Do the seasonal forests in northeastern
Brazil represent a single floristic unit?
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Abstract

Floristic analyses (Principal Component Analysis and Analysis of Group Indicators) at the genus level were employed
to characterize and compare seasonal forest formations in northeastern Brazil. The presence - absence of 248 genera
of woody plants occurring in 24 floristic surveys was correlated with geomorphology and climatic variables. The
analyses were consistent and point to the existence of two floristic groups of seasonal forests in the region, one more
closely related to the Atlantic Coastal Forest (mata atldntica) and the other to the xerophytic formations (caatinga)
of the region. The driest seasonal forest group experiences more than 8 dry months per year and/or a total annual
rainfall of <1000 mm, and is found on the ancient eroded peaks in the semi-arid core and on the western slopes of the
Borborema Plateau.
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As florestas estacionais do nordeste brasileiro representam uma tvnica unidade floristica?

Resumo

Andlises floristicas no nivel genérico (analise de componentes principais e andlise de grupos indicadores) foram reali-
zadas com o objetivo de caracterizar e comparar as formacdes florestais estacionais do Nordeste oriental brasileiro. A
presenga - auséncia de 248 géneros de plantas lenhosas presentes em 24 levantamentos floristicos foi correlacionada
com a geomorfologia e varidveis climdticas. As andlises foram consistentes e apontaram a existéncia de dois grupos
floristicos de florestas estacionais, um mais relacionado as florestas litordneas (mata atldntica) e outro as formagdes
xerofiticas (caatinga). O grupo das florestas estacionais mais secas sofre pelo menos oito meses de seca por ano e
recebe no maximo 1000 mm per year de precipitagdo, sendo estas encontradas sobre os picos elevados da regido semi-
arida e na encosta ocidental do planalto da Borborema.

Palavras-chave: diversidade, floresta tropical seca, caatinga, Floresta Atlantica costeira.

1. Introduction

In northeastern Brazil, seasonal forests are most com-
mon at the transition between the Atlantic Coastal Forest
and the caatinga, the deciduous, thorny, xerophytic inland
vegetation predominant in this region. Seasonal forests
also occur, however, within the Depressdo Sertaneja, the
core area of caatinga, on scattered ancient peaks where
the higher elevation increases humidity.

Northeastern Brazilian seasonal forests experience
a marked alternation between rainy and dry seasons,
and exhibit a seasonal loss of new leaves in response to
variations in water stress (Veloso et al., 1991). In a broad
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sense, northeastern seasonal forests can be classified
as dry forests, (Gentry, 1995; Pennington et al., 2000),
but are given many local designations, corresponding to
their perceived degree of humidity (e.g., mesophytic for-
est, dry forest, liana forest and agreste). Andrade-Lima
(1966), indeed, distinguished moist and dry seasonal for-
ests in northeastern Brazil based on their physiognomy
and the climatic characteristics of their sites.

Gentry (1995) observed that neotropical dry forests
occur in areas where the precipitation varies between
700 and 1600 mm per year, with a period of at least
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5-6 months in which less than 100 mm of precipitation is
received each month. Pennington et al. (2000) reaffirmed
the upper limit of 1600 mm per year of precipitation and,
while they did not explicitly state a minimum limit of pre-
cipitation, the descriptions of the diverse physiognomies
a seasonal dry forest might have, and the fact that they
follow Murphy and Lugo’s (1986, 1995) limits, suggest
a lower limit of 200 mm per year. Their concept of dry
forests is much broader than Gentry’s and includes plant
formations as diverse as tall forest on moister sites and
cactus scrub on the driest. In this sense, they considered
the semi-arid caatinga as one of the largest areas of sea-
sonal dry tropical forest. Pennington et al. (2000, 2004),
noting the existence of strong floristic links between well
separated areas of seasonally dry forest in South America,
suggested that these areas are in fact fragments of an older
and much larger forest formation, a neotropical season-
ally dry forest biome which includes the caatinga. They
cited data from molecular biogeographical studies sug-
gesting that, in many cases, the speciation of trees and
shrubs in the dry forest of South America pre-dates the
Pleistocene.

