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Thia report describea the results of a research project concerned
with silviculture and managemerit of tropical rainforest. Data from sil-
‘vicultural treatment experiments were analysed to examine the effects of
- logging and treatments on growth rates and yields. It waw shown that
diameter increments, and basal area and volume production, were strongly

AA 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
gsuitable for small computers. New programs were developed to find ways of
using such data for making more reliable forecasts of future stocking and
ylelds in rainforest, and were shown to be feasible and very promising for-
management and research purposes.

i 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 treatments 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 size frequencies from recurrent measurements of permanent plots, by
projecting the observed growth, mortality and recruitment into the future;

3) Heveloping 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 considered as part of a continuing search for methods of
analysing and interpreting measurement data and methods of managing rain-
forest for their long-term productive and protective benefits. In parti-
cular, much more work 1s required to develop the existing stand-projection
program into a system for reliable forecasts and management planning.

;-
The experience gained with rainforest plots and data of different
kinds has been used to prepare a manual of methods and techniques for
ea‘tghliohin&and measuring permanent plots for.continuous forest inven- '
- tory and " a!.lvicult:ure .xesearch. This manual is intended to give practical °
l,gwm to, ruurcpormand £orest managers.who. sre concerned with estab- -

, ing or mouurinq permanent plotc. It has been published separateély al»
; T:opt.cal rorut.ry,hpor No. 14, A'Manual of Pemnahr. Plot Procoduru iot
Tropicnl luinforest:a. ¢
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Thia projected was, financed by Research Scheme R.2878 of the United
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The project has been carried out at Oxford because it was possible
to arrange collaboration between tropical silviculturists, computer
operators and biometricians with the facilities and accumulated data at
the Institute. Thus, almost all the work reported here has been carried
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.trees . to grow from one diameter

REPORT o A TROPICAL RAINFOREST RESEARCH PROJECT

STAND FORECASTING

Backgrgund 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 1is because it is not difficult to cor-
relate growth-rates, size, site and competitive status (crowding) in
stands of one species and known ages grown together, Further, the per-
formance 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 genetic 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 size and species and pre-
ferably for several categories of competitive status; the large sizes
and less common 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 estigates of their average growth rates, and hence '"times
of passage' (the term coined by Biolley for the average time required by
class to the next higher one). However,
such large samples increase the problems caused by the variability of
site, stocking and composition, since 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 in a managed plantation monoculture.
The variability of growth rates within a size 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 estimiting
- 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 times of passage for rotations, felling cycles and
yields.) However, these methods could take little account of the varia-
bility between trees and the fact that most trees are growing faster or
slower than the average. Therefore they cannot reliably predict the range
of sizes expected within each species or the numbers of/trees which will
reach any particular size., It {s biologically unreasonable to base
detailed management plans or forecasts on the assumption that each tree
will grow at. just the average rate calculated from other trees of

same size-class in the past., Such forecasts may become more realonable -
if they include confidence limits calculated from the observed varia-

‘bility of growth rates, and better still if they relate growth rates to

other measured varigbles in additiom to nize.

~ N
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1.3

" Computer programs for stand table projections

Several stand forecasting models have been developed for mixed hard-
wood forests in North America (7, 21, 36, 41, 56). These appear to be
very useful and effective in certain circumstances but not all suitable
for. 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 Markov approach,

based on a transition probability matrix for calculating 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 affected 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 1if 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 movements
between size classes, so much of the precision obtained in TRF plots by
careful measurements of individual-trees is lost in the forecast.

=/

A number of other models of tree growth, mortality, regeneration

- and stand development have been developed for long term forecasts- (6, 22,
-48). These methods are not necessarily based on several recurrent

measurements of the stand, but require information about individual
species characteristics such as maxima for age, height and diameter, and
relationships between photosynthesis and light regimes, climate and soil
moisture, and also about the enviromment (regimes of seed-eaters and
seedling-browsers, and topographic and climatic data). In TRF, such
detailed information is seldom available, so we are limited to methods
which invalve projection of existing trends in the measured variablea
such as sirze 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.

Current approach

The approach adopted in this project has been to use recurrent
measurements.of permanent plots in TRF to correlate growth rates with.
sizes and other measured variables for each tree, for any species or
group of species. A regression model is derived from all the trees and B ;
is then applied to each tree individually to predict its increment.from
its size and status. Inevitably, the competitive status of each tree
chlnges v:lt:h t:im, and its 3rowth ia influenced by different factors uhich




”cahﬁatlalﬁﬁ&s‘beameihured go the model cannot be used deterministically.

" Afpandom element is included in the model to allow for thé apparently

' . random elements of growth, i.e. the often poor correlation between
- growth rate and size,- species, and available measurements of status. If

there 18 little correlation between growth and the other variables, then

" the model will predict nearly random increments for successive periods

<
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‘for each tree.

The camputdr program GROWTH 1s a first working version, while pro-
gram GROPE is a more complex version not yet fully developed (2).

Program GROWTH

In GROWTH, a regression is calculated relating diasmeter 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, i.e. 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 conform to the mean of
the observed increments with no variability.

The growth model 1s in the form of a regression

1 2

where d = dfameter
i1 = 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 id on d
s t = times of measurement
1 2
a, b = constants

id from t. to t, =a + b (d at Fl) + e -

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 (i.e. the numbers of ingrowing or lost trees as

a proportion of the population) and the S.Ds. of the rates in successive
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 program will
usually be close to the lower size-limit of measurement, whereas lost

trees will usually have a wider, more randam distribution through- 111
sizes. . ‘.

-Separate regreaaion models are calculated .for each lpcciol or for
any'chosen group of species. In addition, several diftetontxtypca of

‘model-have been developed ‘and tested; incorporating.ctanlfbrmltionl of the
"1ndependent variableid nuing reciprocalo, lognrithm:, cté‘~ :
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Program GROWTH can derive the models of increment, ingrowth and

_mortality ‘from two or.more sets of measurements, and operates by applying

the models to the 'last measurements to forecast future gsets of trees and

" sizes in the form'of a full #kand composition. Each tree is projected
. forward, with successive increments, unless the ‘mortality model predicts

1ts,death' simultaneously, new ingrowth trees are introduced and each 1is
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
the predictions. The program calculates the stand table for each date
of measurement using the data provided, derives a regression model from
the game 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,
"obgerved'" 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 18 possible if several years of measurements
are avallable; the regression model is then constructed from only the
earlier years of data and then used for predicting the later years. 1If
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 accufkcy of this model is inevitably limited since it corr-
elates only size and increment, and takes no account of other inforgation:
on tree status and stand competition. This was appreciated when the pro-
gram was first written, and it was anticipated that the model would be
developed to include crown form, crown position and some measure of com-
peting basal area. We have gained considerable experience of the problems
and techniques of this kind of modelling approach, particularly in:-

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

¢ .

b) 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;

c) methods of calcdlacing recruitment and mortality in terms that are
biologically and statistically acceptable;

d) developing ideas of what other factors are required for improved
mod‘l'o

- During 1976, GROWTH was developed and tested sufficiently /to elim-
inate problems of handling various types of data and of printing the

-~

results in:the formats and options required.. Predictions using various
conversions.of diameter were compared, and it was found that the equation
». using: (logzd)ygnvlruult:n vhich were usually the closest to.the obgerved ,
stands;* ‘Differences:could usually be attributed to observed discrep=-
‘anciew fﬁmnumalion in the daca (auch as those cnuued by the beOnblnglra
cyclono ,{58)). .
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The rgsﬁlté confirmed the feasibility of this approach for-daking ’“

. reliable forecasts without the inadequacies of earlier deterministic
- methods, We did not make an exhaustive attempt to develop the most reli-
"able version of GROWTH, and the program 1s not being further developed,

because ‘it was clear that we needed a more complete model incorporating
other variables. (rhus, although the Kolombangara cyclone drastically

changed competitive statuses, a more complete model should incorporate

the responses -to these changes and still make reliable projections from
the final measurement. )

. 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 some measures of the local growing stock and of each tree's com-
petitive status which may 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 (e.g. emergent crown status),
within the subplot 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 modelled by
GROWTH. 1In effect the model will reflect the basic patterns of response
to competition variables characteristic of each species more sensitively
than the GROWTH modﬁla.

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 dismeters, heights and crown positions per tree and it then predicts
the stand composition for a date in the future showing every tree, each
with pérhaps a changed diameter, height and crown position. The program
then recalculates the new quadrat variables (basal area, etc.) and applies
the model to the new predicted values of tree variables (diameter, etc.)
to predict values for the next date.

