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Abstract: Spatial heterogeneity of a Schinopsis balansae forest (“Quebrachal”) near Vera (Santa Fe, Argentina) was
studied for any correlation between woody species distribution and environmental factors. This type of forest is the most
important community of the Santa Fe Forest Wedge, which is the southernmost portion of the Eastern Chaco. Thirty two
10 x 10 m plots were laid along two transects. Woody vegetation and microzones determined for microrelief, soil mois-
ture and the presence of bromeliads were mapped; 54% of the ground is level, about half of it is muddy or frequently
flooded, and little more than 11% is concave almost always flooded. Convex soils are well drained and often covered
by populations of spiny bromeliads. Most woody individuals were clumped on high and well drained soils while only
Geoffroea decorticans, Prosopis spp. and S. balansae were present on very humid microzones. These results strongly
suggest that soil heterogeneity (microrelief and soil moisture), is the most important factor that determines the distrib-
ution of woody species.
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balansae.

Natural systems have been recognized as
abiotically heterogencous in space and time,
and variable in organism abundance (Sousa
1984). Since the spatial heterogeneity of the
environment affects many aspects of the popu-
lation biology of plants, such as population
dynamics, seed dispersal and plant recruitment
(Harper 1977, Grubb 1977), it is therefore a
major factor regulating the distribution of indi-
viduals and species (Urban er al. 1987). The
characteristics of the habitat determine which
individuals from those that arrive at a place,
actually occupy that particular place (Bazzaz
1991). In a community, the floristic composi-
tion is determined by the differential response

of species to the present or past biotic and abi-
otic conditions (Gleason 1926, Whittaker
1967).

The Chaco region (15" to 35'S) is a very
large segiimentary plain that covers about 1000
000 km of eastern Bolivia, western Paraguay,
northern Argentina and a small part of south-
castern Brasil (Prado 1993). The whole region
is not homogeneous, there is a humid Chaco at
the east and a dry one at the west (Ragonese and
Castiglioni 1970). During the Holocene differ-
ential movements of bedrock blocks of the
Eastern Chaco, produced contrasting land-
scapes that were further modified by fluvial
activity (Popolizio et al. 1980). At the local



516 REVISTA DE BIOLOGIA TROPICAL

level topography produces strong ecological
differences, that results in the presence of dif-
ferent plant formations (Morello and Adamoli
1974, Lewis 1991).

The southernmost segment of the Eastern
Chaco is the Santa Fe Forest Wedge (“Cufia
boscosa”), which is located between the
Submeridional Lowlands (Spartina argentinen-
sis Parodi grasslands with almost no trees) at the
west and the Parand river at the east from paral-
lel 30°30°S to 28°S. The climate is temperate-
warm humid with a mean annual precipitation
slightly above 1 000 mm, which occurs mainly in
summer, and with a strong winter drought of
variable length (Burgos 1970). The vegetation is
a mosaic of forests, savanna grasslands and
hygrophilous communities ordered along mois-
ture and salinity gradients correlated with topo-
graphic elevation (Lewis and Pire 1981). The
Schinopsis balansae Engl. forest (“Quebrachal’’)
appears on halo-hydromorphic soils (Espino et
al. 1983), in the middle of the elevation gradient
between Prosopis nigra (Gris.) Hier. var. ragone-
sei Burk. forest (“Algarrobal”) at the lower
places and the mixed dense forest (“Bosque
chaquefio”) at the higher places (Lewis and Pire
1981, Lewis 1991), and it is the most important
community of the region, quite different from
other forests where Schinopsis species may be
present (Lewis and Pire 1981, Prado 1993).
Several aspects of this forest have been studied
by Ragonese and Covas (1940) and Lewis and
Pire (1981). Lewis (1991) suggested that the
clumped distribution of tree individuals in this
forest is the result of the spatial heterogeneity
and that microzones are colonized differentially
by woody species. However, a detailed analysis
of its spatial heterogeneity and the development
of its pattern have not been carried on so far. The
object of this paper is to analyse the spatial het-
erogeneity of one stand of a S. balansae forest
near Vera (Santa Fe, Argentina) and to establish
whether there is any correlation between the dis-
tribution of the woody species and environmen-
tal factors. The underlying hypothesis is that the
pattern of the woody layers is correlated to some
soil characteristics, mainly microrelief and
edaphic humidity.

MATERIALS AND METHODS

The study area: It is located in the experi-
mental center. of the Provincial Ministry of
Agriculture at Las Gamas, near Vera (29928’S -
60°28°W), Province of Santa Fe. The forest was
heavily lumbered in the first half of this centu-
ry for tannin industry and subsequently for fuel
extraction and charcoal production. This stand,
although is partially recovered, is not complete-
ly mature or at a steady state, and cattle grazing,
mild wood extraction and sporadic fires are the
main disturbances.

