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Abstract
This study tested floristic and structural links existing in seasonally dry tropical forests (SDTFs) fragments
on carbonate rocky outcrops among three (3) phytogeographic domains (Atlantic, Caatinga and Cerrado)
in Brazil. Although included in large-scale SDTFs studies, these disjunctions under limestone are in part
poorly understood and little is known about the diversity patterns in these areas. Thus, eight (8)
fragments were sampled, three (3) from cerrado, two (2) from Atlantic and three (3) from Caatinga for
phytosociological surveys and subsequent characterization of the structure and floristic composition. The
structure differed from each other among fragments (even on the same substrate) and between the
domains. There were greater similarities only between patches and its surrounding vegetation. However,
key SDTFS species were shared among domains with high Coverage Value (CV). Climatic variables were
essential in fragments differentiation by seasonality, separating Cerrado and Caatinga domains (higher
precipitation seasonality and higher temperatures) against Atlantic domain by milder climate and higher
altitudes. Thus, sampled patches presented metacommunity characteristics, with great floristic and
structural dissimilarity conditioned mainly by climatic factors and by the influence of adjacent
phytogeographic vegetation domains.
Keywords: Structure; Floristic; Deciduous forests; Phytogeographic Domains; Metacommunities.

Resumo
Este trabalho testou a existência de elos florísticos e estruturais em fragmentos de florestas tropicais
sazonalmente secas (FTSS) sobre afloramentos de rocha carbonática em três domínios fitogeográficos
no Brasil. Apesar de incluídas em estudos de FTSS em ampla escala, estas disjunções em solo calcário
são pouco compreendidas isoladamente sendo que pouco se sabe sobre os padrões de diversidade
nessas áreas. Deste modo, foram amostrados oito (8) fragmentos, sendo três (3) do cerrado, dois (2) do
Atlântico e três (3) da Caatinga para o levantamento fitossociológico e posterior caracterização da
estrutura e composição florística. A estrutura não apresentou semelhança, uma vez que os fragmentos
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diferiram entre si (mesmo estando sobre mesmo substrato) e entre os domínios, sendo encontrada
maior semelhança apenas entre o fragmento e seu entorno. No entanto, espécies características e
persistentes de FTSS foram compartilhadas, e obtiveram alto valor de cobertura (VC). As variáveis
climáticas foram preponderantes na separação dos fragmentos, com a estacionalidade climática
separando as áreas de Cerrado e Caatinga (maior sazonalidade na precipitação, temperaturas mais altas)
das áreas do domínio Atlântico, de clima mais ameno e maiores altitudes. Assim, os fragmentos
amostrados apresentam características de metacomunidades, com grande dissimilaridade florística e
estrutural condicionada principalmente por fatores climáticos e pela influência da vegetação dos
domínios fitogeográficos adjacentes.
Palavras-chave: Estrutura; Florística; Florestas decíduas; Domínios fitogeográficos; Metacomunidades.