Since GROPE is a stochastic model, incorporating random elements, '
repeated runs of the same program with the same data will produce
slightly 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 some form of confi-
dence limits to the yield predictions for purposes of management planning.
It should again be noted that GROPE is for tree growth projection and
cannot make prophecies about events which do not depend on the relation
between tree increment (or yield) and status (or competition).

It must be stressed that GROPE and its current developments are not

yet operational as management tools. They require further development -

and testing, including comparative tests between the results of these
regression models and of stand table projections based on mean times of
passage, before' they. can be shown to be reliable, ‘accurate and guitable .
for management .planning; This -objective, can:be{pursiedsby:any-organi=--
zation with adequate computing facilities.and suitablé data, and all-
existing progyams ard available for nll(who wish to'use them, '

~
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1.71

. positions;as. well:as heights and crown measurements which are not umully'
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Forecasts b& "time-of-passage" calculation3°

‘ . '1.' Calculate average annual increments for each species 1
and size class '

{i. Determine growth of each tree through successive
classes using average growth rates to predict sizes
for a future date

Forecasts by Markov Chain transition probabilities:-

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

i11. Calculate probability of any tree moving from ome ) ‘
class to the next in a given time . ;

1{1. Apply these probabilities to each tree for successive
intervals to predict size class distribution

Forecasts by regression models GROWIH and GROPE: -

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

1i. Apply regression model with random element to each
tree to predict its next increment and status from its
current size and status

Future developments

Crowing 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 1
crown sizes of neighbouring trees and their distances apart (from their
co-ordinates). 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 individuals, to give an index of com-

_petitive stress or crowding for each tree. In addition, simulated

relascope sweeps may be calculated, to give the local basal area, centred ‘
on each individugal tree, as a better measure of local competition than :
basal area per quadrat. -

It may be possible to develop a competition index or a meuure of
growing space which:will be better correlated with individual tiee growth
than the size, crown status or quadrat variables, thus improving the -~
accuracy of predictions. .Suitable data should define individual tree °

meagured :in: deli-‘mot programs, . Data from several countries (Malaysia, °
At“ttllh,mmd(flVCm:uch, Anncx 1) hnvo all- or some of 'this i
Vi D .'f H&'g‘;f  IREL 387 B P
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” minfcrmatiou° ‘most of the very detailed measurements have been in untreated
““forest, but-the same methods apply when appropriate measurements are
available from treated forests.

:1,72 'Simulated felling or treatment regimes

The stand projection program may be developed into a management model
by artificially applying various 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 as unwanted species or valuable
species down to various sizes, thus producing changes in crown status,
. competition and growth-responses among the remaining trees.

I1f sufficient data are available (e.g. from treatment experiments
or any area logged or treated to variable intensities) for calculating -
regression models of the growth and behaviour of different species in dif-
ferent competitive situations, it should then be possible to simulate the
long term production effects of different cutting cycles, different girth
limits for different species, or of eliminating certain categories of
trees determined by species, size or status.

e Pt P T e e e e e A

For accurate predictions, sensitive measures of individual tree com-
petitive status 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 Simulated tending or enrichment treatments

A further débelopment of the management model may be achieved by
simulating various weeding, thinning and eanrichment planting treatments.
This may be achieved by altering the ingrowth and mortality models so
that certain categories (species, sizes or statuses) of small trees have
higher mortality or less recruitment (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 demonstrated the feasibility of using conventional perm-
. anent plots as the basis for models to predict yields from TRF, and GRDPE
i -will allow a significant advance in yield predictions. There 13 no tech-
nical limit to the period of time over which forecasts can be made, but
the accuracy of the forecasts will depend upon the reliability of the data
and on the long-term uniformity of the patterns of growth, mortality and
i recruitment.

1.81 Management and planming

Using the GROPE model, it will be possible to maka forecasts o£ the
growing stock and potential yield from a management unit, broken down’ into
species and sizes,.allowing land use planners and forest managers better -
scope. for selecting options between quantified alternatives. This may be .
done in two ways: - . LT
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1.812

1.82

1.821

1.822

.laily measured over many years, particularly in_Africa and Malaysia, - ,
- Projections of. their measurements will demonstrate tendencica towards -
ﬂuctuti.ons or, tnnds in aunding bual area or volume, changes £n

RS lg; .
Lo I permanent gample plots are measured for some years, each plot
may be projected to the future date, and the future composition 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
size.of the sample and the variability of the forest.

Inventory projections

Appropriate models for each species may be constructed from 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 to
which a model of growth rate and size, status and competition can chara-
cterise the behaviour of any one species growing in a broad range of
gites and communities. If this 1s feasible, we may construct species
models from a small sample (e.g. 1-27%) in repeatedly measured plots and
then apply them to a larger inventory sample (e.g. 5-20%) for a more
precise estimate of future production.

Research plot studies

In order to make a reliable interpretation of forest dynamics from
short term results (single or a few repeated measurements) in plot-based
studies, it is often essential to obtain some information about the past
status of the plot, 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
terms of projections of observed trends. Two among many possible research
applications are:-

Comparison of treatment effects

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

For example, after treatment one species may have more stems and )
faster growth but higher mortality than another species; and comparable
differences from any other species; and different effects under different
treatments, What will be the net results after 40 years?

The treatment effects can be evaluated directly if the treated stands
are projected to the end of a potential felling cycle and the forecast
stand compositions compared.

Studies of guccegsion and stability; ecological studies

A number of plots in relatively undisturbed forest have been regu-
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specles composition through succession, invasion, failure of some species
to maintain their population, and other aspects of rainforest dynamics.

These forecasts could be very valuable in ecological studies. If
gome sutcessive 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 are inherently unstable, or the projected stand may appear so
unlikely, in the light of local 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-term -
maintenance of the system; species with too few seedlings to maintain the
population, {f projected unaltered into the future, may.rely on occasional
catastrophes or mast years when regeneration becomes established.)




- 2.1

- 10 -

EFFECTS OF SILVICULTURAL TREATMENTIS

Background to analysing treatment effects

.S1lvicultural treatment experiments have been established in many
tropical countries, often with rather general objectives such as "to
determrine 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 experimental -
treatments should be reproducible so that the results can also be repro-
duced and checked. However, rainforest can never prbdvide exactly _
reproducible experimental material either for controls or after tyeat-
ment. Treatments and treated plots may be slightly "more reproducible'
than controls or nil treatments, but it has become clear that untreated
and preferably undisturbed plots are extremely valuable for interpreting
treatment effects, especlally 1if 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 inferences about treatment effects from different plots
treated in different ways. These statistical problems are often inad-
equately settled, with inadequate replication or no controls, so that
many experiments are incapable of demonstrating cause-and-effect retation-
ships.

+ Further, the analyses of such treatment experiments have sometimes
been based on a very limited characterigation of treatment-intensities 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 a4 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',

Similarly, Kemp and Lowe (28), analysing data for Khaya grandifoliola,

concluded that they could not "distinguish any considerable influence of
measures of competition on the increment of subject trees'; however, in 5
of their 7 multiple regressions, size plus the other méuxurea of comp=-
etition accounted for )60% of the variability in increment. The compet-
ition variables were measured 11 years after treatments, and were therefore

'rather ‘inexact measures of the treatment intensity, so an- R2 of mbre than

0.6 appearn ‘to be very encouraging. Here also, it was impossible to -
quantify t:rutm nt intensities (mtetferenco mcluding logging was sptead
over- 5 yuu) asal areas removed or changes ‘in compatitive status;®so .

no’ »c*on!par:la ‘?bct\gnn cause‘and effect: u possible. The ‘growth r(tu in .
‘ "t’iﬁ:ﬂat“ed“ "hnd‘"t:t‘“uted"‘ plota weYe nnfcndﬁdly not'‘directly 'copared,

‘6‘{@.‘ “'é‘li‘lier «m.* (27) 'had /shown' higher incremhuta m*ma:edxbgg.

