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Abstract
This paper analyzed the relationship between cramea and diameter at breast height of tree species
in a Mixed-Araucaria Forest in mid-southern Par&tete, Brazil. The data come from 1 hectare plot
where all trees were mapped and had their crowjegtion drawn in the field and transferred to
computer to a SIG environment to relate to DBHthis paper, 634 individuals >10 cm DBH were
used for the analysis. Trees were separated iroGpgr General (all species), Araucaria, Imbuia,
Canelas and Others. Outliers from each were prpmdirhinated from the correlation analysis and
regression model testing. Imbuia and Araucaria vikose that showed the strongest correlations.
Among the models tested, the best fitting was ptediby potential function (INA@g+p1(INDAP)),
with the lowest standard errors of estimate andtromogeneous graphical residual distribution. It
was concluded that the relationship between crawa and trunk diameter is stronger in some cases
(Araucaria and Imbuia) than when a mix of specgeetaken into account (Canelas, Others and all
species due to the different architecture of thmvas). It is possible to estimate accurately tlee tr
crown area from its diameter when the relationghigtrong.
Keywords Araucaria; crown diameter; crown projection; miaatg regression.

Resumo
Relacdode area de copa e diametro do fuste para espéciEseas daFlorestaOmbréfila Mista no
centro-sul doParana. Avaliou-se a relacédo entre a area de copa e oetli@m altura do peito de
arvores de um fragmento de Floresta Ombrdéfila Mistaestado do Parana. Os dados sédo de
1 hectare, onde foram locadas as projecdes dass abgm 4rvores, tratadas posteriormente em
ambiente SIG para calculo de &rea e relacdo com BARM utilizados 634 individuos >10 cm de
DAP. As arvores foram divididas em 5 grupos: Getajucaria, Imbuia, Canelas e Outras. Foram
encontrado®utliers que foram eliminados da andlise de correlacda madelagem. A correlagéo
entre area de copa e diametro do fuste foi defg7® o conjunto total. Os grupos Imbuia e Araucaria
apresentaram as correlagbes mais fortes. Dos nwdedvados, o que melhor se comportou em
termos de ajuste foi o potencial (INAQB#-B1(INDAP)), com menores erros padrdes da estimativa e
distribuicdes gréaficas de residuos. Concluiu-seajuglacéo area de copa e diametro do fuste é mais
forte em alguns casos (Araucéria e Imbuia) e maldeir fraca quando avaliadas espécies com
diferentes arquiteturas de copa (Canelas, Outmpécies e conjunto Geral). Nos casos de maior
relacdo, existe a possibilidade de estimar a &empla em fungdo do didmetro do tronco.
Palavras-chaveAraucaria; didmetro de copa; projecéo de copaatagem; regresséo.

INTRODUCTION

All the ecological processes that take place iegbecosystems depend, one way or another, on
the relationship between the arboreal elementsatsiti upon the area close to the ground and on the
upper portion of the canopy. The upper canopy'shaeism, and therefore the forest’'s as a whole, is
strongly influenced by the compounding trees’ leafface. Studies on the canopy ecology are stlicgc
(REYNOLDS, 20009).
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There are several different morphometric measurésnehindividual trees canopy, as well as
the crown canopy formed by the forest upper lalfenwever, to the extent that it consists of a comple
three-dimensional structure, due to the branchesfaliage shape, it is considerably difficult tovdi a
simple way of representing these dimensions. Thet mommonly employed numerical expression in
canopy studies is the one relating the tree croimmeter and their diameter at breast height (DBH),
given their easy measurement.

Different authors, such as Burger (1939) and Assm@®61) pioneered the studies about
shapes, dimensions and the morphometric relatipasfi the tree crows. Still, very few studies faamlis
on finding the relationship between morphometridalges, such as individual crown area, of difftcul
measurement, with one that can be measured with sash as the DBH. Among recent studies carried
out in Brazil are the ones published by Cateal.(2007) on the Mixed Ombrophylous Forest and Tonini
and Arco-Verde (2005) on the Amazon Forest.

