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ABSTRACT

The variables in habitat studies are usually transformed in such a way that they become abstractions
and intuition is lost. We tested a new method for the analysis of habitat using data collected in a grid
laid at the “restinga de Maricá”, in Rio de Janeiro State, Brazil. Thirty-seven microhabitat variables
were measured at each trap station. We assume that these variables characterize the microhabitat
structure at the moment when measurements were taken. The data are transformed in 3 ways: (1) the
averages of the measured variables were calculated, as usual in habitat studies; (2) the data are trans-
formed in densities per area in square meters without reduction in the number of variables; and (3)
we calculated the natural logarithms of the data thus transformed. The 3 sets were analised through
discriminant analysis. The logarithms of densities were the most efficient kind of transformation. This
transformation resulted in a significance of p = 0.0001 with 39.72% of variance in the 1st discrimi-
nant function and of p = 0.0426 with 31.45% of variance in the 2nd function, and 84.62% of groups
correctly classified. We obtained better classification results than previous similar works and we kept
the intuition through the data analysis.
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RESUMO

Um novo método de estudo da estrutura de microhábitat de pequenos mamíferos

As variáveis utilizadas em estudos de hábitat são transformadas de tal maneira que se tornam abstrações
e se perde a intuição. Testamos um novo método para esse tipo de análise usando dados coletados em
uma grade na restinga de Maricá, Rio de Janeiro. Em cada ponto de captura foram medidas 37 variáveis
de microhábitat. Consideramos que tais variáveis caracterizam a estrutura dos microhábitats no momento
em que são tomadas. Os dados foram transformados de 3 maneiras: (1) as médias das variáveis foram
calculadas, como é usual em estudos de hábitat; (2) os dados foram transformados em suas densidades
por área em metros quadrados, sem redução no número de variáveis; e (3) calculamos os logaritimos
naturais dos dados transformados em densidades. Os 3 conjuntos foram submetidos à análise discri-
minante. O logaritimo das densidades foi o tipo de transformação mais eficiente. Esta transformação
resultou na obtenção de p = 0,0001, com 39,72% da variância na 1a função e um p = 0,0426 com 31,45%
da variância na 2a função, com um acerto de 84,62% na classificação dos grupos. Os resultados obtidos
foram melhores do que em trabalhos similares anteriores, mantendo-se a intuição.

Palavras-chave: análise discriminante, métodos, nicho, pequenos mamíferos, Região Neotropical.
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INTRODUCTION

Several methods have been used in the studies
of microhabitat choice by small mammals. Most
studies use 2 basic aspects of vegetation that can
be distinguished: structure or physiognomy, and
floristics (Morrison et al., 1992). Many authors
have used structural aspects in their studies of
microhabitat choice (Cerqueira et al., 1994, Dueser
& Shugart, 1978; Ernest & Mares, 1986; Murúa
& González, 1982), while others have used floristic
aspects (Bonaventura et al., 1991, 1992) or both
(Fa et al., 1990; Monamy, 1995). As Cerqueira
(1995) has pointed out, floristics may be an
indication of resources other than space, being a
measure of niche not of habitat. Even some
common habitat measurements as, for instance,
litter, may be linked to niche in certain species
(Freitas et al., 1997). The structural measures have
different orders of magnitude and, therefore, are
not very amenable to analysis and the data must
be transformed before analysis. The most common
methods of transformation are the use of means
(Kelt et al., 1994), square-roots, natural logarithms
or arcsine to normalise the data (Adler & Wilson,
1987; Murúa & González, 1982). Another problem
is that the data are gathered using different unit
systems and the results obtained are not intuitive.
We describe here a method to avoid these problems
(Cerqueira et al., 1994).

MATERIAL AND METHODS

We studied a 1 hectare grid with 100 traps
evenly spaced. The area was described elsewhere
(Cerqueira et al., 1990, 1994). We took 37 micro-
habitat measurements at each trap station,
belonging to fourteen categories:

I. Canopy height (CH): estimate of canopy
height taken at the trap station.

II. Woody species density (WD): wood plant
species’ richness, done by counting the
woody species in a circle of 0.52 m ra-
dius at ground level.