IR
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In another experiment (33) with four treatments and three repli-
cations, 3 control plots received no treatments while 9 plots received
a complete poisoning of all except Mitragyna at various times. Some of
these residual Mitragyna 5 cm d were measured over a span of 3 years;
the mean annual diameter increment of 51 trees in treated plots was
1.05 cm, ‘that of 33 trees in the untreated plots was 0.5 cm. 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 com-
petition (although the measures of competition sometimes 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, treatment effects remain
uncertain, because of inadequate experimental design, measurement or
analysis. ‘

Treatment experiments in other regions have also often produced
inconclusive results, often through an inadequate characterisation of
"treatments" (e.g. ignoring the variable impact of logging) or "effecta"
(e.g. only the average diameter increment of leading desirables or only
the milliacre stocking). Some experiments have been left without full
analysis when it was seen that a defined objective, such as enhancing
the regeneration of a few chosen species, was not achieved, after which
the tested system was rejected as ineffective,

Any work with treatment experiments and permanent plots in TRF is~
very costly, in establishment and remeasurement, and is capable of pro-
viding much important information about the growth of the stand and of
each species and about responses to local competition. It is a waste
of money 1f such experiments are used only for assessing effects on
regeneration with no regard to effects on increments and production,

No research worker should be satisfied with using such large bodies of
data purely for elementary tests for significant differences in one
factor. Palmer (40) has shown how responses may appear in quite dif-
ferent forms, depending on the choice of measurements.

Many investigators (Lowe, Dawkins, Wadsworth, Palmer) have shown
that individual-tree growth rates often have only a weak correlation with
the usual, or easily measured, indices of status or local competition,
such as crown form and position. This has led some workers to conclude
that silvicultural treatments have no important effect on tree or crop
{ncrements. However, these measured indices of status and competition
are probably not the best indicators of the competitive stress actually
felt by the trees. The weakness of the systems of data collection and _.,
analysis, and the weakness of the correlations found for the measured *
indices, account for the inconclusive rasilts obtained from meny treat-
ment experiments.

studiGl Of_:l‘lj.nfonq.t Qcolow“nd 011Vicu1c|§§. Q‘Vg,‘bg&g Loty
out in Surinam for many years and have ‘confirmed some-of the
Lo , « . e ) [
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conclusions 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 thesurroundingcompeting basal
area per unit area. .

~ Some foresters may, at first sight, agree with Leslie (30) that
"311 the effort in tropical forestry has yilelded very few reliable and
reproducible methods for natural regeneration of moist tropical forests'.

‘However, what 1is usually lacking is actually a method for regenerating

the few "desirable" species up to some 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.

Current investigations of treatment effects

Problems of definition

In the Sarawak experiments analysed (Annex 3), the stands were sel-
ectively logged and subjected to various poisoning treatments. In all
plots, the basal area removed by poisoning was much less than that removed
by logging; even in some of the untreated 'control' plots, logging reduced
basal area by up to 70%. 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 simultaneous responses to logging and the effect of the intial status
or stocking of the stand. '

The difficulties, described earlier, of quantifying the treatments
and responses, apply even more to partitioning the 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-
ment and then what i{s the response of the trees or stand.

What is the tredtment?
\ .
Forest managers can define their treatments in terms of field
instructions, and in experiments these may be a set of clearly defined
alternatives such as:-

1. poison non-desirables to 20 cm dbh

2. " " " [1] 10 cm dbh

3. no poisoning
-

Expariments may "involve many defined ''treatments' 1ncluding con-
trolled"logg:ln‘g, poisoning, thimning, climber cutfing, ete., definéd in
teinis7of the operations to be carried out. In an evaluation of “such"
‘the wiiagers would like to know whether! tht"'bt.’.ccc"“oﬁ :
‘ ’i“l’*‘dﬂ!ﬁ l“fron that of tuaui(m: Kd. ?"tnd“‘ "\"o!ile o
IR L& M?*‘ nT< SR Y a4t iy et ﬂi‘w .
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However, initially any TRF plots must inevitably have carried vari-
able species compositions, sizes and stockings. During logging, the -
initial variability is confounded by a variable reduction in numbers and

" basal area for each size and species, producing variable responses even
if the logging is partially controlled by sizes and species. During
poisoning, a further variable number of stems in each size and species
18 removed, adding more variability to the responses. Thus, ultimately,
no two plota have the same stocking or have been subject to identical
forms 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 overcome by more replication or by
more careful field instructions.

Thus it is inevitable that most replicated treatment experiments -
have resulted in a broad range of treatment intensities as measured by
their impact on composition of species and sizes, or. competitive status
of trees. If more replicates are added, the range will tend towards a
continuum of impacts or treatment- 1ntensicies.»

If thias 1s the casge, 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 simple
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 differenses 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 logging
intensities (all highly variable) can be separated out by a covariance
analysis. If the impacts of each numbered treatment are clearly distinct
in terms of basal area removed, etc., then a covariance analysis could
digtlnguish differences in responses to treatments even when imposed on a
variably logged stand. However, if the real impact of each treatmeant is
itself variable, and overlaps the impacts of other treatments, because of
its variability in distribution and sizes of the poisoned and unpoisoned
trees for example, then covariance analyses are less likely to distinguish
clear differences between the artificially defined treatment numbers.

. Note that this 1s not due to a lack of response to interference but
to the statistical and experimental difficulties of demonstrating the real
effects with such variable materials and methods,

To sum up, treatment instructions are not always glosely corralitcd
with the impacts or treatment intensities felt by the tgaet and’ attnds;
they are especially inadequate indicators 1f the stand is integrtting the
effects of treatment and logging. The physical impact,’ naturo ;
intensity of treatments or interference on thc ltand at. any one hlﬁn may
be characterised more realistically in many wcys, ‘some’ 0f which ara’ ‘" -
shown in Table 1.
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Table 1. Measures of the intensity or impact of treatments or inter-

ference in a stand, in terms of basal area (G)

1. Total G removed by logging

2. " " " treatment

3. non " " " as a proportion of total removals
4y " " logging and treatment

5. Pr0portion 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 propottion of total stand G in that year
11, " " "on " " initial G (indicating proportion
‘ of maximum potential G for that site)
12, G of Leading Desirables in specified year :
13. As above, as a proportion of total stand G in that year
14. " ” " ” " ” initial G
15. G of undesirable trees remaining in specified year
16. As above, as'a proportion of total stand G in that year
17. " ”" " ”" " " 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 unit area and can
be calculated to relate only to one species or specles group, and to
particular sizes in particular years. These are all different ways of
quantifying any one intervention in the stand, and analyses based on :
different measures will demonstrate different results, each relating to ;
one part of the whole system.

What is the response?

In actively managed 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 H
the felling cycle (in volumes). Current numbers and diameter increments
give a simple indication of these objectives, and it 1is useful to use
these vafiakles for comparing 'treatment effects'.

It is clear that the stocking of a species after interference must \

in a general way depend on the numbers present before interference and

e effects of the interference; the numbers of new seedlings will also
be affected by a widé range of ‘envirommental and biological factors 1
including current rainfall, the local animals which eat seeds and seed- ?
lings, the periodicity of flowering and fruiting in the different species, |
the numbers of seed trees available, the survival of shaded seedlings and
also by a broad range of induced changes in local status and competition.
8imilarly, i1f the interference affects increments, then the brqad range of
interference intensities will produce a broad range of resyonaea,ahper-
imposed on the initial variability of growth rates. »annn.

. - -

yoogn nowever, interference affecta not only numbers and growth ra&ea but
alao rates of mortality and ingrowth, and hence it affects many stand -

.‘glriables luch as !uturo basal, trggs.and volumea of aufvivora or og‘gbe :

,liﬁatand in nll oizaa and speciea.
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Thus responses and effects can usually be compared most effectively
by assessing those factors which are directly changed by or which respond
directly to the treatment, such as current stocking and increments of
'surviving trees. ' Responses will inevitably be less clear i1f, like seed-
ling regeneration rates, they result from many integrated factors in
addition to the impact of the treatments. :

The term 'response’ suggests a change induced by interference; in
general we can seldom. measure changes but we can compare differences in
growth and production characterised in various ways, as in Tabla 2.

Table 2. Measures of growth or production after logging, treatment or
' release, as indicators of responses

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

- standing crop (all trees/desirables/L.Ds. /undesirablea) or
- survivors only, excluding losses or ingrowth, expressed ‘as:
- net change in N, G or V from ty to t
- ditto, as a proportion of initial N, G or Vat t
- net increaae in G or V of measured survivors, 1. & the
sum of all the increments of surviving individuals
measured at t1 and tz .

