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1 INTRODUCTION 
 

The manual on hand is the obligatory work instruction for inventory of Liberian Forests. The 

manual will be mimeographed and issued as a loose-sheet collection in a durable strong folder 

held by screws. 

 

Alterations will he made only by replacing whole pages, and the superseded pages are to be 

destroyed. The Chief, Inventory Division, is responsible for keeping this manual up to date 

with amendments. 

 

 

1.1 Purpose of inventory 
 

The inventory shall give the first exact information about the structure of the National Forests 

to the Liberian Government. It shall furnish the basis for a detailed long-term planning of 

forestry development. 

 

The main objectives are: 

 

1. to find out the growing stock of timber for large areas, both by individual species and 

by species-groups in order to distinguish between exploitable and non-exploitable 

areas; 

2. to demarcate forest types and vegetation zones as far as they are of importance for 

yield-and silviculture; 

3. to investigate the topography as far as it is of importance for exploitation or 

silvicultural planning. 

 

To achieve these three objectives the inventory fieldwork is described under the following 

divisions: 

 

1. Introduction to the inventory method 

2. Description of topography 

3. Design and production of the field map 

4. Organisation of field work 

5. Instructions for recorders 

6. Basic rules for assessment of the growing stock. 

 

 

1.2 Method of inventory 
 

The questions to be answered by an inventory are manifold and since the areas are so vast, it 

is impossible because of time and financial reasons to assess the whole forest by 100 % 

enumeration. Therefore a method must he applied which fulfils all the objectives of the 

inventory but which enumerates only a very small fraction of the total area. This is the 

sampling method based on mathematical statistics. This method permits to enumerate even 

less than l% of the total area, but it requires that the area which is to be enumerated be split up 

into many sample plots which are distributed all over the forest in a way that all parts of the 

forest are represented in a well balanced proportion. Thus a representative assessment is 

achieved. Contrary to a 100% enumeration - which records the true population - this sampling 

method is only an estimate. 
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1.2.1 Arithmetic mean and reliable minimum estimate (RME) 
 

The two essential criteria required to describe the growing stock are the number of trees and 

the volume per hectare (ha). By adding the number of trees of all sample plots, or the volume, 

and dividing the results by the area in hectares of all sample plots, the arithmetic mean 

number of trees or volume per hectare are obtained. But it is impossible to assess the forest so 

accurately that the arithmetic mean of the samples represents the actual growing stock of the 

forest with absolute certainty. However, the possible deviation of the estimate of the 

arithmetic mean from the true arithmetic mean of the population can be calculated with a high 

accuracy. This possibility renders the sampling a reliable method of inventory. 

 

The possible deviation of the mean of the samples y  from the true mean of the population 

(obtained by a 100% enumeration) is named “standard error “(Sy). It can be calculated from 

the sample standard deviation, “s” divided by the square root of the number of sampling 

units,”n”: 

 

s
nSy =  and S% = 

y

S
 • 100 

 

The sample standard deviation (s) is calculated by the sum of squares of the deviations of all 

individual observations (yi) from the arithmetic mean ( y ), divided by the number of degrees 

of freedom. It is an estimate of the variability of the population. 

 

 

∑
=

−=
n

i

yyis
1

2)(  and s% = 
y

S
 • 100 (sample coefficient of variation) 

 n – 1 

 

The more uniform a forest, the smaller is the sample co-efficient of variation (s%) and 

consequently the smaller is the standard error (Sy • t). Moreover, as the first formula shows, 

the standard error diminishes with increasing number of samples (n). 

 

It was mentioned, that by a sampling the true mean can never be determined with absolute 

certainty. However, by introducing the standard error Sy we can state the positive and 

negative limits of the range within which the true mean can be e to lie with a certain 

probability: y  ± S. The positive and negative interval between the sample mean and the 

standard error (-S ... y  ...+S) does not signify, that the true mean of the population would lie 

within this range with an absolute (i.e. 100%) certainty, but only with a probability of about 

68,2%. With a probability of l6% or p = 0,16 it may exceed the positive confidence limit ( y  

+ S) and with same probability it may exceed the negative margin ( y  – S) altogether the 

probability is about 32% that the true mean lies outside the range y  ± S. Here is the chance 

about six in twenty that the true mean lies outside the calculated confidence interval (Even at 

this low probability, the factor t - as described below - should be applied. However, in case of 

a sampling with more than 10 degrees of freedom the t-value almost equals 1 and can 

therefore be neglected.) For a forest inventory, this probability is too riskful. We need 

statements which are correct in at least 95% of the instances - or vice versa - where the 
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probability of discrepancy exceeds not 5% or p = 0.05. In this case a risk is accepted that the 

chance is one in twenty that the true mean lays outside the confidence limit. To achieve this, 

we have to multiply the standard error by a factor called “t”. The t-value depends on the 

number of samples and, of course, on the level of probability required, e.g. for a level of 

probability at p = 0,05 and l2 samples (or 11 degrees of freedom) the t-value is 2,20. If more 

than 30 samples are concerned, the t-value is about 2. At that probability level of p = 0,05 it 

can be expected, that the true mean will not exceed the positive margin of the range y  + S • t 

in 2,5 of 100 instances and will not be smaller than the negative limitation in 2,5 of 100 

instances either. 

 

The positive margin of the confidence range ( y  + S • t) is of’ minor importance to forest 

inventory because the crucial question is: what is the minimum of timber that can be expected 

with a high probability (i.e. now in 97,5% of all instances or p = 0,025). This value is called 

the Reliable Minimum Estimate (RME). It is the arithmetic mean reduced by the value Sy • t, 

or 

 

RME = y  – Sy • t 

 

The value t is obtained from a t-table for a probability of p = 0,05. The RME is of greater 

economic importance than the arithmetic mean because it is an almost absolutely guaranteed 

minimum limit. Inventory results of particularly high importance are therefore stated both as 

arithmetic means and as RME-values. 

 

 

1.2.2 Basic mathematical and statistical conditions for inventory 
 

The tolerable standard error at a probability level of 0,05 dictates the entire planning of the 

inventory. 

 

A high intensity inventory, as necessary for the p1anning of a logging operation and also for 

felling and working plan inventories requires a standard error below 10 % and numbers of 

degrees of freedom of at least 10. The inventory of the National Forests, however, is an 

inventory of a very large area, and hence, as already stated above, can only be a low intensity 

inventory and therefore need not be accurate to such a small standard error. With at least 10 

degrees of freedom given, the tolerable standard error S •  t can be between (±) 10 and 20 %. 

 

The standard error is influenced by: 

 

1. how detailed the results are required, e.g. whether statistically reliable results are 

wanted for single species or for species groups, and whether for all trees or only for 

such above a certain diameter. 

 

2. the abundance of the species, or the species groups, and their distribution. 

 

3. the number of samples, because the lower the number of samples the greater the error. 

 

as to 1) Presentation of the results 
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The results of the inventory of the National Forests are classified into species groups which 

are made up according to the economic value of the species. Statistically reliable results can 

only be computed for these groups. For the individual species only the sample arithmetic 

mean can be given. This, however, is not statistically founded and has a large standard error. 

Precise information about every particular species could only be obtained by a very intensive 

inventory. 

 

as to 2) 

 

The abundance of the species groups and their distribution has a great influence on the 

standard error. This is the case especially if species occur clustered, or if very different types 

of forest are found alternating in large areas, e.g. farmland and old high forest. If within one 

species group only a few species occur; already little changes in the abundance of one species 

alters the sample standard deviation and by this the standard error for this group significantly. 

 

as to 3) 

 

As already stated above, the sampling fraction has to be kept very low in an inventory of the 

National Forests, Therefore the number of samples which is necessary for a reliable result can 

only be obtained by taking a compartment of large size as planning unit. Attention may be 

drawn to the fact that here the sampling fraction is of subordinate importance to the number of 

samples, because, above a certain size of the sample, enlarging the sample (and thus 

increasing the sampling fraction) does not improve the results significantly. It is more 

efficient to keep the sample size small and to increase the number of samples instead. 

 

Pre-calculation of the number of sampling units (n) required. 

 

If the variability of the growing stock of neighbouring forest areas is known either from 

previous inventories or from a test sampling in a small area before inventory begins, the 

number of sampling units required - with the necessary tolerable standard error Sy • t% (e.g. 

20% in the National Forest Inventory) can approximately be pre-calculated: 

 

n

st
SytE

%
%%

•
=•±=  
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( )2
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%

%

E

s
n t •

=  
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E.g.: The sample coefficient of variation (s%) of a species group in a test sampling was found 

to be 50%; the tolerable standard error 

 

%;20%% ==•± EtSy  

 

t may here be set as 2: 

 

2

22

20

502 •
=n  

 

400

25004 •
=  

 

= 25 

 

From this follows that in order not to exceed the necessary tolerable standard error of 20%, 25 

sampling units are required. 

 

If it is possible to inventory only a limited number of pilot plots before the main inventory in 

order to estimate the variability, one may reach rough estimate of the sample standard 

deviation by dividing the difference between the highest and lowest values of the semp1ing 

units by 4.5: 

 

5.4
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~
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s
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1.2.3 Size of the planning unit 
 

A planning unit is a forest area for which inventory results are computed. The minimum size 

of such a unit depends very much on the objective of the inventory. Plans for the 

infrastructure (e.g. for road and port construction or settlements) and long term planning of 

the revenue expected, or project planning for larger wood industries can only he calculated for 

larger forest areas of at least 100,000 ha. However, such planning usually refers to areas 

between 200,000 to 500,000 ha. 

 

All such plans, however, should be compiled from the addition of inventory data for areas of a 

size suitable for logging concessions, or from the data of forest areas which were identified by 

the inventory as worthwhile for exploitation, because only these areas are actual production 

units. 

 

The minimum size of a concession area for a profitable roundwood export enterprise can be 

derived from the following calculation. Forests which carry more than 5 cu.m. or about 0.6 

trees of valuable export timber per ha can be considered economically acceptable for 

exploitation (ca. 500 bd.ft. per acre or 4 - 4,5 metric tons per ha or 1,000 - 1,200 metric tons 

per sq. mile). The annual production of an exploitation enterprise has to reach at least 25,000 

cu.m. The concessions are to be given for an exploitation period of at least 20 years. Hence 

100,000 ha (250,000 acres) can be considered the Minimum size of a concession. 
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Such a concession area need not consist of only one block, but depending on the richness of 

the forest, may be made up with some adjacent areas. Generally it will not be profitable for 

logging operations to work on areas smaller than 20,000 ha. Only exceptionally, if the 

growing stock of timber is high and the transport situation favourable, areas down to l0,000 

could be considered. Consequently the inventory of the National Forests should issue, under 

favourable conditions, results for planning units down to this minimum of 10,000 ha. But, if 

the forest is highly variable, e.g. some species occur clustered or if there is a frequent change 

between high forest and farmland, reliable results can only be given for larger areas, 

otherwise inventory would be too costly. Several exploitable areas of one concession which 

are separated from each other may be treated as a whole for the computation of the standard 

error. This may be done on condition that all parts have been inventoried according to the 

same sampling design. The RME value resulting from this is, however, only valid for the total 

area and not for the individual parts. 

 

It may be mentioned that it is not advisable to have too many small planning units within a 

large scale plan, because the clearness will suffer, Most of the National Forests are areas of 

100,000 to 500,000 ha. If we would split then up into smaller compartments than 10,000 to 

20,000 ha, we would obtain a mosaic and would loose the overall perspective. 

 

1.2.4 Increased accuracy by aid of aerial photos 
 

If good aerial photos (scale: at least 1:20,000) are available, one is in a position to stratify the 

most important forest types i.e.: high forest, formerly farmed land, recently farmed land. 

According to the economic importance of strata, the intensity of inventory can be varied. In 

addition it is possible to compute results for the various strata separately, which then will have 

a lower standard error, because the single stratum is more homogeneous than the entire forest. 

By such stratification it is possible to save a lot of time in the field. However, until now aerial 

photos of sufficient quality have not been available for t1 Liberian Forests. 

 

 

1.3 Sampling design 
 

It may be remembered that in the inventory of the National Forests the sampling fraction has 

to be limited in order to keep the costs low. Therefore it is more advisable to distribute many 

small samples rather than a few larger ones over the area to be enumerated. This way the 

various types of forest are more comprehensively investigated, the standard error is kept low 

and hence, smaller planning units can be formed and one will still obtain reliable results. 

 

The evaluation of our inventory data indicated that the minimum size of a sampling unit must 

be between 1 and 2 ha. However, the size is also influenced by another important factor, i.e. 

the organisation of the fieldwork. 

 

The enumeration of one sampling unit is by necessity a full days work for a recorder because 

of the distances between the sample plots and the long way to and from the camp. ‘Within the 

sample plots enumeration is done very intensively. All trees above 10 cm diameter are 

measured and all heights of trees above 40 cm DBH are estimated. Therefore a recorder 

cannot enumerate more than 2 ha per day. 
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A larger sampling unit would lead to deterioration of the accuracy of recording; a smaller one 

would slow down the progress of fieldwork Therefore two ha have been fixed as the size of a 

sampling unit. 

 

When selecting the samples two requirements must he observed in order to obtain unbiased 

estimates: 

 

1. The sample must be selected at random. 

2. Every spot in the forest must have the same chance to be selected. 

 

In order to fulfil these conditions the samples are distributed over the forest as follows: 

 

1. On the work map the forest is divided into squares of equal size. These squares are 

named “blocks” and are numbered successively. 

 

2. In each block two samples are selected at random. Such a sample of 2 ha is named a 

“tract”or “transect”. 

 

The randomization of the samples is restricted to the area of one block. However, the blocks 

as well as the tracts are of equal value and interchangeable. 