Behling et al. (2000), however, found that pollen
data from northeastern Brazil reflected primarily open
caatinga vegetation and the occurrence of caatinga veg-
etation in northeastern Brazil during the recorded part
of the last glacial and early Holocene periods (42,000 —
8500 14C yr BP).

Also, in contrast to Pennington et al. (2000),
Oliveira-Filho et al. (2006) argued that it only makes
sense to include caatinga as neotropical dry forest if the
cerrado, which also incorporates fragments of seasonal
forests (Nascimento et al., 2004), is also included within
the concept of seasonal dry tropical forest.

While we recognize that there is a range of opinions
as to the limits of seasonal forests, we are following the
vegetation classification of Veloso et al. (1991) and the
concepts of Gentry (1995) which recognize caatinga as
distinct from seasonal forest.

In this study, northeastern Brazilian seasonal forests,
both along the Atlantic Coastal Forest — caatinga contact
zone as well as on scattered peaks within the caatinga,
were examined to determine if they comprised one or
more floristic groups. This was done by comparing the
distribution of woody genera at different sites located be-
tween the regional climatic extremes, the semi-arid caat-
inga vegetation and the moist Atlantic Coastal Forest.

Additionally, possible relations between the spatial
distribution of abiotic factors (principally climatic) and
the forest communities were investigated. We also tested
if the limits for seasonally dry tropical forests proposed
by Gentry (1995) and Pennington et al. (2000) could be
applied to Brazilian northeastern seasonal forests.

2. Methods

2.1. Study area

The eastern portion of Brazil’s Northeast comprises
the states of Rio Grande do Norte, Paraiba, Pernambuco,

Alagoas and Sergipe. The Borborema Plateau, a series of
highly weathered massifs, is the principal geomorpho-
logical feature and crosses the region in a N-S direction
forming the eastern limit of the semi-arid region. It is
composed principally of metamorphosed rocks, such as
gneisses and eruptive granites (Andrade, 1977; Moreira,
1977), and shows high geomorphological and vegeta-
tional diversity.

Descending east from these highlands towards the
coast, the Pre-Cambrian rocks of the Borborema Plateau
are replaced by the hills and coastal plains of the Barreiras
Formation (Tertiary). The predominant vegetation there
ranges from moist to seasonal forests, with both types
locally called Atlantic Coastal Forest. To the west, the
Borborema Plateau slopes steeply down towards the
semi-arid core region, the Depressdo Sertaneja, with its
dry caatinga vegetation. Scattered within this basin are
a number of ancient eroded peaks (Jatobd, 1983) which
often have seasonal forest vegetation quite distinct from
the spiny, deciduous caatinga.

Floristic and ecological analysis — Twenty-four flo-
ristic lists selected from local or regional literature or
from unpublished data by the authors (Table 1) in the
states of Parafba, Pernambuco and Sergipe, where inten-
sive collections were undertaken, were analyzed. These
lists represent the variety of different and distinct physi-
ognomies found within the regional climatic extremes
— from scrub caatinga to moist forest. Table 2 presents
the vegetation physiognomy and abiotic variables of
each selected area. The classification of each forest area
as moist or seasonal is based on the criteria of Veloso
et al. (1991). Total annual rainfall and the number of
dry months per year (<100 mm of rainfall per month)
were obtained from data presented in the individual
studies or from federal meteorological data (SUDENE,
1990a; b; c); geomorphological information as well as
elevation are from Silva et al. (1993).

Considering the methodological differences in de-
veloping the floristic lists used in this analysis (Table 1),
we chose to consider only trees, shrubs and arborescent
cacti, since other habits were not consistently collected.
In order to minimize the potential differences in usage of
species names in different lists, each list was checked for
consistency of synonyms and up-to-date usage. In addi-
tion, floristic comparisons were made only at the generic
level to eliminate misidentifications at the species level.