Mean annual increment per tree_per_year, for all surviving trees/desir-

ables/L.Ds. in each‘ploc, ig, 1, 14 or ic

Each of thése measures may be calculated to relate only to one
specles or group, and to particular sizes or other categories such as
crown position, crown form, etc. -

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. A comparison of each measure of growth and production between sets
of plots defined by treatment-numbers or tanges of treatment inten-
sities, e.g. by analysis of variance. :

If the experimental design is suitable, this approach may give good
results and it may be the only possible approach if the treat-
ment intensities are defined by field instructions but cannot easily
be described quantitatively. If treatments are confoundod with,
unknown logging intensities, a finite number of 'treatments' will
result in a wide range of 'responses', and this approach may not
demonstrate any differences betwnen the treutmenclz [ covarinnc.
analysis may be possible. . ‘Ay

2. A correlacign (graphically or algebraically) of uch mumra othrowth'
per plot with each measure of treatment intensity,.:.. '

- @sKe 'mean dismster. mcrnant of surviving dutubln agains

. ared: removed,: OF, . ~. . Chese aigeifcnl, Jnpavds
total volume increment pcr plot agtinu: volum after treatm
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‘This is appropriate when several measures of growth, competition and
treatment intensities can be quantified as plot totals or averages,
instead of a few arbitrary '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 past.

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

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 experiments 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 thelr changes, to be characterised, since it
takes account of variations in competition at the single tree level.
It thus avoids the deficiencies of using plot-means derived from
diverse specles 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 treatments'based on comparisons between plots, it is necessary to be
sure of comparing like with like, i.e. 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 been based largely on plot means and totals, and some individual
afialyses are open to objection, although the effect of all analyses com-
bined-is convincing. The possible statistical methods of coping with the
problem of valid comparisons in greater detail remain to be tackled, and
the stand simulation models such as GROPE appear to be the most pranising
aolution. -2/
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' IMPLICATIONS FOR DESIGN AND ANALYSIS OF RAINFOREST STUDIES
General

The inadequacies in the data and design of some existing treatment
experiments have been mentioned above. Our attempts to analyse and inter-
pret these experiments have clearly indicated improvements and extra
requirements which can greatly increase the chances of obtaining useful
and positive results. These recommendations are for all plot-based trials
for testing the effects of various intensities of logging or treatment or
other silvicultural operations; a methodology for individual tree treat-
ments and comparisons in rainforest is now being developed (1) but plot-
based experiments have not yet been superseded.

If these recommendations are not followed, it may prove impossible
to demonstrate any correlation between treatment intensity and growth
rate even in cases where basal area reduction is genuinely correlated
with growth rates. The recommendations are described and discussed in
the Manual of Permanent Plot Procedures (TFP 14) and scme important points
are stressed here,

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 most important to
measure the sizes and increments of the larger trees.

\

The design, measurements and analysis may be organised in many dif-
ferent ways; all will be affected by the choice of parameters tested, but
not all will be carried out by the same people, go objectives must be
recorded. Comparisons of stocking of valuable regeneration may require
quite different layout and measurements from. comparisons 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, recruitment and mortality simultaneously, so a simple
inquiry into one variable will be inadequate and may be misleading.
However, it _may be possible to design an experiment to allow for a tran-
sition from'early measurements of regeneration and stocking to later
measurements of sizes, growth and competition.

Definition of creatmenCs

In most treatment experiments it is necessary to define the treat-

‘ments in terms of field instructions or prescriptions. Before defining

these prescriptiqns, it is essential to consider or assess their probable
impacts on structure, stocking and composition., A pre-experiment survey
and inventory is a great help when deciding on treatment definitions.,
The choice of instructions should ensure that the impacts are likely to
be sufficiently and consistently different from each other. The aim _
should be to apply a number of genuinely different. impcctl and COLQyoid
the danger of applying treatments which look very different in the yrc-
scriptions ‘but. which overlap broadly in their, phylicalgﬂnpacn.gg

"“f This e LG by f.,:.c&n.k R K ¥ & sl O m . "
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- 18 -

treatments; the treatments then must be clearly: different in their
impacts, or it will-be hard to show differeuces in response. " This has
been the.main design deficiency in many tests of treatments defined
mainly by different minimum girths for poisoning; this is most serious
{f the stand measurements do not allow the impact of treatments (e.g.
on standing basal area) to be quantified in any other way.

This point is less important if the aim is to correlate responses
and impacts over a broad range; then the treatments 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 treatment intensities.

3.4 Plot sizes

The plots must be large enough to integrate both the local varia-
bility of the forest (single tree gaps, etc.)(l7, pp. 48, 118) and the
local variability in the impact of a treatment.

This may be i1llustrated 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 important on small plots than
on large plots, “and, more seriously, they cannot be quantified solely by
measurements within the plot.

These considerations apply in all trials where 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)
sode of the growth rate comparisons will involve means (e.g. of incre-
ments), totals (e.g. 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.vari- |
ability of the forest and treatment effects and on the objects of study. . 3
In practice this is difficult to determine and there are great advantages
in some standardisation.

Dawkins and other workers have recommended plots of 1 ha or 2.5
,acres to cope with émall scale variability, and this is often the largest
"size which can be consiatantly and . accurately laid out in moderately
rough terrain., , )

The theoretical and practical advantages of 10 x 10 m subplots built
into 100 x 100 m plots, and the wider advantages of standardisat}ou\for
comparative purpoeel. ‘lead to a choice of:1 ha-as the most' suitable‘stan-
dafd'plot aizea(see Manual Tropical Forestry Paper 14, Section 3)e T
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order to work out the likelihood of such results aria?;g by chance, to
attach statistical significance to the results and to allow the con-
clusions to be extrapolated over wider areas. Replication is essential
for analyses of variance, and is a valuable insurance against the acci-
dental loss or destruction of some plots.

When correlations between growth effects and treatment intensities
are to be examined by linear regression analyses over a range of treat-
ments, the closeness of the regression line to reality will usually "
depend on the number of observations independently of any replicationm,
and a systematic clinal design may be more economical than a randomised
replicated design. However, a replicated design is recommended so that
the results will be suitable for analyses of variance as well as
regression analysis, so that more observations are available overall and,
in some cases, so that duplicate observations are available at each level
of treatment intensity. ' .

Measurements of forest before treatment

In order to quantify the treatment intensity or impact, and the
changes in stecking, ingrowth or mortality induced by treatment, it is
essential to obtain some data on the total removals and deaths caused by
logging, treatment, and other interference, in order to characterise the
original stand and to quantify the disturbances, even if the data are
collected after the application of the interference. It will usually be
impossible to demonstrate significant differences in growth rates, and
frequently difficult to demonstrate correlations with treatment inten-
sity, unless all recent major disturbances (logging, etc ) can be quanti-
fied as well as the treatments.

At the least, all trees felled or poisoned should be measured, so
that pre-treatment basal areas, and proportional reductions, can be
calculated. The intensity of interference may then be characterised in
several ways, by numbers, basal areas or volumes, in size- and species-
categories.

Ideally, it would be very valuable to measure the plots 2-3 times
over a period of 1-5 years before the start of treatments to indicate |
pre-treatment growth-rates, production and population turn-over, allowing

-a direct comparison of the effects of treatments as well as an indirect

comparison with untreated plots. In practice, this will often be
impossible either because of lack of roads for access before logging or
because of uncertainties about where logging will next take place.
Fortunately, the most important data on pre-logging stocking and the
impact of logging and/or treatment can be collected whcn‘thc plots-are
established after logging.

The potential value of undisturbed plots is also strongly iadicsted.
A genuine nil-treatment (L.e. no interference by logging or. lilvicdlturo)
1s seldom 1nc1uded in CraaCment-experimnnts because . -
N LREE ¥ SRS RV LR 03 & BLED
a)’ 1t: iaidtfficulc to'control the ncctvieunof sloggers, ... ani
b))~ ‘61lviedlturg®is usially now appuod?onlyftotloggdd standérgor
only. pou-ldgtmz&truﬁmnu appear.: pouibh or:relevant’and -
c)‘ ' thc uncontrollcdzm;tcion of an vunl.ogzcd*gforue 48 not.
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What to do with existing treatment experiments?

'~ In many countries there are silviculture experimenta and accumula:ed
data awaiting analysis and interpretation. It is pointless to delay the
analyses until several measurements have been made: by then it will to too
late to check discrepancies and errors, or to correct any deficiencies.
Hard experience 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-processing as soon as the data are collected.

The first priority in any existing treatment experiment is therefore to
proceed with analysing the data, and this often means seeking assistance
in the form of statisticlans, computers or programs from outside the
Department directly involved.

Many existing treatment experiments have obvious deficiencies such
ag 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 some experiments involve
complex and expensive sequences ot operations which may never be feasible
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 determine whether they are still yielding, or capable
of ylelding, results which are of present or future value. If an experi-
ment is still valuable, it is important that silviculturists should col-
laborate with statisticians in analysing and interpreting the results and
perhaps in finding ways of improving their value; if .it is not considered
valuable, it may be appropriate to do nothing more than maintsin and pro-
tect the plot for possible future assessments at long intervals, or to
close it completely, rather than to continue with costly regular melsure-
ments without analysing the data or using the results.

