clear that we needed a more complete model incorporating
other' variables. crhus, although the Kolombangara cyclone drastically

, changed 'competitive ,statuses, a more complete model should incorporate
, the re~ponBes ·to ~ese changes and still make reliable projections from
'the final measurement.)

1. 5 ~ Program GROPE

We have now developed a second prediction program called GROPE
(written by Denis Alder and Julie Smith (2)) which incorporates additional
tree variables such as croWn position and tree height. It also calcu­
lates same measures of the local growing stock and of each tree's'com­
petitive status Which ~y be correlated with individual tree increments:·
these measures include numbers of stems, basal areas and volumes of-all
trees and of those in certain categories ~.~. emergent crown status),
within the 8ubplot or quadrat (called quadrat variables).

GROPE uses a generalised multivariate model which projects rates of
change of any of the commonly measured tree or quadrat variables avail­
able, not only the sizes, numbers, ingrowth or losses used and modell~d by
GROWTH. In effect the model will reflect the basic patterns of response
to competition variables characteristic of each species more sensitively
than the GROWTH models.

"
For example, a test run of GROPE may be used to project data for

sizes, heights and crown positions. The program constructs models of _
changes in total basal area, stocking, ingrowth and mortality per quadrat,
and in diameters, heights and crown 'positions per tree and it then predicts
the stand composition for a date in the future showing every tree, each
with perhaps a changed diameter, height and crown position. The program
then recalculates the new quadrat variables (basal area, ~.) and applies
the model to the nev predic toed values of tree variables (diameter, ~.)
to predict values for the next date.

Since GRoPE is a stochastic model, incorporating random elements, •
r~peated runs of the same program with the same data will produce
slig~tly different forecasts of the stand tables for any future dates.
The differences will be related to the natural variability of the rain­
forest. In this way, it will be possible to attach SOMa fo~ of conf!-
den~e lfm1ts to the yield predictions for purposes of management planning.
It should again be noted that GROPE 1s ,for tree growth projection aDd
cannot make prophecies about events which do not depend on the relation
between tree increment (or yield) and statu8 (or campetttion).

It must be stre.sed that GROPE and ita current develo~.nt. are not
yet operational .s.management tools. They require further d.velopmeQt
and testing, including comparative testa between the r~.ult. of tha••
~esr~s81on models and of 'stand table projections baled aD mean tim•• of
,pa',~a·8.,' .before· they -cJ!l be shown 'to be rel1abl~ ·accur.t~<~DCl t~~ta~l•. _
for.~mana8~ntlpl~1Dg.· 'l'h18 .obj8ct1.v.4·~~e<par8!l'~bYl·an~or8aDl.'
zation ,with ~adequat·. 'ccinputing ~.c111t1~.,4Dd .uitabl~ 'data, Janel all·'"
exilting prog;aml are ~v.il.bl. for al1\wbo wi.h to'u•• thea.

l •

",
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Forecasts 'by.."time.-of-psssage" calculations:-

1 •. Calculate average annual increments for each species
and size class ~

11. Dete~ine growth of each tree through successive
classes u.in'g average growth rates to predict sizes
for a future date

Forecasts by Markov Chain transition probabilities:-

1. Calculate rates of growth from each size class to
the next larger

ii. Calculate probability of any tree moving from one
class to the next in a given time

iii. Apply these probabilities to each tree 'for successive
intervals to predict size class distribution

Forecasts by regression models GROWTH and GROPE:-

i. Calculate regression of increments on size and various
measures of competitive status, plus variance

ii. Apply regression model With random element to each
tree to predict its next increment and status fr~ its
current size and status

1.7 Future developments

1.71 Qr9W!ns space; competition indices; basal area tallies

Using new programs (1), it is possible to characterise the com­
petitive status of each tree, using the relative diameters, heights and
crown sizes of neighbouring trees and their distances apart (from th~ir

co-ordinate's). These measurements indicate the "growing space." or .
ground area occupied by each tree. Further, the actual space occupied
by each tree may be compared to a measure of the average growing space
occupied by trees of the same size and species, or the "ideal" space
occupied by fast-growing exposed individual., to give an index of com­
petitive stress or crowding for each tree.~ I.n addition, simulated
re18scope sweeps may be calculated, to give the local basal area, centred
on each individUfl tree, a8 a better measure of local,campetition than
b••ai are. per quadrat •

. It may be po••lbl. to develop • competition index or a m.~.ur. of
arow1ns space ~1ch(will be better correlated with individual tx:.•• srovth ,
th~' the .1za; ~rOWD status or quadrat variable., thua 1mprav1ng the

. accuracy of prediction••" ·Suitable 'data should define liD.cllv1dual tree .
po.1t1on'f •• ~..lL;.~th.1aht.'aad'crown ••a.urement. ¥bleh are not uaually
...aur.<l,t1D~.Saalpl~Plot1progr.... 4 nata frcm ••wral countrie. (MalaY.ia,
Ad'~tr.lia.. 4Ua&DUf.',V'nezuela.~ '~Ann'exc 'J:) haft, all· or .ame of ,.thi. \ .

j (l~d.:t ~~I,H· \",

, 1

'1.



, r•
, ,;:~.:~~!~~~/, wi "', ~\

.<;~~~f~;-::. _I. .. '. 7 .
1:jinformatiOl1; /most of. the very detailed measurements have been in untreated

,'{'(forest. but'~the's8me'methods apply when appropriate meas~rements are
available from treated forests •. ..

1. 72 "Simulated felling or treatment regimes

The stan'd projection program may be developed into a management model
by, art'ific'ially applying .var~ous cutting regimes or stand treatments
during runs of the program,. This may be done by eliminating certain cate­
gories of trees on 'certain dates, such a~ unwanted species or valuable
species down to various sizes, thus producing changes in crown status,
competition and growth-responses among the remaining trees.

If sufficient data are available ~.a. from treatment exper~ent8

or any area logged or treated to variable intensities) for calculating ­
regression models of the growth and behaviour of different 8pec~es in dif­
ferent competitive situations, it should then be possible to 8~ulate the
long term production effects of different cutting cycles, different girth
Ifmits for different species, or of elfminating· certain categories of
trees determined by species, size or status.

For accurate predictions, sensitive measures of individual tree com­
petitive statUB will be required, based at least on quadrat variables
defining the whole local stocking, and preferably on tree-by-tree indices
of growing space.

1.73 S~ulated tending or enrichment treatments

A further de'velopnent of the management model may be achieved by
sLnulating various weeding, thinning and enriChment planting treabnenta.
This may be achieved by altering the ingrowth and,mortality models 80

that certain categories (species, sizes or statuses) of small trees have
higher mortality or less recruibne~t (simulating weeding or thinning)
while others have increased recruitment (successful natural ,or artifi­
cial'regeneration) or lower mortality (through tending or liberation).

~1.8 Practical applications

GROWTH has d~onstrated the feasibility of using conventional perm­
anent plots as' the basis for models to predict yields frOM TaF, and GROPE

-will allow a significant advance in yield predictions. There is no tech­
nical limit to the period of tLm. over which foreeaata can be made, but
the accuracy of the forecasts will depend upon the reliability of the data
and on the long-term unifo~ity of the patterns of growth, mortality and
recruitment.

• 81 Management and planning

Using the GROPE model, it will be pos8ible to make foree••t. of the
< • --,I

growing Btock and potential yield from a management unit, broken ddwQ into
species and Sizel,·allowing,land uae planners and" for••t manas.~. tietter­
scope. for selecting options between quantified alternatives. This may be,
done in two ways:- -~

.'-. r
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i.811 'Sample plot pro1 ections
." . ;~,Il"t'!~

.~; If permanent sample plots are measured for some year8~ eacp plot
may ..be,projected to the future date, and the future canposition of the
whole forest may be estimated with,confidence limits. The accuracy of
the forecast will depend on the number of years of measurements, the
8iz~~...of the sample and the variability of the forest.

1.812 Inventory projections

Appropriate models for each species may be constructed fr~ sample
plot data and then applied to data from an inventory of the same (or
even a different) forest, to forecast its future composition.

Clearly the accuracy of this approach will depend on the extent ~o

which a model of growth rate and size, status and competition can chara­
cterise the behaviour of anyone species growing in a broad range of·
sites and camnunities" If this is feasible, ltf1e may construct species
models from a small sample ~.a. l-2~) in repeatedly measured p~ots and
then apply them to a larger inventory sample ~.&. 5-2ot) for a more
precise estLmate of future production.

1.82 Research plot studies

In order to make a reliable interpretation of forest dyn~ic8 from
short te~ results (single or a few repeated measureDents) in plot-based
studies, it is often essential to obtain same info~t1on about the past
status of the p~ot, particularly of ·the past relative stocking of dif­
ferent species•.Equally, it·would often be extremely valuable to have
reliable estimates of the future stocking and composition of plots in
teDDs of projections of observed trends. Two among many possible ~esearch

applications are:-

1.821 C9ffiparison of treatment effects

Different treatments (logging intensities, poisoniQg, enrichment)
have a variety of simultaneous effects on numbers, basal area, volume,
growth rates, recruitment and mortality of different species. Even when
it is possiple to distinguish these effects, it may be ~pos8ible to
evaluate th~ in terms of the management objectives.

For example, after treatment one species may have more st~8 and
f ••ter growth but h~gher,mortality than another species; and comparable
difference. from any other species; and different effects under different
treabnents. What will be the net results after 40 years?

The treatment effects can be evaluated directly, if the treated atands
are projected to the end of a potential felling cy~le and the foreca.t
stand cODpollt1oni compared.

,
1.822 Studl•• of ,ucce,,1on and stability: ecological studi••

A n~.r of plota in relatively und~8turbed'forelthave been resu­
. ~~ly D1ea~ur.d ~Y..t..r maily year.. particularly in.Afri~~ and. _~la)'.~... ' .
. ...Pr9j.ctl~.j~'~~~ ~~.~\ ~~Iur~t ..~~l d:em~8tx:ate t~sl8!1~cle8 tova~cl.

fluctuatlcaa o~,~end.<':In .8tandhtg b••al area or vol\11l8. changes ill .

-
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species ~Qmposition through' succession, invasion, failure of some species
to maintain their population, and other aspec'ts of rainforest dynamics.

These forecasts could be very valuable in ecological studies. If
some successive measurements are projected into the future, the potential
effects of any current changes in the stand are clearly displayed. The
trends may make it clear that the existing stand composition and size-
'structure Pare inherently unstable, or the projected stand may appear 80

unlikely, in the light of loc,aI' ecological experience, that it may be
clear that current trends cannot continue indefinitely and that a change
or reversal of current trends may be anticipated.

. .
Clearly, the program cannot predict events Which may be triggered

by extraneous stimuli such as droughts and hurricanes, including mast
years. (Such events may nevertheless be essential for the long-te~

maintenance of the system; species with too few seedlings to maintain the
population, if projected unaltered into the future, may~rely on occaaional
catastrophes or mast years when regeneration becomes established.)
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2. EFFECTS OF SILVICUL11JRAL TREA'IMENTS

2.1 Background to analysing treatment effects

.S11vicultural treatment experiments have been'established in many
tropical countries, often with rather general objectives such as "to
dete~ne the effect of the individual operations employed" (34) or to
provide "basic information on growth .••••• to be able to prescribe cut­
ting" limits and decide on rotations" (12). In particular, the aims are
usually either to compare the effects of various felling or poisoning
regimes in naturally regenerating forest, or to compare the production
from variously treated natural forest with that from enriched or replanted
forest.

A fundamental feature of scientific method is that exper~ental

treatments should be reproducible so that the results can also be repro­
duced and checked. However, rainforest can never prbvide exactly
reproducible experimental material either for controls or after t;eat­
mente Treatments and treated plots may be slightly ''more reproducible"
than controls or nil treatments, but it haa become clear that untreated
and preferably undisturbed plots are extremely valuable for interpreting
treatment effects, especially if replicated.

