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RESUMO

O objetivo desta pesquisa é comparar resultados obtidos atravéds da enumeraglo com-
pleta com resultades de um inventdrio usando amostragem em conglomerado, sistema-
ticamente distribuide no drea inventariada de 3012 hectores, A drea deste estudo estd
tocalizada na Floresta Nacional de Tapajés, Municipio de Santarem, Estadc do Pard.

A dreag fotal de 3.012 hectares foi topograficamente dividida em 36 blocos de tra-
vetho, a maioria deles com superficie de 96 hectares, com dimensbes de 8§60 z 1200 m,
pare facilitar o inventdrio sob enumeracdo completa. Foram medidos o didmetro, allura
comercigl e as coordenadas X e Y de todas as drvores com DAP mdior ou igual a 55 cm,
Isto permitiv a construcdo de mapas para todos os blocos apresentando a distribuicdo
espacial destas grvores, numa escala de 1:1000.

O volume total e o namero de drvores obtides da enumeracdo completa, distribuidos
nor classe de difmetro e por espécie foram considerados como pardmetros verdadeiros
dae populecdo. Assim foram comparados estes pardmetros com o8 seus respectivos valores
estimados obtidos através da amostragem em conglomerados, para ds principais espécies

encontradas na dred.

1. INTRODUCTION

Quantitative and qualitative informa-
tion from forestry lands can be obtained

through the measurement of all trees of

the forest, or by measuring the irees in
small compartments scattered over the
area. The first case involves a complete
enumeration or a hundred percent fores-
try inventory, while the second case re-
fers to the use of sampling technic.

Although the complete enumeration
inventory does not contain sampling
errors, it envolves high costs when com-
pared with use of sampling methods.
For this reason it has been used almost
only in small areas for research purpo-
ses, or in areas with timbers of large di-
mension and high commercial values.

Examples of complete enumeration
forestry inventory in the Amazonic re-
gion are those carried out by EMBRAPA,
in the Tapajdés and by SUDAM in Curui-
Una.

These works carried out in small
areas aiming mainly researches in the
field of forestry explotation, gave data
which have been used also for other im-
portant research (SUDAM, 1978; BAR-
ROS, 1980; SILVA, 1980).

Cluster sampling has been the tech-
nic most used in forestry inventories in

the Brazilian Amazon because of the diffi-
cult access and large extension of these
rain forests. Each cluster is formed by 4
sub-units in the form of a cross. A rese-
arch developed by QUEIROZ, (1977) con-
cluded that the coefficient of variation
inter clusters in the form of a cross with
20 m of width stabilized when the area
of each sub-unit was approximately 0,32
ha, and that the distance of each arm of
the cross should be between 50 and 100
m.

In 1983 the Brasilian Institute for
Forestry Development (IBDF) contracted
the Foundation for Forestry Research
(FUPEF) to carry out a complete enume-
ration forestry inventory and to map all
trees with DBH greater or equal to 55
cm, in an exploitation area of 1000 hecta-
res located in the National Forest of Ta-
pajds, in the State of Para. The success
of this work, encouraged the IBDF to
contract the FUPEF again to carry out
the same kind of inventory in another
exploitation area of 3012 hectares loca-
ted in the same National Forest. The data
of this second survey were used for com-
parison in this paper.

Athougt it would be possible to com-
pare results for all the 210 tree species
found in this area, comparisons were
made only for the most important com-
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mercial species, to restrict the size of
this paper. Results for all species$ can be
gotten from the original report presented
to the IBDF.

2. MATERIALS AND METHODS

Location and characteristics of the
area under study

The area in guestion belongs to the
Tapajos National Forest, which is loca-
ted along the santarem-Cuiaba road, in
the county of Santarem, State of Para.
Especifically this area is located in the
plateau of the Tapajos River.