Even if the treatments apﬁlied are no longer relevant, the value of
treatment experiments may still be very great

(a) 1f the impact or intensity of logging or treatments can be
quantified;

(b) 4{if the individual trees are numbered and measured for calcﬁ-
lations of stand and tree increments and for comparisons between, or
correlations with treatment intensities;

(c) 1f tree increments, competitive statuses, survival, mortality,
recruitment and stand density are measured in plots with a range of stock-
ings and histories, for constructing competition models,and growth
regressions like the program GROPE; this would make it possible to assess
the responses of various species to competition and to draw conclulionl
about ailvicultutal practices; - RO

;. (d) 41f small stems and young regeneration are regularly.assessed in
subeplots or strips (using techniques such as Diagnostic:Samplingrand
Linctr Regenaration Sampling), to relate the- rcgcnerntion to: pcat ttolt-.
menta?ot pruent sto&kins. e -
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If none of these aspects have been or can effectively be assessed,
and if the experiment was originally designed to provide a quick answer
to a problem which i1s now of little interest, then it may be better to
divert funds to collecting and analysing information about more urgent

.problems.

}

What to do with‘existing'Sample Plot programs? o,

Existing PSP programs do not usually have serious deficiencies in
design, so the work involved has seldom been without value although often
it 18 not put to good use and its value could be greatly increased by
modifying the methods of assessment.

Some existing systems attempt to measure the tree and crop incre-
ments and also the regeneration of different species simply by assessing
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 of the
trees are measured, above a chosen size. Assegsments of seedling and
sapling regeneration are more revealing if carried out separately in plots
or strips.

It needs to be stressed again that it is extremely important,

(a) to survey and demarcate the-plots permanently, to avoid the
very real danger of losing them; .

(b) to check and process the data as soon as possible after collec-
tion, to”eliminate measurement errors, to ensure that the correct pro-
cedures are being followed and to determine the trends in increments and
production. : =

N
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IMPLICATIONS FOR MANAGEMENT AND'SILVICULTU?B
- inéluding genetal‘conclusions about the response of TRF to treat-
ment and logging, from the results of experiments analysed here (parti-
cularly the Sarawak Tutus experiment (Annex 3)). :

Silvicultural treatment effects

This project has led to the clear conclusion that reductions in
stocking and basal area by felling and/or poisoning normally result in
faster mean increments of remaining trees, not only overall but also
for '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 increménts. In Tutus (Annex 3) the larger incre-
ments more than balanced the effects of reduced basal areas, so that faster
net basal area growth rates per unit area, of surviving L.D.s, of all
desirables and of the whole stand, were correlated with greater basal area
reductions. However, this will not always be so for a particular species
or group 1f the reductions are too severe or are concentrated on the
larger stems with no selective treatment to reduce basal areas of other
species. The preliminary evidence from Trengganu (55) (Annex 2) was that
greater reductions in plot basal area resulted in lower net basal area
growth of the measured survivors, because the higher increments did not
compensate for the reduced stock produced by felling, logging damage and
mortality.

\

These analyses have not examined whether silvicultural treatments
affect total dry-matter 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 treatments can affect
net yields in certain categories.

.

It 18 important to appreciate the management implications of the dif-
ferent kinds of responses. The basal area production per hectare, measured
plot by plot, may be affected quite differently from diameter increments
measured tree by tree. All such effects should be examined; for some
purposes, the objective may be to maximise volume production in certain
categories, irrespective of sizes, whereas for other purposes maximum

tree increments may be required, with less concern for total production,

in order to reduce felling cycles. Any two treatments may have quite dif-
ferent effects, either favourable or unfavourable, on tree numbers, size
distribution, increments and crop production, and it is essential to
examine and interpret these effects before drawing conclusions and making
decisions about silvicultural practices (as discussed by Palmer (40)).

Most logged forests contain some established trees of valuable

species, too small to be used by loggers, ranging in size from seedlings
up to 30-50 cm d; "These trees are often very valuable ds part of!the:néxt
crop, and ‘as a sourde of seeds for future crops. The intensity' of légs" E
ging determines the ‘damage inflicted on' these trees and the number of:! .
survivors.’ " Loggifig- damiga’'is often”so severe that’vefy!few lirget 'trais . -
survive® to’form*isable*1ogs in Fitire}?and’ those thatlreahaln miysbe:#dMh):
damiaged” that® theyeafino€  respond’ qisékiy: With Easterigrowth aftetireles
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the future crop must then be formed from seedlings, a slow and uncertain
process. In these'cases, treatments immediately after logging may have

. 1little effect on production or increments, and other methods of improving
production may be tested, such as treatments 5, 10 or 20 years after log-

.

ging, or some control over logging methods and intensities.

If a heavy logging, followed immediately by silvicultural treatment,
is likely to lead to an invasion 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 become 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-term effects of basal area reductions. In the longer term,
after the initial effects on mortality and recruitment have subsided,
but before a '"limiting basal area' with minimum net growth is approached,
the evidence remains compatible with Dawkins' conclusion that "silvicultural
treatment would not in most cases have greatly affected. total yield", i.e.
that the net annual total above-ground production of woody material
including branches on one site will be similar over a fairly wide range
of basal area stocking (and reduction in stocking). However, this will
not be so 1if the species composition is changed to one with a different
relationship between basal area stocking and production, Further, the
net production in particular species and sizes, thus the utilisable yield,
may be greatly changed even if the yield of all species combined 1is rela-
tively constant. :

In spite of the greater diameter increments which may result from
basal area reductions, a normal logging selectively and immediately 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 gelec-
tive against the valuable groups, by more complete stand utilisation, e.g.
for timber, fuel, poles, etc., or if some reductions selectively favour
the valuable(categories, e.g. by utilising or killing some non-timber- trees
after exploiting the timber., S

The Tutus experiment (Annex 3) showed that treatment intensity had
a weaker correlation yith growth rates than the intensity of logging and
poisoning combined. This was simply because the poisoning smounted to
only a small part of the total basal area reduction in each plot (the
experimental area had been particularly heavily logged). However, the
poisoning had the -expected effect of increasing the proportion of desir-
able species in the stand as well as influencing tree and stand increments
of'desirables, This.probably applies almost universally, except that
stand increments, espetially in species categories, will respond mofe
‘variably:depending on species characteristics, and recruitment and mor-_
~talityiratese) »m  sgo - oo o C e ,
A Sns sapnd o wwe o Lels L cumbwee ooogtby
@i&%!&@.&ﬂn effects of poisoning,. especially,the;infreased ,
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may be assessed from experiments involving logging and/or treatment, the
required effect can be chosen, and then the corresponding logging (or.
treatment) intensity devised to produce the required results. The need
for some silvicultural operations may remain, but many of the silvicul-
tural problems could be solved by controlling the methods and intensi-
ties of logging and utilisation.

In conclusion, it is clear that the production from logged forest
and the possibilities for increasing the usable production by silvicul-
tural treatments are too important to be ignored. However, it is not
usually feasible to control the precise species mix in the regenerating
forest.

The problems of silvicultural systems based on natural tegeneretion
(N.R.) can be better tackled by utilising what N.R. provides instead of
trying to induce the N.R. to provide only what is currently utilised.
Many of the silvicultural problems of TRF management should be and can
more easily be solved by sawnilling and marketing more species rather
than by poisoning. ) N

Some of the conclusions reached during this project, concerning the
biological and envirommental consequences of logging and silvicultural
treatments have been described elsewhere, as have methods of monitoring
these effects (49-54). It is important 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 Departments which are concerned with satis-
fying future reqiirements have a responsibility to monitor the production
of remaining areas of TRF and to test the costs and benefits of methods
of improving the value of the production,

~

4.2 Recommendations for silvicultural treatments

4.21 Justification and aims

Silvicultural treatments, such as eliminating unwanted trees by
poisoning or by extracting them for firewood or charcoal may sometimes
be juetified(through .

(a) the higher tree increments which result from local basal area
reductions, by logging or treatment, over a broad range. The increases
resulting from treatment may be slight if the logging intensity has been
high or if the treatment itself has been light, but the increases may be
larger in lightly logged forest left with many large residual dominants;
careful regulation of logging, and cutting climbers in the canopy or
cutting undergrowth shrubs (especially if they suppress smaller valuable
trees) may also be effective in certain conditions for promoting incre-
ments or survival. .