Almost invariably, treatment effects are assessed by comparisons
between treated and untreated plots, not by comparisons of growth before
and after treatment. Therefore instead of directly measuring the
effects of a treatment, the analyst is faced with the statistical prob­
lems of making it1'ferences about treatment e'ffects from different plots
treated in different ways. Th'ese statistical problems are often inad­
equately settled, with inadequate replication or no controls, so that
ma'ny experiments are incapable of demonstrating cause-and-effect relation­
ships.

Further, the analyses of such treatment exper~ent8 have s~etimes

been based on a very limited characterisation of treabnent-intensit1es and
growth effects. For example, RP 273 (Annex 2) was analysed mainly in
terms of assessments of milliacre stocking: no data on crop or tree incre­
ments were collected until 11-13 years after the first treatments and 5
years after 4 felling operation had further affected tree statuses to.~an
unknown extent. Not surprisingly, Lowe (34) recorded simply that he
"tried to show effect of treatment on increment of trees but could not
find any significant results".

S~ilarly, K~p and Lowe (28), analysing data for lb_!. grandlfo1iot§,
concluded that they could not. "di8t~ngui8h any considerable influence of
mealures of competition on the increment of subject trees". however, in 5
of their 7 mult1pie regressions, size plus the other mJ-.ures of comp.
etition accounted for >6~ of the var.iability in increment. The canpet­
1t10n ~arlable8 ver8'm~a8ured 11 years after treabnents, and were ~erefore

. rather inexact measures of the. ,treatment intensi,ty, 80 an-·a2 of m6;e than
o;~r~:.ppear.'~:t~ be. ve'ry, encouraging. Here a180, ·it ~8 impossible -to" -. '
quantify t~~.~~~t ~1~te~llt1~1 (1nt.rfer~~c. 1nc~~d1n8 loSSinS was .pr~ad
oveli: S.. yean.)~ .be.a1' ar... :removed or chanse. 'in competitive ltatu.';ol.o .
uo-~:C~~U·i'Ori· b.~_ "c.u••~rand ·.ffec~ 11 po••lb!'.·.· 'l'h'~tsi'oVth 'r&t••~1n
.~~uti~t.a'.'.'\i1d·~"ti"~ted'r'})~ot. ~W ·\u\fortuDa-eel root' 'directly lc_\fed, ·
'alclio"Jibt:..i"4arn:er ~i~. (27r:~ad':8boWn\ hlgh'e~ldcrJ4ntt8' '1D:ltr-e.te~lot••
, ~~;l'"' ~.. ~'_.~ \t~ 10 <:; ~ " . \. '.";'.:' \. 'I. ~ •

. "., . ". '

'- ,
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In another experiment (33) with four treabDenta and three rep11~
cation., 3 control plots received no treabnents while 9 plo~8 received
a comple~e poisoning of all except Mitragyna at various, t~es. Some of
tb~8e residual Mitra~a)5 em d were measure~over a span of 3 years;
the mean annual d1ame er increment of 51 trees in treated plots was
1.05 em, ·-that of 33 trees in the untreated plots was 0.5 em. No statis­
tical analysis of this striking effect was mentioned. Surprisingly,
Lowe wrote elsewhere (35) that "in Nigeria nobody has succeeded in demon­
strating that canopy opening can actually accelerate the growth of
potentially exploitable trees".

Lowe and other workers have, in my opinion, demonstrated cases
where increments have had an important degree of correlation with can­
petition (a1 though the measures of cOO1petition 8001et:lmea ,appear arbi­
trary and only crudely related to the effects of earlier treatments) and
also where increments were higher in more intensively disturbed stands
in the few cases where interference intensity could be realistically com­
pared or quantified. In other cases, however, treabnent effects rema.in
uncertain, because of inadequate experimental design. measurement or
analysis.

Treabnent experiments in other regions have also often produced
inconclusive results, often through an inadequate characteri.ation of
"treatments" ~.a. ignoring the variable impact of loSSinS) or "effects"
~.K. only the average diameter increment of leading desirables or only
the milliacre stocking). Some experiments have been .1eft without full
analysis when it was seen that a defined objective. such as enhancing
the regeneration of , fe~ chosen species,· was not achieved •. after which
the tested system was rejected asineffect'ive. .

Any work ,with treatment experiments and permanent plota in IRE i.­
very costly, in establishment and remeasurement, and is capable of pro­
viding much important information about the growth ~f the stand and of
each 8~c1es and about responses to local,competition. It 1s a waste
of money if such exper~ent8 are used only for 8SS8S8ing effects on
regeneration with no regard t? effects on increments and production.
No research worker should be satisfied with using such large bodi•• of
data purely for elementary tests for significant differencel in one
factor. Palmer (40) has shown how responses may appear in quite dif­
ferent fo~s, depending on the choice of measurenents.

Many investigators (Lowe, Dawkins, Wadsworth, PaLmer) have shOwn
that individual-tree growth rates often have only a weak correlation with
the usual, or eas11y measured, indices of status or loca~ competition.
such a8 crown form and position. This haa led aome worker. to conclUde
that 811vlcultural'treabDent8 have no ~portant effect on tree or ~rop

1ncr~ent8. However, these mea8ured indices of 8tatU. and ~omp.~1t1OQ

are probably not the best indicators of ~e competitive 8t~e'l actually
felt by the trees. The weakne88 of the systems of data collection aDd-v
analy~liJ,~,d the weakn888 of the corralatioos found f,or the m••lured #.

indica., ,account for the 1nconclu.1va r ••ult. obtained frOM~ tr••t-
lIlent explriJUnt.. "

• " ,lI!.l " t+ ' .. , fg" • ~~ ., •

Studi•• of.~r~1nfo17•• t ecoloi)'. and _1.1vi~ul~~~ 1!&~~kb!!.~/J§~~!'~I~~';'~· '
out in, Surinam for many years -and have 'contime~ 801le-.ot the ~~.~ltlva":·,1"

t(' ('~ ..:'4.: 'j!" "';, . "'I. ' " 'I'.:t

... .



- 12 -

conc~usions of the investigators mentioned above. For example, de Graaf
and Geerts (24) found that mean diameter increments in· all size classes
in logged treated forest tended to be consistently greater the more
intensive the treatment and the lower ~he surrounding competing basal
area per unit area.

,. Some foresters may, at first sight, agree with Leslie (30) that
"all the effort ,in tropical forestry has yielded very few reliable and
reproducible methods for natural regeneration of moist tropical fares,ta".

'However, what is usually lacking is actually a method for regenerating
the few "desirable" species up to scme predetermined level of "full"
stocking. There may be abundant regeneration of other species, but
experiments seldom characterise responses of all species in terms of a
broad range of production - and growth-rate variables.

2.2 Current investigations of treatment effects

2.21 Pr~lems of definition

In the Sarawak experiments analysed (Annex 3), 'the stands were sel­
ectively logged and subjected to various poisoning tre~bnent8. In all
plots, the basal area removed by poisoning was much less than that removed
by logging; even in same of the untreated 'control' plots, logging reduced
basal area by up to 7~8 Clearly, the overall response of trees and
stands is influenced by a combination of the logging and· poisoning inten­
sities; an evaluation of the responses to poisoning must take'· account of
the stmultaneou8 responses to logging and the effect of the intial status
or stocking of the stand. .

Th6·~if£icultie8, described earlier, of quantifying the treacments
and responses, apply even more to partitioning t~e response components
between poisoning effects and logging effects.

To tackle these problems, we have defined and calculated "treatment
effects" in many ways. This involves first defining what is the treat­
.~ and then what is the response of the trees or stand.

2.22 What is the treatment?,
Forest managers can define their treatments in terms of field

instructions, and in experiments these may be a set of clearly defined
a~t~rnative8 such &8:-

1. , poison non-desirables to 20 em dbh

2. tt " " It 10 em dbh
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However, initially any TRF plots must inevitably have carried 'vari­
able species compositions, 'sizes arid stockings. During logging. the'
initial variability is confounded by a variable 'reduction in numbers and
basal area f~r each size and species, p~oducing variable responses ,even
if the logging is partially controlled by sizes and species. During'
poisoning, a further variable number of stems in each size ~nd species
is removed, adding more variability to the responses- Thus, ult~tely,

no two plots have the same stocking or have been subject to identical
fO~8 of interference, so it is only to be expected that all plots will
respond differently. In a rainforest, With its inevitable variability,
this situation cannot be entirely overcame by more replication or by
more careful field instructions.

ThUB it is inevitable that most replicated treatment e'ller1ments ..
have resulted in a broad range of treatment intensities as mea~ured by
their ~pact on composition of species and sizes, or~compet1t1ve status
of trees. If more replicates are added, the range will tend towards a'
continuum of impacts or treatment-intensities.,

If this 1s the case, a broad' range of treatment intensities will
result in a broad range of responses, however defined. Moreover, the
intensities and responses may not be proportional to the original atmple
field instructions: a light poisoning in one plot , where logging was by
chance. heavy, may be followed by a greater response than a heavier
poisoning in another plot which was lightly logged. It is therefore no
surprise that a simple analysis of "treatment effects" may show' no sig­
nificant differences between treatments "Nos. 1-2".

~ .

When ,analysing the results to distinguish differences between treat-
ments, the influences of the initial stand basal area (G) and the 108Sing
intensities' (all highly variable) can be separated out by a covariance
analysis. If the impacts of each'number~d treatment are clearly distinct
in te~B of basal area removed, ~.) then a covariance analysis could
distinguish differences in responses to treatments even when impaled on a
variably logged stand. However, i£ the real impact of each treatmeQt i.
itself variable, and overlaps the impacts of other treabnent., bee.u.e of
its variability in distribution and .izes of the poisoned and unpolloned
trees for example, then covariance analyses are less likely to d1lt1n~ui8h

clear differences between the artificially defined treatment numbers.

_ Note that this is not due to a lack of response to interference but
to the statistical and/exper~ental difficulties of d~on.trat1n8 the real
effects with luch variable material. and method••
.,. , ,

to 8um up, treabDant inltruction. are not alway. Gl0.aly co~~l.t.d
with the impacts or. treatment intensities felt by the tie•• and" standi;
they, are especially inadequate indicators 1f the .tandi. inte'arat1Da the
effects of ti:eatinen~ and logging. The ph~8ical ~.c:t,· .~E?f~ or:"~
intensity of' treatmepts ',or interference on the, .t&nd~ at! any one t,~,~~.y
be \characteriaed. more r.alhtical1y in many '.a'a;',cme 'of which ue\ "~ '.
8h~lin table·l.

, ,', ,.. ~"-; .. ~. ~.

........ !

...
•
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TaQle 1. Measures of the intensity or impact of treabnents or inter­
ference in a B tand 1 in terms of bas'al area (G)

12.
13.
14.
15.
16.
17.

1. Total G removed by logging
2. If " " "treatment
3. " " " " " as a proportion of total removals
4. .. " " " "logging and treatment
5. Proportion of initial G removed by logging
6~ " " " " " "treatment
7• " " " " " "logging and treatment
8. " "post-felling G removed by treatment
9. G of desirable trees in specified year

10. As above, as a proportion of total stand G in that year
11. " " "" " "" initial G (indicating proport~on

of max~um potential G for that site)
G of Leading Desirables in specified year
As above, as a proportion of total stand G in that year
" " "" " "" initi~l G

G of undesirable trees rem~ining in specified year
As above, as a proportion of total stand G in that year
" " "" " " " initial G

Each of the measures in Table 1 can be expressed as numbers or
volumes rather than basal areas (G), per plot or per uriit area and can
be calculated to relate only to one species or species group, an.d to
particular sizes in particular years. These are all different ways of
quantifying anyone intervention in ~he stand, and analyses based on
different measutes will demonstrate different results, each relating to
one part of the whole system.