INTRODUCTION
Seasonal Dry Tropical Forests (SDTFs) are phyto-ecological units characterized by specific
climatic and edaphic attributes, such as seasonality, annual mean rainfall less than 1800 mm,
a dry season lasting for 3 to 6 months lower than 100 mm of precipitation and high fertility
soils (Prado & Gibbs, 1993; Pennington et al., 2000; Banda-R et al., 2016). They occur in disjoint
nuclei distributed around the Neotropical region, from Northern Argentina and Northeastern
Brazil to Northwest Mexico (Pennington et al., 2000; Santos et al., 2012; Mogni et al., 2015;
Castellanos‐Castro & Newton, 2015).
SDTFs compose a gradient of vegetation size and deciduousness associated with climatic
seasonality and soil fertility, varying from shrubby physiognomies in xeric sites with lower
fertility to large forests in more humid and fertile sites (Pennington et al., 2009). High fertility
and facility of handling soil became SDTFs historically attractable for agricultural practices,
resulting in high forest degradation (Nunes et al., 2013; Sunderland et al., 2015; Banda-R et al.,
2016). SDTFs biogeographic patterns observed by Prado & Gibbs (1993) gave rise to Pleistocene
Arc Theory, suggesting that vegetation nuclei would be relics of a continuous seasonal
formation during the last Quaternary glaciation some 21 thousand years ago, when climatic
and atmospheric conditions would be favorable to its expansion (Pennington et al., 2000;
Mogni et al., 2015).
The pleistocene xeric arc would have become disjointed with the beginning of the present
interglacial period, when humid formations and savannas resurfaced (Ab’Saber, 1977; Prado
& Gibbs, 1993; Pennington et al., 2000; Mogni et al., 2015). Although considered in some
studies, current studies reject the existence of a wide interconnected dry formation, since
predictive models of vegetation suggest that there was no significant expansion of neotropical
biomes during the last Pleistocene glaciation (Mayle et al., 2004; Werneck et al., 2011;
Vieira et al., 2015; Linares-Palomino et al., 2015; Caetano et al., 2008). As a result of their
environmental and evolutionary characteristics, SDTF core areas would have remained stable
and only the transitional areas would have responded to climate fluctuations (Werneck et al.,
2011, Pennington & Lavin, 2016).
Beyond SDTF nuclei, several patches may have been conserved in other domains, always
in association with carbonaceous outcrop rocks, poorly developed or incipient soils, rich in
macronutrients, with moderate pH and low levels of aluminum (Ribeiro & Walter, 2008;
Rossatto et al., 2015). These formations present their own characteristics, mainly due to the
combination between limestone substrate, incipient soil and climatic and floristic influences
of the adjacent domains (Ribeiro & Walter, 2008; Rossatto et al., 2015). Although included in
large scale studies with SDTFS (Prado & Gibbs, 1993; Santos et al., 2012; Banda-R et al., 2016),
these disjunctions under limestone are still poorly understood in spite of their peculiarity and
importance for understanding the biogeographic patterns of tropical vegetation. Thus, little is
known about the diversity patterns in these areas (Apgaua et al., 2014; Rossatto et al., 2015),
as well as how edaphic, climatic and ecological attributes influence their characteristics
(Arruda et al., 2015; Castellanos‐Castro & Newton, 2015; Neves et al., 2015).
Therefore this study aims to compare the phytogeographic, structural and physiognomic
relationships between SDTFs on limestone outcrops in three (3) phytogeographic domains in
Brazil. We proposed the following hypotheses: (i) The communities floristic composition on
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outcrops is strongly influenced by the phytogeographic domain of their occurrence; (ii) The
environmental variables (precipitation, seasonality, longitude, altitude and temperature)
reflect the phytogeographic domains, and therefore also influence the composition of
sampled communities; and (iii) Outcrops rocks have a similar structure due to nutritional
conditions related to the limestone presence.

MATERIAL AND METHODS
Study site
We sampled eight SDTF patches on outcrops of carbonate rock (Figure 1). Outcrops are
distributed in Cerrado (3 patches), Atlantic (2 patches) and Caatinga (3 patches) domains, all
located in Brazilian karst region or semi-arid, humid and sub-humid depressions from the
lower Paleozoic (Ab’Saber, 2003), as can be seen in Table 1. Surroundings outcrops are
deciduous forests inserted in an anthropic matrix, composed by pasture and monocultures.
All patches were in good condition but with evidence of anthropogenic interference. Patches
from Matozinhos, Nova Roma and Santo Hipólito core vegetation and surroundings presented
signs of selective cutting.

Data collection
The shrub-tree horizontal structure characterization in each patch was performed by
quadrant sampling. A transect of 435 m was established from an arbitrary point; from there
another 29 subsequent points were sampled every 15 m, following the direction of the largest
axis of the fragment (Durigan, 2003; Freitas & Magalhães, 2012). Stems with a breast height
diameter (DBH) greater than or equal to 3.7 cm were identified, numbered and measured. To
complement the list of sampled species in the phytosociological survey, a floristic survey was
carried out by walking in all the fragments, obeying the sampling inclusion criteria and
identified according to APG IV (Angiosperm Phylogeny Group, 2016). This survey was carried
out on both the outcrop rocks and its surroundings vegetation.
On other hand, we selected three (3) climatic variables, namely: (i) annual mean
precipitation, (ii) mean temperature of months and (iii) average dry season (seasonality) from
WordClim 1.4 database for characterization of this region (Hijmans et al., 2005). Geographical
variables such as Longitude and altitude were collected along the sampling areas using GPS.
Table 1. Climatic and geographical characteristics of sampled patches
Patch