 

The system is named “restricted random mono-staged selection of the sampling units”. The 

blocks are primary units of equal rank and each block has two equal secondary units (tracts). 

 

It is necessary that every block consists of two tracts. Only then the sum of squared deviations 

(the sum of squares within the blocks) can be calculated from the differences between the two 

tracts. In this case the arithmetic mean within each block is: 

 

( )
2
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The estimate of the variance within blocks with M degrees of freedom then is: 
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For 2 transects per block this is: 
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and the sample standard deviation is: 
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From this the standard error of the arithmetic mean 
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can be calculated: 
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1.3.1 Sampling unit 
 

As stated above, the tract is the smallest sampling univ. It has a size of 2 ha. However, in the 

field these two ha are not enumerated as one continuous block, (because this would cause too 

great a technical difficulty) but are split up into 40 circles of 500 sq.m. (0.05 ha) each. Such a 

circle is named a ‘sample plot’. The size of the plot is comfortable because it is easy for 

calculation and for the performance of the enumeration as well. Since Πr² = 500, the radius of 

the circle (r) is 12.61 m. This distance is easy to control in the tropical forest. The radius of a 

circle of double the area (1,000 sq.m.) would be 17.80 m and this would already be too long, 

because one would be likely to miss trees when enumerating. The circle is the geometrical 

shape which has the shortest perimeter for a given area. Therefore the number of marginal 

trees compared with the area of a plot is smallest, if the plot is circular. In addition, it is 

technically much easier to establish the boundary of a circle than of an area of any other 

shape, and it is easiest in circle to adjust for sloping ground which strongly influences the 

actual size of the plot. 

 

The sample plots which make up the tract are laid into the forest like a string of beads at 40 

m-distances (measured from centre stake to centre stake). As far as statistics are concerned it 

is of no significance which way this string of beads runs. If the enumeration fraction is 

comparatively low (e. g. 0.5 %) a square shape of the tract is preferred over a straight line, 

because then the recorder returns to the starting point of’ the tract. Otherwise he would lose 

this advantage and he would have to walk all the way back on a straight tract (40 x 40 m = 

1,600 m). In an inventory with a high enumeration fraction the walking distances do not 

matter too much and therefore here straight tracts are preferred because they render better 

information about the topography. However, this factor loses importance when the 

enumeration fraction is 0.5% because of the great distances between the tracts. The tract has a 

shape as indicated on page 36. 
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1.3.2 Calculation of block size 
 

If the size of the tract is 2 ha, and 0.5% of the area must be enumerated (enumeration fraction 

0.005) then the size of the blocks is calculated as follows: One tract consists of 40 sample 

plots of 0.05 ha. Hence the enumerated area of a tract is 40 x 0.05 ha = 2 ha. 0.5% is 1/200tb 

of the total; therefore a tract represents 2 x 200 = 400 ha. Since two tracts form a block, the 

size of a block is 800 ha= 8 million m
2
 (1 ha = 10.000 m

2).
 A square block of this size has a 

side length of 000,000,8 = 2,830 m – 2.830 km. 

 

Random distribution of the two tracts in the block  

 

The block is divided into 6 x 6 = 36 squares. Two of the squares are chosen at random. The 

centres of these two squares are the centres of the tracts. The 36 squares have a side length of 

2830 : 6 = 472 m each. If two tracts fall into adjacent squares, the close sides of the tracts are 

only 72 m apart, but will never touch each other. 

 

 

1.4 System of measurements 
 

All measurements are given in metric units. Diameter and circumference, are measured in 

centimetres (cm); bole length in meters (m). The volume is calculated in cubic meters (cu.m.) 

over bark. As an average, 
10

128 −
% of the total volume may be deducted for bark later. All 

calculations of forest areas are given in hectares (ha) or square kilometres (sq.km); linear 

measures in meters (m). 

 

Conversion factors 

 

a 1 inch = 25.4 mm = 2.54 cm 

 1 ft. = 30.5 cm 

 1 chain = appr. 20 m 

 1 mile = 1,609 m = 1.609 km 

b 1 acre = 0.4047 ha 

 1 sq.mile = 259 ha = 2.59 sq.km 

  = 640 acres 

 1 sq.km = 100 ha = 1,000,000 sq.m. 

  = 0.3861 sq.miles 

  = 247.1 acres 

c 1 cu.m ov. bk  = 200-280 bd.ft 

 1 cu.m round wood (green) weights appr. 1 metric ton  

c 1 cu.m/sq.km = roughly 1 bd.ft/acre 

d Approx. conversion rule for diameter: 

Number of diameter class = number of feet in girth,  

e.g.: 81 cm in diameter = diameter class 8 = 8 ft in girth 
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1.5 Codification of entries 
 

All processing of inventory data is done by an electronic computer This requires that all 

entries into the tally sheets be given in code numbers e.g.: forest part, topography, forest type 

and species. Use of the decimal classification system is essential. 

 

Comprehensive instructions on how to complete the forms are given in Chapter 8. 

 

 

1.6 Species 
 

Our inventory should wherever possible work out detailed information for all species, which 

are important because of their high volume or merchantability. There are about 65 species 

involved. These species are divided into 6 species-groups according to their timber quality 

and/or trade value. All miscellaneous species are in group 7: These are trees which occur 

naturally only in small dimensions or in bad shape, or are so rare that they have no economic 

value; therefore results only for the entire group 7 are given. 

 

The seven groups into which the Liberian species are categorized are: 

 

Group la:  Unrestricted valuable export species in constant demand on the world 

market at a comparatively high market price. 

 

Group lb  Restricted valuable export species in minor or fluctuating demand on the 

world market. Or, the Liberian provenience is of minor quality (as 

Terminalia sup., (limba) ). 

 

Group 2:  Export species of lower trade value. Their export only pays if large 

quantities are available or the transport costs from the forest to the port are 

low. This timber also sells well on the local market. 

 

Groups 3 and 4: Timber which has at present time no export value but sells well as lumber on 

the local market. This is light to medium heavy timber which without 

exception saws well and shows good to average property when stored and 

worked. (These species are only split into two groups for reasons of 

computation by an electronic computer). 

 

Group 5:  Timber which is suitable mainly for heavy wood construction, such as 

railway ties and harbour construction. This is very heavy and hard timber, 

which only finds buyers for these specific purposes. 

 

Group 6:  The species of this group are comparatively abundant but have only a low 

trade value and some of them have unfavourable characteristics. Others are 

completely unknown on the timber market as well as in the technological 

laboratories. Therefore they cannot be recommended even for the local 

market without thorough testing. 

 

Group 7:  Miscellaneous - very rare species or species which, according to their shape 

or dimension, are of no value for utilization. 
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Every species of the groups 1 - 6 has a code number of three digits of which the first one 

indicates the group. 

 

 

1.7 Phases of inventory work 
 

1. General description of the site 

 

a) description of the topography 

b) description of the forest type 

 

2. Actual forest measurements 

giving number of trees and volumes for species and species groups. 
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2 DESCRIPTION OF THE SITE 
 

This is of outstanding importance for all planning of exploitation end siviculture. Topography 

and forest types are designated by certain code numbers which are entered into the tally 

sheets. Besides this, certain symbols are plotted on the working map in order to obtain a 

picture of the conditions of the forest. 

 

 

2.1 Topography 
 

To facilitate the representation of the topography in figures four classes of slope are 

recognized: 

 

steep — moderate — gentle — flat. 

 

The limits of the classes are: 

 

1 steep: gradients of slope 18
0
 and more 

2 moderate:  “ “ “  9 – 17
0
   

3 gentle:  “ “ “  4 –   8
0
   

4 flat:  “ “ “  0 –   3
0
   

 

For every sample plot the topography class is stated and the corresponding code-number is 

entered on the tally sheet. The proportion of the numbers of plots in each class should give an 

overall view of the topography of the forest. Therefore the recorder must not only consider the 

sample plot, when recording the topography, but also he must observe the entire surrounding 

terrain, e.g. no attention is paid to small irregularities in an otherwise flat area, On the other 

hand, if, on a steep slope, the sample plot falls on a less steep portion the topography recorded 

would still be recorded as “steep”. The slope is measured with the pocket clinometer. This is 

done by aiming at a point at eye level which should be as far away as possible in the direction 

of the average slope. (See 5.2 “The pocket clinometer”). 

 

Furthermore, a small area of land into which a sample plot falls must cover at least one cable 

length = 40 m in order to have its specific topography recorded. If it is smaller, the 

topography of the surroundings is recorded, A short steep bank of a river is described as ‘flat” 

if the land around is flat. The flat top of hill is recorded as “steep” if the slopes are steep. 

 

 

2.2 Stratification 
 

2.2.1 Vegetation zones 
 

All Liberian forests with few exceptions belong to the tropical high forest zone. They are 

located below 10° north, the average annual temperature is above 24°C, the annual rainfall 

more than 1,800 mm (mostly between 2,000 and 3,000 mm), and the altitude above sea level 

ranges, with a few exceptions, between 50 and 500 m. The large forests in the east and in the 

centre of the country are found between 150 and 250 m above sea level. 
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The tropical high forest in Liberia is subdivided into three large vegetation zones, mostly very 

closely linked and with various kinds of transition: 

1.  Moist semi-deciduous forest. This is far from the coast and therefore gets an annual 

rainfall of only 2,000 mm and less. It is comparatively rich of species which 

periodically shed leaves during the dry season. Among these species are: Tri, Cei, Tei, 

Dis, Pip, Chl, Bom, Albizzia zygia, Tes. 

 

2.  Evergreen rainforest 

 

 In western Liberia this zone stretches from the coast for about 70 km inland; in eastern 

Liberia up to 140 km. It receives an annual rainfall of between 4,000 and 2,000 mm. 

The dry season lasts no longer than 2 months. 

 

Within the evergreen rainforest we differentiate between 2 sub-zones: 

 

“Wet” coastal rainforest 
 

By far the best example of this sub-zone is found in south-east Liberia. It begins only a 

few miles from the coast and stretches about 709 km inland. The average annual rainfall 

ranges between 4,000 and 2,800 mm. From November to March it decreases, but never 

below the level of 100 mm per month. In this zone the single dominant forests are 

specially frequent and extensive. The main characteristics are large stands of 

Tetraberlinia end Cynometra ananta on the dry land, and dense stands of Loesenera 

kalantha in the swamps. 

 

Mixed evergreen rainforest 
 

This is situated between the very wet and periodically very dry zones and has an 

average annual rainfall of between 2,800 and 2,000 mm. Between December and 

February there are two months with less than 100 mm rainfall. Occasionally large 

stands of Tetraberlinia and Cynometra are found but generally the stands consist of a 

mixture of various species and the single-dominant stands are scarce. 

The division of the forest areas into vegetation zones will he done later from inventory 

data, geographical position etc. 

 

 

2.2.2 Forest types 
 

The forest types are independent of the vegetation zone and are categorized according to the 

following criteria: 

 

1. Mature High Forest. 

2. Recognizable influence by human settlement. 

3. Distinct influence by animals, i.e. elephants. 

4. Topography (as swamps, dry sites, hills) 

5. Specially striking plant associations (as natural lowbush and Tetraberlinia forest as 

sub-type of the Mature High Forest). 

6. Influence by wind catastrophes. 

 



Code for the Inventory  19 

 

The definition of the forest types is wide: 

 

- because forest types must be recognized during the field work from the sample plot 

already, i.e. without any subsequent analysis; 

- and because otherwise the clearness of description will suffer. 

 

 

2.2.3 Volume strata 
 

These are characteristic components of the growing stock i.e. distribution and density of 

species or species groups. They are - contrary to the forest types: 

 

- mostly better recognizable after the field work with the aid of inventory data, than 

immediately during the field work. 

So far it has been impossible to define forest vegetation zones and forest types before field 

work begins by aid of aerial photos, because such photos of sufficient quality, are rarely 

available. Moreover, new aerial photos would require the elaboration of a new interpretation 

key. 

 

 

2.2.4 List of strata 
 

001 rivers, creeks, lagoons 

002 rocks 

003 villages, roads 

  

100 high forest, normal condition 

110 high forest Tetraberlinia 

120 high forest along creek banks 

210 high forest broken by elephants 

220 high forest wind-broken 

  

310 recently farmed land 

320 recently farmed swamps 

  

410 formerly farmed land 

420 intermediate forest 

  

500 logged area 

  

600 forest on slopes of high steep hills 

  

700 swamp with merchantable timber 

800 swamp without merchantable timber 

  

900 natural low bush 
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2.2.5 The terms “Virgin-or Primary-Forest” and “Secondary High-Forest 
 

The history of the population movements and settlements of the tribes of West Africa in 

connection with the shifting cultivation, which is exclusive to tropical forest countries, makes 

it probable that all but a few forest areas in Liberia were populated in the course of the last 

centuries. Our observations during our inventory work in the forests confirm this. We only 

can assume with some certainty that there is untouched high forest i.e. virgin-forest on places 

where human population logically cannot be expected, that is on steep slopes, on high 

mountains, and rocky or very stony sites which have too shallow soils for farming. 

 

The question whether forest is actually untouched by man, or whether human influence took 

place such long time ago that it only can be recognized by the occurrence of certain mature 

species, is of theoretical interest but of little practical importance to our inventory. The history 

of a forest and particularly the influence of human settlements effects inventory work only in 

so much as the influence on tree species composition and on growing stock structure is 

essential. Or, in other words, since the last farming period the forest has not yet reached 

maturity. On the other hand, if the forest has re-established its final and mature stage, it is 

named “Secondary High Forest” contrary to the un touched Primary Forest or Virgin Forest. 

 

Within the Tropical High Forest we distinguish following natural forest type-classes: 

 

1. high forest on dry sites 

2. high forest on permanent end seasonal swamp 

3. mountainous high forest 

4. natural lowbush 

 

With the first two forest types we distinguish whether the structure of the forest human 

influence is still recognizable or not. Human influence mainly means shifting cultivation. 