2.23 What is the response?

,
'''.I

t., ..: ,

In actively lnanaged forest, the managers often have a broadly
defined silvicultural objective such' as to increase the stocking of
currently-valuable species, either at once (in numbers) or by the end of
the felling cycle (in volumes). Current numbers and diameter increments
give a stmple indication of these objectives, and it 1s useful to use
these varia~les for comparing "treatment effects".

It is clear that the stocking of a species after interference must
in a general way depend on the n~bers present before interference and
the effects of the ~terference; the numbers of new seedlings will also
be affected by a wid' range of~env1ronmental and biological factors
including current rainfall, the local an~ls which eat seeds and seed-
·11088, the periodicity of flowering and fruiting in the different species,
the numbers of 8e~d trees available, the survival of shaded seedlings and
al.o by a broad range of induced changes in local status and competition.
ShD.11&~ly, 1f the,lnterference affects increments. then the brQad'" l'anse of
1!l,t.~f~r~n~{8 1nt~t1,11tle. will produce a broad range of responses, sbt»er-
1mp'o.l,d on A the .1n1t~.1 variability of growth ratel.', .' '. ~ ...~_~.l~, •

.( ~.; ,. .... .. .'. l' ,1.,4' .. ..., ~. ' .". ...... '".... • .. ~" " ",of ......

" ~

. . B~.ev.~,. ·~t.~;fer.nce affect:8 not onl.y .nUlllbers ~dSTowth ,;!~~8 ·but .
a110 ,:r.ate. of morta11ty and ingrowth, and hence it affects many stand.· .'
.;ft~1&bl.1.,.".ucn .1 :tUtUre_b'a8al~aiA.8 .and ,volumes- of .UMvoii' OJ: o4t~·.."•. r

·~~'l.;~t&ncfflD/af!:~£i.i-and apicitis":' .' · .. ~~.~
\':~.. ..... 'C '. •
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Thus respons,es and effects can usually, be canpar.ed most effectively
by assessing those 'fa~tors which are directly changed by or which respond
directly to the treacnent, such as current stocking and incr~ent8 of
'surviving trees. ,Responses will inevitably be less clear 1f, like seed-
ling regeneration rates, they result fr~ many integrated factors in
addi~ion to the ,impact of the trea~ent8.

The ,te~ 'response' suggests a change induced by interference; in
general we can seldom, measure changes but we can c~pare differences in
growth and production characterised in various ways, 8S in Tabla 2.

Table,2. Measures of growth or production after 10S81ng, treatment or
release, 8S indicators of responses

Net changes in numbers (N), volumes (V) or basal areas (G) of

- standing crop (all trees/desirables/L.Ds./undes1rables) or
- survivors only, excluding losses or ingrowth, expressed as:

- net change in N" G or V fran t
1

to t 2 ,'
ditto, 8S a proportion of init a1 N, IG or V at t

- net increase in G or V of measured survivors, !.!. the
sum of all the increments of surviving individuals
measured at t

1
and t 2

Mean annual 1ncr~ent per ~ree-per-year, for all 8urviving tr.~./d••1r­
ables/L.Ds. in each plot, i , 1 , 1d or i

, g v c

Each of these measures may be calculated to relata only to one
species or group, and to particular sizes or other c.t~gori.8 such as
crown position, crown form, ~.

2.24 Correlations between treatment and response

Responses to treatment may be characterised or analysed by the,
relation of "growth or production" to "treatment intensity" as follows:-

1.

2.

A comparison of each measure of growth and production betwe.n ••t.
of plots defined by treabnent-nUBber8 or ranges of treatMent 1nt~­
81t1es, ~.a. by analysis of variance.

If the experimental design 1s 8uitable, this approach may give 8o~'

results and it m&1 be the only pos8ible approach if the tr••t~
ment intensities are defined by field in.tructions but cannot •••1l~
be described quantitatively. If treatments are confounded w1th~ "
unknown logging intensities, a f1Dlte nt.mber of I t;eatment., v1~l.

reault in • wide ranle of 'respon••• '. and thi••pp~oach~ma7Qot
denon.trate any difference. between the t~••ba.Qt'J • covariance
analysis may be pO.lible. ,~

I, "
• , : ' J, ~ ~ ~", • •

A correlat1Qn (graphically or algebraically) of .aCh ur. o~lrow;b' .
per plot with 'e~ch lIl"aura of tr.aatllene intenl1ty. " l '" ,~"..

· .t.I.- ·mean d~t.1r~ increment of ~aun1V1q iI••lttabl'. ~.I.~~CJb.~.l!·.
. &1:.. ~ rllllovad,l o~' t ' ' ~ JmP,.l'~': ~ l:{:/'~ ~'" · ( .
total vol.. 1ncr.~ant per plot.. .plDlt voluU aftar, -~·••tiDiIl~t~ · .

· .. 1'~\.~);.~t.';i .' , It •..• : 'Qt:' . ,~
\ t , ". ~. •

, ".

. '
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'This 1s' appropriate when several measures of growth, competition and
trea~ent intensities can be quantified as plot totals or'averages,
instead of,a fewarb!trary 'treatment specifications'. Then, growth
effects can be related to stand and stocking variables and to some
direct physical measures of treatments, and hence to some more valid
definition of treatment specifications.

Dawkins suggested (17) and later used (18) multiple regressions for
correlating tree increments with variables describing each tree's
status, to investigate the effects of treatment and liberation on
tree-by-tree growth rates. It is only recently that larger computers
and new programs have enabled us to calculate and analyse crop incre­
ments, stocking, competition and impacts in the same way, thus demon­
strating effects which could not be adequately analysed in the pa8t~

3. A model of tree growth, mortality and recruibnent in relation to
species, size (d, h, !!£.) and competition (crowd size and status,.
growing space, local basal area, etc.), derived from recurrent plot
measurements.

Such a model of the performance of all components of the stand can
be used to extrapolate the observed trends and to forecast the stand
composition for future dates. Data from treatment exper~ents will
allow the model to incorporate a wide range of individual tree
statuses and responses, and the forecast stands can be used for a
direct comparison of treatment effects.

This approach~is appropriate if the data allow individual tree com­
petitive statuses, and their changes, to be characterised, since it
takes account of variations in competition at the single tree level.
It thus~avolds the deficiencies of using plot-means derived fran­
diverse species and sizes, aS'used in the second level of analyses
from Tutus Forest, Sarawak (Annex 3).

During this project we devised ways of examining various measures of
stocking and growth which.are likely to be affected by silvicultural
treatment and logging, and used them for comparing and quantifying treat­
ment effects. In order to make a convincing demonstration of the effects
of treaenents based on comparisons between plots, it is necessary to be

~ sure of comparing like with like, i.~. of comparing effects on sufficient
trees of each species or group from each size, site and competitive or
silvicultural category. Inevitably, in diverse rainforest, there are few
trees per plot in each/precisely-defined category. The comparisons made
here'have bean based largely on plot means and tota18, and lome individual
ana1yl8s are open to objection, although the effect of all analyses com­
b1ned~,18 conv1nc1n~.· The possible statistical methods of coping with, the
probleM of valid c~parison8 in greater detail remain to be tackled, and
the stand s~ulation models such as GROPE appear to be the mOlt ~rODi8ing

solution.

'-

" .



17 -

IMPLICATiONS 'FCR DES·IGN AND ANALYSIS OF RAINFO~-r STUDIES

General

., The inadequacies in the data and design of some existing treatment
expertments have been mentioned above. Our attempts to analyse and'inter­
pret these exper~ents have clearly indicated tmproveMents aQd extra
requirements which can greatly increase the chances of obtaining useful
arid positive results. These recQDmendations are for all plot-based.trials
for testing the effects of various intensities of logging or treabnent or
other silvicultural operations; a methodology for individual tree treat­
ments and comparisons in rainforest is ~ow being developed-(l) but plot­
based exper~ents have not yet been superseded.

.
If these recommendations are not followed, it may prove ~pol11ble

to demonstrate any correlation betWeen treatment 1~ten.1ty and growth
rate even in cases where basal area reduction is genuinely correlated
with growth rates. The rec~endation8 are ~e8cribed and d18cu~8ed in
the Manual of Permanent Plot Procedures (TIP 14) and some important points
are stressed ~ere.

3.2 Objectives of experiment

The main objectives must be clearly defined, stating. for example,
the growth parameters which are to be tested or compared. The objectives
vary in different situations but it will always be. mOlt important to
measure the sizes and increments of. the larger tre•••,

The design, measuremen'ts and analyeis may be oTgan1.ed in many dif­
ferent ways; all will be affected by the choice of par.meterl te.~ed, but
not all will be carried out by the same people, .0 objectives mu.t be
recorded. Comparisons of stocking of valuable regeneration may require
quite different lAyout and measurements fraa.caDpar18ons of leading-tree
increment. The objectives should take account of the fact that any
interference affects the stem numbers, species composition. growth rates,
volume production, recruibnent and mortality 8~ultaneou81YJ 80 a atmple
inquiry into one variable will be inadequate and may be misleading_
However, lt~may be possible to design an exper~ent to allow for a tran­
sition fr~\e&rly measurement. of regeneration and atocking to later
measurements of sizes, growth and c~petition.

3.3 Definition of treatments

r

,.

,

In most treatment experiments it ia nece.lary to define the tore.t-
menta in te~8 of field instructions or preecription8. B.for.·d.f~1ni
these prescriptiqns, it is essential to consider or a~8.'. th.1~ p~9babl.

impacts on structure. stocking and canpolition. A pre-experiment survey
and inventory :1. a great help when deciding on tr••·tment definition••
The c~o1ce of instructions .hould ensure that the impact, .re 1~,1)" to
be luffic1ently.and'coD.iltently different fr~ ..c~~oth.~. th.~.~ _
should be to .·pply a number of genuinely d1ff.r.Qtt:imp,~~t.and t9LfU'Olcl
the'dangeJ: of :ap~11iD8 ~r••tment. which look .V~1:Y~~cSUf~-r.nt 10' the p~.~
scription. :b\lt ~.~1cb%,coverlap broadly· in their PJv.~~~cJaj~c,t;.Hlc ell

......... ...., ',j" •• 'MIrtlll'............ ""..
· ,. , .. ~~!.i:~b ~:4jL.;,~.,~ ·..tJ."\~ llf~'.\'!" #.tt., Of ~aad .'
!:',1t~,t~1at;18lp~;.~c;u1aJ:lyl ~cn:~Qt.~~,~ ~,p_l~~C'Ar$ri~o~\at! ,
1l~~;fof1lcr_..UltAt'l~~U.' th.,am\i.~,t~:id.i..t1l1itll'~C\~,HtlJtb_' ,

• . ~ j
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treabnents; the treatments then must be clearly'different in their
1mP~Ct8, or it will" be hard to show differencesu in response. ',This has
bee~ the-main·design deficiency in many tests of trea~ent8 defined
mainly by different'minfmum girths for poisoning; this is most serious
if the stand measurements do not allow the impact of treacnents, ~.a.

on s~nd1ng basal area) to be quantified in any other way.

This point is less important if the a~ is to correlate responses
and impacts over a broad ~ange; then the treabnents may be 'defined' or
prescribed in any way, so long as the impacts can be quantified, and the
most useful results will come from comparing growth responses over the
resulting range of treabnent intensities.

3.4 Plot sizes

The plots must be large enough to integrate both the local varia­
bility of the forest (single tree gaps, ~.)(17J pp. 48, 118) ~ the
local variability in the impact of a treatment.