Dom

Latitude

Longitude

Alt

Köppen

Prec

Temp

Matozinhos

Atl

19º33’08.9” S

44º04’14.4” W

788

Cwa

1338

21,5

Doresópolis

Atl

20º18’25.2” S

45º55’08.5” W

821

Cwa

1421

21,1

Santo Hipólito

Cer

18º17’23.7” S

44º11’13.9” W

621

Aw

1096

22,8

Vila Propício

Cer

15º29’14.0” S

48º51’52.7” W

674

Aw

1477

24,9

Nova Roma

Cer

13º42’25.7” S

46º51’14.5” W

687

Aw

1110

24,0

Bom Jesus da Lapa

Caat

13º03’13.9” S

43º17’28.6” W

466

As

846

25,3

Januária

Caat

15º08’03.1” S

44º14’58.4” W

643

Aw

987

23,4

Monte Rei

Caat

14º28’03.7” S

44º10’37.9” W

502

Aw

987

23,4

Dom: Phytogeographical Domain; Atl: Atlantic; Cer: Cerrado; Caat: Caatinga; Alt: Altitude (m); Köppen: Climate type
according to Köppen Classification (Alvares et al., 2013). Prec: Annual precipitation (mm / year); Temp: Mean
temperature of months (°C); Cwa: seasonal with cold winter and hot summers; Aw: tropical savannah. As: hot and
humid tropical, with dry summer and autumn-winter rains.
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Figure 1. Geographic distribution of sampled patches on limestone outcrops in different Brazilian
phytogeographic domains

Data analysis
In order to make comparisons and verify existing patterns in communities’ structure,
phytosociological parameters were calculated: D- Density; RD - relative density; Do Dominance; RD - relative dominance and CV - coverage value (Mueller-Dombois & Ellember,
1974). The Shannon-Winner diversity index (H') was used to calculate Alpha diversity and
Pielou (J') to determine evenness (Magurran, 1988) for each studied patch. In order to test if
there is variation between phytosociological parameters, ANOVA and Tukey test at 5%
significance were done (Zar, 1996). The similarity between formations was obtained through
the Jaccard index, in order to evaluate if the floristic composition is different at 5% significance
between formations on different domains (Krebs, 1989; Anderson & Walsh, 2013). A
Dendrogram was performed using paired group algorithms and Jaccard similarity index in
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order to observe if the outcrops are more similar to each other forming a cohesive floristic
unit, or if they are more similar with the environment matrix (surrounding vegetation) where
they are inserted (Krebs, 1989). For its validation we used the Cophenetic Correlation
Coefficient (CCC), which is based on the correlation between the distance matrix elements and
corresponding coefficients to form groups (Charrad et al., 2014; Brock et al., 2008).
In order to test possible correlations between the variations of species composition on
geo-climatic variables in outcrops rocks, the Canonic Correspondence Analysis (CCA) (Ter
Braak, 1995) was used. The Monte Carlo permutation test was used to reveal the effect of the
environmental variables on the species composition. Thus, two matrices were elaborated: (i)
a binary (biotic) matrix containing the sampled species from floristic and phytosociological
surveys on outcrops rocks, when species present were represented by the number “1” and
when absent by “0”; (ii) an abiotic secondary matrix containing localities and geo-climatic
variables. Floristic links between CCAs were represented through Venn diagrams, plotting
common and exclusive species in the groups. The analyses were performed in the R Core
Team (2016) program, in the “vegan” (Oksanen et al., 2017) and “betapart” (Baselga, 2013)
packages.