Using these data, a binary matrix was constructed,
plotting the presence - absence of 248 genera in each
area. Analyses were undertaken to determine: 1) groups
of areas with similar floristic sets and 2) taxonomic group
indicators for those areas, using Principal Components
Analysis — PCA (Gauch, 1982) and Analysis of Indicators
- TWINSPAN (Hill, 1979), respectively.

TWINSPAN is a technique developed for hierarchi-
cal classification of community data, and was used in
order to identify possible hierarchical relationships be-
tween associations of genera among the different lists.
The technique is based on the concept that any groups of
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Table 1. Location of floristic surveys named according to municipality or geographic region (*) in Northeastern Brazil, with

Seasonal forests in northeastern Brazil

references.
Areas (With geocoordinates) References
01  Cabo (8°15° S and 35° 02’ W) Siqueira et al. (2001)
02  Jodo Pessoa (7° 07 S and 34° 53’ W) Barbosa (1996)

03  Mamanguape

04  Recife

05  Caruaru I

06  Areiall

07 Areial

08  Caruarul

09  Serra Talhada II

10  Sousa

11 Vale do Piranhas (*)
12 Serra Talhada I

13 Petrolina

14 Custédia

15  Pesqueira

16  Campina Grande

17  Sdo Lourenco da Mata
18  Floresta Il

19  Florestal

20 Triunfo II

21 Triunfo I

22 Sao José da Lagoa Tapada
23 Nossa Senhora da Gléria
24 Frei Paulo

(6°50” S and 35° 07° W)
(8°03” S and 34° 56° W)
(8°17° S and 35° 58’ W)
(6° 58 S and 35° 42° W)
(6° 58 S and 35° 42° W)
(8°17° S and 35° 58’ W)
(7°59° S and 35° 1° 8 W)
(6°45° S and 38° 13° W)
(6° 28’ S and 38° 09’ W)
(8°15° S and 35° 02’ W)
(9° 23’ S and 40° 30° W)
(8° 18’ S and 38° 35’ W)
(8°22’ S and 36° 42° W)
(7° 13’ S and 35° 52° W)
(8° 02’ S and 35° 07° W)
(8°35° S and 38° 02° W)
(8°35° S and 38° 02° W)
(7°50” S and 38° 07° W)
(7°50” S and 38° 07° W)
(6°59’ S and 17° 59° W)
(10° 33’ S and 37° 32’ W)
(10° 13’ S and 37° 25" W)

Barbosa (unpublished data)

Guedes (1998)
Tavares et al. (2000)
Barbosa et al. (2004)
Pereira et al. (2002)

Alcoforado-Filho et al. (2003)

Ferraz et al. (1998)

Gadelha-Neto and Barbosa (2000)

Tavares et al. (1975)
Ferraz et al. (1998)
Drummond et al. (1979)
Rodal (1992)

Correia (1996)

Lourengo and Barbosa (2003)

Andrade and Rodal (2004)

Rodal and Nascimento (2002)
Rodal and Nascimento (2002)

Ferraz et al. (1998)
Ferraz et al. (1998)

Barbosa (unpublished data)

Souza (1983)
Souza (1983)

samples which constitute the same community type will
have a corresponding group of same indicator species
(Kent and Coker, 1992).

We interpreted the results correlating them with abi-
otic factors in order to identify possible explanations to
the floristic patterns found.

3. Results

Along the first axis of the PCA analysis (Figure 1) we
observed the formation of two sets of surveys: 1) those which
incorporated Cabo, Recife (moist forests), Areia II, Sdo
Lourengo da Mata, Caruaru II, Mamanguape, Jodo Pessoa
and Pesqueira (seasonal forests); and 2) those which in-
cluded all the other areas. Along the second axis (Figure 1)
there is a gradient which has, as one of its extremes, the
studies carried out within the caatinga domain (Serra
Talhada I and II, Vale do Piranhas, Custédia, Petrolina,
Sousa, Nossa Senhora da Gléria, Frei Paulo, and Caruaru
I) and, as the other extreme, the seasonal forests that oc-
cupy the eroded peaks of the Depressdo Sertaneja as well
as the western slopes of the Borborema Plateau (Floresta [
and II, Triunfo I and I, and Sao José da Lagoa Tapada).