This may.be illustrated by considering tree responses in two small
plots of say 10 x 10 m subjected to apparently identical treatments.
Mean growth rates will be greatly affected by the different stocking and
status of the plots before the treatment in relation to nearby gaps or
dominants, and such differences may be much greater for such small plots
than for plots of say 100 x 100 m. In addition, the responses within
each small plot will be greatly affected by changes just outside the
plot boundaries; edge-effects are much more tmportant on ~ll plota than
on large plots, 'and, more seriously, they cannot be quantified solely by
measurements within the plot.

These considerations apply in all trials w~ere a) the treatments
are potentially large scale field operations which need areas of many
hundreds of square metres or many hectares for a realistic test, and b)
s~e of the growth rate comparisons will involve means ~.a. of incre-
ments), totals (~.&. basal area growth per plot) or proportional changes
'in various categories of numbers, basal areas or volumes.

The most efficient size will depend on the local structure and~var1­

ability of the forest and treabnent effects and on the objects-of study.
In practice this is d!fficult to determine and there are great advantages
f:n aome standardisation.

Dawkins and other workers have rec~ended plots of 1 ha or 2.5
Jacre~ to cope with ~all·scale var1abi11ty~ and this is often the largest
11ze vhich can be consistently and ,accurately laid out in moderately
rough' terrain.

. The theoretical and practical advantages of 10 x 10m .u~plot. built
tnto ~OO x 100 m ploti, and the wider advantages 'of .tandardl.at~o~;for

compar~.tlve"pUrpo8'1."·'le·i.dto a choice of~1,ha ..a8. the<mo.t".ultabl.~.ltan-
d&(d'1 plot liz.)' <,sels 7Matiual. Trop'leal Forestry Paper" 14, Section': ·3). ,.. ,

,'~, r:..t t· ~ ,.. ' , , • '.. . 1-

3.5 . Replie.ti~\ ,.. .;2 , •.

'. '~J'I" ;';;l~t:t\''1'' ,

.· ." "~~~~\~tt\""tch1 11 d••tltt~,l.to,det:ectrcUffatent••• J1etve.~.$+t~••t.
LaiTiti~titd4,"lJla'tlY; :lnclua" ~iS»11~atlol1.-z·ofJ-thld tra. ' in . .
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order to work out the likelihood of such results ar1s~g. by'chance, to
attach statistical significance to the results and to allow the con­
clusions to be extrapolated over wider areas. Replication 18 essential
'for analyses of variance, and is a valuable insurance against the acci­
dental' .1088 or destructi~n of some plots.

When corY~lations between growth effects and treabnent intensities
are to be examined by linear regression analyses over a r~ge of treat­
ments, the closeness of the regression line to reality will usually'
depend on the number of observations independently of any replication,
and a systematic elinal design may be more econanieal than a rand~1••d
replicated design. However, a replicated design 1s recommended 80 that
the results will be suitable for analyses of variance as well &.
regression analysis,' so that more observations are available overall an~,

in some cases, 80 that duplicate observations are available at eaCh level
of treatment intensity.

Measurements of forest before treatment

In order to quantify the treatment intensity or ~pactt and the
changes in stocking, ingrowth or mortality induced by-treatment, it 1.
essential to obtain same data on the total r~ova18 and deaths caused by
logging, treatment, and other interference, in order tG characterile the
original stand and to quantify the disturbances, even 1f the data are
collected after the application of the interference. It will u~ually b.
impossible to demonstrate significant differences in growth rates, and
frequently d1ff1cu~t to demonstrate correlations with treatment inten­
sity, unless all recent major disturbances (logging, ~.) can be quanti­
fied aa well as the treatments.

At the'" least, all trees felled or poisoned should be me••ured, 10

that pre-treaoment basal areas, and proportional reductionl, can be
calcu~ated. The intensity of interfer~nce may then be characterised in
several ways, by numbers, basal areas or volumes, in lize- and epeciel­
categories.

Ideally, it would be very valuable to measure the plots 2-3 t~ea

over a period Of 1-5 years before the start of treabnents to indicate .~

pre-treatment growth-rates, production and population turn-over, allowing
a direct comparison of the effects of treatments &8 well 8S an indirect
comparison with untreated plots. In practice, thi. will often be
impossible either becau.e of lack of roads for accel8 before 108Sing or
because of uncertainties about where logging will next take pl.c••
Fo~tunately, the most ~portant data on pre-lossing .tockinS and the
impact of loSSing and lor , treatment can be collected when ,the plot. -&1'.
established after logging- '

The pot~nt1al value of undi.turbed plot. ·1. al.o .tronaly ~dl~t.d.

A ge~u1ne'n11-tTeatment (l.~. no interference by ~oI81nS or..•l1v1~tur.)
1s .eldom included-in tr.abDent-exper~ent.becau.. '

J "\\ " ',.
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8 What to do with existing treatment exper~enta?3. -

In many countr1es there are silviculture expertment8 and accumulated
data awaiting ana.lysis and interpre'tation. It is pointless to delay the
analyses until several measurements have been made: by then it will to too
late 'to check discrepanc,ies and errors, or to correct any deficiencies.
Hard ~xper1ence has often'shown that cumulative errors can render-the data
valueless by the time analyses eventually start and that it is always
worth starting the data-p~ocessing 8S soon as the data are collected.
The-first priority in any existing treabnent exper~ent i. therefore to
proceed with analysing the data, and this often means seeking assistance
in the fo~ of statisticians, computers or programs from outside the
Department directly involved.

Many existing treatment experiments have obvious deficiencies such
as the absence of information about the impact of treatments in each
assessed plot or the lack of individual tree measurements for calculating
increments. Further, the treatments tested in aome experiments ~nvolv.

complex and expensive sequences of operations ~1ch may never b. f.alible
on a management scale.

These deficiencies certainly do not mean that the experiments have
no further use, but research officers should regularly review their experi­
ments in progress to dete~ine whether they are still yielding, or capable
of yielding, results which are of present or future value. If an experi­
ment is still valuable, it is ~portant that s1lviculturllt. should col-
laborate with statisticians in analysing and interpreting the results and
perhaps in finding ways of improving their value; if·it 18 not considered
valuable, it may be appropriate to do nothing more than maintain and pro­
tect the plot for possible future assessments at 10n8 intervals, or to
close it completely, rather than to continue with costly regular me.lure­
ments without analysing the data or using the result ••

Even if the treatments applied _re no loDger relevant, the value of
treatment experiments may still be very great

(8) if the impact or intensity of logging or trea~ent8 can be
quantified;

.
(b) if the individual trees are numbered and measured for calcu-

lations of stand and tree increments and for comparisons between, or
correlations with treatment intensities;

(c) if tree increments, competitive statu••s, survival, mortality,
recruitment and .tand density are mealured in plota with a range "of stock­
inga and histories, for constructing' competition model.tand growth
regressions like tbe program GROPE; this would make it possible to ••••s.
the responses of various species to competition and to draw conclu.ion.
about .ilvicultural practices; . ,~

" e, (d) 1f small stelDS and ,young regener.tion- are r.gul.rly.·••••••id in '
.u~:p~ot"or .trip. (u~1ns technique. 8uch •• Dl.IDO.tic!8~11Dlt&Dd.,
t~~'r:R'a.n,ratlOD~ampl1ns), to relate th.*r.l.n.r.tlOG,t01p••t'tr..t~.
me~t.~tor·pr.~.l1t--:.tock1n8. " .,' r

\ .

.... '
"

....



3.9

.'

, r

- 22 -

If none of these aspects have Qeen or can effectively be assessed,
and if the exper~ent was originally designed to provide a quick answer
to a probl~ which is now of little interest, then it may be better to
divert funds to collecting and analysing infoDmation about more urgent

. problems.

Wha~ to do with' existing' Sample Plot programs?

Existing PSP programs do not usually have serious deficiencies in
design, so the work involved has seldom been without value although often
it is not put to good use and its value could be greatly increased by
modifying the methods of assessment.

Sane existing systems attempt to measure the tree and crop incre­
ments and also the regeneration of different species simply by assess1ng
40-100 Leading Desirables, per plot. More valuable information for ass­
essing the current stocking and competition, calculating production and
forecasting future stand tables can be obtained if all or most pf the
trees are measured, above a chosen size. Asse~SDent8 of ,seedling and
sapling regen~ration are more revealing i£ carried out separately in plots
or strips.

It needs to be stressed again that it is e~treDely ~portantJ

(a) to survey and demarcate theJ?lots pe~entlYJ to avoid the
very real danger of losing them;

(b) to check and process the data as soon as possible after collec­
tion, to'el~inate measurement errors, to ensure that the correct pro­
cedures are being followed and to determine the trends ~ 1ncr~ent8 and
production.

I'
\
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IMPLIcATIONS' FOR MANAGEMENT AND· SILVICULTURE
" '

~ including gene~al, conclusions about the response of Tar to tr~.t-

meat and logging, fran ,the re'sults. of experiments analysed, here (part1'­
cularly'the Sarawak Tutus expertment (Annex 3).

,1 Silvicultoral treatment effects

This project has led to ,the clear conclusion that reductions in
stocking and basal area by" fell~ng and/or poisoning normally result in
faster mean increments of remaining trees, not only overall but also
tor 'Leading Desirables' (L.D.s) and individual species groups.

Such reductions also affect the net production of the survivors and
of the- total crop, by reducing the numbers of trees available as well as
by affecting diameter incremenes. In Tutus (Annex 3) the larger incre­
ments more than balanced the effects of reduced'basal aieal, 80 that faster
net basal area growth rates per unit area, of surviving L.D.I, of .11
desirables and of the whole stand, were correlated' with greater basal area
reductions. Howeve~, this will not always be 80 for a particular species
or group if the reductions are too severe or are concentrated on the
larger stems with no selective treabnent to reduce basal area. of other
species. The preliminary evidence fran Trengganu (55) ~ex 2) was that
greater reductions in plot basal area resulted in lower net 'basal area
growth of the measured survivors, because the higher incrementl did not
compensate for the reduced stock produced by felling, logging damase and
mortality.

These analyses have not examined whether s11vicultural treatments
affect total dry~tter production or gross yield, or the growth rates of
those of the remaining crops which are physiologically old or which had­
been suppressed, but they clearly demonstrated that ti••~ent8 can affect
net yields 1n certain categories.

It i8 important to appreciate the management implications of the dif­
ferent kinds of responses. The basal area production per hectare, meaaured
plot by plot, may' be affected quite differently fram diameter 1ncr~ents

measured tree by tree. All such effects should be examined. for some
purposes, the objective may be to max~ise volume production in certain ·
categories, irrespective of sizes, whereas for other purposes maxtm~'

tree increments may be required, with les8 concern for total production,
in order to reduce felling,cyclea. Any two trea~.nt...y have quite dif­
ferent effects, either fa~ourable or unfavourable, on tre.'Q~b.r., lize
distribution, increments 'and crop production, add it i •••••nti.l to
examfne and interpret theie effec~1 befQre dr.wins conclulioD' and maklns
deci81~a about al1vlcpltural pr.~tlc•• (al dllcu•••d by P~.r (40».