Sporadically exploitation fellings may occur. The natural succession of the former farmland 

into high forest is a development which takes 60 to 100 years depending on the forest type. 

During that period several plant associations will succeed each other. The transition is gradual 

and therefore determination of the particular stage is not easy. The development from 

farmland to high forest can therefore be considered in only three broad transition phases: 

 

1. recently farmed land 

2. formerly farmed land and 

3. intermediate forest. 

 

This classification is sufficient for our forestry purposes. It states the most important phases, 

which are necessary for the understanding of the structure of the forest, the analyses of the 

inventory data and the possible future planning of silviculture and utilization. 

 

 

2.2.6 Topography of agricultural areas 
 

In the Central and Eastern Provinces of Liberia, which have a mostly flat landscape, farms are 

made mostly on flat sites (according to our classification of slopes “flat - gentle”) but short 

steep slopes, which are cut into the land by little rivers, are normally included into the farms. 

Preferably seasonal swamp, on dry sites deep soils are preferred, but very stony ones are 

avoided. Steep slopes and the tops of mountains are not chosen for farming in the Eastern and 
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Southern part of the country. Here the high forest remains untouched. However, in the hilly 

West Province even the steepest slopes are planted with rice. Sometimes portions of the forest 

which bear a high number of trees and therefore require an extremely high amount of labour 

for clearing are spared from farming. Especially, this seems to be the case with the Loesenera-

type of the forest. 

 

In the shifting cultivation farms you will always find standards scattered over the area in an 

irregular pattern in groups or single. Normally only trees with high crowns were left, to avoid 

to ill effect of the shadow. The standards are of very large size, have hard timber or high 

buttresses so they were hard to fell. However, there are many exceptions from the rule so you 

will find trees which are comparatively easy to fell left standing on the farms. For the 

determination of the strata the standards are an important indicator. 

 

 

2.2.7 The recently devastated land on dry areas (recent farmland), stratum 310 
 

After two to three years of agriculture the crop is overgrown by various weeds and already in 

the first year pioneer trees such as Musanga and Anthocleista take root. Soon these pioneers 

cover the entire area, but under their canopy not only the lowbush vegetation can develop, but 

also the saplings of some of the trees of the future high forest, which with but few exceptions 

are light demanding species and which seeds are transported by the wind over great distances. 

A characteristic of the recent farmland is its nearly impenetrable lowbush vegetation, in which 

at first high grasses are abundant. But soon bushes, palm-trees and some low trees of the 

miscellaneous-class connected by a dense tangle of lianas take over. Single or in little groups 

high trees are scattered over the area which the farmer left as standards when cutting the farm. 

These suffer from severe sunlight because of the sudden exposure. Many of them die, and the 

ones which survived get a rough and Scaly bark, which makes the identification for the 

enumeration difficult. 

 

After 10 to 15 years the dense lowbush starts to open up. Single and in little groups of trees of 

the miscellaneous-class push through the lowbush, but mostly disappears again in the later 

stage of “old farmland” and “intermediate forest”. Besides them the first trees of the Stratum 

“high forest” appear. They originate from the natural regeneration of the standards or are fast 

growing light demanding species which light seed was carried by the wind from distant 

places. It depends on the climatic zone which of such species appear first. In the drier zone 

Terminalia superba, Pycnanthus angolensis, Triplochiton scleroxylon and Ceiba petandra are 

the ones to occur first, in the coastal belt it is e.g. Erythrophleum ivorensis and Brachystegia 

leonensis. These trees also tend to grow in little groups under which the lowbush is 

suppressed, so that the first patches are opened in the dense tangle. In quite a short tine these 

trees reach considerable heights and diameters-BH of more than 40 cm However, the first 

closed but low canopy of trees is formed by species of the miscellaneous-class, It suppresses 

the palm trees and the spiny vegetation and diminishes the climbers. When this layer, of 

miscellaneous trees is completely developed the palms have disappeared and the amount of 

climbers is considerably diminished, the stratum of recently farmed land is finished and the 

area would now be named old farmland. 

 

Because of the shifting cultivation the soil is quickly impoverished. The successions which 

are following on after the farming are poorer in their composition of species and in their 

timber value the more devastating the farming was. Repeated farming of an area with only 

short fallow intervals, i.e. shorter than 20 years, are especially disadvantageous for the soil 
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fertility. The natural re-establishment of the high forest after farming depends in respect of 

time as well as to the composition of tree species very much on the degree of the devastation 

the site had suffered. 

 

The enumeration technique for the stratum 310: 

 

As far as possible all trees which fall into the sample plots are enumerated. If the lowbush is 

impenetrable, the plots which fall into the inaccessible area are marked as empty stations. The 

patches of high forest the farmers sometimes left over while cutting the farms and which are 

now surrounded by the lowbush belong to the stratum 310. 

 

 

2.2.8 “Recently farmed land” on swamps and periodically inundates areas, stratum 

320 
 

If farms were made on sites which are swamps throughout the years or at least inundated 

during the rainy season, these locations are called stratum 320. Characteristic for this stratum 

is the so called “elephant salad” (Merantaceae and Zingiberaceae) which covers large areas 

and is only replaced by bushes on slightly drier places. Elephants frequently visit these 

locations because they find a lot of food there and suitable places for wallowing are found. So 

the elephants render the regeneration of the forest more difficult (elephant-farms). The 

technique of enumeration is the same as described under stratum 310. 

 

 

2.2.9 Formerly devastated land (old farmland). Stratum 410 
 

About 25 to 30 years after the land was farmed and the low bush had come up, miscellaneous-

species form a first low layer of trees, which suppresses the impenetrable lowbush. Now 

numerous natural regeneration occurs, from the present main layer of miscellaneous trees and 

from the standards which were left over at time of farming. In addition other species come in, 

the seed of which was carried by the wind over long distances. The older this stratum 

becomes, the more the bushes and lianas are replaced by regeneration of thumb thickness. 

This undergrowth of seedlings and saplings is comparatively open and easily penetrable. If 

the soil is very impoverished because of repeated farming, this development may be delayed 

for some decades, during which in the under story lianas and bushes still dominate, and the 

development of closed canopy of trees does not take place. In extreme cases such old 

farmland resembles the lowbush (see below). 

 

The tree stratum becomes increasingly more differentiated, and the following tree classes 

come into existence: 

 

1. A comparatively low, more or less closed layer of trees composed of badly shaped 

miscellaneous species interspersed with climbers. 

 

2. Over longer intervals single or in groups the standards which survived the period of 

the lowbush are growing. Most of them are very large trees of Chlorophora, 

Anthonotha, Gilbertiodendron, Sacoglottis, Parinari, Nauclea. Their bark indicates the 

former shifting cultivation. It is deformed by the heavy sunshine to which it was 

exposed. It is scaly and shows holes but in any case it differs from its normal 

appearance. The standards have a DBH of at least 80 cm, but mostly they are of above 
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100 cm DBH. With such dimensions the standards are an isolated group in the stand, 

which has no connection to the smaller diameter-classes. Many of the standards die 

during this stage of development. Many collapsing and rotting trees are typical of this 

younger old farmland. Later this process dies out. 

 

3. The trees which soon found their way up through the lowbush of the recent farmland, 

single or in groups, have now reached a DBH of 40 - 50 cm. However, trees of this 

diameter-class are rare. These trees (i.e.: Canarium, Erythrophleum, Bombax, 

Triplochiton, Ceiba, Terninalia superba, Brachystegia Pycnanthus, Fagara) definitely 

overgrow the relatively low layer of the miscellaneous-species. 

 

4. More and more trees of the natural regeneration reach DBH of 10 - 50 cm and grow 

into the canopy of crowns of the miscellaneous-species and even above. Gradually the 

strong regeneration trees form the largest portion of the stand. Together with the 

crowns of the advanced regeneration they form a second higher layer of trees, which 

is, however, far from being closed. The most abundant species of this group belong to 

the genera: Uapaca, Calpocalyx, Parinari, Parkia, Diosperus Samanea, Strombosia, 

Fagara. Sacoglottis, Gilbertiodendron, Fumtumia, Cola, Lophira, Dialium and 

Tarrietia. 

 

Old farmland is a stratum which growing stock is continuously increasing. Exploitation of 

these forests is only profitable, if a sufficient number of valuable standards can be found in 

them. If not, the exploitation must be postponed for at least 50 years. 

 

 

2.2.10 The intermediate forests, Stratum 420 
 

The appearance of that forest type is very much the same as high forest. Frequently it is 

mistaken for high forest. The essential difference is, that the trees are much smaller on the 

average than they would be in a stand of normal diameter distribution. In the intermediate 

forest the growing stock is still increasing. 

 

Most of the standards of the farming period have died meanwhile, the few left are still 

unidentifiable from their deformed bark. The advance growths from the lowbush have already 

reached diameters of 60 - 70 cm. An important difference from the high forest is that bigger 

trees of these species of more than 70 cm diameter are still missing. Besides this, many 

species which are found in the high-forest in larger diameter only, or at least extremely 

seldom in smaller ones, are found in the intermediate forest in strikingly high numbers as 

smaller trees. Such species are rarely found in small diameters of 35 to 50 cm in the high 

forest but are frequently found here in stratum 420.: Lophira, Canariun, Ceiba, 

Piptadeniastrum and species of the class 1. The majority of trees shows a diameter of 45 to 60 

cm, i.e. in the Wanner-weights 5 and 6. 

 

The age of the intermediate forest is between 60 and 100 years. 
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2.2.11 High forest, Stratum 100 
 

As described under 2201, we consider high forest as a type which with reference to its species 

composition, growing stock, diameter distribution and increment has gained a certain stage of 

maturity. That does not mean that this forest did not descend from farmland, but it must be 

completely re-established. It need not to have the same structure at all as the original forest 

had before the shifting cultivation. No doubt, such severe upsets as farming will leave traces 

for a very long period. Even after a long time charcoal will still be found in the topsoil, 

because it resists decomposition almost for ever. 

 

A long time after the shifting cultivation certain tree species still remain to indicate the 

location of the original farm areas. They are chiefly species which have their main range of 

ecological distribution at the climatic margin of the tropical rainforest in the mixed deciduous 

forest. Without such an extreme change of the structure of the forest on large areas, with all its 

consequences in microclimatic and plant-sociological respects, these trees would never or at 

least very seldom occur in the evergreen rainforest. To be mentioned hare is Ceiba pentandra 

which, without shifting cultivation, would never occur in the closed high forest of the coastal 

belt, except it were in fissured hill forest. Similar is the case with Piptadeniastrum africanum 

which is seldom found generally, but usually in the first generation of forest after farming. To 

the same extent the abundance of Terminalia superba, Pycnanthus angolensis, Canarium 

Triplochiton and Chlorophora indicates former shifting cultivation. All these tree species are 

such which are light demanding and which regeneration is favoured by farming. In the mature 

forest these species nearly only occur in large dimensions and have little opportunity to 

regenerate themselves. After their death shade bearing species take their place. It is possible 

that the distribution of Tetraberlinia is also favoured by the farming. At least it can be 

observed how Tetraberlinia establishes itself into old farmland areas from their margin. 

Consequently also the mature forest is subject to a slow change in the structure. The high 

forest occurs in a multitude of types and various socio1ogical associations, which to research 

and to describe must be left for future special investigations. For our present inventory we 

have to content ourselves with the stratification given above. 

 

 

2.2.12 Tetraberlinia high forest, Stratum 110 
 

This high forest differs from other types because of its high number of trees and high volume 

of only one particular species, Tetraberlinia (single-dominant forest). It can be expected that 

in future this species will gain greater importance for utilization. Ecologically, and as far as 

increment and exploitation is concerned, the Tetraberlinia forest represents a distinct stratum 

which can easily be separated from other forest types. The rules for the determination of the 

Tetraberlinia forest are: 

 

1. When determining the Tetraberlinia high forest not only the particular sample plot 

must be observed but the forest type to which it belongs as a whole, i.e. even if there is 

no Tetraberlinia growing in a plot but there are such trees in the area around the plot is 

stratum 110. 

 

2. Old farmland and intermediate forest on which Tetraberlinia is growing is not 

enumerated as stratum 110 but as usual as stratum 410 and 420. 
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2.2.13 High forest along creek banks. Stratum 120 
 

In the valleys of wide meandering creeks a forest type frequently is found which is distinct 

from other forest types in a characteristic way. 

 

During the dry season the water table of the creek is at least 1.50 m and frequently 3.00 m 

below the surface but during the rains the site is water locked for short periods. The soil 

consists of sandy loam sedimented by the creek, the soil type is a ground-water gley. The over 

flooding water carries a good portion of the valuable humus away which in many cases causes 

the soil to be poorer than the soil of the surrounding higher forest land. This forest type is 

closely related to natural lowbush (stratum 900). 

 

The trees are badly shaped and mostly short boled. Many of them belong to the species group 

“Miscellaneous”. The upper canopy is made up from Cynometra, Monopetalanthus, Uapaca, 

Lophira, Klainedoxa, Tarrietia and Pycnanthus and is broken and of uneven height. For 

utilization the high forest along creek banks is exceptionally poor. 

 

 

2.2.14 High forest in bad condition (damages by elephants) Stratum 210 
 

Within the large natural forests are areas in which the elephants like to stay preferably and 

which suffer considerable damage by these animals. The number of trees in these forest areas 

is small and the canopy of crowns is broken. Frequently little patches of lowbush are 

interpersed, and valuable species are almost missing completely. The larger trees are severely 

damaged by elephants. The regeneration is scarce and a uniform under story and second layer 

of crowns as we find them in a normal high forest are missing. The abundance of Sacoglottis, 

Parinari, Calpocalyx and miscellaneous species is striking. Very numerous are the elephant 

trails, wallows and elephant farms. Unfortunately the high elephant population destroys 

valuable species and favour trees of little value. The only tree species to survive are those 

which can stand the continuous damage to the bark fairly well. The fruits of Parinari and 

Sacoglottis are well liked and eaten by the elephants. So the elephants distribute these species 

by favouring the germination of their seeds. 

