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ECOLOGICAL  TRENDS  IN  THE  WOOD  ANATOMY  OF 
SOME  BRAZILIAN  SPECIES. 1.  GROWTH  RINGS  AND  VESSELS

by

Edenise Segala Alves1 & Veronica Angyalossy-Alfonso2

SUMMARY

Some ecological trends based on wood were established in woody ÿor-
ulas of several regions in Brazil. Growth rings and qualitative vessel 
features were analysed in trees belonging to the 22 most representative 
families of the Brazilian ÿora, including 133 genera, 491 species and 
686 specimens. Some ecological trends were statistically proven by 
Pearsonõs Standardised Residues. The presence of growth rings was as-
sociated with seasonal environments. Vessels tended to show special 
arrangement patterns at higher latitudes and in environments affected 
by thermal seasonality. Vessels in multiples were more common in en-
vironments that were seasonal for temperature and humidity. Although 
not statistically signiþcant, there is a trend for multiple perforation plates 
and helical thickenings to be most common in higher latitudes and colder 
environments. Overall, the results for Brazilian species are compatible 
with trends established by other authors for other ÿoras and /or taxa.

Key words: Brazil, ecological wood anatomy, ecological trends, growth 
rings, vessels.

INTRODUCTION

Most papers focusing on wood ecological trends analyse quantitative vessel features, 
such as element diameter, length and frequency. On the other hand, trends associated 
with qualitative parameters of vessels and other wood components are rarely dis-
cussed. Moreover, few studies on tropical ÿoras have been conducted so far.
    In tropical regions, clearly deþned by dry and humid seasons, cambial dormancy 
of deciduous species occurs together with an interruption of apical growth and leaf 
fall, resulting in the formation of distinct growth rings. Tropical regions less affected 
by rainfall seasonality lack this pattern and there is little information on the wood 
behaviour of evergreen species (Sass et al. 1995).
    While observing tropical trees, Worbes (1995) noticed that an annual dry season 
that lasts 2 to 3 months, and with a monthly rainfall below 60 mm, may lead to 
the formation of annual rings. On the other hand, two annual dry seasons lead to 
the formation of two growth rings in this period. A relationship between growth rings in 
tropical species and the environment should be further explored.

1)  Instituto de Bot©nica, Cx Postal 4005, CEP 01061-970, S«o Paulo, SP, Brazil. 
2)  Departamento de Bot©nica, Instituto de Bioci°ncias, Universidade de S«o Paulo, Cx Postal 

11461, CEP 05422-970, S«o Paulo, SP, Brazil. 
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    Vessels have been reported to show a tendency towards grouping in dry environ-
ments, whereas they are more often solitary and only rarely grouped in humid envi-
ronments (Carlquist 1966; Carlquist & Hoekman 1985; Barajas-Morales 1985; Fahn 
et al. 1986; Lindorf 1994).
    Apparent correlations between vessel grouping and latitude were also observed, 
although no consensus has been reached. Authors such as Carlquist (1966), and Van 
der Graaff and Baas (1974) observed larger vessel groupings at higher latitudes, 
whereas Baas et al. (1988), Zhang et al. (1988) and Baas and Schweingruber (1987) 
found the opposite relationship.
    Other correlations have been reported as to the scalariform perforation plates more 
commonly found in temperate and tropical montane ÿoras than in tropical humid 
environments (Baas 1976) and at higher latitudes and altitudes (Baas & Schweingruber 
1987).
    The presence of helical thickenings in vessel elements is clearly associated with 
temperate and subtropical environments, that is, with higher latitudes (Carlquist 1966; 
Baas 1973; Van der Graaff & Baas 1974; Van den Oever et al. 1981; Schmid & Baas 
1984; Baas et al. 1988; Deng Liang & Baas 1990; Chen et al. 1993; Dong & Baas 
1993) and, sometimes at least, with higher altitudes (Oskolski 1995) and drier envi-
ronments as well (Carlquist & Hoekman 1985; Fahn et al. 1986).
    The objective of the present study is to establish any ecological trends of growth 
rings and vessel features by analysing the wood of Brazilian species from different 
environments, and by comparing the trends established with the results obtained for 
other ÿoras or taxonomic groups.

MATERIALS AND METHODS

A microscopic analysis was carried out of the wood of tree species belonging to 22 
plant families widely distributed within the Brazilian territory, covering 133 genera, 
491 species, and totalling 686 specimens from different geographical regions in 
Brazil (Table 1, p. 5ð15). 
    Most of the material studied belongs to the permanent slide collection of the Calvino 
Mainieri Wood Collection, of the Institute of Technological Research of the State of 
S«o Paulo (IPT). Wood sections of species not represented in the slide collection were 
prepared in three planes, their thickness ranging from 15 to 20 Hm, prepared accord-
ing to standard techniques (Sass 1951; Johansen 1940); the sections were stained with 
safranin or fast green and permanently mounted in Permount.