MOst lo8Sed forelta c~nt.ln lODe eltabl~lh.d tr••• ·of·v.luabl~
species, too small' tC) b. u._~· by lossers, ranging" in .1ze frcm •••41191.'
up to 30~50" em d; '!'h.I.-tree. 'are=often very valu&bl.· •• ;p.~e~)of,tth.£Dext
crop,' and '7~1 a" l~r~J ,of, leed. f~ futUre 'crops. 1118 1Ilt.ri'leytof·~:16a.I;'
ginS det·ermlne. ltb.""dIDl&8." inflicted \Ott\ the•• tr.e. &nc!. thif'DUIIlbett- of:.t t..
lutviVOij'. ;.:' Losalt\8~ d"li~ ii oft.n~'10' ••ver. thlt·'V.£y'{f_~ll'ira't.~ tril' '
sUrViva' to'~formt ,6i161e~'i1'si~~ln :"fiiturtflf"'"And';" thoi.'~ thlt!-rililli uy\1»_~:joM)'~
damag-eaO thaeit:hiyr~iDn()g re.pOiia~ qUleir-1;,1dth ' faa1:'r'lt'bfrtlf~ft.iq't'l.a"J

, ,'( " , ( ,-' . ·',~:~r~'!~~,;:.. .
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the futur,. crop must then be formed from seedlings" a sloW and uncer~ain

proc:~s.. 'In the'8e'·c~ases, treatm'ents immediately after 10'ggiog may have
. little effect 'on production or increments, and other methods of Unproving

production m4Y be tested, such as treatments 5, 10 or 20 years after log­
ging, or sane control over logging methods and intensities •

.,. .

If a heavy logging, followed immediately by silvicultural treabnent,
is likely to' lead to an in~asion of unwanted pioneer species, it may be
more effective to delay, silvicultural treatment for some years to avoid
excessive canopy opening, to allow the post-logging regeneration of valu­
able trees to bec~e established and to favour these young trees as well
as pre-existing trees by the treatment.

The net growth of a stand, or of particular species groups, is
affected by rates of ingrowth and mortality as ,well as by the stocking
and the tree increments; it is therefore impossible .to generalise about
all the short-te~ effects of basal area reductions. In the longer te~,

after the initial effects on mortality and recruitment have 8ubstded,
but before a "limiting basal area" with minimum net growth is approached,
the evidence remains .ccmpatible with Dawkins' conclusion that "silvicultural
treatment would not in most cases have greatly affected. total yield", .!..~.

that the net annual total above-ground production of woody material
including branches on one site will be s~ilar over a fairly wide range
of basal area stocking (and reduction in stocking). However, this will
not be 80 if the species composition is changed to one with a different
relationship between basal area stocking and production. Further, the
net production i~ particular species and sizes, thus .the utilisable yield,
may be greatly changed even if the yield of all species combined is rela­
tively constant.

....
In spite of the greater di~eter incrementi .which may result from

basal area reducti~~s, a normal logging selectively and ~ediately reduces
the,stocking of only the most valuable categories (species, form) of trees
and may permanently reduce their stocking and production if regularly
repeated. This problem may be reduced if reductions are made less selec­
tive against the valuable groups, by more complete stand utiliiation, ~.&.
for t~b.r, fuel, poles, !!£., or 1f 80Me reductions selectively f~vour

the valuable,categories, ~.a. by utilising or killing some non-t~er~ trees
after exploiting the t~ber.

The Tutus exper~ent (Annex 3) showed that trea~ent intensity had
a weaker correlation ,ith growth rates than the intensity of 1088ins and
poi.oning cODbined. This va. s~ply beeaus. the poisoning' ~ount8d to
9011:& small part of the total baaal area reduction in each plot, (the
expe~lDlent.l',' area had, been particularly h~av11y l08ged~. .However, the
polI0~1D8.bad thetexpected effect of increasing the proportion" of ,desir­
able epeciel in th~ stand as well as influencing tre~ and stand increments
of}c!••.1rabl... 'l'h~'np!=obably applie. almost un1verlally j except that
.t~nd.·,inc~lIIl.n.t••.•.~p'~ially in .pec188 cateaorl••, ~111 J.lpondo>~~'
v.rl~~114~.pan41Ds;pn;.p.c1e8 character1ltlca. and r.cru~bDen~ ~dJ~or-_
tall "raC~,'.'J ~J~V~~ t' j , I'i)

.,,'\ '" -, \.,' - l< .w.-': , ,-
,:;t ¥I;JfJlf:,. 'tJt\":1 '.' ,ill! ,f' ~ iii' • • " ~f"': r (';1'#.", 't, '~ , i;«t'.,•.. , ~.~_~~.j .££!!c.~" ..9£ P91"2~,...,..~8P~~jai~;i...~~.IEld:~.8_d r
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may be as"sessed '£rem experiments involving ,logging and/or treatment,' ,the
required effect can be chosen, and then the corresponding logSinS (or
treaoment) intensity devised to produce the required results. the need
for some silvicultural operations may remain, but.many of the s11v1cul­
tural problems could be solved by controlling the methods and intenai­
ties ,~f logging and utilisation.

In.conclusion, it is clear that the production frOD logsed for.lt
and the possibilities for 'increasing the usable productiqn by ailvicul­
tural treatments are too important to be ignored. However, it 1s not
usually feasible to control the precise species mix in the regenerating
forest.

The problems of 811v1cultural systems based on natural regeneration
(N.R.) can be better tackled by utilising what N.R. provides inst••d of
trying to induce the N.R. to provide only what is currently utili.ed.
Many of the silvicultural problems of TRF management should be'and can
more easily be solved by 8a~illing and marke~ing more speciel rather
than by poisoning. '

Same of the conclusions reached during this project. concerning the
biological and enviro~ental consequences of logging .nd ailvicultural
treabnents have been described elsewhere, as have methods of monitoring
these effects (49-54). It is tmportant to be aware of the consequences
of increased logging for soil conservation and hydrology and the conse­
quences of major changes of composition for conservation of genetic and
wildlife resources. Forest Deparbneqts which are concerned with ••tis­
fying future requirements h'av~ a responsibility to monitor the production
of remaining areas of TRF,and to test the cOlta and benefits of methods
of improving the value of the production.

4.2 RecaDmendations for silvicultural treatments

4.21 Justification and atm,

Silvicultural,treabnents, such as el~1n&t1n& unwanted tre•• by
poisoning or by extracting then for firewood or charcoal may somet~.a

be justifie<l-- through
\

<a> the higher tree incre=ents which result frOD local ba.al are.
reduction~, by logging or treabDent, over a broad range. The iocr•••••
resulting fran treatment may be .light 1f the logging lnten.lty hal b.en
high or 1f the treatment itself baa been light, but the increa.e. may'be
larger in lightly logged ·forest left with many larse residual doa1Dant.;
careful regulation of logging, and .cutting cl~ers in .tbe canopy or
cutting undergrowth shrubs (especially if they 8uppre~. ~ll.r valuable
trees) may also b. effective in certain condition. for promot1n1 lDcra-
ment. or lurvival. .

. ,~ t

~ (b). the~~ ••lective ',(euaen1c) effaot oQ,·the,I'••1dUal ,.uDelI .~·th.

p~oporttOQ' ot the favo~.a .peel•• :La 1Ime4~taly .. ~~~••t~cSj'"'~'~~u.tl~. '
treatment leading to.an'.increa.ed proport10;,U .olthe· net .~;~.~~t .
and,' through Donual blo1oslcal procelle., to chaq•• in the cOlDpo.lt~oD.·

ofr(tIle,(A'.~.s.u~t1~(&1~ous1l110;';'.1~Y.h~c~1Y;,"~.".q~~~41r.~'b.tecl). :-
~/) · rtf, :,11.') .:~ \,: 'I r ~~'. f'. ? 1 '*tr'.t'0 b t·.Ltf~:l ~:.l.

.. '~aol,J.a.J!.tJl"i lr;~:"'i 'J~ a,)JQ'':ltfQ JaQ~,.tb.:" ' .
t, ' \ ......~.l~;t'
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,When the growth rates and the ~umbers of valuable trees can' be
increased by treatments, then the saleable production fran the forest is
increased 'and the cutting cycles may be shorter. Clearly, to achieve
the "effects, it will be more constructive and profitable to find some
,use· for previously useless species than to waste them.

~ The- increased growth rates after treabnent are less important 1f
smaller trees c~ be ut11fsed; the selective effect on forest composition
ii'l•• s important 81 more species become utilisable. Since the total
dry~tter production from closed forest on one site is likely to be sim­
ilar over a wide range of basal area stocking,' silvicultural treatments
become les8 important as more of the stand can be used, but most managed
TRF still contains many large unwanted trees and cl~bers which depress
the growth rates and production of valuable .trees.

4.22 Decision making

It is now possible to draw general conclusions from the effects of
some silvicultural treatments about the value of applying then in TRF.
The treatments considered here 'are only those which involve same thinning,
poiloning or refining after logging. Enrichment, line planting or fert­
ililing experimentl have not been examined in thi8 project.

It i'8 clear that reductions in stocking by many methods will result
in faster average increments in the remaining trees, and hence often
higher production in those categories of species, sizes or 'qualities thus
partially relieved of competition. .,

If the remaining trees do not fully occupy the site, the total pro­
duction of the stand may be reduced, at least temporarily, although the
lon8-te~ value production may be increased if "the most valuable trees
reach larger sizes more quickly. Selective treabnents can improve the
value of the spec1es~1xture by reducing the, diversity of species in
favour of the most valuable, as an ~ediate ~pact and a180 in the long
t.~ by eliminating the seed-bearing unwanted trees and by increasing the
seed lupply of valued species. However, there may be an increase in
pioneer species; heavy interference by 'intensive loSSing with or without
treatment, (combined with short ("polycyclic") felling cycles, will increase
the likelihood that pioneer species will form an increasing proportion of
the standing crop.

'.,Many of these' effects are desired by foresters but great care must
be taken to choole the appropriate intenlity and t~1n8 for any kind'of
treabnent. If any '~Y8tea is wrongly applied it may fail to achieve its
objeetlves. 6r may waite money, '

. ,"f .. ,
'.... ,, ' "

• t
(a) by': achieVing an improvement which i8 too Small to justify the

expendltttreJ
~ ~v

1,";, ". (b) ~,'b1;'a.ehlmni'a, change. in' stocking or ccmpos1t1on wh1~h' after .
,·~,~~ub'.\,ueht}chei'e.~,1f{:.a_l111nSI md marketins. may be' ileen "al no: 1mprow-
~l1rienVat' '411 a '. )9~~1' :~, :t (,) ., .... .
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The highest priority for rainforest management is to increase the
scope. for selling the exlsting growing, stock by developing new markets'
for the SDaller sizes and the lesser known species for fuel, chipboard,
timber, and other purposes. The a~ is not necessarily 'to achieve ,high
intensities of removals, leading eventually to complete clear felling,
which may result in the destruction of the forest enviroament and o~ the
ability of the forest to regenerate itself; the a~ is rather to increase
the options of the forest manager so that he can be sure of selling what
is most easily and'cheaply grown, allowing him, if necessary, to reduce
expenditure on silvicultural operations which may not be justified by
their long te~ benefits.

In most rainforest·areas, the invesbnent of t~e and money on
increasing the utilisation o'f more species, sizes and qualitiel will prob­
ably achieve a far greater return than expenditure on attemPts to mani­
pulate the regenerat'ion and canposition of the forest •. Many countries
already have the technical information needed for grouping their TRF
species according to 8~11ar1ties in properties or potential end uses,
and to organise marketing on a basis of end use groups instead of indi­
vidual species.

The current market trends, especially in danestic .. market., for
tropical t~bers and wood products of all kinds strongly SUBseit that
in future a far wider range of species will besaleable, in smaller sizes
and including stems of poorer quality. It is therefore sen.ible that any
species should be considered usable i£ it produces wood which 11 a,t
present used anywhere in its range or which can reasonably be believed to
be potentially marketable.

In any forest there will be SaDe species with difficult properties
and many indivldual trees with size., fO~8 or defect. luch that it i.~

unlikely that they can ever be sold for timber. Tb.,forelt manaser mUlt
decide whether it wi1l~b8 a good investment to el~1nat. luch tre••; if
they may be saleable in future, it i. hard to justify eXpenlive poisoning
treatments to el~inate them, unless the potential benefit. can b.
shown to outweigh the costs ~.&. 1£ a full stocking of only the most
valuable 8~ecie8 can be regenerated reliably and cheaply).