Eventhough Schneider (1993) states that severdiestishow a significant correlation between
these dimensions, the majority of its counterpastsume that the crown area can be calculated from t
diameters with the ellipse formula, which can refflen expressive errors on the quantification of th
crown surface of the trees that compose the upgyer bf the forest.

This article aims to illustrate the relationshigveeen the canopy area and the DBH for species’
groups within a Mixed Ombrophylous Forest fragmdihiuis, the canopy area’s calculation is based upon
a visual projection and digitalization in CAD (Coutpr Aided Design). Based on pairs of values of
canopy area and DBH, the data was subjected taralation analysis and the development of linear
regression models in order to express the canogy iar function of the DBH, aiming to facilitate the
canopy area estimate, whose determination is melyidifficult.

MATERIALS AND METHODS

Area of study

The present study was carried out at the Federafelsity of Paranaldniversidade Federal do
Parana — UFPR experimental station, located in Sdo Jodo donfaiun the southern portion of the state
of Parana, approximately 125 kilometers from Chit{Figure 1).

Municipio de ;
Sao Joao do Triunfo ;

Pl"arcela

Figure 1. Study site at S&o Jo&o do Triunfo, Pa&iate, Brazil.
Figura 1. Localizacdo da area de estudo em Saodto@ounfo, PR.
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Four permanent plots were established within thbe&2are area, given that three of them had an
area of one hectare (100 m x 100 m) and one of tr@misted of half hectare (50 m x 100 m), each one
divided in subplots of 10 m x 10 m, in order toilitette the data collection. Monitoring of all tipdots is
carried out every year, when all the surveyed tthat reach a minimum DBH of 10 centimeters have
their diameters remeasured, along with their irg@asd mortality records. In this study, only onetpl
(called the Imbuia Plot) was used, measuring ldnect

The local vegetation consists of a fragment of Miged Ombrophylous Forest, according to
Velloso et al. (1991), quoted by Pizatto (1999). The forest'sssaiere classified as ALISOILS, with a
small portion of CAMBISOILS. According to the Koppelassification, the weather fits into the Cfb
category - humid temperate weather, with an aveteg®erature inferior to 22°C during the hottest
month, without a dry season, with cool summers igade than five nightly frosts throughout the year
(PIZATTO, 1999).

Methodology

In this study were used the DBH of 634 trees, alb agetheir respective canopy projections,
carefully drawn in graph paper and transferrechto AutoCAD® software through a scanner, in which
the spatial localization of each tree, from thdiahicoordinate (0.0) and adjusted to an adequzdée s
The totality of canopies and their correspondamiks were outlined one by one over the originalgeja
as shown in figure 2.
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Figure 2. Crown projections of the trees used is study.
Figura 2. Projecdes de copa das arvores empregadtestrabalho.

After the data collection, five species groups westablished for future correlation analysis and
equation adjustment. The groups were: General (8¢ individuals), Araucaria (with 47 individuals
belonging to the specidgaucariaangustifolia(Bert) Kuntze), Imbuia (with 22 individuals of tispecies
Ocotea porosdNess & Mart), Canelas (with 77 individuals iéctandra grandifloraNess & Mart and
Ocotea puberulgRich.) Nees) and Others (with 488 individualsotifier species, according to Pizatto
(1999).

The ARCGIS 9.2® software was employed with the pagpof relating the canopy projections
to their correspondent DBH and species, as wetb aslculate the area of each individual canopye Th
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canopy diameter was laid aside in favor of the pgrarea due to the more than common irregularity on
the shape of its respective projections on thempfou

Based on this data, an analysis of the simple ladiwa coefficient () between the interest
variables was carried out. According to Silva (1982epresents the degree of association between two
interest variables.

