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Foreword

The Handbook series of IBP has a specific purpose. It Is for volumes which
are urgently needed by biologists around the world who wish to participate
in the programme. Some volumes, such as No. 1 Guide to the Humen
Adaptability Proposals, deal with a whole section of IBP; otbers, such as
this and a number of others in active preparation (sce back cover), deal
with methods -of research in @ comparatively narrow branch of the pro-
gramme. Some of these handbooks, like this one, are brief, written by one
scientist, who has been selected by the international section concerned and
bas consulted many specialists in the process of drafting. Other volumes
will be larger, with chapters written by a number of different specialists
under the guidance of a general editor.

It must be emphasized that the methods described in this and other
handbooks arc recommended for the purpose of IBP, not agreed. To obtain
universal agreement on any particular method, if it could be achieved at all,
would take a long time. Moreover, it might retard rather than advance
biology, because the methodology in a great many subjects within IBP is
evolving rapidly. The mcthods described in these handbooks are recom-
rmended to scientists who themselves do not thick they have better methods.
They provide some guarantee that the results obtained by their use all over
the world will be comparable.

A further poiat of importance is that all IBP handbooks are to some extent
provisional. Those ¢oncerned with methodology in partticular may need
alteration as a result of practical experience znd distribution to numerous
specialists. Indeed it is hoped that revised and more definitive cditions of
these books will be called for before the conclusion of IBP in 1572.

The author, P.J. Newbould, has just been clected to the Chair of Biology
in the new University of Coleraine in Northern Ireland. He took his first

viil Foreword

degree at Oxford, his doctorate in Londoa with W.H. Pearsall. For a number
of years past, as lecturer in botany at University College, London, he hzs
been in charge of the Conservation Course. This is organized i consultation
with the Nazture Copservancy of the United Kingdom, in order to traia
postgraduate students in the sciences which underlie conservation and the
rational use of biological resources. Since IBP commenced, Professor
Newbould has taken a promineat part in Section PT, bota nationally withia

the UK, and internationally.
E. B. WORTHINGTON

IBP Central Office
7 Marylebone Road
London, N.W.1

August 1967
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Preface

This methodological outline for estimating the primary production of forests
and woodiands as part of IBP is based on preliminary documents cireulated
to more than seventy scientists directly concerned with such studies and
incorporates many of their comments. The current version undoubtedly
could be improved further but revision can be a never ending process. Rather
than trying to produce a polished and generally acceptable version which
might aot have been ready before the end of IBP it was decided to publish
at this stage and to issue corrections and revisions later. Suggestions for these
should be sent 1o the author at the address below.

The New University of Ulster, P.J. Newbould.

Coleraine, Co. Londonderry,
N. Ireland.

1

Objectives

The outline of the PT programme in IBP News 9 states: ‘General invest-
gations of primary production should be xade at 2 global aetwork of sites’.
This Hazodbook suggests some of the methods that can be used in forests
and woodlands to fulfil this aim. Forests and woodlands are here taken
as synonymous aad the term woodland is generally used. Woodlands include
all vegeration in which trees (more than 5 m tall) play 2 predominazt part.
Thase methods would also be applicable to the trec compornent of vegetation
in which the trees have 2 miner role.

The actual investigations to be carried out within this theme will vary
from place to place; precise objectives and the availability of sites, funds
and manpower will determine which methods are 1o be used in azy particular
investigation. Objectives may include the provision of primary production
estimates zs a basis for complete ecosystem studics, comparisons (within
woodlands) between specics, geographical regions, managemest techniques
and comparisons between woodlands and other types of vegetation or
systeras of agriculture. In general it is difficult to set up meaningful com-
parisons without proper experimental design. It is cssential in these
comparisons to reduce the nuzaber of independent variables to the absolute
minimurm, for example by comparing omnc specics Over  range of climate
but with similar management regimes and soil types.

Woodland production has been measured by foresters for many years,
and their current methods are outlined in several textbooks of forest
mensuration (Prodan 1965, Husch 1963, Pardé 1961, Ferat 1958, Spurr
1552). In general they tend to comcentrate upon the economic procuct,
stem wood. Studies of biological production arc concerned with the whole
dry matter. production of the trees, shrubs and ground vegetation. The
total dry matter production in any ecosystexe is 2 measure of its efficiency
of cnergy fxation. It also represents the energy input to the system; this
encrgy will subsequently be dissipated by the respiration of all the organisms
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in the ecosystem, the plants themselves, the consumers including carnivores
and the decomposers.

This Handbook does mot aim to cescribe the standard mensuration
techniques used by foresters; local advice and tables describing the growth
of the main tree species will normally be available in each country (e.g-
Bradley, Christie & Johnston 1966). What is required is to convert the
foresters’ production from. umber volume to dry weight and to add to it
estimates of the production located in the non-useful parts of the tree and
in other parts of the ecosystem. The methods for doing this are indicated
in this Handbook.:

Complete standardization of methods is undesirable and impracticable
but wide adoption of certain general principles will belp to make the results
of different Investigations comparable. This Handbook is intended only as
a guide from which appropriate methods can be selected and is especially

for the use of institutions where productivity studies are not currently in-

progress. - Reference is made to papers which contain further details of
suitable methods.