In all such cases, there may be great benefits fr~ using the lea.t
valuable trees for fuel or other purposes, since this can often be done ·
at little or no cost and can 8upply ~portant sources of energy or
materials.

Same forests contain many large and snaIl trees of the mOlt highly
valued species, many of which are d.atroyed during fell1ng and logSins.
Several workers ~.ve ~tre'led the ~portanc •.of reduc1ng tria d.-ase bys-

<a> cutting large cl~b.rl before 10g8ing, pr.f.~.bly at l.alt •
year in advance, 80 that ~ey break more easily and do not lqck .ever~!-

trees together when one tree 18 felled; ,

(c) CCXl.plcuou.l1. ID&l'kiDl the YOUDI valuabla tr... which .•hou14..be ·
left uncI.laldJ: ~ ~ ., .. ."- ,•. \ , • . ,.. ; ..~ " . .. ",



~

~ - 28 -

·,(d) contro~11ng ',log-dragging; ,

·.\ ..... ".

(e) fines for careleLs damage by loggers •

.In many countries these controls are not pos.sible, and forest ser­
vices often have little or no authority to control the 'intensity of log­
ging o~ to limit the incidental damage and wastage by logging
organizations. All those concerned with long-te~ forest managemen~

should a~ to'improve this situation•.
Burgess (10) in Malaysia has shown that cutting undergrowth before

seedfall can reduce the subsequent rates of seedling mortality of some
dipterocarp species. This is particularly ~portant with the stemless
palm Eugeis80na tristi8 and lane non-self-suppor.ting bamboo ~pecies.

There are probably many cases where cutting undergrowth shrubs, P&~8 and
bamboOS would increase tree seedling survival when this is l~ited by 'low
light intensities and competition for moisture.

4.23 Recommendations'

The following features of silviculture and management are confi­
dently recaDmended for implementation, research or statutory regulation
where appropriate, since the scale and reliability of 'the benefits, in
te~s of survival, increments and production, will in many cases justify
the costs. Same of these operations, such as climber cutting, may be
relatively cheap, especially when combined with routine 1nvento~ work
or supervision of logging; others may even be profitable, such as the
development of ne~outlets.

<a> Control of felling and extraction techniques to min~i8e damage
to the Itan~J especially to remaining trees of the most valuable species.

(b) ,Control of road works and log transport to minfmi8e damage.to
soila and drainage systems which may l~ad to erosion, waterlogging and
reduced productivity.

(c) Cl~ber cutt1ng~ preferably 1-3 years b~fore logging, to reduce
dmDage caused by intertwined tree crowns, to reduce regeneration of
cl~ber8. and ~erhap8 to allow more light to young regeneration.

(d) Cl~ber cutting during or after logging' to reduce the compet­
ition affecting young trees from climbers in the canopy and in the
regeneration. /

1 (e) Control of certain plants luch a. Rus_i'lona and lame under-
Itor., Ihrubl.lf they can b. killed relatively cheaply and have an
tmportaDt effect on·v.~uabl. reseneration.

(f) 'l11e.~em.oval ~d .sale. as poles, firewood. or chaz;coal. ·of trees
which have 1:\0 potent1~1 \'alue for timber or les8 potential ~.value tl\&ii
other tre•• whlch'are available. " .

(a) th"developDent' of markets for all- leller used t~b.r .p.c1.~•.
'r' 11~,~/~~,,~ Ii ..
~•. \;, \,."~,.~>.,,tl)v 'f"";. .. .. "

, ': • '- c" \
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The last, two rec~endat1on8 are the key factors for increaling
th'e pioduc~~~n' and revenue and decreasing the cost of TRF ,silviculture
and management. The fir.st, two· are the keys to avoiding environmental
degradation.

It is not possible to make a general rec~end.tion about removal
by poiaoning or other costly methods the large or defective trees which
have little or no present U8e for man, because circUMstances vary 10
wide~y. Their'removal will probably increase incrementa on the remaining
valuable trees and'may increase the total production of usable Wood. but
the increased value of the production may not justify the cost. If the
unwanted trees are left to grow and die, some useful production may be
lost to man, but the land 1s not wasted since such trees contribute
(often greatly) to nutrient cycling, seedling regeneration, conservation
of wildlife and genetic resources and the yield of other forest products
such as fruits and meat. The decision must be based on local market8,
costs and resources, on the stocking of such unwanted- trees and on the
responses and benefits anticipated fram removing them.

Major decisions about extensive progr~a of'.11vicultural trea~ent
and managenent should not be taken until quantitative information 1.
available about the effects of the interventions. In rainforest, this
requires sample plots and exper~ental plots, and adequate analy.es of the
data for yields and costs. Same countries have aame information about
stocking and rates of diameter and ba.al area incr~.nt (or they have raw
data which could supply this in£o~.tion), but in mOlt casel much b••ic
info~tion i8 needed about rates of production, ••pecially of utili••ble
sizes of t~b.r, ~d COlts, before final decisions .b~ut lengths of cut­
ting cycles can be fo~ulated•. Thus PSP prograMs, yield controls and
forecasts, and management plans should be ~pl~ented &1 • regular,
routine operation by manageDent staff, and not s~ply &s a research exer-
ci8e~ ,

..

-' . .
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Annex"·,1. Data.available for development of forecasting programs

, All the 'dat~ detailed below have same feature which made them
.parti~ularly suitable for stand modelling; large quanti~ies ~f less
useful data fran Ghana, Nigeria, Uganda, ,ill.•. were also available but
are not included here:-

Australia: Atherton, Queensland, Plot No.3, one undisturbed plot of
0.5 ha measured 1971, '73, '75. Heights measured once; co-ordinates
from plot map.

Malaysian Peninsular: Selangor, S.P.I, one plot established in 1915
in regenerating Kapur, Dryobalanops aromatics, remeasured aLmost every
year. Initially 101 trees, finally 16 survivors after mortality and
some si1vicultural operations.

Sabah: Many sample plots in harvested forest with up to 10 measurements
~ 1966; only leading desirables are individually numbered, no heights
or co-ordinates. ·

Sarawak: Undisturbed forest: Bukit Mersing, Lambir and Bako forests, 13
plots totalling 19.5 ha, all measured 3 t~e~ over 10 years, including
c. 5,000 trees.

Treated forest: several treatment exper~ents, with up to 5
measurements since 1970.

Solanon Islands:' ,Kolcmbangara Island,' 22 plots of 0.,625 ha, established
1964. 10 mea8ur~ent8 of all trees ~ ins girth of 12 commonest species,
1964-1975. Cyclone destroyed one plot and damaged others in 1967.

Vanikolo Kauri stands, 9 areas established in 1957, measured 6
(-7) times. for girth and once for crown status. 5 plots logged and 4
unlo8sed •

Usanda: Budongo Forest N~ture Reserve, R.P.7. One plot of ,1.418 ha
established in 1939. All trees of all 75 species> 10 . (sometimes only) 20)
em d measured 16 times, 1939-1976. Initially 539 trees )20 ~ d, now 1124
treel)10 om 4. Crown statuI recorded at all mealurements; co-ordina~e8

from plot mapa. Unlogsed, untreated.

Venezuela: San Carlos de Rio Negro, MAB project: one block of undis­
turbed forest, 10 ha, ,in which all trees )13 em d (in some sub-plots,' all
>5 or )1 em d) measured 1n 1975. Data include co-ordinates, total heights,
crown depth and crown diameter. This block is part of a larger plot
<')28 ha) in which many o~her s01l and environmental variables are measured.
Sane plata of d11tdrbed forest and cultivation are also/being tested.' The
data provide the most complete characterisation of tree and 8tand statu8
available. ·, ,~'

.. '.
~'
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Annex 2. Data,used for analyses of silviculture'treatment effect8~ and
the conclusions drawn from the'exper~ents

1. NIGERIA

R.P. 273, Sapoba Forest. 13 treatments, 4 replicates. Treatments were
ap~lied in 1956-60, harvesting in 1962. Regeneration surveys were,carried
out in 1956, '57, '60, '65 and '75; some individual tree measurements were
made in 1967, '69, '72 and '75.

Surveys and measurements ·'were carried out in strips 'in the treated
areas. Some data are available for t'otal basal areas poisoned and"the
number of trees' felled per treatments, but unfortunately there' 18~ no way
of quantifying the interference (basal areas removed by poison1ng~or '
treatment) or the changes in the competition within the measured· areas or
the damage 'from felling and extraction.

,
The available data, including individual tree increments, were

analysed at Oxford by P.R.O •. Kio, working with project and UTS'colleagues
(29). Earlier analyses by Lowe and Jeffers had indicated that ,the stock­
ing of young regeneration of selected valuable species was lowest in the
least treated area, but they gave no indication of current crop, 'productioti
The main value of the'data for this project has been in drawing' attention
to the problems cau,sed -by inadequacies in the data,. in the available
analyses and in the experimental design (including the uncontrolled,
inadequately recorded logging confounded with"the carefully planned but
unquantified treatments). .

2. PENINSUlAR MAUYSIA

Cutting and Growth Tri~l, Trengganu
6 Logging intensities, 3 replicated and 3 unreplicated; 2 measurements,
1973 and '74.

Tang Hon Tat worked with project and UTS staff and with new and
adapted programs to process these data which he brought to Oxford; he
analysed the results for an Oxford M.Sc. thesis (55).

The data are particularly valuable in including details of the quan­
tities felled in each plot, and there was no poisoning supertmp~aed.

Several individual tree variables were measure9, so that corr~lat1on•
. between treatment intensities and growth can be examined in ,several ways.

\. • ~," -'Yo'

, , " i 't~ S!' ".. .
Tarig examined variation in stocking by species groups and;.81z8S

before and after logging, and variation in growth rates and 1088i~8" '
damage after logging. The effects of treabnents on growth rat~~~~e~e' .
studied by linear regression analysis, rather than by analysis ,of ,variance
between the 6 prescribed treatments, because the prescriptions 'were·not
reflected consistently by the actual or proportional re81dual~b.l.l.r••8

or logging intensities. . '. ,.~~;t~:u, '. ). :.
, .. , ,!. \fI' . I" ' \j~t"""'"

, , " Tang found', a :,s1gn1ficant"linear' cor~elat1on between r.'~ 1 . ,.'
b~'!t ai-ea, a~(t,:'C1i~.t,.t:· 1nct~~~t"t()rthr~• .!:qflti~.~four·;'''.p,c· . U·

'(1iSht 'liardwoo~'-,~m,~di~' hardwo~al~" and '. h~.yY';'i:t~l.ce.~,~,~~o~
.for,~d1pterocarp. only --<present',1ll 'smal1er,;'nUmbexal)J', ~m~.D·",~!DcJ:
',' \' • ':" ,'. .; , • • I " ' ':'$: :;:;.:~~:~: .:\', ' .. ~'"
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ten~ed to increase as plot basal area decreased. On the othe;'oand he
found that the total baaal area increment of all survivors (m2 /an/unit
a~rea) was higher in plots with higher basal area, indicating that in ,this
case the large numbers of survivoys in heavily stocked plots coun'ter-'
balanced the faster individual growth rates in the lightly stocked plots.

In further data from 'Selangor sample plots, Tang found significant',
positive correl~tions bet~een plot basal areas and total'basal area
increment of survivors, presumably beca~se more heavily stocked plots had
more survivors, but no significant correlation between plot'basal areas
and'diameter increments.