Excluding from the database the so called outlyimividuals, due to their interference on the
data correlation, the groups ended up with theotalhg numbers of individuals: General with 631,
Araucaria with 47, Imbuia with 20, Canelas withat®l Others with 488.

Data analysis and correlation

Before starting the equations adjustment, eachpgtwad its outliers analyzed. According to
Draper and Smith (1981), an outlier is, in absok#éies, a point whose behavior doesn’t follow the
pattern, located far from the average by threer &yumore standard deviations. This criterion hasrb
adopted in the present study with the purpose fiidg the outlier.

Excluding from the database the so called outlyimividuals, due to their interference on the
data correlation, the groups ended up with theotalhg numbers of individuals: General with 631,
Araucaria with 47, Imbuia with 20, Canelas withatil Others with 488.

Equations Adjustment

In order to express the relationship between theppa area and the DBH, three previously
adjusted mathematical models for adjustment welextgsl for each species group, found in Schneider
(1993), in which:

AC =, + B, (DAP) (1)
In AC =, + B1(DAP) )
In AC =B¢ + B; (In DAP) 3)
AC =g + By (DAPY (4)
AC =By + By (DAP) +p; (DAP?) (%)

Where: CA = canopy area (m?)
DAP = DBH = diameter breast height (cm)

After the removal of the outliers, each of the faguations for each group were adjusted through
linear regression using a Microsoft Excel® spreadshaiming to evaluate their performance and selec
the one with the best statistical behavior.

For the evaluation of the equation adjustment degned selection of the one with the best
performance, the following criteria were employeaxirrected determination coefficient (R%), which
indicates how much percent of the occurred vamatiare explained in the equation (SILVA, 1982); the
estimated standard error in percentage (Sxy%), iabibty measure of the conditional distribution 6f
(canopy area) for fixed values of X (DBH) and tksidual graphic analysis, which indicates the prese
or not of tendencies on the estimates, using thestatl equations. The best equations are the biaés t
present the highest R?, the lowest Sxy% and the demgle and most balanced residual distributionglo
the adjustment line.

RESULTS AND DISCUSSIONS

Data analysis and its correlation

Table 1 enables an overall view of the data angdituanalyzing each species group separately.
It is clear that there is a wider variation on ttenopy area than on the trees DBH. The variation
coefficients were always higher for the canopy atrem for the DBH. The smallest variations on the
canopy area occurred for the Araucaria and alsthfobigger ones in the General group.
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Table 1. Mean, maximum and minimum values and @defft of variation (CV%) of the variable
analyzed for each species group.

Tabela 1. Valores médios, maximos, minimos e ciggfie de variacdo (CV%) das variaveis analisadas,
em cada grupo de espécies.

Group Crown area (m?) DBH (cm)

Maximum Mean Minimum CV % Maximum Mean Minimum CV %
General (634) 175,48 17,31 0,41 143,82 162,34 24,14 10,03 80,47
Araucaria (47) 175,48 71,18 2,70 75,40 107,27 53,93 13,69 44 .86
Imbuia (22) 93,37 24,58 2,01 109,23 162,34 46,21 350 97,35
Canelas (77) 106,79 17,79 2,91 95,34 140,69 34,15 0,351 60,38
Outras (488) 81,68 11,72 0,41 102,27 110,45 18,70 0,03 60,63

The figure 3 shows the relation between DBH ancopsirareas for the five groups. A direct
relationship between both variables could alwaysédxéied (positive), which means that the bigdes t
canopy areas, the bigger the DBHs. There is afggni variability on the data, as shown on figGre
despite the fact that the aggregation of specisces its dispersion, making the relationship steon

The correlation analysis has shown significantedéhces referring to the degree of association
between the trees’ diameter and their canopy &fégure 3). For the Araucaria, the correlation was
strong, showing a more significant regularity beswéts canopy and its trunk.