As shown in Table 2, the surveys in the first set ex-
perience less than 8 dry months per year and/or a total
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annual rainfall >1000 mm. They are found in the low-
lands along the coastal plain, on the eastern slope of the
Borborema Plateau, and in the transition zone in between
them. Those second set of surveys comprise those that
experience more than 8 dry months per year and/or a
total annual rainfall <1000 mm. They are found in the
semi-arid core, both in the Depressdo Sertaneja as well
as on the ancient eroded peaks in the area, and on the
western slopes of the Borborema Plateau.

Figure 2 shows the dendrogram derived from the
TWINSPAN analysis. The genera identified as indicators
for the first set of surveys (the same areas separated by
PCA) were: Tapirira and Thyrsodium (Anacardiaceae),
Guatteria (Annonaceae), Himathanthus (Apocynaceae),
Protium (Burseraceae), Licania (Chrysobalanaceae),
Vismia (Clusiaceae), Chaetocarpus and Pogonophora
(Euphorbiaceae),  Eschweilera  (Lecythidadaceae),
Byrsonima(Malpighiaceae), Miconia(Melastomataceae),
Brosimum (Moraceae), Cupania (Sapindaceae) and
Psychotria (Rubiaceae), among others (Table 3).

The indicator genera for the second set of surveys
were: Myracrodruon and Schinopsis (Anacardiaceae),
Aspidosperma (Apocynaceae), Tabebuia (Bignoniaceae),
Cereus (Cactaceae), Croton (Euphorbiaceae), Piptadenia,
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Figure 1. Principal Component Analysis diagram showing the relationship of the 24 surveys examined. HF = humid forests,
SF = seasonal forest, XF = xerophytic formations. Area number (1...24 ) corresponds to the numbers in table 1.

Caruaru II (5) - SF

Recife (4); Cabo (1); Jodo Pessoa (2); Mamaguape (3) - HF and SF

Areia II (6); Pesqueira (15); Sao Lourenco da Mata (17) - SF

Floresta I and II (18/19); Triunfo I and II (20/21); Sao J. L. Tapada (22) - SF
Campina Grande (16) - SF

Sousa (10) - XF

Areia I (7); Caruaru I (8); Custddia (14); Petrolina (13); Serra Talhada I and II (12/9);
Vale do Piranhas (11) - XF

Frei Paulo (24); Nossa Senhora da Gléria (23) - XF

Figure 2. TWINSPAN dendrogram showing the relationship of the 24 surveys examined. HF = humid forests, SF = seasonal

forest, XF = xerophytic formations.

Mimosa and Senna (Leguminosae) and Ziziphus
(Rhamnaceae), among others (Table 3).

The TWINSPAN identified two subgroups
within the second group: one found in areas of the
Depressao Sertaneja and characterized as Commiphora
(Burseraceae), Pilosocereus (Cactaceae), Capparis
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(Capparaceae), Acalypha (Euphorbiaceae), Caesalpinia
and Anadenanthera (Leguminosae), among others
(Table 3). The second sub-group is found on the an-
cient eroded peaks and western slopes of the Borborema
Plateau is characterized as Rollinia (Annonaceae),
Syagrus (Arecaceae), Zeyhera (Bignoniaceae), Diospyros
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Table 3. Indicator genera for groupings (sets) of areas of the 24 surveys analyzed.