 

 

2.2.15 Extensive wind broken areas, Stratum 220 
 

In certain areas, depending on the topography and tree species, the forest is again and again 

broken by the wind and sometimes uprooted completely. Often this may happen in large 

areas, partially in many little patches. Such areas are distinguished as a special stratum. Here 

again the rule is that the entire area is to be taken into consideration and not just the single 

sample plot only. 

 

 

2.2.16 Swamps and periodically inundated areas, Strata 700/800 
 

Swamps with merchantable timber, Stratum 700 
 

To this stratum belong two different sites. The first ones are sites which are wet throughout 

the entire year and which soil therefore consists of a high portion of organic matter. On such 

locations Mitragyna, Ricinodendron, Gilbertiodendron splendidum are growing. Also 
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belonging to this stratum are sites which are inundated during the rainy season only, so called 

seasonal swamps. 

During the dry season they hardly differ from the higher situated locations and are easily 

mistaken for them. However, at least in the coastal region a certain species, Loesenera 

kalantha, occurs on these sites in great abundance and with certainty. It is a sure indicator for 

this site type. If this tree occurs, the sample plot belongs to the stratum 700. 

 

 

2.2.17 The definition of “swamp with”- and “without merchantable timber” 
 

Strata 700 and 800 respectively 
 

The stratum 700 carries a higher growing stock than the high forest of the stratum 100. 

However, because of too much water the centres of these swamps are sometimes stocked with 

crippled trees and bush or without any higher growth at all. If such an area is very small in 

comparison to the total area of’ the swamp (e.g. if only one sample plot falls into it) this 

barren spot is included into stratum 210. If such an area is large enough to enclose two sample 

plots, stratum 800 is applied: swamp without merchantable timber. 

 

Here an example of the alternation of Stratum 700 and 800 on a Loesenera forest in the 

Krahn-Bassa-Forest: 

 

 

 
 

Loesenera Stand, Stratum 700 
 

On level ground, the topsoil consists of sand only because clay is washed out by surface 

water. A few centimetres below the surface sandy loam with gley-patches is found. During 

the dry season the water-table is 10 to 15 cm below the surface. The appearance of the soil is 

moist to wet. During the rainy season from June to October or November the place is 

frequently water locked. There are many narrow ditches dug by the run-off. The site is 

nutritious, If the soil is clay there are few worms, if the soil is loose the worms are numerous. 

The Loesenera looks vigorous and the shape of the trunk is good. At the transition to the dryer 

areas Tetraberlinia, Tarrietia and miscellaneous species are found. The canopy of the crowns 

is complete. The lower layer of bushes is less dense than in the dry high forest. 

 

Hillock forest, Stratum 800 

 
Hillocks are small humps of 25 - 30 cm height, with very much humus and slightly loamy fine 

sand. They are very moist and worms are numerous. Obviously, these hillocks are seldom 

inundated even during the rainy season. 

 

However, the grooves between the hillocks are usually very wet and sometimes flooded even 

during the dry season. Vegetation: in the grooves between the hillocks almost no plants are 

found, but “elephant salad” at the edges. Species on the hillocks: Uapaca, Loesenera, 
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Miscellaneous but always feeble and badly formed, their dimension mostly below 10 cm 

diameter, 

 

The above mentioned stands of Mitragyna and Gilbertiodendron, locally Ricinodendron occur 

on a different swamp site that is rich in nutritive substances. They are wet the whole year, 

because the subsoil water reaches the surface, and during the rainy season they are inundated. 

The portion of organic substances is far greater than that in the Loesenera sites. But in both 

sites the lower parts of the area are too wet to bear trees Lowbush predominates with a few 

Mitragyna - and miscellaneous species, that die out before they reach 20 cm in diameter. For 

enumeration, the same rules are applied as in the Loesenera stands: If only one sample plot 

falls into the position with crippled bush, it still belongs to stratum 700, and if more sample 

plots fall into it, they are to be recorded as stratum 800 (swamp without merchantable timber). 

 

The stratification of formerly farmed swamp areas (stratum 410) see above. 

 

 

2.2.18 Logged areas, Stratum 500 
 

This stratum is only recorded, if the area after logging remains untouched. However, the 

farmers prefer to occupy these areas after logging. In such cases they are to be recorded as 

recently” farmed land, Stratum 310. 

 

 

2.2.19 Forest on slopes of steep high hills, Stratum 600 
 

This stratum is only found on high hills and ranges. The slopes of these ranges have mostly a 

gradient of more than 25
o
 and carry a very characteristic forest. The upper canopy is much 

more open and broken, the crowns of the trees often isolated. The trees have shorter boles 

than those on flat areas, Dominant species are Ceiba, Terminalia, Fagara Piptadeniastrum and 

other light demanding species, and in drier zones Triplochiton. Towards the plain, this stratum 

gradually changes to normal high forest, but to a mountainous type of crippled forest towards 

the peak. The under storey consists of a few scattered regeneration trees and shrubs. The sight 

distance on mountain slope forest is much greater than that of high forest in the lowlands. The 

mountain slope forest usually is too steep for exploitation and not accessible for logging 

equipment. 

 

 

2.2.20 Natural low bush, Stratum 900 
 

In the middle of the high forest areas and far away from all human settlements, there are 

sometimes thick low bush areas, which are not caused by human influence but by the natural 

conditions and must be a typical climax association. It consists of 2 - 5 m high thick bush of 

short-boled, thorny palm species, lianae and broad leafed climbers and shrubs. Standing in 

between there are very few scattered single high trees of light demanding species, such as 

Terminalia superba, Ceiba end Lophira, the seed of which are transported by wind. The 

lowbush areas are level and unproductive because of their soil structure: very compact and 

wet sandy clay soils, in which no roots can penetrate. The roots of the lowbush only live in 

the upper centimetres of the soil which are less cohesive. These, however, are too shallow to 

allow a normal growth of trees. There are a few flat sandy banks which are raised 20 - 30 cm 

above the surface. Here and only here the above mentioned trees are settled. Because the 
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water cannot penetrate into the thick, cohesive and homogen soil, it flows off on the surface 

washing away most of the humified organic substance and therewith contributes to a further 

impoverishment of the soil. 

 

 

2.2.21 Non-forested areas, Stratum 001-003 
 

The non-forested areas are recorded as follows: 

 

1. rivers, creeks, lagoons, Stratum 001 

2. rocks, Stratum 002 

3. villages, Stratum 003 

 

When recording such non-forested areas, observe the following rules: 

 

1. to be recorded as a non-forested area, the greater portion of a sample plot must fall in 

such an area. 

 

2. trees within such a sample  plot are recorded as usual. 

 

 

2.2.22 Topographic map and detailed description 
 

A descriptive account of the topographic conditions and vegetation types is given by the 

elaboration of a topographical map and a listed summary of the main features of a tract. 

 

 

2.2.23 Preparation of a topographic map 
 

Whenever moving through the forest, be it on the tract itself, on the way to the tract or 

between the camp sites, the topography and the condition of the forest must be carefully 

examined and -if they have a significant extension- plotted on the map by special symbols 

(see index of symbols). 

 

In the following some hints for the elaboration: only reasonably large areas should enter the 

map, i. e. a hill (moderate) respectively a mountain (steep) must at least have an extension of 

3 cable lengths and 2 cable lengths for a swamp. If a special forest type suddenly occurs in a 

large high forest area (as for example a Tetraberlinia stand) then the abbreviation of the 

dominant tree species (Tet) is listed instead of high forest (HF). Whenever possible, the 

approximate delimitations of the topographical features e.g. the extension of a range or a 

swamp, should enter the map. The delimitations between strata e.g. the boundary between 

high forest and farmland, can be observed by the numbered pegs during the trip. The aim is to 

give a description of the topography with the possible best accuracy. However, one should not 

enter too many symbols on the map, making it unclear or illegible. Only features, essential for 

a large scale forest planning, should be recorded. 
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2.2.24 Description of a tract 
 

This includes all observations about the tract. With a glance at this description, one can 

diagnose what are the conditions on the tract. They are to be reported as follows: 

 

1. the main strata that have been found 

2. the most numerous species of every stratum 

3. the most numerous species of classes 1 and 2 

4. the topography 

5. observations of the topography, soil, human influence, game, storm damage, within 

the tract and the surroundings. 

 

See form in appendix. 
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3 WORK MAP (FIELD MAP) 
 

3.1 Origin and structure of a work map 
 

The work map is the most important basis for the field work, and has to be prepared before 

the field work begins. It shows the following details: 

 

1. Boundaries of the National Forest 

2. Square block lines containing the tracts 

3. Boundary lines of the compartments and the base lines (if necessary) 

4. As far as possible, notes on the topography such as rivers, mountains, villages and 

farm land. 

 

The work map is prepared from the map of the National Forest. The scale of such a map is 

usually 1:125,000. This official map is part of the official topographic map of Liberia, kept by 

the Bureau of National Resources and Surveys, and is of the same scale. Very essential on the 

maps of the National Forests are the longitudinal and latitudinal lines which appear also on 

the inventory map. They are also identical to those of the aerial-photo-mosaics (with the 

exception of some not useful series) which are available for the whole of Liberia. They are in 

the scale of 1:20,000 and each covers an area of 18 x 12 km = 21,600 ha. These mosaics, on 

the other hand, are enlargements of contact prints in the scale of 1:40,000 which are original 

aero photos from the years 1952/53. 

 

For the large National Forests, the field map is prepared in the scale of 1:100,000. A smaller 

scale is recommended and is possible for smaller forest areas. For the field work, the scale 

1:100,000 is just adequate to transfer topographic symbols on the map, and is also important 

and convenient for the suitable conversion of distances from the map to the ground: 

 

1:100,000 means 1 cm on the map = 1,000 m on the ground = 1 km on the ground 

 

As has been described above, the area of the National Forest is divided into square blocks on 

the map because of statistical motives. With a sampling fraction of 0,005 the lines of each 

block have a length of 800  ha = 2.830 m and corresponds to 2,83cm on the map. 

 

The lines of the square block run due east-west and north-south. This facilitates the 

calculation of bearings. The tracts are situated within the blocks by a random-distribution. The 

sides of the tracts also run due east-west and north-south. 

 

 

3.2 Forest parts 
 

The National Forests which are larger than 75,000 ha must be divided into parts because of 

these reasons: 

 

1. There are 2 columns only reserved in the tally sheets for the code number of the block. 

Therefore, more than 99 blocks = 79,200 ha cannot be processed together by the 

electronic computer. 

 

2. The organisation of the field work requires a subdivision of larger forest areas, so as to 

obtain from the very beginning a certain order. Only one crew should work in each 
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forest part and completely enumerate it during one season. This also corresponds to an 

area of appr. 75.000 ha. 

 

The different forest parts are prepared on the map before the field work begins and are 

adjusted to the boundary lines of the National Forest and are independent of the interior 

structure of the forest and topography etc. 

 

In general, the size of a forest part is between 50.000 and 75.000 ha. However, this size may 

be reduced if natural boundaries such as rivers or high ranges should influence the 

organisation of the field work. 

 

A very large forest area, such as the central parts of the Krahn Bassa National Forest, creates 

additional difficulties for the inventory crews. Not only the supply distances within the forest 

are very long, but also the accuracy of the survey is diminished, if all measurement within the 

parts are tied up only once to the starting point of the crew, usually a corner of the forest. 

Because of these reasons, it is essential to cut at certain distances apart base lines which run 

30 - 40 km deep into the forest. These lines are cut and cleaned in a way that the supply 

carriers can reach the working crews without difficulties. Besides, there are numbered pegs at 

each 400 m (10 cables) interval, which are fixed with the greatest possible accuracy, even the 

distances must be reduced to the horizontal (for this see work instruction appendix for leader 

of base line crew). Usually, a base line is cut through every part. The enumeration crew, 

which follows needs to establish one camp site only on the right and one on the left side of the 

base line. Proceeding this way every tract of the part will be within handy reach for 

enumeration. 

 

 

3.3 Classification 
 

Since all investigations are worked through the electronic computer, they are to be expressed 

in figures, written down in a certain and definite order. Therefore, every forest and every part 

receives its specific code number, which is to be written down in a particular column of the 

tally sheet. The code number of a National Forest has 3 columns, whereby the first and second 

columns indicate the National Forest and the third column shows the forest part, for example: 

Krahn-Bassa Forest, part 1 = 061, part 2= 062, part 9 = 069. The blocks (camps) have two 

columns: from 01 to 99. Also, if there is no tract within a block (due to interference of 

boundary line), it still receives a number. 

 

The tract also has 2 columns. Normally, there are two tracts in each block, and these receive 

the code numbers 01 and 02. The most easterly tract in the block should be 01. Should both 

tract be in the same east position, the one to the north must receive the number 01. If a block 

consists of only one tract because of the interference of a boundary line, it must be numbered 

as 01. 
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4 ORGANISATION OF FIELD WORK 
 

4.1 The crew 
 

The field work is done by working groups, commonly known as crew. A crew is divided into 

working gangs, and is an independent group, which, during the seasonal field work, 

continuously enumerates a forest part. 