The soils of this area are characterl -

zed by the dominance of distrophic yel-
low latosoils with different texture, co-
vered by a dense forest. According to
Holdridge’s (1967) classification, the life
zone is that of the tropical rain” forest,
with small temperature variation during
the year. The precipitation varies from

1750 to 2000 mm annually, presenting a -

rainy season and a drier season.
Division of the area

The whole area of 3012 ha was topo-
graphycally divided in small work com-
partments, called blocks, by using a theo-
dolite. Most of the blocks have an area of
96 ha, with dimensions of 800 x 1200 m.
FIGURE 1 shows this division in 36
blocks. Poles were set down on the
ground every 50 m along the division li-
nes to control distances. '

Secondary trails were also opened
every 100 m by using a compass to allow
or facilitate the control of the full enu-
meration forest inventory and measure-
ments of the coordinates x and y of eve-
ry tree with DBH = 55 em. Thus the
work was carried out strip by strip
within every one the 36 blocks.

These trails were opened in the
small dimension of the blocks, that is,
every trail has 800 m length and a north-
south direction.

Sampling

A part from the complete enumera-
tion forestry inventory of all trees equal

and above 55 ¢cm of DBH, the IBDF as-

“ ked for a sub sampling, to have in addi-

tion, information of the trees above 20
cm of DBH. Thus it was planned to set

. down a cluster sampling, systematically

distributed in the center of every one
block which fits a cluster with dimension
as specified in the FIGURE 2. It was set
down and measured 29 clusters.

This sub-sampling made possible the
comparison between results obtained

“from the full enumeration forestry inven-
“tory 'and from the . cluster sampling.

The sub-sampling was used as a way
of controlling the full enumeration work,
and was done only by the supervisor of

- the field crews.’

Measurements

The following measurements were
done in the complete enumeration work:
— Circunference at breast height or at

~ the end of buttress, with g tape.
<« Height from the ground or from the
end of the buttresses until the first
bifurcation, measured with Blum-Leis
- - hipsometer.

" — Coordinates x and vy of every tree,

with a tape of 50 m.

— Numeration of every tree with a num-
bered tag affixed on the stem of every
tree.

Volume estimation

The volume estimation was made by

the equation previously developed by

SILVA (1980), who cubed 900 trees in
this forest, distributed in all diameter

_classes. He tested several equations, but

the most satisfactory results were obtai-
ned with the equation:

1, V = —8,970w4 - 197011 1, 4 -}
0.738348 1.h where:

V — commercial volume without
bark in m?

.d — diameter at breast height over
bark in cm ,

-h — commercial height in m.

List of compared species

-The forest inventory resulted in 210
forest species in the area. The local IBDF
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staff gave a list of 31 species which are
the most important ones for local use
and for export. There is not enough spa-
ce for comparing all 210 species in this
paper, thus it was decided to compare
only the commercial tree species, as
shown in the table 1.

Results and discussions

Twenty nine clusters were set down
in every block wich fit a cluster with di-
mensions specified in the FIGURE 2; as
each cluster has an area of 1,5 ha, the

sample size is 43 ha. This means that the
sample intensity was 1,43% of the total
inventoried area of 3.012 ha.

The estimated inter cluster correla-
tion coefficent of 0,12378 indicated that
the inventoried area is homogeneous in
volumetric terms. The complet enumera-
tion forest inventory gave results to com-
pare with those obtained from the clus-
ter sampling forest inventory. TABLE 2
shows the main results coming from the
2 kinds of forest inventory, for the total
of 210 tree species found in the area.

TABLE 2: Some Parameters from complete enumeration and from the cluster sampling forest

inventory.
Total Number of Average Average Smapling
Volume trees m?/ha trees/ha error
m?
True
Parameter 2924525 61661 97,1 20,5 —
4 i
Estimated
Parameter 304569,8 63088 1011 20,9 3,42%

The confidence interval for the mean is:

CI (908 = p =< 103,6) — 95%
Therefore the values for all species,
when, compared, the estimated results,
obtained from the applied sampling me-
thod with those obtained from the com-
plete enumeration are very close, as
shown, in TABLE 2, The estimated value
is between the confidence interval, at
95% of probability. This means that the
results obtained from the sampling me-
thod when all species are included prove
very reliable. Meanwhile, if the same
comparisons are made species by species
the results are not reliable, at least not
for all the species.