Indicator genera for the first set (Humid Group) of surveys

Tapirira, Thyrsodium (Anacardiaceae), Anaxagorea, Annona, Guatteria, Xylopia (Annonaceae),
Himatanthus, Tabernaemontana (Apocynaceae), llex (Aquifoliaceae), Schefflera (Araliaceae),

Eriotheca (Bombacaeae), Protium (Burseraceae), Cecropia (Cecropiaceae), Maytenus (Celastraceae),
Hirtella, Licania (Chrysobalanaceae), Clusia, Symphonia, Vismia (Clusiaceae), Buchenavia (Combretaceae),
Rourea (Connaraceae), Sloanea (Elaeocarpaceae), Chaetocarpus, Pera, Pogonophora (Euphorbiaceae),
Casearia (Flacourtiaceae), Sacoglottis (Humiriaceae), Lacistema (Lacistemaceae), Ocotea (Lauraceae),
Eschweilera, Lecythis (Lecythidaceae), Apuleia, Chamaecrista, Dialium, Hymenaea, Peltophorum,
Sclerolobium (Leguminosae Caesalpinioideae), Andira, Bowdichia, Machaerium, Ormosia, Pterocarpus,
Swartzia, (Leguminosae Faboideae), Abarema, Albizia, Inga, Macrosamanea, Parkia, Stryphnodendron
(Leguminosae Mimosoideae), Byrsonima, Tetrapteris (Malpighiaceae), Miconia (Melastomataceae),
Guarea, Trichilia (Meliaceae), Brosimum, Ficus, Sorocea (Moraceae), Myrsine (Myrsinaceae),
Campomanesia, Myrcia, Psidium (Myrtaceae), Guapira (Nyctaginaceae), Ouratea (Ochnaceae),
Schoepfia (Olacaceae), Piper (Piperacaeae), Coccoloba (Polygonaceae), Roupala (Proteaceae),

Colubrina (Rhamnaceae), Alibertia, Amaioua, Chomelia, Coussarea, Posoqueria, Psychotria (Rubiaceae),
Cupania (Sapindaceae), Chrysophyllum, Manilkara, Micropholis, Pouteria, Pradosia (Sapotaceae),
Picramnia, Simarouba (Simaroubaceae), Brunfelsia (Solanaceae), Guazuma (Sterculiaceae), Apeiba,
Luehea (Tiliaceae), Vitex (Verbenaceae), Rinorea (Violaceae).

Indicator genera for the second set of (Dry Group) of surveys

Mpyracrodruon, Schinopsis, Spondias (Anacardiaceae) Rollinia (Annonaceae), Ceiba, Pseudobombax
(Bombacaceae), Commiphora (Burseraceae), Cereus, Opuntia, Pilosocereus (Cactaceae), Capparis
(Capparaceae), Combretum (Combretaceae) Diospyros (Ebenaceae), Croton, Jatropha, Manihot, Maprounea,
Sapiu, (Euphorbiaceae), Bauhinia, Caesalpinia (Leguminosae Caesalpinioideae), Amburana (Leguminosae
Faboideae), Acacia, Anadenanthera, Mimosa, Parapiptadenia, Piptadenia (Leguminosae Mimosoideae),
Cedrela (Meliaceae) Ruprechtia (Polygonaceae), Ziziphus (Rhamnaceae), Guettarda, Randia (Rubiaceae),
Zanthoxylum (Rutaceae), Sideroxylon (Sapotaceae) Helicteres (Sterculiaceae).

Indicator genera for one subset of the second survey (Dry Group)

Depressado sertaneja — Commiphora (Burseraceae), Pilosocereus (Cactaceae), Capparis (Capparaceae),
Acalypha (Euphorbiaceae) Caesalpinia (Leguminosae Caesalpinioideae), Derris, Erythrina (Leguminosae
Faboideae), Anadenanthera, Chloroleucon, Mimosa, Pithecellobium (Leguminosae Mimosoideae),

Ximenia (Olacaeae), Sideroxylon (Sapotaceae).