 

A crew is composed of: 

 

2 enumeration gangs, each consisting of 1 forester and 2 work men 

3 cutlass gangs, each consisting of 4 work men 

1 cook for the foresters 

1 cook for the work men 

1 hunter  

6 carriers for food and other supply 

 

Total: 2 foresters and 25 work men 

 

 

4.1.1 The equipment for one crew 
 

Technical equipment: 

 

2 tally boards 

2 leather bags 

6 compasses 

4 cables of 40 m 

3 cables of 12.61 m 

4 tapes of 5.00 m 

1 drawing set (protractor, triangle (set squares), ruler, and a pair of compasses 

1 height meter 

1,000 enumeration forms for very 2 weeks 

25 cutlasses 

2 pocket levels 

2 callipers 

 

Camping equipment: 

 

1 big tent 

2 camp beds 

2 folding chairs 

5 lanterns, wick and cylinder 

1 axe 

2 face bowls 

5 buckets 

1 water tank (1½ gls) 

1 gun, cartridges and cleaning set 

1 medicine box 

3 tarpaulines 
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1 portable radio and antenna 

1 portable radio transceiver with antenna and battery 

 

Cooking equipment for foresters 

 

2 small aluminium supply boxes 

1 tea kettle 

3 pots (1 medium rice pot, 2 small meat pots) 

2 table sets (cups, spoons, forks, knifes, plates) 

2 cook spoons 

1 dipper 

2 kitchen knifes 

1 tin opener 

2 plastic jars (½ gl each) 

2 small aluminium cups with handle 

1 pan for rice 

 

Cooking equipment for foresters 

 

2 large rice pots 

1 medium soup pot 

3 small aluminium cups with handle 

2 cook spoons 

1 dipper 

2 kitchen knifes 

2 large rice pans 

2 medium soup pans 

 

Every work men receive daily 2 cups (2 lbs) of rice, meat and palm oil. The quantity of rice 

required per crew daily corresponds nearly to a head load. Equipment (including personal 

effects of the foresters) and rice for a week can be transported by 25 carriers. 

 

 

4.2 Movements in the field according to the map 
 

4.2.1 Calculation of bearings and distances 
 

Starting points of all me during our field work in the National Forests are the corners of the 

boundary lines or another point which can clearly be identified in the field as well as the map 

(generally an intersection river/boundary line). The equipment for calculating the bearings 

and distances from the starting point to the tract is: a protractor, a ruler with centimetre 

divisions, and a right angled triangle. First, one should connect the starting point with the 

midpoint of the nearest tract and extend the line a few more centimetres beyond the point to 

set and read the protractor properly. Now, parallel to one of the block lines (which are running 

exactly north-south and east-west) a line is drawn through the starting point by means of 

parallel shifting, on which the protractor is adjusted, its zero-mark (notch) exactly coinciding 

with the starting point. Now read the angle where the line intersects the dial. The angle will be 

between 0º and 180º. This is not always the bearing to be found; it is en angle which might 

differ up to 180º from the bearing Therefore, the following must be considered: the compass 

is graduated in 360°, whereby 0° = 360° = due north. In a right angle, i.e. 90º0 clockwise is 
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due east, again 90º clockwise (180°) is due south, and after 90 º clockwise again you come to 

270° (due west). If this is thoroughly understood, the final calculation of bearings becomes 

simple: the upper margin of the map is the north direction (0° or 360°). Hence, a line which is 

running up to the right, can only have a bearing between 0º and 90°. Another line running up 

to the left, must have a bearing between 270 and 360 = 0º, In the latter example, the 90ºmark 

on the protractor means 270º on the compass. In addition to these 270°, count the º between 

the 90°-mark on your protractor. 

 

The distance between the two points is measured on the map with a rule, At the scale 

1:100,000 1cm = 1000 m, 1 mm = 100 m and the distance between the little graduation marks 

is half a millimetre: 1/2 m = 50 m e.g. 2,7 cm on the map are 2700 m in the field. The 

calculated distance is then expressed in cable-length. As one cable-length is 40 m, in our 

example 2700 m : 40 = 67.5 cable lengths. 

 

 

4.2.2 The choice of the campsite 
 

Because of the random distribution of the tracts within the block the tracts cluster at some 

places while other areas are left rather empty. Consequently this uneven distribution helps the 

field work very much, because we naturally put our campsites into the centres of such clusters 

and work as many tracts as possible from one campsite, The furthest distance from the 

campsite to any tract should be about 3.0 km = 3.0 cm on the map. Longer distances should 

not be walked because the exertion would have seriously effect on the accuracy of the 

enumeration, especially if the terrain is rough. 

 

It is possible to enumerate at least 4 tracts from one campsite; the maximum are 8 tracts. 5 

tracts per camp will be the average. For the selection of the campsite three factors are to be 

considered: 

 

1. sufficient running water 

2. safety from falling trees and branches 

3. safety from rain water, which in the case of heavy rains runs off the surface or 

possibly water logs the camp. 

 

 

4.2.3 The measurement of the tract 
 

The four sides of the tract form a square which is orientated North-South – East-West. A line 

is cut to the nearest corner of’ the tract from the campsite. Beginning from this corner the tract 

sides are cut clockwise and numbered the same way. 

 

Example: From the centre of a certain campsite a straight line is cut to the nearest corner of a 

tract, or at corner no. 17 for instance. If this distance is 1.4 cm on the map it is 1400 m in the 

field. 1400 m : 40 = 35 cable-lengths. From this tract corner the tract sides stretch 10 cable-

lengths each on successive bearings of 270º – 0º – 90º – 180º. 
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4.3 Equipment and work of the cutlass gang 
 

The Gang consists of: 

 

1 compass man and 3 cutlass men. 

 

The compass man must be able to read figures and, if possible, should be able to write a little. 

He must be energetic and be able to control his cutlass men. 

 

The equipment consists of: 

 

1 compass with 360ºscale. The compass should be easy to work with; therefore it should 

not be a fluid compass. Throughout the inventory a magnetic declination of 15ºwest has 

been taken everywhere in Liberia. 

 

1 40 m cable of insulated red wire 

1 piece of coloured grease crayon 

3 cutlasses 

 

 

In the morning before leaving the camp for work the three compass men in charge of the 

cutlass-gangs get papers on which the bearings and cable lengths of their daily works are 

marked. Every cable length is marked by a stick in the field and the sticks are numbered 

successively. However, generally the lines are cut very narrow and resemble hunter trails. 

One cutlass gang can cut about 60 cable length a day in the high forest. But the supply lines - 



Code for the Inventory  37 

 

these are the lines from campsite to campsite have to be cut about 1  in wide and well cleaned. 

Additional labourers always have to be put on this job. 

 

 

4.4 Co-ordination of work between cutlass and enumeration gang 
 

In the case of long distances from the campsite to the tract, i.e. if the line is longer than 800 m 

- 20 cables the cutlass gang should cut a considerable portion of the line already the day 

before the enumeration. If the line to the tract is shorter than 800 m it is sufficient to begin 

cutting the line one hour before the enumeration gang leaves the camp. So the cutting of the 

lines and the enumeration can take place on one and the same day. However, if there are only 

long lines to be cut, the enumeration gangs will have to wait with their work for one day after 

arriving in a new camp. Also it may happen that the crew will have to rest in a completed 

camp, because the supply line to the next campsite is not completed. For moving into the next 

camp one day is always sufficient. However, if the crew has not the full number of men or a 

big rice stock is to be transported, a certain number of loads will have to be sent to the new 

campsite the day before the final moving. 

 

Taking into consideration all possible delays it has been found, that one crew consisting of 

two enumeration gangs and three cutlass gangs can enumerate 1,1 to 1,2 tracts per day in the 

average. 
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5 THE WORK OF THE RECORDER 
 

5.1 The enumeration gag and its equipment 
 

The enumeration gang consists of three persons: 

 

1. the recorder 

2. the tree finder 

3. the helper 

 

The tree finder should have a perfect knowledge of all the trees and must know their names in 

his tribal language. He must work with a sense of responsibility and should be able to read 

figures. The helper can be a boy, but he should be intelligent and able to read figures if ever 

possible. At least one of the two men, either the tree finder or the helper, must be able to read 

figures. They must be trained for their jobs already before the beginning of the actual 

enumeration work. Once trained and working well together the men of the enumeration gang 

should not be exchanged. 

 

Equipment: 

 

1) tally frame 

2) tally sheet bag with two pencils and sharpener 

3) compass 

4) level 

5) 1 5-m-tape 

6) 1 set of callipers 

7) measuring cable, 12.61 m long with knot at 5.64 m 

8) at least 1 cutlass 

9) first aid kid 

 

 

5.2 Description of tools 
 

The measuring tape is a tool to measure distances and in our case it is also used to measure 

the circumference of the trees. It is a linen tape which can be wound up into its leather case. 

The single black graduation marks indicate the centimetres, the longer marks 5 and 10 cm 

respectively; the meters are marked in red figures, the decimetre in black figures. It is 

sufficient to use tapes of 5 m length for the enumeration. Sometimes it is possible to buy tapes 

which have on one side the normal graduation in centimetre and on the other side the 

respective diameter for every circumference. If used daily in the bush, a measuring tape has to 

be replaced by a new one after 6 weeks. 

 

The measuring cable is 40 m long and is used to measure the distance from sample plot to 

sample plot and all other lines. The 12.61 m cable belongs to the enumeration gang. With it 

the radius of the sample plot (area = 12,61 m x = 500 m²) is measured. This cable has a knot 

at 5.64 m. This knot marks a second concentric circle of 100 m² only, in which the 

regeneration is recorded. The cable is a strong insulated wire. The insulation should be a 

bright colour so that the cable is easily seen when lying on the ground by the cutlass men. 

Despite of the good visibility of the cable it sometimes happens, that pieces of it are cut off’ 

accidentally by the cutlass men. Therefore the following rule is necessary: 
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On every Saturday (or if this is a moving day, on the following Sunday) the crew leader must 

check the length of the cables with the tape and shorten the long ones and tie bits to the short 

ones or better still to replace them by new cables. For this purpose every crew has at least to 

carry one spare 40 m and a 12,61 m cable. 

 

The calliper is a device attached to a collapsible pole of 2.50 m length for measuring the 

diameter of trees above the buttresses. 

 

The pocket clinometer: Its essential part is a small lens of’ high intensity of light behind 

which a scale divided into degrees and percent for assessing slopes is placed. We only use the 

degree scale on the right side in the level. For measuring, the level is hold at the bow which is 

attached to its upper end, so that it hangs freely like a pendulum. This way it is brought as 

close as possible in front of the eye. For taking the measurement both eyes are kept open. One 

eye aims parallel to the slope and the other one reads the figure visible behind the lens, Soon, 

after short training, the eye is able to melt the landscape and scale into one image and to read 

the angle of the slope easily. 

 

When using the pocket Level there are following rules: 

 

1. For taking measurements the level is hold at its bow between the tips of two 

fingers, so that it can hang vertically like a pendulum. 

 

2. In order to asses the slope of the ground, the average gradient is measured. To 

do this, aim at a tree which is as far away as possible in the direction of the 

main slope at eye height. 

 

3. If a marginal tree is going to ‘be measured on a slope whether it is in or out, 

the main slope is not taken into consideration but the gradient from the central 

numbered stick towards the tree concerned. In this case also, the tree is aimed 

at eye height. 

 

4. The pocket levels are expensive. Therefore they must be protected from 

damage and carried on a string so they cannot get lost. 

 

 

5.3 Preparation of the work 
 

It has been proved that 40 sample plots, that is the enumeration of a tract, is a well balanced 

amount of work per day and a recorder must enumerate one tract per day. However, it is also 

strictly prohibited to enumerate more than 40 sample plots per day, otherwise the accuracy of 

the work would suffer. 

 

 

5.3.1 The preparation of the tally sheets 
 

All the information from the enumeration is entered onto the tally sheets. See the para “Filling 

in of the tally sheets”. The evening before the enumeration, 40 sheets are counted and folded 

into pads of 10 sheets each. Each pad contains the forms for one tract side and fits into the 

tally frame. On only the first sheet of a tract the identifying code numbers for that (i.e. Col. 1 - 
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11 on the tally sheet) are entered, i.e. sheet No., Name of forest, camp and tract. During the 

enumeration, only the number of the plot, stratum and topography is marked on every sheet. 

 

After the enumeration, whilst checking, the checker enters the missing identifying code 

numbers for the sample plots 01 – 39
1
. These columns should never be filled in whilst 

enumerating, because this job can be done with more accuracy back in camp. Once on the 

tract, the recorder must concentrate himself on the enumeration. 

 

 

5.4 Checking of the numbers of the sample plots 
 

The centre of every sample plot was marked by the cutlass gang with a stick on which a 

number is written. This number on the stick must correspond with the number which is 

entered onto the tally sheet. After reaching a sample plot the recorder’s first job is to check on 

the correctness of this number. If the number is not the one he expected to find on the stick, he 

has to figure out what is wrong and to make sure that he gets the correct one on his tally sheet. 

Afterwards the actual enumeration begins. 

 

 

5.5 Measurement of marginal trees 
 

The recording of all trees of a sample plot and their identification and the correct 

determination of different species is the most important part of the field work out on the tract. 

Any mistakes made here have the most serious effect on the results, Therefore the recorder 

must concentrate all his attention on recording all trees which belong to a plot and that no 

outside-tree is taken into the sample plot. In particular this work is carried out as follows: 

 

The recorder places himself at the numbered stick in the centre of the plot and from there 

instructs and directs the helper to those which must be checked with the cable, i.e. he sends 

the helper to every tree about which be is not absolutely certain whether it is in or out of the 

plot. Therefore all trees which are between 11 and 14 m away from the centre stick should be 

checked. Never - even with the greatest possible skill - is it possible to say with certainty 

whether trees which stand in this zone are inside or outside the plot. The estimation is greatly 

affected by the different diameters of the trees as larger trees appear closer to the eye; by the 

varying density of that is “forest, block, transect, plot” the forest and with the intensity of the 

light (in dark or very dense forest distances seem to be longer than they really are); and also 

by the slope of the terrain. Especially in impassable areas and towards the end of a day’s 

work, i.e. when the helpers are tired, one tends to content oneself with the estimation of the 

distances only, and this is the time when the recorder has to control himself and his helpers 

and insist upon an exact measurement of the distance. The number of trees which have to be 

checked with the cable is comparatively high. On average there are three trees in a sample 

plot, out of which one and an additional tree outside the sample plot have to be checked with 

the cable. 