Data collection and analysis: On a transect
22 contiguous 10 x 10 m plots were laid (Lewis
1991) and another ten plots of the same size
were laid on a second discontinuous transect
parallel to the first one. On March 1989, all
trees taller than 1.6 m and shrubs taller than 0.6
m present in the plots, were counted and
mapped and at the same time, soil surface was
divided in microzones that were also mapped.
Microzones were determined according to
microrelief (D: concave, P: level, E: convex;
margins of these areas were characterized as: m:
stepped n: sloped), soil moisture (1: well
drained, 2: dry, 3: muddy, 4: swampy and 5:
flooded) and the presence of bromeliads and
small mounds in ponds. Relative topographic
elevation of 40 points on different microzones
along one of the transects, was measured with
an optical level. With these data, cartographic
diagrams of vegetation and microzones were
drawn on a grid of quadrats at a scale of 1: 100.

Microzones were grouped in the following
categories: convex with bromeliads (EB), con-
vex without bromeliads (E), level most dry (PS,
that includes P1, P2 and P3), level most humid
(PH, that includes P4 and P5) and concave (D).
Microzones are not continuous over the transect
plots, but divided in several sectors each, and
each sector can be spread in one, two or more
plots.

Results were analysed following two differ-
ent approaches (Fig. 1). First, to analyse the
spatial heterogeneity two cluster analyses of
plots with complementary data matrix were per-
formed. Plots were classified according to the
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number of trees taller than 1.6 m and shrubs
taller than 0.6 m, with Mulva’s (Wildi and
Orléci 1990) Minimal Variance Clustering tech-
nique using van der Maarel’s coefficient to con-
struct the resemblance matrix. This technique
and similarity measure were chosen because
they proved to be the most robust technique
available for these data (Torres et al. 1995).
Plots were also classified according to the sur-
face proportion of different microzones with
farthest neighbour technique, using Soérensen
coefficient to construct the resemblance matrix
(McCune and Mefford 1995). In this case this
technique was used because it is space-dilating,
so group separation is more evident (Greig-
Smith 1983).

WOODY INDIVIDUALS
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To analyse woody species distribution on
different microzones an ordination method was
performed. Microzone diagrams were com-
pared by superimposing them on the carto-
graphic diagrams of vegetation, and the number
of individuals of woody species in each micro-
zone sector was calculated, and results were
later corroborated in the field. The area of the
microzone sectors was estimated with an area-
meter. The area of different sectors of micro-
zones is very variable ranging from 20 to 315
m?2, therefore, in order to compare woody
species distribution on microzones sectors, den-
sity provides a more appropiate measure than
the number of individuals. Woody species and
microzone sectors were ordered according to
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Fig. 1. A simplified representation of steps in data analysis.
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the density of individuals in each sector by
means of Correspondence Analysis
Decorana from Pc-ord (McCune and Mefford
1995). Default option of Decorana was used.
Only those sectors with an area higher than 20
m? were analysed, depressed sectors (D) and
species with less than three individuals were not
taken into account to avoid noise and distortion
of results.

RESULTS

Individuals of woody species are clumped,
therefore tree canopy is very dense in some
places, but nevertheless discontinuous, so that
all along the transects there are gaps that can be
rather large (Fig. 2). The large gaps are covered
by a dense understory of grasses, while the
more shaded parts of the forest are invaded by
two spiny bromeliads (Aechmea distichantha
Lemaire and Bromelia serra Gris.).

and
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one, two plots without any individuals at all, are
grouped together (7), appart from most other
plots which are clustered in four groups (3, 4,5
and 6) floristically quite different from each
other as shown in the dendrogram and Table.
Zizyphus mistol Gris., Sideroxylon obtusifolium
(Roem. et Schult.) Pennington, Schinus fascicu-
latus (Gris.) Johnst. and Aspidosperma quebra-
cho-blanco Schlecht. are characteristic species
of the first main group, in contrast to Geoffroea
decorticans (Hook. et Arn.) Burk. and to a less-
er degree, Prosopis spp. (P. alba Gris., P. nigra
(Gris.) Hieron. and their hybrids), which are
characteristic species of the second one (Fig. 3).