(b) - their ulcel:i.ve (eugenic) effeot on -the. ruidtul. .lund; ‘the
p:oport:i.on of the favoured species.is immediately, increaded by selegtive
treatment leading to.an'.increased proportion of the’ net stand iee t . .
and, through normal biological processes, to chensea in the conpouition
: ﬁ«the!‘regene:atim(elthough *nogehqyr mctly»n required or expetted).
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‘When the growth rates and the numbers of valuable trees can be
increased by treatments, then the saleable production from 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 treatment are less important if
smaller trees can be utilised; the selective effect on forest composition
is less important as more species become utilisable. Since the total
dry-matter production from closed forest on one site is likely to be sim-
ilar over a wide range of basal area stocking, silvicultural treatments
become less important as more of the stand can be used, but most managed
TRF still contains many large unwanted trees and climbers 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 them in TRF.
The treatments considered here are only those which involve some thinning,
poisoning or refining after logging. Enrichment, line planting or fert-
ilising experiments have not been examined in this project.

It 18 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
long-term value production may be 1ncreasad if the most valuable frees
reach larger sizes more quickly. Selective treatments can improve the
value of the species-mixture by reducing the diversity of species in
favour of the most valuable, as an immediate impact and also in the long
term by eliminating the seed-bearing unwanted trees and by increasing the
-seed supply of valued species. However, there may be an increase in
pioneer species; heavy interference by intensive logging with or without
treatment, combined with short ("polycyclic") felling cycles, will increase
the likeliHood that piloneer species will form an increasing proportdion of
the standing crop.

‘Many of these effects are desired by foresters but great care must
be taken to choose the appropriate intensity and timing for any kind of
treatment. ' If any system is wrongly applied it may fail to achieve its

' objectives, or may waste money,

(a) by achieving an hmprovemenc which is too small to juatify the
expenditute;
-~/

L (b)Y s b? lchievinS ‘a change. in" stocking or Compoaicion whith, after
e su}l'hquentvchanses, m'rnunnlins and mrketing, may be deen as no. mprow-
ﬂ‘ﬁ“ W‘t ‘111 ey Yatc ,
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The highest priority for rainforest management is to increase the
scope for selling the existing growing stock by developing riew markets
for the smaller sizes and the lesser known species for fuel, chipboard,
timber and other purposes. The aim is not necessarily to achieve .high
intensities of removals, leading eventually to complete clear felling,
which may result in the destruction of the forest environment and of the
ability of the forest to regenerate itself; the aim 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 term benefits.

In most rainforest areas, the investment of time and money on
increasing the utilisation of more species, sizes and qualities will prob-
ably achieve a far greater return than expenditure on attempts to mani- -
pulate the regeneration and composition of the forest. Many countries
already have the technical information needed for grouping their TRF
species according to similarities in properties or potential end uses,
and to organise marketing on a basis of end use groups instead of indi-
vidual specles.

The current market trends, especially in domestic markets, for
tropical timbers and wood products of all kinds strongly suggest that
in future a far wider range of species will besaleable, in smaller sizes
and including stems of poorer quality. It is therefore sensible that any
species should be considered usable if it produces wood which is at
present used anywhere in its range or which can reasonably be believed to
be potentially marketable.,

In any forest there will be some species with difficult properties
and many individual trees with sizes, forms or defects such that it is-
unlikely that they can ever be sold for timber. The forest manager must
decide whether it will-be a good investment to eliminate such trees; if
they may be saleable {n future, it is hard to justify expensive poisoning
treatments to eliminate them, unless the potential benefits can be
shown to outweigh the costs (e.g. 1f a full stocking of only the most
valuable species can be regenerated reliably and cheaply).

In all such cases, there may be great benefits from using the least
valuable trees for fuel or other purposes, since this can often be done
at little or no cost and can supply important sources of energy or
materlals.

Some forests contain many large and small trees of the most highly
valued species, many of which are destroyed during felling and logging.
Several workers have stressed the importance .of reducing t:}'lil damage by: -

(a) cutting large climbers before logging, preferably at least a
year in advance, so that they break more easily and do not lock acvernl
trees together uhen one tree is felled; _ v os

(b) directionnl felling, ‘
Lo r~,v¢;': I i N . . ~
(c) conlpicuoully mking t:hc youns valunbh cun which nhould be’ .
10!: undmgc 3 . SN ‘ P
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(d) @odtrolling:log-dragging;V |
(e) fines for éarélera’damagé by loggers.

In many countries these controls are not possible, and forest ser-
vices often have little or no authority to control the intensity of log-
ging or to limit the incidental damage and wastage by logging -
organizations. All those concerned with long-term forest management
should aim 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 important with the stemless
palm Eugeissona tristis and some non-self-supporting bamboo species,
There are probably many cases where cutting undergrowth shrubs, palms and
bamboos would increase tree seedling survival when this is limited by low
light intensities and competition for moisture.

Recommendations'

The following features of silviculture and management are confi-
dently recommended for implementation, research or statutory regulation
where appropriate, since the scale and reliability of the benefits, in
terms of survival, increments and production, will in many cases justify
the costs. Some of these operations, such as climber cutting, may be
relatively cheap, especially when combined with routine inventory work
or supervision of logging; others may even be profitable, such as the
development of new outlets.

(a) Control of felling and extraction techniques to minimise damage
to the stand, especially to remaining trees of the most valuable species.

(b) Control of road works and log transport to minimise damage to
soila and drainage systems which may lead to erosion, waterlogging and
reduced productivity.

(c) Climber cutting, preferably 1-3 years before logging, to reduce
damage caused by intertwined tree crowns, to reduce regeneration of
climbers, and perhaps to allow more light to young regeneration.

(d) Climber cutting during or after logging to reduce the compet-
ition affecting young trees from climbers in the canopy and in the
regeneration, /

! (e) Control of certain plants such as Eugeissona and some under-
storey shrubs if thcy can be killed relatively cheaply and have an
important effect on’valuable regeneration.

(£) The. removal and sale, as poles, firewood or cha:coal of crees
which have no potential ‘value for timber or less potencial value tHan

othor trees uhich are available. . -

‘ (3) The, developmen: of marketa for all lesser used cimbcr species.
“"'gf %Q:r‘v' ‘?’ikﬁ%\;’wu&p;}&i B m e e . Sy
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Tha last two recommendations are the key factors for increasing _
the production and revenue and decreasing the cost of TRF silviculture
and management. The first two are the keys to avoiding environmental
degradation. '

It is not possible to make a general recommendation about removal
by polisoning or other costly methods the large or defective trees which
have little or no present use for man, because circumstances vary so
widely. Their removal will probably increase increments 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 is 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 markets,
costs and resources, on the stocking of such unwanted trees and on the
responses and benefits anticipated from removing them. .

Major decisions about extensive programs of silvicultural treatment
and management should not be taken until quantitative information is
available about the effects of the interventions. In rainforest, this
requires sample plots and experimental plots, and adequate analyses of the
data for ylelds and costs. Some countries have some information about
stocking and rates of diameter and basal area increment (or they have raw
data which could supply this information), but in most cases much basic
information is needed about rates of production, especially of utilisable
sizes of timber, and costs, before final decisions about lengths of cut-
ting cycles can be formulated. - Thus PSP programs, yield controls and
forecasts, and management plans should be implemented as a regular,
routine operation by management staff, and not simply as a research exer-
cige. .
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Ahn;i 1. Data available for development of forecasting programs

" _All the data detailed below have some feature which made them
-particularly suitable for stand modelling; large quantities of less
useéful data from Ghana, Nigeria, Uganda, etc. were also available but
are not included here:-

Augtralia: 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.l, one plot established in 1915
in regenerating Kapur, Dryobalanops aromatica, remeasured almost every
year. Initially 101 trees, finally 16 survivors after mortality and
some silvicultural operations.

Sabah: Many sample plots in harvested forest with up to 10 measurements
since 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 tQmeh over 10 years, including
c. 5,000 trees.

Treated forest: several treatment experiments, with up to 5
measurements since 1970,

Solomon Islands: (Kolombangara Island, 22 plots of 0.625 ha, established

1964. 10 measurements of all trees )6 ins girth of 12 commonest speciles,

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

unlogged. '

Uganda: Budongo Forest Nature Reserve, R.P.7. One plot of 1.418 ha
established in 1939. All trees of all 75 species )10 .(sometimes only ) 20)
cn d measured 16 times, 1939-1976. Initially 539 trees »20 cm d, now 1124
trees 210 cm d. Crown status recorded at all measurements; co-ordinates
from plot maps. Unlogged, untreated. )

Venezuela: San Carlos de Rio Negro, MAB project: one block of undis-
turbed forest, 10 ha, in which all trees >13 cm d (in some sub-plots, all
>5 or 1 cm d) measured in 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 other soil and environmental variables are measured.
Some plots of disturbed forest and cultivation are also being tested. The

data provide the most complete characterisation of tree and stand status
available, ' )

v -
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" Annex 2. ~Data used for analyses of silviculture treatment effects. and

" the conclusions drawn from the experiments

NIGERIA | W

R.P. 273, Sapoba Forest. 13 treatments, 4 replicates. Treacments.were
applied 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 total basal areas poisoned and the
number of trees felled per treatments, but unfortunately there is no way
of quantifying the interference (basal areas removed by poisoning ‘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, productior
The main value of the data for this project has been in drawing attention
to the problems caused 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 buc
unquantified treatments).