III. Herbaceous species density (HD): similar
to WD using herbaceous species.

IV. Woody stems density (WSD): number of
woody stems in a 0.52 m radius at sev-
eral heights. The measurement is taken
turning a 0.52 m stick from an axis staked

to the ground, at heights of 0.20 m, 0.40 m,
0.60 m, 0.80 m, 1.00 m, 1.20 m, 1.40 m,
1.60 m, 1.80 m and 2.00 m, counting each
live woody stem that touches the stick.

V. Herbaceous stem density (HSD): similar
to WSD using live herbaceous stems.

VI. Horizontal obstruction estimate (HOE):
vegetation cover in 3 height categories.
The measurement is taken using a rect-
angle with 0.30 m x 0.50 m, divided into
32 equal small squares. This variable was
measured in the following heights from
the ground: 0.50 m, 1.00 m, and 1.50 m.
The observer positions himself at 0.52 m
from the trap station and he observes
through the rectangle at each height. The
retangle is positioned at north, south, east
and west directions at each height. We
counted the number of squares that were
more than 50% obstructed by the vegeta-
tion.

VII. Soil surface exposure (SSE): the exposure
is measured along two perpendicular
transects 5.0 m long and 0.60 m wide at
each trap station in an interval of every
0.50 m in each direction (north, south, east
and west). We considered five soil surface
exposure categories (0 to 4). The category
zero corresponded a totally covered
ground and the category four a completely
open floor.

VIII. Soil litter density (LD): litter was collected
at each trap station in a 11.56 cm radius
circle (0.042 m2 area). The litter was then
ovendryed in a stove at 45oC during
48 h, and weighed (g/m2).

IX. Distance to the closest trees (DIST): a
measure of tree dispersion. We measured
the distances to the closest trees in a 5.00
m radius circle from the trap station.

X. Mean diameter of the closest tree (DIA):
diameters of the same last trees.

XI. Number of holes (HOL), number of hiding
places (HID), number of trees with dead
canopy (DC), number of stumps (STU),
number of trees of diameter at breast high
⊕ 0.75 m (DBH): all these measurements
represent presumable hiding places for
small mammals. Each measurement for
each variable is taken in a 2.50 m diameter
circle at the trap station.
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All variables were measured in the same
trapping session within 8 days interval.

The measurements taken were transformed
as 3 different sets of data. First, we used the usual
procedure, calculating the mean value of each
category (Table 1). We used the raw data of Litter
Density (LD) and Canopy Height (CH). To pre-
pare the 2nd set we transformed each measurement

as densities per square meter, excepting CH (Table
2). The 3rd set was the same 2nd set transformed
in natural logarithms, as suggested by Digby &
Kempton (1987).

The data in each set was submitted to
canonical discriminant analysis. The a priori
groups were determined by the species trapped in
each station during a period of 6 nights.

Variable Equation

WSD (WSD0 + WSD20 + WSD40 + WSD60 + WSD80 + WSD100 + WSD120 + WSD140 + WSD160 + WSD180 + WSD200)/11

HSD (HSD0 + HSD20 + HSD40 + HSD60 + HSD80 + HSD100 + HSD120 + HSD140 + HSD160 + HSD180 + HSD200)/11

SSE SSE/4

HOE (HOE1 + HOE2 + HOE3)/3

DIA DIA/4

DIST DIST/4

DBH DBH/4

HID ((HOL/4 + (EM/4))/2

STU ((DC/4) + (CE/4))/2

LD LD/0.042

Variable Equation

WD WD / 0.849

WSD WSD / 0.849

HD HD / 0.849

HSD HSD / 0.849

SSE (SSE / 20) / 5.09

HOE ((HOE*0.0049)*33.06) / 8.32

DIA DIA / 4

DIST DIST / 4

DBH DBH / 19.63

HID ((HOL / 19.63) + (EM / 19.63)) / 2

STU ((DC / 19.63) + (CE / 19.63)) / 2

LD LD / 0.042

TABLE 1

Equations used for mean data transformation applied to each microhabitat variable.