The distribution of microzones defined by
the microtopography shows a gradual transition
in some places, such as plots 6 and 7, while in
others there is an abrupt change as in the most
part of the boundary between plots 7 and 8 (Fig.
2). There are also very small ponds in the high-
er microzones like the one near the limit
between plot 8 and 9 or larger ones like one in
the southern part of plots 10 and 11 (not shown
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Fig. 2. Cartographic diagram of microzones and woody vegetation of plots 6 to 9. Species codes: Ap: Acacia praecox, Aq:
Aspidosperma quebracho-blanco, Bo: Sideroxylon obtusifolium, Ca: Coccoloba argentinensis, Cr: Capparis retusa, Cs: Celtis pal-
lida, Ec: Myrcianthes cisplatensis, Gd: Geoffroea decorticans, Mv: Maytenus vitis-idaea, Pr: Prosopis spp., Sb: Schinopsis bal-
ansae, Sp: Schinus fasciculatus, Tn: Achatocarpus praecox, Zy: Zizyphus mistol. Microzones codes: E: convex, P: level, D: con-
cave; m: stepped, n: sloped; 1: well drained, 2: dry, 3: muddy, 4: swampy, 5: flooded; b: bromeliads. Arrows indicate water runoff.

Plots along the transects show differences in
their floristic composition and when they are
classified, they form two main groups, one with
dense woody vegetation and the other with
more sparse woody vegetation (Fig. 3). The first
group is divided in two subgroups (1 and 2)
according to the relative abundance of Acacia
praecox Gris. and S. balansae. In the second

in Fig. 2). The bromeliads occur only in the
highest and better drained microzones, but not
all higher microzones necessarily have bromeli-
ads. In relatively deep ponds, small hummocks
near the edges may be common.

The most humid microzones, or the best
drained ones are in concave areas or conversely
in the convex parts of the ground, but this does
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Fig. 3. Dendrogram of the permanent plots classification according to the number of individuals rendered by MULVAs Minimal
Variance Clustering t chnique using van der Maarel’s coefficient for constructing the resemblance matrix (above) and associa-
tion Table of the 32 plots in the Schinopsis balansae forest near Vera. Scores are number of individuals per plot (below). Species
codes: Af: Acanthosyris falcata, Ac: Acacia caven, Al: Aloysia gratissima, Ap: Acacia praecox, Aq: Aspidosperma quebracho-
blanco, Bo: Sideroxylon obtusifolium, Ca: Coccoloba argentinensis, Cc: Erythroxylum microphyllum, Ci: Celtis iguanea, Cr:
Capparis retusa, Cs: Celtis pallida, Ec: Myrcianthes cisplatensis, Gd: Geoffroea decorticans, Gw: Grabowskia duplicata, La:
Tabebuia nodosa, Ly: Lycium cuneatum, Mv: Maytenus vitis-idaea, Pr: Prosopis spp., Sb: Schinopsis balansae, Sp: Schinus fas-
ciculatus, Tn: Achatocarpus praecox, Zy: Zizyphus mistol. M.C.C.: Plot’s clusters according to the proportion of Inicrozones,

as in Fig. 4.
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not mean that they are the lowest or highest
parts of the ground, but only relatively so. Most
of the area, (little more than 54 %) is flat, half
of it swampy or frequently flooded, and only lit-
tle more than 11 % is concave most of which is
often flooded. Fig. 2 is a fairly representative
sample of the distribution of microzones,
although as a whole the analysed area has a
lower proportion of well drained soils.

The distribution of microzones among plots
is very variable, so when plots are classified
according to microzone proportion, they form
two main clusters. One of them, groups plots
which are mostly with a convex microrelief (A)
and the other one, groups plots which have a
lower proportion of convex microrelief. The
second main cluster is subdivided in a group
with plots mainly dry level (B), and another
which is also divided in two groups, the first
with plots mainly humid level (D) and the sec-
ond one with plots with a mixture of micro-
zones (C) (Fig. 4).

Most individuals of woody species are dis-
tributed mainly on well drained convex and
level soils. Very few individuals occur on the
concave and very wet soils (Fig. 2); while well
drained soils account for only 35 % of ground
surface, 75 % of the woody species individuals
appear on them. If the classifications of plots
according to their floristic composition and the
proportion of microzones are compared, at first
sight appears a rather narrow correspondence
between them. For example, plots of groups 1
and 2 which have more individuals of woody
species, as a whole belong to plot group A with
larger proportion of higher soils (EB and E),
while most plots of groups 5 and 6 belong to
plot group B and the empty plots (group 7) are
in plot group D with large proportion of humid
soils (Fig. 3 and 4).