3. SARAWAK

3.1 INV. 13, R.P. 52, Tutus Forest
6 treatments, 2 desirable ~istsJ 5 replicates (see Ann~x 3).

3.2 INV. 52, R. P. 43-44" N:aman and- Pulau Bruit Forests. 4 Old treatinents, 2
new treatments, 2 sites, 2 repl1c~tes.

3.3 INV. 47, R.P. 68, Niah Forest
8 treatments, 2 deBirabl~ lists, 6 replicates.

In all these Sarawak experiments, the data enable us'to calculate
basa-1 areas in the initial stand, aa well as ~he basal areas felled and
poisoned, fairly accurately. The Tutus experiment covers a longer "
period, and has ~ simpler design than the others and, has received our
main attention, but the results of INV. 47.may be more valuable'when 3
or more measurements are available.
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:AtUi.x ,,3. :' ReSultS' and conclusions from analysis of available data from
Sarawak·lnvestigation 13, RP 52, Sg. Tutus"Forest

, .
1. Objective of experiment

To exam~ne th,e "effect on the regeneration of desira.l>le species of
6 poisoning treabDents in~heavi1y felled Mixed Swamp Forest ~ediately
after exploitation" (39).

The data available in Oxford consist of tree measurements. not
regeneration counts, so the objective of the analyses has been to examine
the effects of the treatments on tree and crop increments 'and production.

2. Layout

Established in 1969-1970 in a 900 acre plo~ containing 60 logSing
blocks. Assessments were carried out in a systematic S~ sample. arranged
as one line. of 30 quadrats in each logging block. Each quadrat was \
chain square (c. 10 x 10 m) and each strip waS 0.75 acres (0.3035 ha).
The area was ,logged in 1969-70 and treated in 1970.

3. Treatments

Poi.on undesirables
plus unsound, damaged
and badly shlped trees

0.£ any speciesother desirables
and acceptables

Ramin and
Jongkong

6 treatments were applied to 5 blocks selected at random with 2
species-lists, making a total of 60 plots. The treabDent instructions
consisted of poisoning trees down to various diameters in various cate­
gories of species and form, as follows:-

"Treatments Poison sound and well
shaped trees of

1 (1 & 7) over 24" dbh
2 (2 & 8)
3 (3 6& 9)
4 (4 6& 10)
5 (5 & 11)
6 (6 6& 12)

over 16" dbh over 12" dbh
over 12" "
over 8" "
over 4" ".-
over 10' tall

The list of "desirable and acceptable" speciel used during poi.on­
ing contained 16 Ip~cie8 in treatments 1-5, and 25 speciel in treatments
7-11. Thi. difference .ffected the severlty of poiloning and the b••al

. area remaining ~fteJ:; trea~ent, a;nd was apparent in the resultsJ however,
.in most of the discuI.ion below the effecta of the desirable. li.t. have
been ignored In'order to concentrate attention on ~. d1fference between
tr••bDent pre.criptions.

. The in'structitin. suggest a sequence of .treatDielit-:·intena1El~.of S
'4 3 1 2 6, arranged in order of decreaaing ,intenlity. ·'!'be actUal been':
8ity f.D. any ~on. ~pl(o.t~~ ratid the order' of 'iDtatistty·} 111 ~~i' Oil.' 'trepilJi~ioQ .
inevitably. depen~.d "on the distributiOn' arid/1alt'••"'o1t"\niI.l.lra'bi•• 'du._ .for

PR~~~*S:r:'Fr:,~~~\~ftl\l.~~.,iJ~~~~, .\ '. .. ·pf(l t· . .r

,~r,l •"it!l1~: $rU !~t1JiJ ftd, :1 ' j 1':;";' It '~'3't" D11• .,,~ ,.6
/ ., < '"I' . ,.. I!' -(lt t.' ·s:;'~ ~ r .....1J '! <~ff:... ;,1ft lY . ,2~ .' ,4t••' I! ~"~'
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4. Assessment,
" .

~ The strips and quadrats were laid out and first measured in mid-
1970 after the treatments and remeasured in 1971~ 1972, 1974 and 1975.
'At each assessment, the four best trees in each quadrat, from a list of
nearly 60 desirables species, were measured for girth (or height, for
,seedlings and saplings) and'scored for crown position and crown form.
These tre~s, the Leading Desirables and any subsequent replacements,
were individually numbered, identified and recorded 80 that their indi­
vidual progress could be followed. In addition, all other tre~s in the
stand were measured and tabulated in I ft girth classes in categories of
desirables, undesirables, poisoned and felled (stumps or broken trees).

These data, all collected at one tLme, made it possible to calcu­
late the original, prelogging stocking of the forest and the intensities
of logging and poisoning in te~s of numbers, basal areas and proportions
removed. Many of the analyses are based on the fully checked data for
1970-74.

5. Data processing

The data for Leading Desirables were processed through the program
UPDATE to provide information about their basal area production and
average incrementa, including several of the items listed in Table 2
(section 2.23), particularly mean annual 1 • i and 18 for each plot over
different intervals ~_&. 1970-72, 1972-74f. SSapIing heights were con­
verted to est~ated girths.,

The data for the full stand in each plot were processed through the
program BASALAREAS to provide the following kinds of 1nfo~ation:-

(1) a measure of the stand at any one t~e, ~.&.

'IOTALG 1970 total stand basal area before logging or treatment
FELLG 1970 basal area of logged trees
POSTFG 1970 basal area remaining after logging
DESRG 1970 basal area of desirable trees
UNDSRG 1970 basal area of undesirable trees
POIse ( 1970 basal area of poisoned trees
TOIALG 1974 total stand basal area alive in 1974

. r

~I"'"f-.,,'

'"" \" ,.

and 8~ilarly for each year
/

(2) • measure of the ~p.ct of treabrient., shown by the 1970 data:
!a_a..' t~ - FELLa - POISG :. basal area remaining after loSSinS

'" and treatment. \..' "DESRG 1970 ... TOTALG 1970 : proportion of the unlogsed stand remain-
ing a. lurviving desirables.
and ,ot1)er lIleaIU,e'l listed in table 1 (section 2.22).
• • • II ~ •• ' to • f. ,

:(3) .. ,., m~'Ut. of'rth'e production and developnent of the' stand in the years
I ~,~,. ·':"fol10Wf tJ'lnterfer'ence' le••

~~t'l\.l":Ji"4,'f\'.~~;1 .'~.: "",' 't' J_&. ". . .
DE~,.'1974 -~!SRG. ~970 • Det baaal are'a production per" ploi 'of l all {

" '~.~i:r~bl.· tr•••• · equivalent':to4 'the lum' of "the tr.. incrementa plu8
.','\ ."b~~i~;<~f·Ii'" l:~cru1t.~ ~rom .1970-74. 1"

\! '.
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6. -Analysis of results

6.1 Analyses of variance

,First, the differences in the impacts and responses between the 6
treatments were assessed by analyses, of variance. Several covariance
analyses were 'tried, to separate the effects of different pre-logging
stockings and logging intensities.

Several of' the analyses showed'highly significant differences
between treatments (at the 14 or O.lt level of significance). The, fol­
lowing list shows same of the factors which showed highly significant
differences and the treatment numbers arranged in decreasing order of
their mean values.

1.
2.
3.
4.
5.
6.

7.

Basal area removed by logging and treatment
~ of initial b.a. removed
B.a. production per acre of all desirables 1970-74
Mean i of leading desirables (several "intervals)c
k of total 1974 b.a. consisting of desirables
Basal area of all desirables after treatment, 1970
(range 34-16 ft /acre) ,
Total basal area 1974 (range 101-43 ft3/acre)

543216
543216
4.52316
534216
542613

612453
612345

These and "ot~e~ results confirmed that the total removals .. and the
basal area remaining after logging and poisoning'corresponded approxi­
mately to the expected severities of the 'treacnents, and also that the
heavier the b~a. removals, the faster the survivors grew ~.&. item 4
above). All this was expected and same examples of differences between
treatments are shown in Figure 1, but the significant differences were
aLmost ell bet~en the extremes. Thus the relpOD'•• ¢De.sured in various
ways) in treatment 5 were often significantly different from those in the

,control treatment 6 and perhaps the lisht1~ treated 1 and 2; l1kewise the
response in the control (logged but not poisoned) was often significantly
different from that in 5 and perhaps 4 and 3: but it was usually tmpo8sible
to show a significant .different between treatments Sand 4, 4 and 3, ~.

There were no significant differences b.t~en the treabDent. in
r

the initi.l or felled or post-logging basal areas, but it was clear tha~

these were highly variable both in the stocking and in the proportion
felled or

2
remaining in each plot (logging intensities ranged from 10.4

. to 190 ft b.a./acre).

,..
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1 158, 154 127

2

3

....l._4_8~.27

.86 .71 .69 .63 .45

5 4 3 2 1 6

" .

Treatments

21•.. Average basal area removed by felling and ,treatment, ft /acre
2. Mean girth increment of L.D.s, 1971-74, ins/an
3. Proportion of initial basal area removed by felling and treatment

"Figure 1. Some examples of measures of treatments and response, lnv.
13, Tutus Forest

The treatments were designed to remove, defective desirables and in
fact the total b.a. of desirables, ~s well as of undesirables, after treat­
ment was approx~tely in the same sequence as the intended treatment
intensities. This effe~t was still clear in 1974,but by then the sequence
was changed, indicating that changes had been induced 1n the development
of the stand as well a8 in the initial stocking.

(
The total basal area growth per acre of the whole stand, of the

desirables and of surviving Leading Desirables, and the mean i and i
~er tree, were a~o8t invariably lowest in the untreated contr81, whi~h
contained the highest stocking of all categories, and highest in the more
heavily treated plots.

6.2 Regression analyses.
'The 'effects. of.s1lvlcultural treabnents were not fully displayed

by analYI~',of varl~n~e between num~ered treabnents, 80 some 8~ple
lineat resrelilons were calculated.' . '--'
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, T8J;le",,<'3,. Some', examples' of statistically sigriificant, correlations ',between
,'~ '. ,l{, ;'. '(:1ncrements and various ,measures of treatment-impacts

" JI' ~

(1) " ('., ,Correlations between increments and b.a. logged and poi8oned:
. '.

(1.1) Ie of Leading Desirables (L.D.s) 1972-4, and the proportion of'
initial b.a.' .removed.

y • 0.38 + 1.32x R2 • 0.65

(1.2)~rc of L.D.s 1972-74, and the t~a1 b.a. rem2ved
y • 0.62 + 0.0053 x R • 0.56

2
R • 0.66

(1.3) I c of Meranti L.O.s 1972-74, and the proportion of initial b.a.
removed

y • 0.38 + 1.78 x

(1.4) I c of Merantl L.D.s 1972-74, and the total b.a. removed
y • 0.72 + 0.007 x R2 • 0.54

(1.5) Net b.a. production of all stand 1970-74 as a ·proportion of the.
total 1974 b.a., and the proportion of initial b.a. removed

y • .-0.29 + 0.85 x . . R2. 0.68

(1.6) Net b.a. production of all stand 1970-74, and the. proportion of
initial b.a. removed

y .-3.23 + 30.9 x R2 • 0~38

(1.7) Net b.a. production of all desirables 1970-74 as a proportion of
the 1970 desirable b.a., and the proportion of initial b-.a. removed

y --1.05 + 2.49 x , R2 • 0.40

"
(1.8) Net b.a. production of all desirables 1970-74, and the proportion

of initial b.a. removed
y • -7.6 + 24.4 x R~ • 0.47

(1.9) Net' b.a. production of all desirables 1970-74. and the total b.a.
removed

R2 •y • -3. 9 + O. 10 x 0.46

(2 ) Correla~ions between increments and reduction 1n b.a. caused by
treatment alone or logging alone,

(2.1) i c of L.D.s 1972-74, and b.a. poisoned as a proportion of POSTFG
1~70 (b.a. remaining after logging)

y. 1.05 to.66 x R2 • 0.35

,(2.2) Total b.a. growth of residual stand 1970-74 88 a proportion of. the
total 1974 b ••• , and the b.a.·poisoned a8 a proportion of POSTlG 1970

Y • 0,094 + 0.55 x R2 • 0:61

(2.3) Ie of L.D.s 1972-74, and b.a. logged as a proportion of initial
b.a. <!.!.. ignoring the proportJ,on p01aoneda ": I"'::

.y ... 0.72 + 1.13 x · -It. 0.34. I.,~

(3 )
. ..