As prove of this argument TABLE 3
was prepared, containing volume under
bark (V), and number of trees for the 30
commercially main species, obtained,
booth from complete enumeration (true
parameter) and from cluster sampling
(estimated parameter). Deviation in per-
cent was calculated by
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(TRUE VALUE — ESTIMATED VALUE) 100

TRUE VALUE

From the 30 listed species it can be
seen that only Andiroba, Aroeira, Casta-
nha do Pard, Louro vermelho, and Piquia
presented deviation of less than 20%.
From these 5 species, the {first 3 are
among the 5 species most numerous
within TABLE 3. It was expected that
the results from sampling of the most
frequent species should be close to their
true obtained from the complete enume-
ration. This expectation was not confir-
med for “Magaranduba and Jarana”
which are among the most frequent spe-
cies in the inventoried area. Both species
seem to be homogeneonsly spread over
the area, thus the fact that they did not
appear in the sample was a question of
sampling.



TABLE 3 shows that the results
from cluster sampling were underesti-
mated for 19 species, and overestimated
for 11 species. The estimated volumes of
the species “Jutai, Marupa, and Piguia-
rana” were much higher than theirs ob-
served values, but they do not have a
high frequency.

TABLE 4 presents results for all
tree species by diameter class. This table
is placed in this paper only for observa-
tion how reliable are the estimates by
diameter class.

4. CONCLUSIONS

The total volume and number of
trees for all species obtained from the
cluster sampling were very close to their
true values. Thus the estimates for the to-
tal are reliable.

The same parameters when compa-
red at species level were not reliable. It
was expected that these estimated para-
meters should be approximate from their

true values, but this was not confirmed, ..

at least for all the compared species.

Informations on volume and num-
ber of trees by diameter class were relia-
ble when refers to the total of species,
but not when these estimates are given
at specie level.

5. SUMMARY

The objective of this paper is to
compare results obtained from a comple-
te enumeration forest inventory with
results obtained from a cluster sampling
method systematically distributed over
the inventoried area. The area of this
study is located in the Tapajos National
Forest, in the tropical rain forest of the
Braziliam Amazon.

The whole area of 3.012 hectares was
topographically divided in 36 blocks,
most of them with an area of 96 hecta-
res, with dimensions of 800 m x 1200 m
to facilitate the full enumeration forest
inventory. The DBH, commercial height

and the coordinates x and v were mea-
sured and ploted every tree above 55
cm of DBH, resulting in several maps
containing the spatial distribution of the-
se trees at a scale of 1:1000.

The total volume and number of
trees obtained from the complete enu-
meration forest inventory distributed by
diameter classes and by species were
considered as the true parameter of the
population. Thus the estimates of the
same parameter obtained through the
cluster sampling were compared with
their true value. These comparisons will
be made only for the principal species
found in the area.
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FIGURE 1: Division of the exploitation area in 36 work blocks.
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FIGURE 2: Form of the used sampling units (clusters) located on the center of each block.
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TABLE 1: List of the commercial forestry specles