Environmental parameters ñ Climate types, temperature, humidity, altitude and vege-
tation type were recorded of 132 different localities in Brazil, grouped according to 
the þve geographical regions of the Brazilian territory (Fig. 1). The 686 specimens 
studied could be assigned to these localities or their immediate vicinity. Nimerõs cli-
mate system (Nimer 1989) and IBGEõs (IBGE 1993) vegetation map were used (see 
Table 1, p. 5ð15).
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As to environmental parameters, the þve Brazilian geographical regions can be char-
acterised as follows:

Northern Region (N) ñ This region is subjected to small thermal oscillation and 
little humidity variation throughout the year and by dense forest. According to Nimer 
(1989), the climate in the Northern Region is warm, humid, or super-humid.
    Warm = temperature above 18 ÁC all year round; super-humid = sub-dry* or no 
drought at all; humid = 1 to 3 dry months /year**.
* sub-dry: P Ò 3T; ** dry month: P Ò 2T; P: monthly rainfall (mm); T: average temperature 
(ÁC).

Northeastern Region (N) ñ This region shows a small annual thermal oscillation 
(warm) but humidity varies a lot: there are areas (near the coast) where humidity is 
high almost throughout the year (super-humid/humid) and others where humid peri-
ods are concentrated in a few months of the year, and there are long, dry periods 
(semi-humid/semi-arid)***. About 70% of the samples of the Northeastern Region 

Northern

Northeastern

Middle West

Southeastern

Southern

Fig. 1. Brazilian Regions.
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analysed in this study came from coastal areas that are super-humid or humid and 
there the vegetation is dense and open forest; only 9% of the samples came from 
caatinga-semi-arid climate, the type of vegetation and climate typical for inner areas 
of this region.
*** semi-humid: 4 to 5 dry months /year; semi-arid: 6 dry months or more/year.

Middle West Region (MW) ñ This region is heterogeneous as far as temperature 
and rainfall are concerned, with moderate, dry winters and hot, rainy summers. The 
temperature in the region can be warm/sub-warm = high temperatures in the summer 
with mild winters with an average temperature of the coldest month from 18 to 15 ÁC. 
The humidity varies from humid to semi-humid. The main vegetation type is the 
cerrado.

Southeastern Region (SE) ñ The region has different climates in terms of tempera-
ture and rainfall, with moderate /cold (mild-mesothermic /medium-mesothermic)**** 
and dry winters and hot, rainy summers. There are various types of vegetation: dense 
forest, semi-deciduous forest, deciduous forest, cerrado.
**** mild-mesothermic: winter, at least one month with the temperature below 15 ÁC, average 
of the coldest month ranging from 15 to 10 ÁC; hot-to-mild summer; medium-mesothermic: 
mild temperatures in the summer; average temperature of the hottest month below 20 ÁC; cool 
winter, average of the coldest month between 10 and 0 ÁC.

Southern Region (S) ñ The region has a well-balanced rainfall distribution all year 
round resulting in high, nearly constant humidity throughout the year (super-humid), 
and high annual thermal oscillation (sub-warm/mild-mesothermic), with hot-to-mod-
erate summers and cold winters. The vegetation types are: dense forest, mixed forest 
(known as Araucaria forest), semi-deciduous forest and deciduous forest.

Anatomical parameters ñ An analysis was conducted to verify the presence or ab-
sence of growth rings, as well as microscopic qualitative vessel features, such as: 
arrangement, groupings, type of perforation plate and presence of helical thickenings 
in vessel elements. The IAWA Committee (1989) recommendations were adopted for 
terminology and character deþnition.

Statistics ñ Anatomical and environmental data were statistically analysed. At þrst, 
a unidimensional analysis was conducted in order to highligth the most frequent levels 
of the qualitative anatomical variables involved. A bidimensional analysis was then 
conducted. In other words, relative frequencies were calculated by means of double 
entry tables with both variable types: anatomical and environmental. In order to test 
the dependence between variables, two statistical tests were conducted: Pearsonsõs 
Chi-Square and Likelihood Ratio, followed by Pearsonõs Standardised Residue analy-
sis (Bussab & Morettin 1987), which allowed us to establish existing trends among 
qualitative variables. 
                                                                                                                              (text continued on page 22)