RESULTS
We found 263 species distributed in 47 families and 156 genera, with 126 species sampled
(48%) in the floristic survey. Four (4) families most represented in species richness were
Fabaceae (64 species), Myrtaceae (23), Euphorbiaceae (13) and Malvaceae (12), which together
represented 42% of the sampled taxa.
Average density was lower in Nova Roma, at about 14.74 ind.ha-1 and higher in
Doresópolis at about 83.91 ind.ha-1. On other hand, Santo Hipólito presented a higher
dominance, at about 150.61 m2.ha-1, while in Doresópolis it was lower, at about 19.46 (Table 2).
Species richness and diversity indexes did not show a clear distinction between domains. The
dominant species were differentiated along the domains, and the communities presented
specific structure characteristics of their occurrence site.
Table 2. Density (D), Dominance (Do), Species richness (S), Shannon diversity index (H') and
Pielouevenness index (J') for the sampledpatches
Domain

Patches

D (ind.ha-1)

Do (m2.ha-1)

S

H’

J’

Atlantic

Doresópolis

83.91±15.40a

19.46±9.20d

Caatinga

Monte Rei

b

25

2.42

0.75

64.72±14.06

Caatinga

Bom Jesus

64.18±19.26

b

114.14±37.67

30

2.63

0.77

100.31±38.01

16

2.04

0.74

Atlantic

Matozinhos

52.56±12.66bc

88.15±17.67b

37

3.1

0.86

Cerrado

Santo Hipólito

50.22±14.56bc

150.61±14.23a

28

2.6

0.78

Caatinga

Januária

44.29±10.48

108.55±11.08

53

3.73

0.94

Cerrado

Vila Propício

30.48±12.49

b

111.83±20.29

35

3.14

0.88

Cerrado

Nova Roma

14.74±12.18cd

74.78±15.90bc

33

3.04

0.87

bc
cd

b
b

b

Letters a, b, c and d represent the Tukey test at 5% significance. Values +/- represent standard deviations

Species of wide occurrence in domains presented phytosociological representativeness
in at least one outcrop rock, being among the 10 species of higher coverage value (CV). Of
these species, Ceiba pubiflora (A.St.-Hil.) K. Schum, CV around 8.3, occurred in five (5) outcrop
rocks; Myracrodruon urundeuva Allemão, CV around 16.3 in four and Aspidosperma pyrifolium
Mart. & Zucc., CV around 7.7 in three (3). Three species occurred among the ten (10) largest
CV in two outcrops: Cereus jamacaru DC, CV around 8.8, (Vila Propício and Nova Roma);
Machaerium scleroxylon Tul., CV around 13.5, (Doresopolis and Nova Roma) and Aralia
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warmingiana (Marchal) J. Wen, CV around 5.8, (Santo Hipólito and Monte Rei); and two (2)
species occurred among the ten largest CV in only one outcrop rock: Machaerium
dimorphandrum Hoehne, CV around 6.2 (Matozinhos) and Acacia polyphylla (DC.) Britton &
Rose, CV around 4.5, (Nova Roma).
Three domains presented high specificity compositions in the outcrop rocks and
surrounding areas, which culminated in low floristic similarity between phytogeographic
domains. This result is demonstrated by the low Jaccard similarity values between areas, even
within the same domain and low species sharing exposed in the Venn diagrams (Figure 2). A
total of 104 (about 39%) species occurred only in surrounding vegetation; 11 species (around
4%) occurred between the outcrop rocks and surrounding vegetation, but did not occur
simultaneously in both environments in the same outcrop; and 123 species (around 47%)
occurred in both environments. There is a low occurrence of common species among the three
phytogeographical domains, mainly those that occurs on the outcrops. The Atlantic domain
presented the lowest number of shared species, while the fragments Cerrado and Caatinga
domains remained closer, with a considerable number of common species (Figure 2).

Figure 2. Shared species among eight (8) fragments of seasonally dry tropical forests (SDTF), grouped
by phytogeography domain to which they belong. A - Flora on outcrops and surrounding vegetation; B flora on the outcrops rock and C - flora on the surrounding vegetation.