 

The measurement of the distance from the central stick to the tree is done with the cable of 

12.61 m length. The recorder himself holds one end at the central stick whilst the helper goes 

straight to the tree. For this he normally has to cut his way through the bush with his cutlass 

                                                
1
 That is “forest, block, transsect, plot”. 
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and to take care that the cable is not zigzagged by bushes and trees and the length of the cable 

thereby shortened. 

 

For the marginal trees there is following rule: 

 

The helper passes with the cable to the side of the tree. If the end of the cable reaches the 

middle of the trunk, the tree belongs to the sample plot. Trees, which have more than half of 

their trunk out of the plot are not enumerated. The establishment of the middle of trees with 

buttresses is difficult. Here an imaginary line is dropped from the middle of the trunk above 

the buttresses down to the height of measurement. 

 

 

5.5.1 Margin trees on slopes 
 

In the inventory work all statements of sizes of areas refer to plan metric maps and therefore 

all slopes must be reduced to the horizontal before plotting the map. Only the basal area of a 

hill is shown, not the much larger actual surface-area. 

 

(This is indicated only by the contours). The steeper a hill is the bigger is the difference 

between the area which is indicated on the map and its actual surface area. 

 

The sample plot also refers to the plan metric map, i.e. on absolutely level ground it has a size 

of 500 m² which is a circle of a radius r = 12.61 m. On the slope, however, the radius must be 

increased according to the angle of the slope. 

This increase of the radius is calculated as follows: 

 

cos =   radius on the map 12.61 m 

 radius on the slope x 

 

x =  12.61 

  cos 

 

Since cos is always a true fraction, i.e. it is smaller than 1, in the equation the radius on the 

slope will be bigger than the radius on the map. One must observe that the radius on the slope 

progressively increases with steeper slopes. 

 

Example: 

 

 extension of the 12.61 m cable 

 6º  7 cm 

 12º  28 cm 

 24º  119 cm 

 

Therefore when enumerating one has to proceed as follows: 

 

1. By using the pocket clinometer the angle of slope from the centre of the plot towards 

every particular marginal tree in question is measured. Do not accept an average slope 

for all trees within one plot. 

 

2. From the table: “Extension of cable length” the rate of extension in meters is looked up. 
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3. A helper holding one end of the cable is sent to the tree. He has to hold the end of the 

cable accurately at the centre line of the bole. Doing so, he has to take care that he is 

holding his end of the cable at the same height from the ground as the recorder is 

holding the other end, because the cable must always run parallel to the slope. 

 

4. While the helper holds his end of the cable at the centre of the tree the recorder extends 

the cable by help of the measuring tape by so many cm as the cable indicates. If he does 

not reach the centre stake this way the tree does not belong into the sample plot. 

 

 

5.6 The identification of the trees species 
 

The correct identification of trees requires a long period of training. Even if one possesses a 

good knowledge of the characteristics of the species, their identification requires continuous 

concentration of the mind and a lot of time. Therefore a tree  finder belongs to every 

enumeration gang. He knows all the important species end most of the miscellaneous trees as 

well in his tribal language. Translation of tree-names for Gio and Krahn- names are on hand, 

and it would be an easy job to compile lists in other languages also, if a good tree finder of the 

tribe concerned is available. 

 

In code books the vernacular names are listed together with the scientific names, the code 

numbers and abbreviations of the scientific names The names are grouped into species 

groups. 
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6 THE ENUMERATION OF THE GROWING STOCK 
 

6.1 Definition of terms 
 

The growing stock consists of: 

 

a) faultless timber and 

b) culled timber 

 

Faultless timber that is recorded is 

 

- pole trees (reproduction) 10 - 40 cm DBH 

- sub merchantable timber 40 cm DBH to cut limit 

- merchantable timber above cut limit 

 

Faultless timber is roundwood which is sound and of a shape that, at least theoretically, 

renders it usable. Out of a tree only the portion between the felling point and 1.50 m below 

the beginning of the crown is counted. At trees without buttresses the minimum diameter at 

breast height is 40 cm. Trees with buttresses must have 40 cm diameter at 40 cm above the 

felling point. For the small end 32 cm are the minimum diameter and the length of any log 

going to be recorded must be at least 4.0 m. 

 

Culled timber is also enumerated. It is roundwood which is not usable because of decay or 

bad shape. The minimum dimensions are the same as with faultless timber. The culled timber 

can be a part of a faultless tree (culled log) or entire trees may have to be rejected (culled 

trees). 

 

The term “merchantable timber” i.e. soundness and good shape does not ensure that the 

timber can actually be sold, because the tree species is the most important factor. 

 

The growing stock of a sample plot is derived from: 

 

1. Number of trees of the plot, divided into species and species groups. 

2. The volume of each tree which is computed from: 

a) the basal area at 40 cm above the felling point, or, for trees without buttresses, 

at breast height, 

b) the form factor which is derived from the shape of the trunk and takes care of 

the decrease of the diameter with increasing height, 

c) faultless height of the tree obtained by estimation. Only the bole between the 

felling point and the beginning of the crown is considered. 

 

 

6.2 Determination of the diameter 
 

The most important factor for the determination of the volume is the diameter, because it is 

the only one which is obtained by direct measurement. The other two factors which are 

necessary for this computation - i.e. merchantable height and form factor— are estimated or 

are values derived from other investigations. Therefore the measurement of the diameter must 

be taken with the greatest possible care. Furthermore, the diameter has great importance for 

the classification of the trees into diameter classes (5 cm intervals and 10 cm intervals 
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respectively). A multitude of calculations are based on this classification. The diameter is also 

decisive for the estimation of the economic value, In addition the basal areas of single trees 

and stands which are derived from the diameter at breast height are the most important factors 

for increment computations. 

 

 

6.2.1 Trees without buttresses 
 

These trees are measured with a tape, i.e. the circumference is taken and from that the 

diameter is computed according to the formula: 

 

Girth = 2rΠ Π = 3.14 

Diameter = Girth  

 Π  

 

The diameter for every circumference measurement will be found on the table which is 

attached to the back of the tally board. Some of the tapes already have the respective 

diameters on their reverse side, so that the diameter can be read directly from the tape. 

 

The measuring point is 1.30 m above the ground level that is breast height. Measurements 

taken in exploited areas show that the average height of the stumps is 60 cm and the loss 

through felling is 30 cm. 

 

Hence, the felling point is about 90 cm above the ground. Since the lowest part of the trunk is 

always tapering very much and its bark quite often rough and scaly and covered with moss, 

the measuring point is not at the felling point but 40 cm above it, which is breast height. In 

this way a trim-allowance also is given. 

 

For measuring the circumference of trees without buttresses the rules are as fallows: 

 

1. The measuring point at breast height = 1.30 m above the ground level is strictly to be 

observed. “Above ground level” means: 

above the highest point of the ground touching the stem. 

2. At the measuring point the tree is to be cleaned of climbers and moss, 

3. The measuring tape must be pulled horizontally around the tree. 

4. Only the full centimetres are counted, i.e. all measurements are rounded down, 

5. Trees with buttresses are measured with the tape only, if the proper measuring point, 

i.e. 40 cm above felling point can be reached well. 

 

 

6.2.2 Measuring of trees with buttresses 
 

If a tree has high buttresses or stilted roots the diameter is assessed with specially designed 

callipers. 

 

Description of the callipers: 

 

This device consists of a measuring bar which is 1.50 m long and is graduated into 5 cm 

divisions. It is made of aluminium “L”-bar. The outer 50 cm of the bar can be folded over to 

make the instrument easier to use. A handle is attached to the bar with the hinge. This handle 
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is made up of two parts which easily can be detached. At right angles to the graduated rule is 

another bar. This is to indicate the edge of the tree clearly. The entire device can be folded 

quickly into a bundle of 1,20 m length, which is light and can be easily carried even in rugged 

country. 

 

Measurements are taken as follows: 

 

1. After ensuring by help of the cable that the tree falls into the sample plot the tree finder 

or the helper goes to the tree and assembles the callipers. Depending how high the 

measuring point is he uses the extensions to the handle. 

2. The device is carefully pushed up through the branches and climbers and is held against 

the measuring point which is 40 cm above the expected felling point and thus 

corresponds to the breast height of trees without buttresses. 

3. Now the recorder has to make sure: 

 

a) that the measuring point is in fact 40 cm above the felling point, 

b) if possible, no climbers or swellings are between the right-angled bar and the tree. 

If this cannot be avoided the diameter of the obstacle must be deducted from the 

total, 

c) that the measuring bar is crossing at right angles to the axis of the tree. This 

implies that the handle is held perpendicularly, but parallel to the tree when 

leaning. 

 

4. Hereafter the recorder steps right in front of the left hand edge of the tree and counts 

along the graduated rule the 5-cm-marks up to the line-of-sight across the bar towards 

the edge of the tree. The 50 cm and 100 cm marks are made especially visible. 

Beginning the count from these marks the additional 5 cm-graduations are quickly 

counted. 

 

5. The measurement can only be accurate if: 

 

a) whilst reading the diameter the line from the eye to the tree’s edge must cross the 

rule at right angles. This line-of-sight is actually a substitute for the second arm, 

which is normally available on callipers, 

b) the recorder stands as far away as possible from the tree. 

 

 
 

c) no irregular diameter of the tree (cross section deviates from the circle) falsifies 

the measurement. If the shape of the tree is irregular, two measurements must be 
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taken at right angles. The average of the two readings is entered into the tally 

sheet. 

 

Example: 

 

1
st
 measurement: 6 red + ½yellow marks = 62 cm 

2
nd

 measurement: 7 red marks correct = 70 cm 

 difference 8 cm 

 

8 cm : 2 = 4 cm 

 

6. If the buttresses are higher than one can reach with the calliper it is held as high as 

possible on the tree. Then the diameter at the theoretically assumed measuring point is 

estimated using the callipers rule as a gauge. According to our experience the need to 

do so seldom occurs. With very big trees the portion of’ the diameter exceeding 1.50 

is estimated and added to the length of the rule. The estimated height above the ground 

at which the measuring point was accepted is entered into the columns “at m.”. This 

statement is of great importance for the subsequent checking. The two figures can be 

compared exactly only if the checking gang takes the measurement at the same height. 

 

 

6.3 The shape of the bole 
 

The formula for the computation of the tree volume is derived from the formula for the 

cylinder. The cross sectional area and thus the diameter is the same over the whole length of a 

cylinder. A tree resembles a cylinder but its diameter is not the same over its length but 

decreases continuously with increasing height. Therefore the upper cross sectional area of a 

log is smaller than the lower one. 

 

 
 

It is comparatively easy to calculate the volume of a felled tree. Besides the length of the tree 

the middle diameter is measured, or the arithmetic mean of the diameters at the lower and 

upper ends (the formula of Huber) or the mean of the cross- sectional areas of the two ends 

(Smalian) are taken into account. Then the mean cross sectional area is multiplied by the 

length. The result is the volume. The computation of the volume of a standing tree is more 
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difficult, because we only can measure the diameter at breast height, but cannot reach the 

middle diameter or the upper end. Therefore an indirect method must be applied: On logging 

landings felled trees were measured to find out how much the diameter per meter of length 

decreases on the average. The measurements were taken on a great number of trees of as 

many as possible species and this field work is still being continued. The most important 

results of these measurements are: 

 

1. with big trees the diameter tapers more than on small ones, 

2. at the lower portion of a bole up to 7.50 m above the ground the diameter tapers more 

than further up. 

 

Trees of a DBH up to 70 cm, taper about 1 cm per m; bigger trees taper, depending on the 

diameter, 1.2 cm to 2.0 cm per m. The form factor is the reduction factor that is obtained by 

dividing the volume of a tree by the volume of the cylinder of the same basal area. In Liberia 

the form factor is nearly the same for all species and all diameters. It only changes with the 

length of the bole: The form factors are for a bole length of 5 m 0.85, for 15 m = 0,74, for 25 

m = 0.68. 

 

Corresponding to this fact a volume-table was computed as a mean of all species. Based on 

this form-class-taper-table the volumes per log in all the diameter classes were computed and 

the figures built into the program for the electronic computer. Therefore the recorder need not 

perform any volume computations during the enumeration, but only has to record the height 

of the tree by making crosses into the respective columns. 

 

 

6.4 The height 
 

The height is the third factor for the computation of the tree volume. Because of its great 

importance an exact measurement with a height meter would be desirable. However, it is 

impossible to come up to this requirement in the dense tropical forest. The visibility is so bad 

that the height-measurements cannot he taken at a reasonable speed. Therefore we have to be 

satisfied with en estimation only of the height. However, the estimation is very much 

facilitated by the facts that not the entire tree height is assessed but the bole length only and 

that the height is not stated in meters but by the number of 5-m-logs only. 

 

Only full logs are taken into consideration, no fractions are recorded. It has been decided that 

no more than a maximum of 6 logs per tree will be recorded. 