Indicator genera for a second subset of the second survey (Dry Group)

Ancient eroded peaks and western slopes of the Borborema Plateau - Rollinia (Annonaceae), Syagrus
(Arecaceae) Jacaranda, Zeyheria (Bignoniaceae), Pseudobombax (Bombacaceae), Garcinia (Clusiaceae),
Buchenavia, Terminalia (Combretaceae), Diospyros (Ebenaceae), Erythroxylum (Erythroxylaceae),
Sebastiana (Euphorbiaceae), Casearia, Prockia, Xylosma (Flacourtiaceae), Ocotea (Lauraceae), Copaifera,
Hymenaea, Pterogyne (Leguminosae Caesalpinioideae), Amburana, Crotalaria, Indigofera, Machaerium,
Platymiscium (Leguminosae Faboideae), Albizia, Enterolobium, Inga (Leguminosae Mimosoideae),
Banisteriopsis, Bunchosia, Byrsonima, Tetrapterys, Tryallis (Malpighiaceae), Herissantia (Malvaceae),
Miconia (Melastomataceae), Trichilia (Meliaceae), Brosimum, Ficus (Moraceae), Myrsine (Myrsinaceae),
Calyptranthes, Campomanesia, Marlierea Myrcia, Myrciaria, Psidium (Myrtaceae), Ouratea (Ochnaceae),
Schoepfia (Olacaceae) Coccoloba, Ruprechtia (Polygonaceae), Roupala (Proteaceae), Rhamnidium
(Rhamnaceae), Alibertia, Chomelia, Genipa, Randia, Rudgea, Tocoyena (Rubiaceae), Zanthoxylum (Rutaceae),
Cupania, Talisia (Sapindaceae), Chrysophyllum, Manilkara (Sapotaceae), Picrasma (Simaroubaceae),
Cestrum, Solandra, Solanum (Solanaceae), Guazuma (Sterculiaceae), Luehea (Tiliaceae), Celtis (Ulmaceae),
Urera (Urticaceae), Aloysia, Vitex (Verbenaceae), Qualea (Vochysiaceae).

(Ebenaceae), Sebastiania (Euphorbiaceae), Rupretchia
(Polygonaceae) and Randia (Rubiaceae), among others
(Table 3).

4. Discussion

Both the PCA (Figure 1) and TWINSPAN (Figure 2)
analyses formed two groups comprising the same areas

and consistent with the interpretation of the ecological
data (Table 2).

The first set of surveys (Humid Group) includes
moist and seasonal forests found in the lowlands along
the coastal plains, on the eastern slopes of the Borborema
Plateau, and in the transition zone between them, wher-
ever the exposure to humid coastal winds makes possible
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the establishment of more humid forests. The indicator
genera of this group are mostly rain forest taxa whose
distributions extend to the adjacent seasonal forest
(Barbosa, 1996; Barbosa et al., 2004; Rodal et al., 2005;
Rodal and Nascimento, 2006).

The second set of surveys (Dry Group) occupies the
semi-arid core and its scattered eroded peaks as well as the
western slopes and the western sector of the Borborema
Plateau. It includes both caatinga and seasonal forests.
These seasonal forests, however, are drier than those in
the Humid Group and suffer at least nine dry months
per year. Genera such as Myracrodruon and Schinopsis
(Anacardiaceae), Aspidosperma (Apocynaceae),
Tabebuia (Bignoniaceae), Cereus (Cactaceae), Croton
(Euphorbiaceae), Piptadenia, Mimosa and Senna
(Leguminosae) and Ziziphus (Rhamnaceae), indica-
tor genera of this set, are common in various arid plant
formations (usually non-forest formations) of South
America (Sarmiento, 1975). We note, however, that
Rollinia (Annonaceae), Syagrus (Arecaceae), Zeyhera
(Bignoniaceae), Diospyros (Ebenaceae), Sebastiania
(Euphorbiaceae), Rupretchia (Polygonaceae) and Randia
(Rubiaceae), occur only in forest formations and are not
found in true caatinga.