According to Nutto (2001), there is a very closatienship between the canopy’s width and the
DBH for the Araucaria tree, which may be used Far development of new decision tools, applicable to
individual trees on Araucaria management in mujieh and heterogeneous forests or even for the
production of high quality wood with pre-selectedeis. The relationship between the Araucaria canopy
width and the growth in diameter was also tacklgd bnghi (1980), Seitz (1986) and Wachtel (1990),
evidencing a close association.

The broad-leaved species showed a lower correlatémging from 0.57 for the Canelas to 0.77
for the other species. Taking all the species attcount altogether, the correlation coefficient Wagb.
Longhi (1980), who studied separately the Araucarad the broad-leaved species within the forest,
found a straight line trend between the canopy diemand the DBH on the first case and a parabolic
relationship on the second. That suggests impo#deititectural differences in these groups andy ver
likely, with consequences in their developmenttstys. A straight line relationship between DBHi an
canopy area was identified for the Araucaria, algio for the broad-leaved the slight curve trend
harmonizes with the parabolic proposition found_oynghi (1980).

According to Schneider (1993), several studies shavlear correlation between the DBH and
the canopy diameter. The site quality has a diigtience on this correlation: the better the site
lower is the correlation. That is valid not onlyr fa single species but also for species with simila
morphometric characteristics. Wadsworth (2000) atsays that the canopy size influences its
productivity, and that the trees located on theeugpyer of the forest have not very dense horalont
canopies, while the ones on the lower layer haveemvertical and deep canopies. Dawkins (1959),
quoted by Wadsworth (2000), adds that for the sliattdderant species, the relationship between canop
diameter and DBH is not reduced as the specietesanaturity, as oppose to the shade tolerantespeci

According to Durloet al (2001), researching the inter-dimensional retegfops of single trees
is important, because it allows a prediction of #pace that is demanded throughout their growth,
considering the competition it they find themselugsbesides enabling inferences concerning stapili
vitality and productivity of each isolated indivialu

Most studies in this field relate the DBH with thanopy diameter. Nevertheless, the canopy
irregularity is a complicating factor concerning drea calculus from one or two possible diametars.
this present work, a different strategy was chossther than the canopy diameter measurementsraad a
calculi with the ellipse formula. The most reasdeaolution was visually projecting the canopy and
drawing it with the computer program CAD, which wamsidered the most appropriate for picturing the
irregularities on the canopy shape, despite aioeataount of subjectivity involved in such evaloati

In the groups of species where the presence ofeautin the relationship between DBH x
canopy area could be noticed, these points of néysis were eliminated due to the fact that thesee
tress with abnormal trunk and canopy conformatidre eliminated points were those located beyond the
limit of 99% of probability within the normal curv&hree individuals were withdrawn from the General
group, in comparison to two both in the Imbuia &ahela group. This simple elimination enabled a ris
on the correlation coefficient, as shown in table 3
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Figure 3. Relationship between DBH and crown prigaecarea by species group.
Figura 3. Relacao entre DAP e area de copa dasegravaliadas nos grupos.
Table 3. Simple coefficient of correlation of DBIHdacrown area, either with or without outliers.
Tabela 3. Coeficiente de correlagdo simples en&kB B area de copa, com e seatliers.

68

Group r - with outliers r - without outliers
General 0,75 0,81
Araucaria 0,88 0,88
Imbuia 0,62 0,90
Canelas 0,57 0,68
Outras 0,77 0,77
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Equations adjustment

The adjusted equations for the different groupssii@wvn in table 4, with their respective R2 e
Sxy%. For the Araucaria, Imbuia and Canela groupes,niodel with the best results was the number 1
(straight line), with the lowest Syx% and highe$t RS for the General group, the model number 5
(parabolic) has outperformed all the others andHerOthers group, the models 1 and 5 showed the sa
behavior through the adjustment indicators anali&gure 4).

Table 4. Equations for estimating crown area asatfon of DBH per species group.
Tabela 4. Equacg6es para estimar area de copa edofdio DAP, por grupo de espécies.