 

Log No. 1 - begins at the felling point and ends at 7.49 m 

Log No. 2 - 7.50 – 12.49 m 

Log No. 3 - 12.50 – 17.49 m 

Log No. 4 - 17.50 – 22.49 m 

Log No. 5 - 22.50 – 27.49 m 

Log No. 6 - higher than 27.50 m 

 

When estimating the height the recorder has to differentiate the logs into merchantable and 

culled ones. In order to facilitate the separations of the two sorts of logs for computation, 

special notes on the tally sheet are made. 
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6.4.1 The theoretical maximum height 
 

This is the length which the tree can reach, according to its DBH and an average tapering 

assumed, without falling below a minimum of 32 cm at the small end. At a DBH of 60 cm 

and more the theoretic maximum length is always 6 logs. In case of doubt, the maximum 

length can be read from the table attached to the back of the tally frame. The knowledge of the 

maximum length is necessary to prevent over estimation of the bole length and to facilitate the 

concentration of the recorder’s attention to the qualitative evaluation of the logs. 

 

 

6.4.2 After the recorder is sure about the theoretical maximum length he has now to 

find out: 
 

After the recorder is sure about the theoretical maximum length he has now to find out: 

 

a. does the tree actually have this theoretical possible number of legs - without 

considering the quality that means: into how many 5-m-pieces can the total bole 

length be divided. Enter this into col, 24! (M); 

b. how many of the logs are merchantable (e.g. 3 logs) and which logs are they (e.g., 1st, 

2nd. and 4th log) from the felling point; 

c. which logs are not merchantable i.e.- culled and what are the reasons for rejection. 

Eight different reasons are recognized for rejection. These have code-No. from 1 — 8 

and which can be looked up on the frame sheet. 

 

The reasons for rejection are: 

 

Code No. 1 – crown and double heart (1,50 m below crown) 

Code No. 2 – too many branches 

Code No. 3 – bend or sweep 

Code No. 4 - decay 

Code No. 5 - elephant damage 

Code No. 6 - split, crack or broken crown 

Code No. 7 - below minimum top diameter limit (32 cm) 

Code No 8 - other deformations as heavily twisted, fluted deformation by climbers, felling 

scars etc. 

 

The terms merchantable and culled timber are defined in para 6.1. The logs are assessed 

according to the following rules: 

 

rule 1: The minimum length of a single merchantable log is 4.00 m; because generally no 

shorter logs are sold in. the international trade. 

rule 2: If a tree has in addition to a complete 5 m merchantable log a second log of more 

than 2.5 m length, this second piece is accepted as a full merchantable log. 

rule 3: Below decayed portions, branches or the crown a 1.50 m length of the bole is taken 

as culled. Furthermore, decay can be expected to extend also into the portion of the 

tree above. Therefore a piece of 1.5 m must be rejected above decays. If a 

merchantable log occurs between two decayed logs it must be 4 m + 2 x 1.5 m - 7 m 

to be accepted. 
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rule 4: If the beginning of’ the crown is so low that the bole is shorter than 5,5 m (5.5 m – 

1.5 = 4.0 m) then into the column for the first log (Col. 26) the code No. “1” is 

entered which is for the reason for rejection “crown”. The tree then is a “culled tree”. 

 

The total number of the merchantable logs is entered into the column 25 (R = real) and a “x” 

is also written into the respective column for every log (Cols. 26 — 31) e.g. if the first, second 

and the fourth logs are merchantable x’s are recorded in cols. 26, 27 and 29. 

 

If a log is “culled” the code No. for the reason of rejection (1 - 8) is put into its column, e.g. if 

the third log is rejected because of a rotten portion, the code No. 4 is entered into Col. 28. 

 

Example: 

 

If a sound bole is 7.60 m long it contains two logs, i.e. one full log and a piece of more than 

2.50 m which is counted as a full log because it is joined onto the first one. 

 

 
 

Work instruction 

 

It is a duty of the recorders to check their ability in estimating heights at regular intervals. 

This should be performed by estimating suitable trees within the camp area in logs and meters 

and afterwards measuring the exact figures with a height meter. By comparing the findings 

ones eye estimates can be re adjusted. Therefore each crew carries a height meter (Blume-

Leiss). 

 

 

6.5 Determination and measurement of “culled timber” 
 

“Culled timber” means, that the defect on a stem is so bad, that the stem or part of the stem 

cannot be utilized as useful timber. 
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Culled timber is caused by: 

 

1. rottenness 

2. branches and knotting 

3. crookedness 

 

To determine these defects, the recorder must carefully examine the stem on every side, and 

the tree finder and workman should help the recorder to do so. 

 

 

6.5.1 Determination of rottenness 
 

A recognizable defect of rottenness will mostly extend considerably inside the stem in both 

directions up and down. For enumeration, the following rules are to be observed: 

 

1. A decay means, that the timber is rotten in an extension of at least 3 m. Therefore, the stem 

is to be considered as “culled” both within 1.5 m above and 1.5 m below of the visible decay. 

 

Extension of the culled piece: 

 

rule 1: Because a single log must be at least 4 m long and a decay will extend at least 1.5 m 

in each direction up and down, a single log must appear sound on a length of at least 

4 m + 1.5 m = 5.5 m, to be considered as a merchantable log. If it is shorter than 5.5 

m, it will not be merchantable and is to be recorded, as “culled piece”. Therefore, 

short stems may be completely deflated by only a small decay. 

 

rule 2: extra large decays will extend far up and down the stem. Here, often a whole log (5 

m or more) is to be recorded as a “culled piece”. In as much that a stem is still useful 

(utilizable), the recorder has to decide carefully in each case. 

 

rule 3: If there is still any doubt as to whether a piece is “culled” or “merchantable”, the 

piece is recorded as culled”. 

 

2. Measurement of trees with decay: 

 

rule 1: On culled trees the diameter is measured at 40 cm above the theoretical felling point 

as it is done with merchantable trees. 

 

rule 2: Exception 

 If the lower portion of the bole is culled, the measurement of the diameter is taken 

with the calliper 40 cm above the theoretical felling point of the sound portion of the 

tree. This is done, because a decay in the lower portion of a tree frequently causes 

swellings and other deformations. In such cases the shape of the tree differs from the 

normal tapering. However, the counting of the 5-m-pieces starts from where the 

theoretical felling point would be, if the tree were sound. Such rotten first logs are 

marked with a 4, the code No. for decay, in Col. 26. 
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Debarking by elephants mostly leads to decay of the stem and later to the death of the tree. 

Frequently, no signs of decay are visible from the outside but the long scars can still be seen. 

As a rule, if any damage caused by elephants is visible, either decay or debarking scars the 

first log is culled (code No. 5 in Col. 26). 

 

 

6.5.2 Influence of branches and knots on the quality of the bole 
 

Single smaller branches and knots do not matter. But if there are two or more bigger branches 

or knots on a 5-m-piece this is culled. Heavy branches extend as double heart into the tree for 

about one to two meters. Therefore a piece of 1.5 m is always deducted from the length of the 

merchantable section below such a branch. 

 

Forks 

 

rule 1: If the section between the felling point and fork is at least 5.5 m long this is the first 

log. The measurement is taken as usual at breast height. Out of the two branches 

above the fork only the bigger one is recorded. The 5.5 m length of the main bole 

will yield a 4-m-log after the double heart of the fork is deducted. 

 

rule 2: If the bole below the fork is shorter than 5.5 m no attention is paid to it, but the two 

branches are recorded as if they were two individual trees. The measuring points are 

then situated 40 cm above the fork. 

 



 54

 
 

 

6.5.3 Crookedness 
 

Heavy crookedness only can cause a tree to be rejected. Bad bends are such which make 

sawing of the log uneconomic. If a portion of a tree is bent too much for utilization, the 

recorder has o decide as to whether further straight pieces below or above the bend are long 

enough to be used. As a rule: such pieces must be at least 4 m long to be counted as a 

merchantable log. 
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7 REPRODUCTIONS 
 

It is impossible to record the entire regeneration within the process of the inventory. Therefore 

we have to confine the recording to trees between 40 cm which is the beginning of 

merchantability and down to 10 cm DBH. This is the section of the population which has 

already outgrown the actual regeneration and are now the pole trees. The research of the 

smaller regeneration is left to special investigations. 

 

Out of the group of the regeneration which is recorded by us must trees have already grown 

into the main canopy of crowns or are about to reach it. Trees of DBH between 10 - 40 cm, 

which are still far below the main canopy, will only reach it in exceptional cases. In any case, 

most of them belong to species which form the lower canopy of the forest, therefore these 

latter ones are of little interest for inventory purposes and vie only pay attention to trees which 

have reached the upper canopy or because of their good shape will certainly do so. 

 

The following are recorded as reproductions: 

 

1. all trees of the classes 1-6 without regard to the shape of their stems, but they have to 

be sound, 

2. all miscellaneous trees which are sound and of good shape. 

 

But are not recorded when: 

 

1. trees of classes 1-7 which are not sound, 

2. all miscellaneous trees which have a bad shape. 

 

Only the tree: which are in the small circle (100 m² r = 5.64 m) are recorded. They are 

measured with a tape, grouped into 5-cm-classes from 10 to 39.9 cm and then listed on the 

tally-sheet. The total number of trees which belong to one diameter class is recorded. 
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8 INSTRUCTION FOR FILLING IN THE TALLY SHEET (SEE COPY 
IN APPENDIX) 

 

General: The form is designed to allow the easy transfer of data collected in the forest onto 

the punch cards. Writing mistakes as well as recording mistakes, go onto the punch cards and 

in this way into the results of the inventory. They cause anomalous results and have to be 

corrected in laborious work. Therefore this instruction is intended to enable the recorder to 

avoid such mistakes. 

 

It may be pointed out that before the actual processing begins a checklist is made out by the 

computer. This list contains all data which are going to be used in the computation and all 

mistakes are shown. Here also the name of the recorder who caused the mistake can be 

identified. 

 

The tally sheet consists of two pages and a carbon sheet in between. Fifty such double sheets 

are glued together in a pad and provided with holes in order to simplify bundling and 

transport. In future our tally sheets will be computed in Nimba at Lamco by an IBM electronic 

computer. For that the originals will be needed. The copies will stay with the Liberian forest 

administration for the use of answering further inquiries, safety against losses, and special 

investigations which do not require electronic computation. 

 

The meaning of the marks printed on the forms, columns and lines will now be explained, and 

the instruction given, how to fill in the forms.  

 

For writing on the tally sheets only pencils are used. If the recorder makes a wrong entry this 

has to be rectified clearly. Even if only one entry in a form is not readable, the form must be 

destroyed and a new one made out. 

 

Recorder: The forester who carries out the enumeration marks his name here. He is 

responsible for the correctness of data as well as for the proper filling in of the sheet. He is 

allowed to use clearly readable abbreviations of his name, but on such the leader of the 

inventory project has to agree. The name of the recorder must be written in full on the first 

tally sheet of every tract. The name is not transferred onto punch cards. 

 

Checker: The name of the checker has to be stated. Abbreviations of the name can be used as 

described under “recorder”. If a form contains illegible entries and a clear correction is not 

possible, the checker has to fill in a new form and state on the upper margin of it “copied from 

original”, and his names. The checking is done by tracts and the checker is responsible for the 

right succession and the completeness of the tally sheets (40 sheets per tract) and for the 

correction of all perceptible mistakes. The checking takes place immediately after the 

enumeration, i.e. on the same day back in the camp by the counterpart of the recorder. After 

the checking the tally sheets are bundle by tracts. It is better to separate the originals from the 

copies in the office in Monrovia and not in the bush. 

 

Date: The statement of the date gives a useful record of the order of the field work. It is not 

transferred onto the punch-cards. The day of the enumeration has to be stated here. 

 

Air photo: The number of the air photo is stated in here, if air photos are available on which 

the sample plot is shown and if the location of the sample plot is spotable. If not the space is 

left empty. 
 



 58

Deck No. Col. 1 + 2: Are already filled-in mechanically with “01” which is solely a 

distinguishing mark for the computer. 

 

Forest No. Col. 3 + 4 + 5: The first two digits of that figure give the name of the respective 

National Forest. The third digit enables us to split up the forests into parts. 

 

For instance: 

 

School forest  010 (without subdivision) 

North Gio 020 (without subdivision) 

Gio 030 (without subdivision) 

Gbi 040 (without subdivision) 

Grebo 051 Part 1 

 052 Part 2 

 053 Part 3 

Krahn-Bassa 061 Part 1 

 062 Part 2 

Kpelle 101 Part 1 

 

As long as the number of forest to be enumerated is below 10, in Col. 3 a zero will occur. 

 

Block No., Col. 6 + 7: Here the number of the block is marked, which is to be taken from the 

inventory map on which the location of all the block is laid down. If the number of the block 

has one digit only, in Col. 5 a zero will occur. 

 

Transect No., Col. 8 + 9: See the instructions for Col. 6 + 7. Beginning with the Krahn-Bassa-

NF there are two transects per block only, numbered 1 + 2. 

 

Plot No., Col. 10 + 11: The number of the respective sample plot has to be marked here. A 

transect consists of 40 sample plots which are numbered from 00 to 39 successively. 

 

Stratum, Col. 12 + 13 + 14: The first column (12) indicates the forest type, the second column 

(13) shows the subtype and the last column (14) indicates the nature of unforested areas. 

 

At present we distinguish the strata listed on page 17. 

 

This system of numbering the strata permits if necessary the introduction of additional strata 

in the future. 

 

Gradient class, Col. 15: Here the figure for the slope of the terrain is entered. 

 

Slopes between: 

 

0° – 3°  (flat) get the figure 4 

3° – 8° (gentle) get the figure 3 

8° – 15° (moderate) get the figure 2 

above 15° (steep) get the figure 1 

 

Since every recorder is supplied with a pocket level he can easily determine the angle of 

slope. Again, I would like to draw attention to the rule that it is not the gradient within the 
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actual sample plot which determines the topography figure of the plot, but it is the slope of the 

surrounding larger area. If the slope of a sample plot is different from that of the surrounding 

it is the topography figure of the surroundings which is to be marked. 