.Corr.l.tlon.~b'~"Q~lncr~ment.,.nd.b/ •• ItocklnS
, t \ttl"; . ~~,~tj ~'; 4../u.!~",·: t I~#:.·.,i, '.rLi "ft,' u.'6~t, 1';~tI't .. .-.:. r

(3.~ lh~a .. ~f,ii,u~lvlD8'J:seJ:aQt1l;L.D.t.l),I~i2~1~j anes.. iot.l~l91~" 1)"a·t\\o8.,.1 :.
Of.' 1tel U.YJ:1.L~~2"S~.1h;O~.O.~':;~AJ:~rt~ . ..l $' ",~1!.ta~iO\•.6,.-.,...".",ri'tJdf t ..

, ." _ .': . . t .';. ":' '. : . . I . ' : "\;" .. .. ..' (
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'l11e ev1den.c·~ from analyses of variance that heavier treatments
resulted'in'faster growth rates was confinned by the fact that.almost
all· the measures· of b~sal area reduction or stocking were significantly

"correlated ·with measures of tree and crop increments by linear
'r~gres8ion (often at the 17. or 0.11. level). In Table 3, some examples

are listed where the variation in basal area (b.a.) reduction or stock­
ing llccounte'd for at least) .35~ of the variation in increments, showing
the co-efficient' of dete~ination (R2) value and the regression equation.

After plot'ting inany measures of increment and production against
~many measures of treatment and logging intensities, it is clear that

with increasing basal area removals in any plot there was a strong cor­
relation with increasing tree-increments 'and a good but more variable
correlation with increasing, b.a. production in various categories.
Table 4 below demonstrates the intensities of 10gg1ng and treatme~t and
the R2 shown by the linear regression of these removals with the i of
L.D.s in 1972-74. c

Table 4. The average lo~~in8 and treatment intensities and their cor­
relation with L.D. increments

Logging
Treatments
To~l

7. Interpretation

Average
r~ovals
ft /acre

95.3
31.4

126.7

R2

0.30
0.22
0.S8

Removals a8
proportion of
initial stand

Sl.5~

l7.T%.
69.21

R2

0.34
0.16
0.67

j .'

The' analyses of variance provided clear evidence that average
increne~ts in the. heavily t~eated plots were higher than in untreated
plpta, after logging. The sequences of increasing average growth rates
ItTongly suggested that the differences in response between the numbered
treatments were real, and not .~ply a random effect, and that each num­
bered treatment could be expected to produce, on average, a slightly
larger or smaller response than the next treatment. However, it was
clear that ~ach numbered treabnent included much variation in its ~pact

on the Itand. Thus there was apparently a real relponle of growth tates "
to treatment intenlitiel, but the comparison between treatment numbers
does not diltinguish it very cl.arly.

It ap~ear8 th~t there 1s an interaction between logging and treat-
·ment effect., ~d that the ~pact of poisoning is strongly dependent on

the prevloul ~p.ct of loSging. It has not been possible to devote
enough t~. to analy.ing th••• data by multiple resr.lsion, uling logging
and .treatment int.o.iti•••1 independent variable.:. this would b. p.rti~
bUlat-I, u••ful i~'; there tier. more data for the two extreme. ot (a) ·
bnlolsed or l1ahtly~lbS8.d plOt. and (b) plots 4ffected·so heaVily that
b...l area prbc!uctlOG. vas reduced and girth :l.n*~rem.nt8" ~howed no furth_er ~:incr..... ,,~ " ., . .
if'ft ,t'NtH t 'd , t w .' to I ," l . •

:, ,', OIl .v.rli••~th. ,bl'11 .1'1. l'GovllI by loa,tn. ".ra thr•• tilllS' '
i 1.~a,t!l.Qttb.rtii6ftl" b"p&liODlAi4'(Tabl.~4) bu~~tli.,~y.lu•• t oft)te) in: I

· ·~';i-.~~"l~1~'dl~.~.•t ••th~~ ~.~~liDlr, lilt.ii~l~. accoutlte4 ' fot'.! ~y.;l. .
. , " .. ' ..I .J, ".. ,) ,.. &. '" •• .,. .' j .", I', ~. , . ' (

':''.!'/, ,"'~ ".L.~t):) ~,rjl, ...". \ \, t ~ • a t. .t ~:().. "
•X ')l .~) to' So.. ~ tJt 'X ". ' III • At.
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about tldce asmu'Cho£· the· vadability in L.D.increments as the·>treat­
merit intensity•.''1'his suggests that the extra, opening- applied to 'already
partially:, opened forest had at least as much effect as, and perh'aps more
effect than, an eq~lyalent opening applied to undi8turbed fore.t. There
is scarcely any IU8sestlon from the plotted data used 'lor regr.slions
that the response to' treatments has reached' a maximUm at 1e88 than the
max,imum intensities. Indeed it appear..s in this case and others that only
extre:me .treatments allow /al1 'or most of the established L.D. s sufficien t

space to grOw at their max~um possible rates. If the apparent extra
effectiveness of the treatments is real, a po~sible exp1anation·inay be
that b.a. removal by poisoning of, say, 30 ft {acre has a proportionately
larger tmpact on residual b.a. in logged forest wit~, say, 100 ft !acre
(30% reduction) than ,in unlogged forest with 200 ft lacre (lS~ reduction),·
and hence perhaps more eff'ect on growth responses. In this respect the
effect of poisoning on average increments was probably s~ilar to tHe
effect of any basal area reduction by logging or ,thinning. .

In addition, treatments had a selective impact on the residual
stand which was clearly apparent but less consistent, shown by several
regressions of poisoning intensity on the proportion of desirables in the
residual stand. For example, treatment intensity was measured as the pro­
portion of the post-logging basal area which was poisoned; the selective
response was measured as (a) the proportional increase in the desirable
basal area 1970-74 and (b) the proportion of des2rables in the whole 1974
stand (range 20-8~). Both regressions had an R of 0.29: stmilarly the
selective effects of treatment intensities on annual baaal·area produc- 2
tion per acre of desirables also produced significant regressions with R
of less than 0.3.

This is a real affect of poisoning. and is likely to have an impor­
tant effect on the canpos1tion of the final crop, 10 it il mOlt -important
to understand why the selective effect is not·as clearly displayed in
these 'analyses is the overall effect on average s'irth incrementa. This
Goes not mean that poisoning must ,have had only. minor selective impact
on the stand.

The selective impact of poisoning in anyone plot depended on the
stocking and size distribution of both desirables and undesirable. with

\
respect to the size l~its for logging and poi.ooiDg. These vari.d con-
siderably from plot to plot: the basal area of undesirables in' one plot

. may have been high, resulting in a heavy treabnent-lntensity,'wh11e the
basal area of unlo8ged desirables may have been either high or low irres­
pective of the poiloning intensity. Thus limple comparilons between
plots have only .'.limited ability to diit1nguilh chanse. in compo.ition
and selective respon.es within plots and may ea.ily under.stimate them.

, .),.

We may also examine the selective effects of poisoning on the
'present and future production of d~sirable species, These will. depend .
on ,ven more facto~. which can vary more or le.s independent1¥#1Dd are
d~ff1cult tt;! ~uantify in an experiment:, not .only ... \.. . . ..
.(a) the tr~•. increment•• affected by the ba.al are. reduction and by #,

the charactetl.tlci of individual 'species" and . . .. ,: .
(b) the-stand composition, the ~hance factors of s1ze- &D.d apect._-. 4

•

. .~~~o81~~~!,.be~e"loJ81n8. but alao _.,.~.. .-.: ,.\ir .;, ;' :- " ·
i(>~:.~~(C) the :,COlllpo.~tloQ·~&Dd .~undanc".lof the reatnlra,tion &04 riC lilt.

',i~"i~' , ;·~;tr~' ~.;1~·:\':" ,~' .\...... " ... ' .. '" ", ',:
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. , All' these ,factors shoW a natural range q£ local variation, and '-0£
're~pon8e'8,~to' features' outside the plot <!:.•.s.. nearby seed':'trees) or.: o~t­
8idei:':,!!Xp~r:t.m:en.t'al·cdnt_rol (soil and site factors).. In ·these regre~8ions

.. of basal .'ar~ growth of desirables and poisoning-intensity,. the cor­
relatiOn 18'a~o8t'1nev1tablyrather weak, because of all these'sources
of variation; it 18 therefore 'reasonable to attach more importance to
'the fact that the correlation is clearly evident in the scatter diagrams
and ~ the statistical significance of the regressions. More detailed
analyses are required to separate the relative importance of trea~ent

intensity, initial stocking and subsequent recruitment.

8., Conclusions

The. Tutus exper~ent shows clearly that ,basal area reductions led
to increased increments, and the extra reductions in treated plots .
enhanced increments still more. Within the range of treatments applied,
the lower the final basal area (and the greater the. total or propor­
tional reduction) the greater were the average girth increments of the
whole stand" the desirables and the Meranti and, to a more variable
extent, the/greater was the measured basal area'product1on per plot.

It was clear that the trees responded at least proportiona~ely to
basal area reductions by poisoning even in heavily logged plots, and
that poisoning produced persistent effects on basal area production of
desirables and on species composition. .

The. plots with reduced . bayal area had a higher basal area pro­
duction because of their enhanced-glrth increments, in 'spite of having
fewer and usually smaller trees available. Further' reductions in basal
area would have reached a stage Where total measured basal area production
would also have dropped, when the increased girth increments could_no
longer cqalpensate fo~ the fewer .measured trees', -,cf. Figure 2. '!be "break­
even" po~t, w1th~~he highest increments and production per unit area
frqm. the fewest trees,' will depend on the' characteristics of the species
and the forest; a stand of species which respond Only slightly to heavy
~al.l area reductions would show a drop in overall production at a higher
Itock1ns than. stand of lenlitive, larae crowned speci•• luch .a.
Mae.opsis, Terminalia or Merant1.

(

,
'. '

• , is. ".J 4~' • .~~.:u t~t~.

~. tl.1a·'lll4 t-. t\tl '" .c~~ tfftc.~1.'_;$:
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b.a.
production
ha/an
(hatched)

1

b.a:/ha
reduced by
treatment

. j . ,

!b.a. prOduction~ha
of remaining trees

I

. ,
I

i c of remaining trees
increasing with reduction
in ompetetive stress

----~> increasing intensity of treatment (!.~. b.a. reduction)

Figure 2. Diagrammatic representation of relation between the reduction
in basal area (and numbers) per ha by treatment, the girth (or
diameter) increment of remaining liberated trees, and the basal
area production per ha of remaining trees, of measured cate­
gories

There is much scope for examining these effects in more detail, both
in this expertment~and in others where some other variables are measured.
In ,this case, it was not possible to ,examine volume increments. If log­
ging or silviculture affect the average sizes of residual desirables
trees, then effects on volume production may not be the same as effects
on diameter increments. 'However, it is possible that net volume produc­
tion of all woody material per unit area in regenerating rain forest (the
"building phase" of Whibnore) remains roughly similar over a broad rat1ge
of stocking provided that the canopy is closed and the stocking 1s below
the Ltmlting Basal Area (Dawkins (17». Therefore the most important cri­
t~ria for judging the use of treatments are likely to be their effects
on diameter or girth ;increments and on the proportion of the developing
stand which consists of usable trees. Through these factors, the treat-
,menta affect the net annual production of usable wood a. a proportion
of the total yield of the aite, aftd·tbe rate at which that annual pro-
duction 18 developing into treea of usable slze8. )

.\,,/
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