Low floristic similarity between the outcrops rock was confirmed by dendrogram analysis
(Figure 3). In general, outcrops are more similar to their surroundings and make patterns that
match domains where they are inserted. However, outcrops in Vila Propício and Nova Roma
were floristically closer to each other than to the surroundings, with Bom Jesus da Lapa also
being distinguished by its dissimilarity with the surroundings vegetation. In Doresópolis the
outcrop area still appears as a subset of its surroundings; in Matozinhos as well.
Environmental variables significantly influenced the species composition in different
domains, with a pattern of beta diversity associated mainly to seasonality, precipitation and
longitude. Outcrops were grouped according to the domain to which they belong (Figure 4).
Only the Outcrop in Vila Propício remained distant from the other Cerrado fragments, while
Santo Hipólito was poorly related with environmental variables. The main gradient is defined
by climatic seasonality, separating outcrops with lower annual rainfall and longer dry seasons
(Caatinga - Bom Jesus da Lapa, Monte Rei and Januária, Cerrado - Nova Roma, Vila Proprício
and Santo Hipólito), to outcrops under the Atlantic domain influence (Doresópolis and
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Matozinhos), with higher altitudes, higher precipitation and milder temperatures. The
secondary gradient (second ordering axis) separated the Caatinga and Cerrado outcrops; in
this case, annual mean precipitation and longitude were the main responsible variables. A
long gradient of species distribution was observed through the high eigenvalues found for the
first two ordering axes of the Canonical Correspondence Analysis (CCA - Axis 1 = 0.69 and Axis
2 = 0.55) (Figure 4). In this way, it is possible to infer that there is a strong substitution of
species between outcrops (Ter Braak, 1995). The Monte Carlo permutation test was significant
for the first canonical axis separately (F-ratio = 0.569, P = 0.022) and for the set formed by all
the axes (F-ratio = 1.403, P = 0.016), which allows to infer that the correlation between the
species distribution and the environmental variables was significant.

Figure 3. Dendrogram using Jaccard similarity index showing similarities between the outcrop flora and
the surrounding vegetation (Terminal letters in the dendrogram indicate “A”: Outcrop; “E”: Surrounding).
Where: Mo- Monte Rei; Bo- Bom Jesus da Lapa; Ja- Januária; Sa- Santo Hipólito; Vi- Vila Propício; MaMatozinhos; No- Nova Roma; Do- Doresópolis. Cophenetic Correlation Coefficient (CCC)=0.86