 

Card No., col.  16 + 17: Is already printed on the tally sheets so as to help the computation. 

 

Species: Is an auxiliary column for the recorder. Here the species names of the trees found in 

a sample plot are entered in the same order as they are recorded. For the names abbreviations 

are used, which are to be obtained from the species list. The entries in this column will not be 

transferred onto the punch-cards. Make sure that the name and data of the first tree of a 

sample plot are entered into the horizontal line which belongs to “Card No.” 01. The second 

tree must go into the line of Card No 02 and so on until all trees which are to be enumerated 

within a sample plot have been recorded. Every tree from 40 cm DBH upwards has to have its 

own line, and no line must be left open. If writing mistakes, which are not clearly correctable, 

occur within a line, the whole sheet has to be thrown away, and a new one must be filled in. 

One must not cross out such a line and mark the tree on the following one. Trees of wanner 

weights 1 to 4 only get an own line with card No., Species, and Code if there is no tree of the 

same species above 40 cm DBH in the sample plot If such a tree of the sane species occurs, 

the regeneration is to be marked at the end of its line. 

 

Species (Code), Col. 18 + 19 + 20: A figure of three digits is entered here, which symbolises 

the species. It can be obtained from the species list. 

 

Into the columns beginning with “girth resp. diameter” to “merchantability of logs”, these are 

besides the columns without number the columns 21 to 31, only those trees are entered which 

have a diameter of at least 40 cm at breast-height respectively 40 cm above the felling point. 

 

Girth resp. diameter at breast-height 

 

In this column the diameter of the tree at breast-height resp. at 40 cm above the theoretical 

felling point (in case of buttresses) is entered, If the diameter cannot be read directly from the 

tape it is locked up on the table on the frame sheet. If it is impossible to take the measurement 

and the diameter was estimated only, these columns are left empty. For trees below 100 cm 

diameter the first column stays empty, no “0” is entered. 

 

At m: Into these columns is marked how high above the ground level the diameter was 

measured or estimated. Since most of the trees are measured at breast-height, at 1,30 m above 

the ground level, this statement need not to be written down. But if the diameter was taken at 

any other height, this must be stated here. It is important to know the height to which the 

diameter refers to for comparison with findings of a possible check crew. 

 

Diameter class, Col. 21 + 22 + 23: The tree diameters are grouped into 5-cm-classes which 

can be looked up in the frame sheet, For the diameter class always three digits are marked 

down. If diameters below 100 cm are concerned, into the first Col, a “0” is entered. The last 

digit, Col. 23, always must be a “1” or a “2” otherwise the entry is wrong. 

 

N.o.m.L. (Number of merchantable logs), Col. 24 + 25: 

 

Into Col. 24 “M“ = the maximum No. o 5-m-pieces, that is the total bole length in m. divided 

by 5 is entered. 
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Into Col. 25 “R”= real the number of merchantable logs actually available is entered here. 

 

Merchantability of log, Col. 26 – 36: Here every log, merchantable and culled as well is 

entered. For each log a column is reserved. 

 

Merchantable logs are indicated by an “X” in the respective column (e.g. if the first, second 

and fourth log is merchantable – X is entered into Col. 26, 27 and 29). The number of Xs in 

the columns 26 – 31 must be the same as stated in Col. 25 “R”. 

 

Culled logs 

 

For culled logs the code No. for the reason for rejection is marked. These code numbers are 

listed on the frame sheet. If the number of the merchantable and the culled logs does not add 

up to the number of theoretically possible logs, which is stated in Col. 25 “M”, because the 

bole is too short, a “1” must be written into the last  column. This is to indicate that the crown 

already begins. 

 

Example: If a tree has 4 logs, culled and merchantable ones, but could theoretically have 6 

logs into the column for the firth log a “1” is written (Col. 30). 

 

Reproduction, general remarks: 

 

All trees of a DBH from 10 to 40 cm which are growing in the small circle of a radius of 5.64 

m (=100 m²) are recorded as reproduction (see restrictions on page 55). For every tree species 

only one horizontal line must be used. The amount of trees per species and diameter class is 

marked as a total sum. If there is a mature tree of more than 40 cm DBH is the sample plot, all 

reproduction trees of the same species must be recorded in the same line with that tree. 

 

MF “Margin Figure”  

 

This column must be filled in with a “1“ if there are any reproduction tree to be recorded in 

this line. It is left empty if there are no such trees in a line. 

 

The recordings are made as follows: 

 

 diameter at  

 breast height diameter class 

Col. 55 10 – 14 cm 011 

Col. 56 15 – 19 cm 012 

Col. 57 20 – 24 cm 021 

Col. 58 25 – 29 cm 022 

Col. 59 30 – 35 cm 031 

Col. 60 36 – 40 cm 032 

 

Empty station: 

 

If there is no tree in a sample plot, neither above 40 cm nor a reproduction tree, into the 

second column below “Species” a “0” is entered. This is the space into which otherwise the 

abbreviation of the species name is written (e.g. Ent or Tar). 
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Girth cm Diam cm class Max logs Girth cm Diam cm class 

31 10 011 - 581 185 182 

47 15 012 - 596 190 191 

63 20 021 - 612 195 192 

79 25 022 - 628 200 201 

94 30 031 - 644 205 202 

110 35 032 - 660 210 211 

125 40 041 1 675 215 212 

140 45 042 3 692 220 221 

156 50 051 4 707 225 222 

172 55 052 5 722 230 231 

188 60 061 6 739 235 232 

203 65 062 6 754 240 241 

219 70 071 6 770 245 242 

234 75 072 6 786 250 251 

250 80 081 6 800 255 252 

266 85 082 6 816 260 261 

282 90 091 6 833 265 262 

298 95 092 6 848 270 271 

313 100 101 6 864 275 272 

329 105 102 6 880 280 281 

345 110 111 6 895 285 282 

360 115 112 6 910 290 291 

376 120 121 6 926 295 292 

392 125 122 6 942 300 301 

407 130 131 6 974 310 311 

423 135 132 6 1005 320 321 

439 140 141 6 1037 330 331 

455 145 142 6 1069 340 341 

471 150 151 6 1099 350 351 

486 155 152 6 1131 360 361 

502 160 161 6 1163 370 371 

518 165 162 6 1194 380 381 

534 170 171 6 1225 390 391 

550 175 172 6 1275 400 401 

566 180 181 6 - - - 

NB: Max logs = 6 
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Extension of the 

12.61 m – cable 5.64 m - cable 

4º 3 cm 1 cm 

6º 7 cm 3 cm 

8º 12 cm 5 cm 

10º 19 cm 9 cm 

12º 28 cm 13 cm 

14º 39 cm 17 cm 

16º 51 cm 23 cm 

18º 65 cm 29 cm 

20º 81 cm 36 cm 

22º 99 cm 44 cm 

24º 110 cm 53 cm 

26º 161 cm 63 cm 

 

Topography 

 

steep: 1 moderate: 2 gentle: 3 flat: 4 

15º 8º – 15º 3º – 8º 0º - 3º 

 

Reasons for rejection 

 

Code 1 - crown 

Code 2 - branchy 

Code 3 – bend or sweep 

Code 4 - decay 

Code 5 – elephant damage 

Code 6 – split, crack or broken crown 

Code 7 – below top diameter limit 

Code 8 – other deformations as heavily twisted, fluted,  

 deformation by climbers, felling scars etc. 
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Code 
No. 

Abbre Former botanical name 
(used during inventory) 

Revised botanical 
name 

Commercial Name(s) 

103 CHL Chlorophora spp. 

Ch.regia excelsa (mostly) 

idem Iroko, Kambala 

104 DUM Dumoria beckelii Tieghemella heckelii 

(A. Chev.) Roberty 

Makoré, Douka 

105 ENT Entandrophragma spp. 

E. angolense 

E. candollei 

E. cylindricum 

E. utile 

idem Tiama, Edinam, Kosipo, 

Heavy Sapele, Sapelli, 

Sapele, Aboudikro, Sipo 

Utile 

107 KHA Khaya spp. 

K. anthotheca 

K. ivorensis 

idem Acajou d’Afrique 

Acajou blanc, White 

Mahogany, Acajou 

d’Afrique, Afr. 

Mahogany 

109 LOV Lovoa trichilioides, Fam. 

Meliaceae 

idem Dibétou, African Walnut 

112 TAR Tarrietia utilis Heritiera utilis Sprague Niangon, Whismore 

113 TEI Terminalia ivorensis idem Framiré 

114 TRI Triplochiton scleroxylon idem Obeche, Samba, Wawa, 

Ayous, Abachi 

115 AFZ Afzelia spp. 

  A. bella var. gracilior 

  A. bracteata 

idem Doussié, Afzelia 

123 TES Terminalia superba idem Limba, Fraké 

159 GUA Guarea cedrata idem Bossé 

202 CAN Canarium schweinfurthii idem Aiélé (locally: “white 

mahogany”) 

210 MIT Mitragyna ciliate idem Abura 

211 NAU Nauclea diderichii 

  (= N. trillesii) 

idem Bilinga 

222 PYC Pycnanthus angolensis idem Ilomba 

225 TUR Turracanthus africana idem Avodiré 

230 ANA Antiaris welwitschii A. toxicaria Lech. var. 

welwitschii Corner 

Ako 

301 BRA Brachystegia leonensis idem Naga, Tebaka 

316 DAN Danielllia spp. 

  D. ogea 

  D. thurifera 

idem Faro 

317 DID Didelotia idae Old., 

DeWitt & Leonard 

idem proposed by Voorhoeve: 

Bondu 

318 DIS Distemonanthus 

benthamianus 

idem Movingui 

320 NES Nesogordonia 

papaverifera 

idem Kotibé 

324 TET Tetraberlinia tubmaniana idem Sikon 

326 ALS Alstonia congensis A. boonei DeWild Emien 

332 BEI Beilschmiedia manii idem Kanda 

333 BER Berlinia spp. 

  (mostly: B. confuse) 

idem Ebiara 

335 CAL Calpocalyx spp. 

  (mostly: C. aubrevillei) 

idem - 



Code for the Inventory  65 

 

Code 
No. 

Abbre Former botanical name 
(used during inventory) 

Revised botanical 
name 

Commercial Name(s) 

337 CHR Chrysophyllum spp. 

  Ch. albidum 
  Ch. africanum 

  Ch. perpulchrum 

  Ch. pruniforme 

idem 

 
Ch. delevoyi DeWild 

 

- 

339 CRY Cryptosepalum 

tetraphyllum 

idem - 

341 CAS Cassipourea spp. 

  C. nialatou (mostly) 

  C. firestoniana 

idem - 

344 FAG Fagara spp. 
  F. tesmannii 

  F. macrophylla 

idem Olonvogo, Olon dur, Bahé 

345 FUN Funtumia spp. 

  F. Africana 

  F. latifolia 

 

idem Mutundu 

346 GIL Gilbertiodendron preussii idem - 

347 HAN Hannoa klaineana Quassia undulate (Guill. 
& Perr.) D. Dietr. 

- 

348 HAP Haplormosia monophylla idem - 

350 MAM Mammea Africana idem Oboto; locally; Black gum 

453 PAC Pachypodanthium staudtii idem - 

455 SAC Sacoglottis gabonensis idem Ozouga 

457 ARA Araliopsis tabouensis idem - 

458 ONG Ongokea gore idem Angueuk 

461 PAK Parkia bicolour idem - 

463 TOU Toubaouate 

brevipaniculata 

Didelotia brevipaniculata 

J. Leonard 

- 

464 LOE Loesenera kalantha idem - 

465 GUI Guibourtia ehie idem - 

466 RIC Ricinodendron heudelotii idem - 

467 CEL Celtis spp. 

  C. mildbraedii 

  C. Adolfi-friderici 

idem - 

508 LOP Lophira alata idem Azobé, Bongossi 

519 ERY Erythrophleum spp. 

  E. ivorense (mostly) 

  E. guineense 

(northern Liberia only) 

idem 

 

E. suaveoleus 

Guill.&Perr. 

Tali (locally: Sasswood) 

521 PIP Piptadeniastrum 

africanum 

idem Dabema, Dahoma 

528 ANO Anopyxis klaineana idem - 

531 AUB Aubrevillea platycarpa idem - 

540 CYN Cynometra spp. 

  C. ananta (mostly) 

  C. leonensis 

(western regionl only) 

idem - 

549 KLA Klainedoxa ganonensis idem Eveuss 

552 OLD Oldfieldia Africana idem locally: Fuma, Ceiba 

627 AMP Amphimas pterocarpoides idem Bokanga 

629 ANT Anthonotha fragrans idem Kibakoko 

634 BOM Bombax brevicuspe Rhodoguaphalon 
brevicuspe (Sprague) 

Roberty 

Alone 

636 CEI Ceiba pentandra idem Fromager, Fuma, Ceiba 
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Code 
No. 

Abbre Former botanical name 
(used during inventory) 

Revised botanical 
name 

Commercial Name(s) 

638 COM Combretodendron 

macrocarpum 

idem Abale 

642 DIA Dialium spp 
  D. aubrevillei (mostly) 

  D. guineense 

  D. dinklaei 

idem Eyoum 

651 NEW Newtonia spp. 

  N. aubrevillei 

  N. duparquetiana 

idem - 

654 PAR Parinari spp. 

  P. excelsa 
  P. congensis 

  P. aubrevillei 

  P. chrysophylla 

  P. macrophylla 

idem Sougué 

656 UAP Uapaca spp. 

  U. guineensis 
  U. corbisieri 

(three more species have 

sporadically been found) 

idem Rikio, Assam 

662 MON Monopetalanthus spp. 

  M. compactus (mostly) 

  M. pteridophyllus 

idem - 
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