These results indicate the presence of two floristic
groups within the Northeastern seasonal forest: one with
floristic links with the Atlantic Coastal Forest (Humid
Group), and the other linked floristically to the semi-arid
vegetation (Dry Group), including the caatinga. In the
Humid Group, knowledge of the flora indicates that the
seasonal forests are a subset of the moister forests and
reflect a gradient of available moisture (Barbosa, 1996;
Andrade and Rodal 2004; Rodal et al., 2005) with an ele-
vated number of shared taxa. In the Dry Group, however,
it is important to note that while seasonal forests have
genera in common with the caatinga, the floristic con-
nection between the two are not clear. Also, the flora of
the caatinga cannot be considered merely a subset of the
flora of the drier seasonal forests. While it is known that
in the “semi-arid”, physiognomy changes along a pre-
cipitation gradient (Sampaio et al., 1981; Ferraz et al.,
2003), the substitution of species along the gradient is not
gradual as it is in the Humid Group. In addition, Giulietti
et al. (2002) list the occurrence of a significant number
of species endemic to the caatinga. Further analysis of
biogeographic questions, however, is limited by the lack
of phylogenetic data available on plants of arid regions
(Pennington et al., 2004).

Two areas merit attention in this analysis, Pesqueira
and Triunfo. In the PCA analysis, Pesqueira was posi-
tioned intermediate between the seasonal forests of the
Humid Group and those of the Dry Group, while in
the TWINSPAN analysis it was placed with the Humid
Group. It is important to note that Pesqueira is located on
a peak in the central portion of the Borborema Plateau in
the marginal zone of influence of the humid flora and,
although it has ecological characteristics of the forests of
the Dry Group, the floristic data show the relation of its
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flora with that of the Humid Group. The Triunfo site on
the other hand, due to its higher altitude (900-1100 m)
and its exposure to humid winds, retains ecological char-
acteristics of the Humid Group (>1000 mm rainfall per
year and 5 dry months). Its generic flora is, however,
similar to that of the seasonal forests of the Dry Group.

Although Gentry (1995) recognized that Neotropical
dry forests occur in areas with precipitation between
700 and 1600 mm and at least 5 to 6 dry months per
year, at a regional scale, Andrade-Lima (1981) consid-
ered 1000 mm rainfall per year as the upper limit for
the present distribution of dry plant formations in north-
east Brazil. He noted, however, that the number of dry
months per year is also an important factor and that the
local relief may create climatic conditions favorable to
the development of forest formations in otherwise pro-
hibitively dry regions. The results of the analyses under-
taken in this work are in agreement with these ideas and
demonstrate that the break point in precipitation for the
establishment of seasonal dry forests in northeast Brazil
is 1000 mm rainfall per year and at least eight months
receiving less than 100 mm.

Our results suggest that the Borborema Plateau func-
tions as a geographic barrier separating the humid and
dry floras and support the view that the seasonal forests
in northeastern Brazil comprise two separate floras,
one associated with the Atlantic Coastal forest and the
other with a different floristic domain, the xerophytic
caatinga.

5. Final Considerations

The study carried out indicates that seasonal forests
closer to the Atlantic coast are floristically distinct from
those located further inland, even though they may share
some taxa. In this respect, Oliveira-Filho et al. (2006)
commented that, distribution patterns of tree species
from seasonally dry tropical forest of eastern tropical
and subtropical South America were influenced by a
strong latitudinal gradient. Therefore, Atlantic moist and
seasonal forests in a given region were floristically closer
to each other than they were to similar forests types in
different regions.

The seasonal forests of northeastern Brazil have long
been interpreted as Pleistocene refuges of a more humid
forest. The environmental laws of Brazil even recog-
nize them as enclaves of the Atlantic Coastal Forest. It
is important to emphasize that there are differences be-
tween the seasonal forests occurring to the east of the
Borborema Plateau which have floristic relationships
with the Atlantic coastal forest, and those found to the
west, on the isolated weathered massifs and the low
mountains within the semi-arid core, which have floristic
links with the caatinga.
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