Common name Scientific name Family
Andiroba Carapa guignensis Aubl Meliaceae
Angelim-ds-mata Hymenolobium ezxcelsum Benth. Leguminosae
Angelim-rajado Pitheceloblum racemostm Ducke Leguminosae
Arceira (Mulracetiara) Astronomium spp Anacardiaceae
Castanha-do-para (Castanheira) Beriholletia ercelsa Humbe e Bonpl Lecythidaceae
Cedro Cedrela sp Meliaceae
Cedrorans Cedrelinge catenaeformis Ducke Leguminosae
Cumaru Dipteryx odorata (Aubl. Willd) Leguminosae
Freijé-branco Cordia bicolor A. DO. Boraginaceae
Jacareiba Callophyllum brasiliensae Camb. Guttiferae
Jarana Holopyridium Jarana Ducke Lecythidaceae
Jutai Hymenaea iniermedia Ducke Leguminosae
Jutaf-acu Hymenaea ¢f courbaril L. Leguminosae
Jutai-mirim Hymenaea parvifolia Huber Leguminosae
Jutai-pororoca Dialium guianensis D. C. Leguminosae
Louro-amarelo Aniba sp Lauracese
Louro-vermelho Nectandra rubra (mecz) C. K. Allen Lauraceae
Macarandube Manilkara huberi Ducke Sapotaceae
Maparajuba Manilkara amazonica Hub. Sapotaceae
Marupé Stmaruba amara Aubl. Simarubaceae
Morototd Didymopanaxr morototoni (Aubl) Decne et Planch Araliacene
Pau-d'arco-amarelo Tabebuia serratifolia Rolfe Bignoniaceae
Pau~d’arco-roxo Tabebuia violaceze Hub. Bignoniaceae
Pigquid Caryocar nillosum Aubl Caryocaraceae
Piquiaransa Caryocar glabrum (Aubl) Pers Caryocaraceae
Quaruba-verdadeira (Quaruba) Vochysia mazrima Ducke Vochyslaceae
Quarubaraha Erisma uwncinatum Warm - Vochysiaceae
Sucupira-amarels Vatairea sericea Ducke Leguminosae
Sucupira-preta (Sucupira) Diplotropis purpurea (Rich) Amsh Leguminosae
Tatajuba Bagasa guianensis Aubl. Moraceae

TABLE 3: Volume under bark and number of trees for several tree species obtained from
complete enumeration and from cluster sampling forest inventory.

Common name Variables True Estimated Deviation
Parameter Parameter %

ANDIROBA v 11720,27 13916,19 — 18,714
ub

N.of. TREES 3602 4008 — 11,22

ANGELIM-DA-MATA v 1403,94 468,13 -+ 66,66
ub

N.of. TREES 181 66 4+ 63,54

ANGELIM-RAJADO v 189,65 0,00 + 100,00
ub

N.of. TREES 21 00 + 100,00

AROEIRA (Muiracatiaria) V . 6860,41 873,10 — 14,76
u

N.of. TREES 1144 1225 — 7,08

CASTANHA-DO-PARA v 8799,47 9930,82 — 12,86
ub

N.of. TREES 906 1296 — 43,05

CEDRO v 1342,22 1022,52 + 23,82
ub

N.of. TREES 237 198 -+ 16,46

CEDRORAMA v 15,40 0,00 -+ 100,00
ub

N.of. TREES 05 00 -+ 100,00

CUMARU v 1619,71 949,02 + 4141
ub

N.of. TREES 302 198 + 3444
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v
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2574
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776,92
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1691,55
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00
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2809,11
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2766,74
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556,59

66
0,00

00
332,77

136

— 24,50

+ 16,18
+ 100,00

-+ 100,00
-+ 100,00

-+ 100,00
— 2.329,39

— 83671
+ 88,89

+ 81,84
+ 33,08

+ 29,12
+ 100,00

+ 100,00
+ 100,00

+ 100,00
— 16,54

— 86,67
+ 100,00

<+ 100,00
+ 63,60

4 69,16
— 1317,63

— 148571
+ 5845

- 45,90
+ 76,62

+ 79,11
— 21,72

— 136,45
+ 17,67

-+ 60,11
— 628,20

— 926,00
— 3748

— 95,12
+ 55,44

— 7,06
- 30,33

+ 41,07
~+ 100,00

+ 100,00
-4 8847

+ 67,92
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TABLE 4: Parameter for the whole area and for all tree species found in the area, by diameter

class,
True parameter Estimated parameter
DBH Class Volume n. of Trees Volume n. of Trees
m? m?

)
60 . 63199,2 23962 66485,0 23819
70 55047,1 14794 : 598300 14780
80 463468 ‘ 9337 55570,8 _ 10590
90 395513 6081 45828,8 6753

' |
100 303999 -, 3902 33350,9 4066
t
110 14640,6 1458 124070 1069

{
120 88136 728 9335,1 801
~ 125 - 244539 1399 . 216608 1211

TOTAL . 2924525 61661 3045684 63089
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