Correspondence analysis of the microzones
sectors segregates to the right of the first and to
the upper part of the second axes the most
humid ones and to the left and the bottom of the
same axes, the best drained microzones (Fig. 5).
The same analysis of the species, groups them

~in an open cluster (I) with Prosopis spp., G.
decorticans and Acacia caven (Mol.) Mol. on

the right of the first axis and all other species to
the left in two clusters, one (II) with Acacia
praecox, A. quebracho-blanco and S. obtusifoli-
um in the upper side of axis 2, and another (III)
with Myrcianthes cisplatensis (Camb.) Berg.,
Achatocarpus praecox Gris., Coccoloba argen-
tinensis Speg., Celtis pallida Torrey, Capparis
retusa Gris., Maytenus vitis-idaea Gris., and S.
fasciculatus to the bottom of the same axis, thus
leaving Z. mistol between both clusters and S.
balansae in the uppermost part of the diagram
(Fig. 5). If the same analysis is done with
Detrended Correspondence Analysis
(Decorana) (Hill and Gauch 1980), the results
(not shown here) are similar, but with all
species of the dry sites at the left side of axis 1,
apart from S. balansae, in a very compact clus-
ter, that cannot be segregated on axis 2.

DISCUSSION

The tree layer of this stand is spatially very
heterogeneous (Lewis et al. 1997) and plots are
grouped in high resolution clusters. While plots
form well defined clusters, floristic groups are
not so well defined, and plot clusters are char-
acterized more by the relative abundance of the
species, rather than by their floristic composi-
tion. If the classification is done with the same
method, but using as resemblance matrix the
cross product of non center data matrix, results
are almost the same. Moreover, the dendro-
grams were quite similar to that published by
Lewis (1991) constructed using only 22 of these
plots.

The microzone maps (Fig. 2) show that the
soils have irregular microtopography, which in
certain places is markedly contrasting. Water
accumulates in the concave parts of the soil
which are not necessarily the lowest parts.
Therefore the wettest soils are in the deepest
parts of depressions while convex soils are
always well drained. Hummocks in the edges of
some ponds seem to be the result of erosion pro-
duced by livestock trampling. Bromeliads colo-
nize the relatively higher microzones, but as
some of the convex and well drained soils have
no bromeliads at all, some other factor, perhaps
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Fig. 4. Above: Dendrogram of plots classification according to the proportion of microzones, using Sérensen similarity coeffi-
cient and farthest neighbour clustering technique; A, B, C and D are the main plot”s groups. Below: Microzone proportion of
each plot. Microzone codes: EB: convex with bromeliads (black), E: convex without bromeliads (inclined hatched), PS: level
most dry (horizontal hatched), PH: level most humid (dotted), and D: concave (white).

light intensity, may condition their presence in
the relatively high soils (Brokaw 1983, Lee et
al. 1989). Also the two species of bromeliads
tend to be segregated from each other.

The spatial heterogeneity of this stand can
be indicated by tree distribution within the
plots, which as shown above, is clumped (Fig.
2). As pointed out by Palmer and Dixon (1990),
many plots may not represent a single point on
any of the environmental gradients, but rather
occur over a segment of certain length. The
analysis of plots in this forest shows that there

is a correspondence between the plots which
have a high number of trees and higher and bet-
ter drained microzones.

Aggregated distribution of woody individuals
have been linked to different factors such as:
seedfall patterns (Hubbell 1979), edaphic condi-
tions (Turner and Franz 1985) or canopy struc-
ture (Augspurger 1984). In this forest the analy-
sis of the distribution of woody species in differ-
ent microzones, strongly supports the hypothesis
that the clumped distribution of trees is the result
of edaphic or topographic heterogeneity as it
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Fig. 5. Scatter diagram on the plane of axes 1 and 2 of cor-
respondence analysis of microzone sectors and species.
Microzone codes: empty squares (EB): convex with
bromeliads, empty triangles (E): convex without bromeli-
ads, filled circles (PS): level most dry, filled diamonds
(PH): level most humid. Species codes: Ac: Acacia caven,
Ap: Acacia praecox, Aq: Aspidosperma quebracho-blanco,
Bo: Sideroxylon obtusifolium, Ca: Coccoloba argentinen-
sis, Cr: Capparis retusa, Cs: Celtis pallida, Ec:
Myrcianthes cisplatensis, Gd: Geoffroea decorticans, Mv:
Maytenus vitis-idaea, Pr: Prosopis spp., Sb: Schinopsis bal-
ansae, Sp: Schinus fasciculatus, Tn: Achatocarpus praecox,
Zy: Zizyphus mistol. 1, Il and III: Species clusters.