Group Model Bo B: B, R2 Syx%
1 -10,3945 1,1733 - 0,23 147,5%
2 -76,6498 31,5929 - 0,52 100,4%
General 3 -1,4669 1,2744 - 0,20 146,98%
4 5,7620 0,0135 - 0,66 84,4%
5 -2,7842 0,6010 0,0069 0,68 82,5%
1 -34,5152 1,9599 - 0,78 47,1%
2 -242,1779 81,2483 - 0,71 53,3%
Araucaria 3 -4,1028 2,0405 - 0,72 52,5%
4 8,8410 0,0179 - 0,74 50,9%
5 -35,6111 2,0132 -0,0005 0,77 47, 7%
1 -9,4082 0,9433 - 0,81 53,4%
2 -86,3793 33,1665 - 0,68 67,5%
Imbuia 3 -2,2450 1,4582 - 0,78 57,9%
4 8,9159 0,0077 - 0,69 66,8%
5 -13,9057 1,1997 -0,0023 0,79 54,1%
1 -1,4117 0,5417 - 0,47 59,7%
2 -37,8442 16,1430 - 0,41 67,8%
Canelas 3 -0,8834 1,0082 - 0,41 62,5%
4 7,4107 0,0066 - 0,44 61,0%
5 0,3828 0,4254 0,0015 0,46 60,4%
1 -3,4293 0,8101 - 0,59 65,8%
2 -42,4400 19,2629 - 0,51 71,9%
Outras 3 -1,1515 1,1697 - 0,54 70,0%
4 7,1692 0,0095 - 0,49 73,3%
5 -4,2140 0,8753 -0,0009 0,59 65,8%

It is evident that the straight line model thatatek DBH directly with the canopy area, despite
its simple structure, as soundly shown in the wafrRawkins (1963), quoted by Longhi (1980), managed
to represent this relationship in a satisfying walyis better performance can be explained by thdyst
aboutAraucaria angustifoliacarried out by Volkart (1969), who verified a tibnear tendency with a
positive origin between the canopy diameter andrilvek diameter, obtaining a correlation coeffitieh
0.96. Thus, Brunig andeuveldop (1976) found in tropical forests a rattmeaningful linear relationship
between canopy diameter and the trunk.

According to Longhi (1980), for thAraucaria angustifoliathe correlation coefficient was 0.92
for both canopy and trunk diameters, resulting giraight relationship between both. Oliveira (1982
his study on théAraucaria angustifolia pointed out to a simple correlation between DBidl @anopy
diameter of 0.85.

The parabolic relationship found by Longhi (1980@y tbroad-leaved species resulted in a
correlation of 0.82. The same author states thvanthough for thé\raucaria angustifoliathe bigger the
trunk diameter, the bigger the canopy diametes, tdidency can’t be understood as a rule for thadsr
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leaved, because up to a certain age, this reldijprremains and, later on, despite the increas¢éhen
tree’s diameter, the canopy diameter starts doedser
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Figure 4. Graphical residue analysis for the higstdg models.
Figura 4. Analise gréafica da distribuicdo dos res&dpara os melhores modelos ajustados.

CONCLUSIONS

The conclusions of this work were the following:
e There is a correlation between canopy area and DitHough it's not always significative. For
individual species with similar canopy architectuilee the Araucaria, the relationship is quiteb$ta
as endorsed by the literature.
« On the cases in which the relationship in epigraspstronger, there is the possibility of accurately
estimating the canopy area in relation to the trdiakneter.
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* The potential model has shown to be the one widt behavior when it comes to expressing the
relationship between the canopy and the DBH, ingamison to the other ones tested.

e Outliers on the original data must be identified axcluded from de modeling.

« In spite of the subjectivity on the canopies’ aitlig, a conclusion has been reached that thiseis th
most adequate way to picture the canopy areagidsteusing the ellipsis formula.

e The canopy area is an important biometric expresfio ecological and forest production studies.
Estimating them accurately from easily obtainableasurements is, whenever possible, highly
recommended.
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