PENINSULAR MAIAYSIA

Cutting and Growth Trial, 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 superimposed.
Several individual tree variables were measured, so that correlations

. between treatment intensities and growth can be examined in.sevérﬁl ways.

Tang examined variation in stocking by species groups and aizeu
before and after logging, and variation in growth rates and logging
damage after logging. The effects of treatments on growth ratea we 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 residual basal areas
or logging intensities. B ' Ve

e Tang found a significant linear cor:elation bctwecnmrel
basal area and’ dismeter increment, for three,ofihis four specidh
(Iight hardwoods, ,‘medium hardwoods, and h }
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tended to increase as plot basal area decreased. On the othe§ ‘Hand he
found that the total basal area increment of all survivors (m</an/unit
area) was higher in plots with higher basal area, indicating that in this

case the large numbers of survivors in heavily stocked plots counter-
balanced the faster individual growth rates in the lightly stocked plots.

In further data from Selangor sample plots, Tang found significant
positive correlations between plot basal areas and total basal area
increment of survivors, presumably because more heavily stocked plots had
more survivors, but no significant correlation between plot basal areas
and diameter increments.

SARAWAK

INV. 13, R.P. 52, Tutus Forest
6 treatments, 2 desirable lists, 5 replicates (see Annex 3).

INV. 52, R.P. 43-44, Naman and- Pulau Bruit Forests. & Old treatments, 2
new treatments, 2 sites, 2 replicates.

INV, 47, R.P. 68, Niah Forest
8 treatments, 2 desirable lists, 6 replicates.

In all these Sarawak experiments, the data enable us to calculate
basal areas in the initial stand, as well as the 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 attentiom, but the results of INV. 47 may be more valuable when 3
or more measurements are available.
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.tAnnex 3. ‘& gglggvand conclusions from analysis of available data from

Sarawak Investigation 13, RP 52, Sg. Tutua ‘Forest

~

Objective of experbment

':i; g1u~nm1»nl 3433 srld 1y oun el R tu A L eenTY vliwrteeb

. To examine the "effect on the regeneration of desirable species of
6 poisoning treatments in heavily felled Mixed Swamp Forest immediately
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.

Layout

Established in 1969-1970 in a 900 acre plot. containing 60 logging
blocks. Assessments were carried out in a systematic 5% 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,

Treatments

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

Treatments Poison sound and well Poison undesirables

shaped trees of plus unsound, damaged
: and badly shi¥ped trees
Ramin and other desirables of any species
Jongkong and acceptables '
1 1&7) over 24" dbh over 16" dbh over 12" dbh
2 (2 & 8) i - - over 12" "
3 (3&09) - - over 8" "
4 (4 & 10) - - over 4" "
55 & 11) - - over 10' tall
6 (6 & 12) - - -

The list of "desirable and acceptable'" species used during poison-
ing contained 16 species in treatments 1-5, and 25 species in treatments
7-11, This difference affected the severity of poisoning and the basal
area remaining after treatment, and was apparent in the results; however,

.in most of the diacﬁssion below the effects of the desirables lists have

been ignored in'order to concentrate attention on tH3 difference between
treatment prescriptions.

. . -~/
The insttuctiona suggest a sequence of treatment- inCQnsigicl of 5

43126, arranged in order of decreasing intensity, -The actual inten-
"aity in any ‘one plot, ‘and the order of 1ncena£ty in any one reﬁl&éit

inevitably, depended on the distributfon and’ sizcu of”undbairiblcl duo tor

.quoiaoning and of<residual daairablos.

ETREREEE T RS R NCIE I u....w ~Uavet wenaa

NSO gy o 5auy b ann 1o el il 0y :

SRR CoE
3oy . . 9
IR W LT Ve
.



!

. Asaeasmént'

: The ac:ips and duadrats were laid out and first measured in mid-
1970 after the treatments and remeasured in 1971, 1972, 1974 and 1975.
At each aasessment the four best trees in each quadrat, from a 1list of
nedarly 60 desirablea species, were measured for girth (or height, for
seedlings and saplings) and scored for crown position and crown form.
These trees, the Leading Desirables and any subsequent replacements,
were individually numbered, identified and recorded so that their indi-
vidual progress could be followed. In addition, all other trees in the
stand were measured and tabulated in 1 ft girth classes in categories of
desirables, undesirables, poisoned and felled (stumps or broken trees).

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

Data processing

The data for Leading Desirables were processed through the program
UPDATE to provide information about their basal area production and
average increments, including several of the items listed in Table 2
(section 2,23), particularly mean annual { , 1 and 18 for each plot over
different intervals (e.g. 1970-72, 1972-74f, 8Sapling heights were con-
verted to estimated girths.

\ .

The data for the full stand in each plot were processed through the

program BASALAREAS to provide the following kinds of information:-

(1) a mékaure of the stand at any one time, e.g.

TOTALG 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
POISG § 1970 : basal area of poisoned trees
TOTALG 1974 : total stand basal area alive in 1974

and similarly %pr each year

(2) a measure of the impact of treatments, shown by the 1970 data:
@.g. TOTALG — FELLG — POISG : basal area remaining after logging
~and treatmnt:; )
DESRG 1970-— TOTALG 1970 : proportion of the unlogged stand remain-
ing as surviving deairables~ .
and ot@cr measures listed in Table 1 (section 2. 22) Ry

4

u‘l\

(3) a melaure of thc producgion and development of the stand in the yhars
o llovins“ Inferference, o.g. | ‘
DESRG 1974 —‘DESRG 1970 = net basal area pioduction per plot of all !
" ‘desirable trees, equivalent to the sum of the tree increments plus
‘of new recruits from 1970-74,
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‘Analysis of results

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 1% or 0.1% level of significance), The fol-
lowing list shows some of the factors which showed highly significant
differences and the treatment numbers arranged in decreasing order of
their mean values.

1. Basal area removed by logging and treatment 543216
2, 7% of initial b.a. removed ' 543216
3. B.a. production per acre of all desirables 1970-74 452316
4. Mean 1 of leading desirables (several intervals) 534216
5. 7% of total 1974 b.a, conslsting of desirables 542613
6. Basal area of all desirables after treatment, 1970

(range 34-16 ft-/acre) , 612453
7. Total basal area 1974 (range 101 43 ft /acre) 612345

These and other results confirmed that the total removals and the
basal area remaining after logging and poisoning corresponded approxi-
mately to the expected severities of the treatments, and also that the
heavier the bsa, removals, the faster the survivors grew (e.g. item 4
above). All this was expected and some examples of differences between
treatments are shown in Figure 1, but the significant differences were
almost 8ll between the extremes. Thus the responses (measured i{n various
ways) in treatment 5 were often significantly different from those in the
control treatment 6 and perhaps the lightly treated 1 and 2; likewise 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 impossible
to show a significant different between treatments 5 and 4, 4 and 3, etc.

There were no significant differences between the treatments in
the initi&l or felled or post-logging basal areas, but it was clear that
these were highly variable both in the stocking and in the proportion
felled or,.remaining in each plot (logging intensities ranged from 10.4

" to 190 ft* b.a./acre).
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1 l1se | 154 127] 125|118
| » 75
2 1-48)y 27]1.43 120, |, ]
-1415 .95
3 86| .80 .71 | .69|.63 | .45

5 4 3 2 1 6
Treatments

1.  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, Inv.
13, Tutus Forest

~

The treatments were designed to remove defective desirables and in
fact the total b.a. of desirables, as well as of undesirables, after treat-
ment was approximately in the same sequence as the intended treatment
intensities. This effeqt was still clear in 1974 but by then the sequence
was changed, indicating that changes had been induced in the development
of the stand as well as 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 { and 1
per tree, were almost invariably lowest in the untreated concrgl which
contained the highest stocking of all categories, and highest in the more

heavily treated plots.