was previously suggested by Lewis (1991).
Also as in many other Chaquenian forests, there
are islands of trees interwoven with grass patch-
es, the latter usually found in relatively lower
topographic position (Morello and Adadmoli
1974). Similar causes have been suggested for
the clumped distribution of woody species in
Chaco-related and non-related communites of
the Pantanal in Mato Grosso (Prado et al. 1992,
Adamoli 1995)

The slight differences between both ordina-
tion analyses to determine the distribution of
woody individuals on microzones, may be the
result of an artifact of Decorana (Wartenberg e?
al. 1987). The analysis shows that most woody
species do not grow on often flooded soils,
though some individuals of trees and shrubs
apparently grow on depressed microzones;
however, field inspection showed that most of
them were on relatively high ground or little
elevations out of scale within these microzones.

Nevertheless, distribution of species on differ-
ent microzones is not uniform, Acacia praecox,
M. cisplatensis, C. pallida, C. retusa and most
species occur on dry soils and cannot be on
lower and very wet soils, while G. decorticans,
Prosopis spp. and A. caven grow on wetter
soils. S. balansae can grow on more humid soils
than the first group, and actually in some places
it appears next to species of the second group,
but grows on well drained soils as well.

Prosopis spp., G. decorticans and A. caven,
which are present mainly in the most humid
soils in this forest, are the dominant woody
species of the Peristeppic Thornforest which is
at the south of the Santa Fe Forest Wedge
(Lewis and Collantes 1973), whereas most
other species which thrive in well drained soils
of this forest are not present at all in the
Peristeppic  Thornforest. Moreover the
Amazonian lineage species (sensu Prado 1991)
are present neither in the most humid soils of
this forest nor in the Peristeppic Thornforest.

Soil heterogeneity, mainly microrelief and
moisture, is the most important factor that deter-
mine the distribution of species on the ground.
However, how this heterogeneity develops is in
need of further research, and several hypotheses
can be put forward. The irregularity of the sur-
face may be the result of the physiographic his-
tory of the site, pseudokarstic processes and wind
deflation as well as hydraulic accumulation
processes, but also plant-soil and animal-soil
interactions such as trampling and the building
activity of ants and other small animals should be
considered (Bucher 1980, Popolizio et al. 1980,
Lewis 1991).

The above discussion on microsites consid-
ered only microzones defined by microrelief
and soil characteristics associated with it.
However, each one of these microzones are fur-
ther divided by the aerial environment, funda-
mentally by the light climate; there are places
exposed to full irradiation, and others on full
shadow, with all intermediates. Also, it should
be taken into account that there are more than
one layer of woody species which are not con-
tinuous, leaves are of different types and some
species are deciduous and others evergreen
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(Lewis et al. 1997). So far, only a very coarse
qualitative characterization of the forest micro-
climate can be done. Therefore, this aspect is in
need of further research in order to have a quan-
titative characterization of microhabitats. In
addition to these static aspects of the spatial het-
erogeneity of the microsites, there are also
dynamic processes at work, such as changes in
herbaceous/woody species caused by overgraz-
ing (Morello 1970, Addmoli et al. 1990),
gallery forest dynamics resulting from intensive
river-bed migration processes (Adamoli et al.
1990, Sennhauser 1991) and other processes as
well, that also need further research.
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RESUMEN

El objeto de este trabajo es analizar la heterogeneidad
espacial de un bosque de Schinopsis balansae
(**Quebrachal”) cerca de Vera (Santa Fe, Argentina) y
establecer si hay correlacién entre la distribucién de las
especies lefiosas y los factores ambientales. Este tipo de
bosque es la comunidad vegetal mas importante de la Cufia
Boscosa de Santa Fe, que es la porcién mds austral del
Chaco Oriental. En un stand parcialmente recuperado se
instalaron 32 parcelas contiguas de 10 x 10 m a lo largo de
dos transectas. Se cartografiaron todos los individuos de las
distintas especies de lefiosas, asi como los distintos micro-
sitios caracterizados por el microrelieve, humedad del suelo
y presencia de bromelidceas terrestres. El 54% del suelo es
plano, la mitad del cual es barroso o estd frecuentemente
inundado, y algo mas del 11% es céncavo y estd casi siem-
pre inundado. La mayor parte de las lefiosas crecen en

micrositios bien drenados mientras que en suelos muy
hiimedos solamente crecen Geoffroea decorticans, Prosopis
spp. y S. balansae. Los resultados obtenidos sugieren que la
heterogeneidad del suelo, (microrrelieve y humedad) es el
factor mds importante que determina la distribucién de las
especies lefiosas sobre el terreno.
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