2
Forest Type and Site Selection

2.1 Forest types

The number of forest types chosen for study in a given geographical arez
may depend upon the amount of fusds and manpower available, It is
however hoped that all representative or major types of forest found within
the area, either natural or artificial, will be covered as far as possidble. At
the outset it is important to distinguish between two sitvations. The annual
production of uneven-aged ‘climax’ woodland, although varying from year
to year, probably fluctuates about some comiparatively steady meaa. Currect
production of 2 woodland stand, measured over 3-5 years, provides 2 value
geouinely representative of that site and stand.

By contrast ag even-aged woodland shows a regular change 1 production,
which increases to a maximum value and then gradually declines (Ovizgton
1957). Here the most realistic value for agaual production is the mean
production over a whole rotation or the whole life-span of the stand. This
implies making measurements On an 23¢ sequUence of even-agsd stands.

It is important in each regior to compare the best availabdle approximation
to natural climax woodland with the main types of piantations. It may also
be useful for intercontinental comparisons of production to choose plapta~
tions of such widely cultivated genera as Pinus (cspecially P, radiata), Larix,
Eucalyptus, ete. It is always important to uoaderstand as much as possible
of the ecology of the system being studied, especially the seasonal changes
in actvity.

2.2 Site selection

It may be useful to cnvisage four sorts of arezs as shown i Fig. 1.

1. Sample area: initially used only for measurements whick will not afect it.
Climatic measurerents znd regular growth recording are carsied out here.
Ultimately it could be felled as a final sample or prelerebly conserved
inviolate as a reference site (0-1-1 ha).



- gv___

4 Chapter 2

2. Buffer area: an area of at least two tree heights in width, around the
sample area; not subjected to any disturbance which could affect the sample
area.

3. Measurement arca: large enough to permit felling of trees, digging of
soil pits and root trenches; so far as possible felling should aot exceed 5%
of the tress to minimize efect on sample and buffer areas (1-10 ba).

4. Study area: acts maioly as a large scale buffer zone; may be necessary
for the associated study of mammals acd birds (10-100 ba).

Figure 1. The site: I, sample area: 2, buflec area; 3, measuresment area; 4, study
arca.

The methods used depend upon the degree of destructive sampling permis-
sible; often one must make non-destructive measurements on a considerable
sumber of trees (perhaps all those in 1) while cutting down a smaller number
of trees (from 3) for dry weight determination. Felling should be so organized
(possible with reference to the prevailing wind direction) that it does not
markedly affect the climate of the sample and buffer areas. The sample arca
is usually regular in shape, but need not be square. The study and measure-
ment areas need not be regular.

221 The size of the areas depends upon the sites available, the size of the
trees, the structural complexity of the woodland, its general heterogencity,

Forest Type and Site Selection 5

=he accuracy required and the maspower availabie. No vegetation is ROmo-
geneous but the heterogeneity of [ and 3 should be kept as small as possidle
while in 4 which may be used for relatec ccosysiem investigazions, as for
exampic on vertebrates, more heterogeneity can be aceepted. Heterogeseity
may iavelve species composition, age and height structure of the woodiand
and site coaditions, e.g. slope, soil and climate, often iadicated by the
ground flora, The smaller areas should as far as possible comstitute 2
representative sample of the larger areas (e, 1 of 3, and 3 of 4).

~he minimum sizes shown above are barely adequate and are inteaded
for areas where woodland sites are small acd few and far between. Probabdly
in uneven-aged or mixed woodlands the sample area should 2ot be less
thaz O-$ ha. Ia tropical rain forest the areas might have to be as much as
five times as large as the maximum sizes given above. Where adequaie areas
cannot be found, it may be necessary to uUSe measurement areas which are
pot adiacent to the sample areas, but which are within the same region
and are as closely comparable as possible. In some cases more then ose
sample and measurement area may be located within the same study aren,
cither 2s replicates, or 2s aa experiment involving different tree species of
management reginnes. ’

2.22 Existing research plots should be used wherever possible. In particular
it would be of immoense value to locate these studies in or adjaceat to 2
measurztion plot oa whick long terza recurrent girth measureraents have
been made on numbercd trees. This will allow much more precision in toe
estimation of wood production which is the major component. It may also
rmake it possible to relate, (with care and suitable rescrvations) the sotal
dry matter production (via mensuration- data and volume tables where
available) to other stands in the same region. The extent to which the stand
sampled is thought representative of larger areas of woodland should de
stated, giving comroborative detail if possible.

2.23 Replication is highly desirable where comparisods arc to be made
between stands. In some cases it may be impracticable duc 1o site hetero-
gencity and shortage of manpower, Replication of non-destructive medsure-
ments (girth, height, etc.) may be simpler than replication of destruciive
measurements and may serve to indicate the amount of variaton involved.
Subdivision of the sample area and the measurement arsa will provide
additional information on the variability of the stand.
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