Regression analyses

'The effects of silvicultural treatments were not fully displayed
by analyses of vnriange between numbered treatments, so some aimple
linear regreasionu were calculated.

hd -

<k Tteb Byt e

fggreejgroups of regressiona were examined for correlationa between
incremesit and '
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‘»ﬁ;‘iﬁpléfé; SOme examples of statistically significant correlationa between

(1)

(2)

(3)

e 7, -increments and various measures of treatment-impacts .

,aCorrolations between increments and b.a. logged and poiaonod:‘

(1.15 IC of Leading Desirables (L.D.s) 1972-4, and the proportion of

initial b.a. removed.

y=0.38+1.32x r?

= 0.65

(1.2)~ i of L.D.s 1972-74, and the total b.a. temgved
y = 0.62 + 0. 0053 x = 0.56

(1.3) ic of Meranti L.D.s 1972 74, and the proportion of initial b.a.
removed 2
y = 0.38 +1.78 x = 0.66
(1.4) ic of Meranti L.D.s 1972-74, and the total b.a. removed
y = 0.72 + 0.007 x RZ = 0.54

(1.5) Net b.a. production df 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 RZ2 = 0.68

(1.6) Net b.a. §roduction of all stand 1970-74, and the proportion of
initial b.a. removed
y ==3.23 + 30.9 x : RZ = 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 , RZ = 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 R2 = 0.47
(1.9) Net b.a. production of all deairables 1970-74, and the total b.a.
*  removed

y = 3.9 +0.10 x R? = 0.46
Correlations between increments and reduction in b.a. caused by
treatment alone or logging alone .
(2.1) 1 of L.D.s 1972- 74, and b.a., poisoned as a proportion of POSTFG
1870 (b.a. remaining after logging) P
y = 1.05 + 0.66 x R® = 0.35

(2.2) Total b.a. growth of residual stand 1970-74 as a proportion of the
total 1974 b.a., and the b.a. polsoned as a proportion of POSTFG 1970
y = 0,09 + 0.55 x R? = 0.61

(2.3) i, of L.D.s 1972-74, and b.a. logged as a proporC1on of initial

b a. (i.e. ignoring the proportion poiaonedz Pind
y-O 72"’1 13 x .0.3“ ekt ~

« aggaky
COrrelc:Lona .between, increments and, b,u. ltockins R
& :‘ga dracia  ledd. k9 - LEVORATERe t Tuemd Als L omptEe s 0. Luse

‘(331)916 -of;surviving: }h:antizL Dm;}?]Z 74; and. ou131974,gb.a.,,3,,;
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The evidence from analyses of variance that heavier treatments
resulted 'in faster growth rates was confirmed by the fact that almost
all the measures of basal area reduction or stocking were significantly

" correlated with measures of tree and crop increments by linear

regression (often at the 1% or 0.1% level). In Table 3, some examples
are listed where the variation in basal area (b.a.) reduction or stock-
ing Bdccounted for at least 357% of the variation in increments, showing
the co-efficient of determination (Rz) value and the regression equation.

After plotting many 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 logging and treatment and
the R“ shown by the linear regression of these removals with the 1c of
L.D.8 in 1972-74, ' .

Table 4. The average logging and treatment intensities and their cor-
relation with L.D. increments

Average Removals as

regovals 2 proportion of 2

ft“/acre R initial stand R
Logging 95.3 0.30 51,5% 0.34
Treatments 31.4 0.22 17.7% © 0.16
Total - 126.7 - 0.58 69.2% 0.67

Interpretation

The analyses of variance provided clear evidence that average
increments in the heavily treated plots were higher than in untreated
plots, after logging. The sequences of increasing average growth rates
strongly suggested that the differences in response between the numbered
treatments were real, and not simply 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 each numbered treatment included much variation in its impact
on the stand., Thus there was apparently a real response of growth trates -
to treatment intensities, but the comparison between treatment numbers
does not distinguish it very clearly.

It appears that there is an interaction between logging and treat-

-ment effects, and that the impact of poisoning is strongly dependent on

the previous impact of logging. It has not been possible to devote
enough time to analysing these data by multiple regression, using logging
snd treatment intensities as independent variables: this would be parti:
chlarly useful ifithere were more data for the two extremes of (a) °
unlogged or lightly.logged pldts 'and (b) plots affected so heavily that
basal area productida was reduced and girth'increments showed no further ..
increase. . r1inea o f ove. . . T S
jﬂﬂ*whwmca‘aﬂdﬁa}“?"*“ T AR P . )
verage, the basal area removals by logging were three ch’o C,
, R®)in: -
i}:& ttbﬁ:?iﬁ'g%hel‘ that:the)logging: Interisity?accounted for only.: -
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about twice as much of the variability in L.D. increments as the treat-
ment intensity. This suggests that the extra opening applied to already
partially opened forest had at least as much effect as, and perhaps more
effect than, an equivalent opening applied to undisturbed forest., There
1s scarcely any suggestion from the plotted data used for regressions
that the response to treatments has reached a maximum at less than the
maXimum intensities. Indeed it appeaxrs in this case and others that only

. extreme treatments allow’ ‘all or most of the established L.D.s sufficient
space to grow at their maximum possible rates. If the apparent extra
effectiveness of the treatments is real, a poisible explanation may be
that b.a. removal by poisoning of, say, 30 ft“/acre has a proportionately
larger impact on residual b.a. in logged forest witg, say, 100 ft“/acre
(30% reduction) than in unlogged forest with 200 ft“/acre (15% reduction),’
and hence perhaps more effect on growth responses. In this respect the
effect of poisoning on average increments was probably similar 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 desjirables in the whole 1974
stand (range 20-80%). Both regressions had an R® of 0.29; similarly the
selective effects of treatment intensities on annual blsal area produc-
tion per acre of desirables also produced significanc regressions with R
of less than D.3.

2

This is a real affect of poisoning, and is likely to have an impor-
tant effect on the composition of the final crop, so it is most “important
to understand why the selective effect 1s not as clearly displayed in
these analyses ds the overall effect on average girth increments. This
does not mean that poisoning must have had only a minor selective impact
on the stand.

The selective impact of poisoning in any one plot depended on the
stocking and size distribution of both desirables and undesirableg with
respect to the size limits for logging and poisoning., These varied con-
siderably from plot to plot: the basal area of undesirables in one plot
. may have been high, resulting in a heavy treatment-intensity, while the
basal area of unlogged desirables may have been either high or low irres-
pective of the poisoning intensity. Thus simple comparisons between
plots have only a limited ability to distinguish changes in composition
and selective responses within plots and may easily underestimate them,

We may also examine the selective effects of polisoning on the
‘present and future production of desirable species. These will depend .
on even more factors which can vary more or less independenfly.gnd are

difficult to quantify in an experiment: not only -

- (a) the tree increments, affected by the basal area :cduccion And by
the characteristics of individual species, and - ..
(b) the stand composition, the chance fthOro of aize- and speci

.., composition befire .logging, but also e e
1’(e) ~ the? “pocicion -and abundancd of the rogoncration tnd recry ~0nc. ’
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L All thesa factors show a natural range of local variation and—of
responses to features outside the plot (e.g. nearby seed-trees) or out-
side experimental cdntrol (soil and site factors). In these regressions
of basal area growth of desirables and poisoning-intensity,.the cor-
relation is almost inevitably rather weak, because of all these sources
of variation; it is therefore reasonable to attach more importance to
the fact that the correlation is clearly evident in the scatter diagrams
and in the statistical significance of the regressions. More detailed
analyses are required to separate the relative importance of treatment
intensity, initial stocking and subsequent recruitment.

Conclusions

The Tutus experiment 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 production per plot.

It was clear that the trees responded at least proportionately 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 bagal area had a higher basal area pro-
duction because of their enhanced girth 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 codpensate for the fewer measured trees, cf, Figure 2. The "break-
even" point, with _the highest increments and production per unit area
from the fewest treea, will depend on the characteristics of the species
and the forest; a stand of species which respond only slightly to heavy
basal area reductibns would show a drop in overall production at a higher
stocking than a stand of sensitive, large crowned species such .as
Maesopsis, Terminalia or Meranti.
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———> increasing intensity of treatment (i.e. 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 experiment.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 Whitmore) remains roughly similar over a broad rarige
of stocking provided that the canopy is closed and the stocking is below
the Limiting Basal Area (Dawkins (17)). Therefore the most important cri-
teria for judging the use of treatments are likely to be thelr effects
on diameter or girth increments and on the proportion of the developing
stand which consists of usable trees. Through these factors, the treat-
ments affect the net annual production of usable wood as a proportion
of the total yield of the site, and the rate at which that annual pro-
duction is developing into trees of usable sizes. )
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