TABLE 2

Equations used for area data transformation applied to each variable. Each WSD and HSD heights and
HOE obstructions had its own value.

The groups so formed were named after the
species caught: (1) no mammals, trap station without
captures; (2) Philander, points that captured the mar-
supial Philander frenata; (3) Akodon (after Akodon
cursor); (4) Metachirus (after Metachirus nudi-
caudatus); (5) Trinomys (after Trinomys eliasi); and
(6) Didelphis (after Didelphis aurita).

RESULTS

The classification results were similar in spite
the kind of transformation used (Table 3). However,
only the logarithm set was the only one that produced
significant functions.  It had as well a set of variables
correlated with the functions (Table 4).
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DISCUSSION

Multivariate data analysis have been in use
in habitat studies since the pioneer work by Cody
(1968). However, this approach has been criticised
on several grounds, both mathematical and biolo-
gical (James & Culloch, 1990). A variety of
methods of measurement has been in use for
mammals. Nevertheless, few studies showed as the

measurements were done (Dueser & Shugart, 1978;
Kelt, 1996; Yahner, 1986).

The data are always transformed or reduced
but few studies show how the transformation was
done (Adler & Wilson, 1987; Murúa & González
1982; Yahner, 1986).

Therefore, it is usually impossible to compare
studies or to have even a glimpse on what are the
authors talking of.

Data
transformation

Function Eigenvalue Relative
variance (%)

Cumulative
variance (%)

Wilk’s
lambda

Significance Classification

Mean 1 0.90324 32.32 32.32 0.1136735 0.6464 80.77%

Mean and log
e

1 0.88141 30.62 30.62 0.1076117 0.5552 80.77%

Area 1 0.90324 32.32 32.32 0.1136735 0.6464 80.77%

Area and loge 1 2.02931 39.72 39.72 0.0388115 0.0001 * 84.62%

2 1.60672 31.45 71.16 0.1175723 0.0426 * –

Data Variable Wilk’s lambda F Significance

Mean and log
e

LD 0.80007 4.898 0.0005

WSD40 0.88786 2.476 0.0372

WSD60 0.82211 4.241 0.0016

WSD120 0.75043 6.518 0.0000

WSD140 0.86208 3.136 0.0114

WSD160 0.87866 2.707 0.0246

HSD160 0.89352 2.336 0.0476

Area and loge

LD 0.80007 4.898 0.0005

TABLE 3

Canonical discriminant functions, its significance and classification in all kinds of data transformations
(* = p < 0.05).

TABLE 4

Significant variables (p < 0.05) by univariate ratio F and Wilk’s lambda in discriminant analysis using each
transformation.

We have chosen our measurements on
naturalistic grounds trying to describe the more
evident features of the “restinga”. However, our
1st studies had been disappointing (Carvalho-Huber,
1989) since we noticed a low correlation between
variables and functions.

The simple transformations thus used not only
get out the naturalist intuition, but the significance
as well. We detected a possible cause, the change
in the value of the measured variables through the

time. Therefore, for the present report we measured
all variables during the trapping. We describe the
variation of habitat in time elsewhere (Freitas &
Cerqueira, submitted).

The data transformation with best per-
formance was the logarithm transformation applied
to area transformation. The main advantage of this
transformation is an intuitive perception of nu-
merical results: it is easier to understand and
compare data that reads 25 herbaceous stems/m2
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than one wich reads a mean of 25 herbaceous stems
in a site.

Moreover, area transformation is a solution
to put all variables into one only metric system.
Using the same data set, Cerqueira et al. (1994)
achieved a significance of p = 0.0325 and classifi-
cation of 60.69% at discriminant analysis using
area transformation. We obtained most groups
correctly classified (84.62%) using also the
logarithm of the area transformation.

When all species are analysed together, it is
supposed that the factors that determine a species
presence in a habitat are the same for all species.
However, our results showed that different species
are influenced by distinct habitat factors. These
results suggest that the habitat choice must be
studied for each species separately.
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