Figure 4. Canonical correspondence analysis for the eight (8) fragments on Atlantic, Cerrado and
Caatinga Domains.
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DISCUSSION
The SDTF fragments studied did not present a similar structure conditioned by limestone
outcropping as expected, so we reject the third hypothesis. However, the species of large
occurrence shared among the fragments presented the highest coverage values, which may
indicate a certain connection between them. Beyond structural differentiation, there was great
floristic dissimilarity between domains, with climatic seasonality separating sampled areas in
the Caatinga and Cerrado domains to those present in the Atlantic domain. Thus, annual mean
precipitation and longitude was the main determinant factors of differentiation between
Caatinga and Cerrado, corroborating the other two hypotheses, respectively. This was
observed by previous studies (Oliveira-Filho & Fontes, 2000; Neves et al., 2017) where climatic
variables associated to continentality (ocean distance) seem to play a preponderant role in
SDTF physiognomy differentiation.
The absence of structural similarity between fragments within the same domain
(Matozinhos and Doresopolis from the Atlantic domain for example) may be related to the
depth of the soil, which is quite variable in these sites (Rossatto et al., 2015), or with the
successional stage and anthropic disturbances to which they are subject. More advanced
forests have a high basal area, high diversity and low species dominance (Moreira et al., 2013),
as observed for the fragment in Januária and may be indicative of good conservation status of
these areas (Nunes et al., 2003). In addition to Januária; Vila Propício, Matozinhos and Nova
Roma presented a similar structure, with high diversity and evenness when compared to other
SDTFs (Santos et al., 2011; Nunes et al., 2013; Menino et al., 2015).
The species of wide distribution common among the fragments presented high coverage
value, enabling us to indicate a connection between these fragments. Among them, S.
polyphylla, A. pyrifolium, C. publiflora, C. jamacaru and M. urundeuva are reported as
characteristic of SDTFs (Fiaschi & Pirani, 2009; Santos et al., 2012). The last occurs in fertile
soils and presents an intrinsic relationship with elements like Ca, Mg, N and P present on
limestone outcrop (Rossatto et al., 2015). Persistence of these species may be associated with
the conservation of functional characteristics commonly attributed to SDTF species
(Pennington et al., 2009). The conservation of these characteristics throughout the
evolutionary process resulted in a greater aptitude of these species to the environment, as it
makes them more competitive in relation to the other species and boosts their chances of
permanence in these habitats (Caetano et al., 2008; Pennington et al., 2009). The proximity
between Vila Propício and Nova Roma fragments (closer to each other than to the
surroundings vegetation) and the floristic distance between some fragments and their
surroundings (greater in Bom Jesus da Lapa and smaller in Doresópolis) may indicate a past
connection between these fragments, but suppressed by the long influence of the
surroundings flora on these places. For the studied fragments, the domains in which they are
inserted is preponderant in the floristic composition (Vieira et al., 2015; LinaresPalomino et al., 2015; Pennington & Lavin, 2016).
SDTFs’ environments on limestone outcrop are associated with eutrophic soils with
severe seasonality, factors that have selected the species with an ability to withstand drought
and defoliation (Rossatto et al., 2015). They are complex formations, both structurally and
floristically, with their internal variations reflect the evolutionary processes and the
edaphoclimatic variables (Pennington et al., 2009; Neves et al., 2015; Banda-R et al., 2016;
Castellanos‐Castro & Newton, 2015). We found high species substitution among fragments,
which corroborate other studies to explain the high beta diversity commonly found in SDTFs
areas, generally higher than other tropical formations. (Pennington et al., 2009; Santos et al.,
2012; Apgaua et al., 2015; Menino et al., 2015; Banda-R et al., 2016). In fact, there was a low
floristic similarity between fragments on the same domain (except for Vila Proprício and Nova
Roma), showing the influence of the surrounding vegetation on the fragment composition. At
low scales, colonization by surroundings species can be facilitated by edaphic factors
(Siefert et al., 2012); in the case of SDTF on limestone outcrops mainly by soil depth, which
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determines water retention (Rossatto et al., 2015) and may represent a filter for species
establishment (Menino et al., 2015; Banda-R et al., 2016).
Long-term precipitation seasonality and temperature influence the evolution and
speciation of arboreal taxa and condition the vegetation distribution (Oliveira-Filho & Fontes,
2000). Floristic differentiation between the fragments was due to climatic seasonality,
separating fragments present in the domains by higher temperature, seasonality and lower
precipitation (Cerrado and Caatinga) to humid areas, higher altitude and lower temperatures
(Atlantic). For differentiation between the Cerrado and Caatinga fragments, annual mean
precipitation and longitude were preponderant factors. Siefert et al. (2012) postulate that the
climatic variables aforementioned control the composition of large-scale species. Thus,
besides the climate being predominant for the determination of vegetation in the domains,
geographical distance contributes to differentiation of flora fragments, since the closer, the
greater is the similarity between them (Oliveira-Filho et al., 2006; Rodal et al., 2008). SDTFs
fragments present in the Cerrado domain exemplify this geographic role on floristic
dissimilarity, since they are the most distant among them, and the least cohesive group of the
three. Santo Hipólito outcrops, which have a central geographical position in relation to other
outcrops, also occupied a central position in the ordering diagram, with floristic similarity
intermediate to the three outcrops groups.
The absence of a defined structural pattern and high species substitution among the
fragments on limestone outcrop are an important point about the conservation of these areas.
High beta diversity had already been reported for SDTF (Pennington et al., 2009; Santos et al.,
2012; Apgaua et al., 2014, 2015; Banda-R et al., 2016) but it is worth mentioning that this
metacommunity structure was found in the present study in formations that occur on the
same substrate type. Even minimizing the substrate effect on differentiation of SDTFs areas,
they continue to present peculiarities that distinguish them, mainly by the differentiated
species range, with particular structure to each fragment. Due to the poor conservation state
of remaining SDTFs fragments, large numbers of species of economic interest and pressure
for the agricultural use of these areas (Pennington et al., 2009; Nunes et al., 2013; Castellanos‐
Castro & Newton, 2015; Banda-R et al., 2016), the need for conservation is urgent for the
ecological and evolutionary processes’ maintenance, intrinsic to these environments.

CONCLUSION
The SDTFs fragments on limestone outcrops sampled in this study show little floristic and
structural similarity, except for Nova Roma and Vila Propício fragments, conditioned mainly by
climatic factors and the vegetation influence of the phytogeographic domains into which they
are inserted. On the other hand, climatic seasonality was the key floristic dissimilarity factor,
separating Caatinga and Cerrado domains from Atlantic. Annual mean precipitation and
longitude was the determinant factors for differentiation between Caatinga and Cerrado as
well.
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