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RESUMO - (Sucessao vegetal em uma floresta da Encosta Inferior do Nordeste da Serra Geral, Rio Grande do Sul, e os paleoambientes
do Holoceno, Sul do Brasil). O estudo de sucessdo vegetal permite obter informagdes sobre a dindmica da vegetagao de uma regiao e,
portanto, compreender melhor os ecossistemas da atualidade e suas tendéncias naturais. Com este objetivo foi feito um estudo de
sucessdo vegetal, com base em Palinologia, em um perfil sedimentar do interior de uma floresta paludosa, por¢ao baixa da Encosta Inferior
do Nordeste da Serra Geral, Rio Grande do Sul. As amostras foram tratadas com HCI, HF, KOH e acetélise e as laminas montadas em
gelatina-glicerinada. Para cada amostra foi contado um nimero minimo de 500 graos de pélen + esporos de pteridofitos e bridfitos, com
uma contagem paralela dos demais palinomorfos. Os programas Tilia e Tilia Graph foram usados na confec¢do dos diagramas de
porcentagem e concentragdo. Foram obtidas trés datagdes por '“C. Os resultados apontam um corpo lacustre no comego do Holoceno
(£ 9.800 anos AP), que da origem a um pantano herbaceo por hidrossere. O inicio da primeira colonizagdo do pantano por plantas
arboreas parece ter ocorrido ha cerca de 8.800 anos AP, com a contribuigdo de espécies tropicais da Planicie Costeira, através de uma
migracao leste-oeste. Segue uma fase seca, entre 7.000-5.000 anos AP, caracterizada por indicadores de campo seco. O segundo
desenvolvimento florestal inicia ha cerca de 5.000 anos AP, resultando na atual mata e na migrag@o oeste-leste de espécies tropicais dos
terrenos baixos mais interiorizados, como este, para a re-colonizac¢ao da Planicie Costeira, apos a ultima regressdo marinha.

Palavras-chave: Palinologia, paleoecologia, migragao de plantas, Quaternario, América do Sul

ABSTRACT - (Plant succession in a forest on the Lower Northeast Slope of Serra Geral, Rio Grande do Sul, and Holocene
palacoenvironments, Southern Brazil). The study of plant succession provides information on vegetation dynamics of a region and,
therefore, improves our understanding of the natural trends of present ecosystems. With this objective, plant succession based on
palynology of a sediment profile in a swamp forest was studied on the Lower Northeast Slope of Serra Geral, Rio Grande do Sul.
Samples were treated with HCI, HF, KOH and acetolysis; slides were mounted in glycerol-jelly. For each sample a minimum of 500
grains of pollen + pteridophyte and bryophyte spores was counted and other palynomorphs were counted in parallel. Tilia and Tilia
Graph software were used to construct percentage and concentration diagrams, with three '*C datings. The results show a local water
reservoir in the beginning of the Holocene (+ 9800 yrs. BP), creating a herbaceous plant marsh by hydrosere. The initial colonization of
the marsh by trees occurred about 8800 yrs. BP, with tropical species from the Coastal Plain migrating in an east-west direction.
Afterwards, there was a dry phase between 7000-5000 yrs. BP. The second appearance of regional tree species began at about 5000 yrs.
BP, resulting in the present forest and in the west-east migration of tropical species from interior lowlands, like this one, to re-colonize
the coast after the last marine regression.

Key words: Palynology, palacoecology, plant migration, Quaternary, South America

Introduction

In Rio Grande do Sul, an analysis of the present
flora shows migratory routes of the Atlantic rain forest
stricto sensu (Mata Atlantica), probably through Torres
Municipality, migrating to the south along the Coastal
Plain and to the west over lowlands of the Central
Depression and the lower northeastern slopes of the
Serra Geral (Rambo 1950). This east-west migration

is evidenced by the existence today of typical species
from this tropical forest in regions near the coast,
gradually decreasing in number towards the west
(Baptista 1967; Budke et al. 2004). However, the
historical processes involved in this migration and their
chronology are not studied by current flora analysis.
The Rio Grande do Sul Coastal Plain and adjacent
lowlands are also being studied by sediment palynology,
focusing on vegetation and climate history, especially
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ofthe last 10000 years. These studies have contributed
to a better understanding of the dynamics of this
vegetation over time (Cordeiro & Lorscheitter 1994;
Grala & Lorscheitter 2001; Lorscheitter 1997; 2003;
Lorscheitter & Dillenburg 1998; Neves & Lorscheitter
1995; 1997, Prieto et al. 1999). A synthesis of these
studies (Lorscheitter 2003) indicates the presence of
Atlantic rain forest (stricto sensu) components
dispersed along the Coastal Plain at the beginning of
the Holocene (10000-8000 yrs. BP), the negative
influence of Holocene marine transgression on coastal
vegetation (8000-4000 yrs. BP) and the important role
of plants from the adjacent lowlands in the re-
colonization of the coast, after the last marine
regression (4000-2000 yrs. BP). The site farthest
inland reached by these studies is located in Guaiba
Municipality, in the Rio Grande do Sul Central
Depression (30°11°21”’S - 51°22°47”W). Information
on lowlands farther inland, like those at the base of
Serra Geral slopes, is still lacking.

This paper aims to obtain data on the vegetation
and climate of the last millennia on the Lower
Northeast Slope of Serra Geral, Rio Grande do Sul,
between the Taquari and Cai rivers. This will
complement palynological studies from the lowlands,
starting on the Coastal Plain. Plant succession was
studied using palynology of a sediment profile in a
swamp forest in Serra Velha, Brochier Municipality
(29°36°22S - 51°38°55”W, Fig. 1). The results were
compared to the events of the same age already
detected for the Coastal Plain and the Central
Depression. Preliminary information on the Serra
Velha study was presented by Grala & Lorscheitter
(2001).

The forest — The swamp semi-deciduous forest is
located at an altitude of 50 m with a subtropical regional
climate, mean annual temperature over 18 °C and
annual rainfall between 1500 and 1700 mm (Moreno
1961).

It is composed of species that are widespread in
Rio Grande do Sul, as well as species from the rain
forest of the Parana-Uruguai River Basin, such as
Trichilia claussenii C. DC, and of Atlantic tropical
east-west migratory species such as Faramea
marginata Cham, Mollinedia elegans Tul, and Piper
corcovadensis (Miq.) C. DC. It is also possible to
find species from Central Brazil, such as Erythrina
crista-galli L., Calliandra tweediei Benth and flora
that has migrated from the Rio Grande do Sul northwest
region, such as Salix humboldtiana Willd (Rambo

1954). Many epiphytes, mainly Bromeliaceae and
Orchidaceae, occur inside the forest. Pteridophytes
such as Blechnum brasiliense Desv., Pleopeltis
angusta Humb. & Bonpl. ex Willd., Polypodium
polypodioides (L.) Watt and Niphidium
rufosquamatum Lellinger are also abundant. A thick
layer of decomposed leaves covers the forest floor.
Agricultural activities surround this forest.

Material and methods

The 512-centimeters-deep sedimentary profile was
collected in the forest with a Hiller Sampler, from which
the 40 samples for palynological analysis were taken
(at intervals of ca. 10 cm). The standard chemical
treatment was performed (Faegri & Iversen 1989),
adding Lycopodium clavatum tablets (Stockmarr
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Figure 1. Above: Rio Grande do Sul and the Northeast relief, with
the location of the swamp forest of Serra Velha, Brochier
Municipality (on left Taquari River, on right Cai River). Below:
overall view of the region, showing the swamp forest and sandstone
elevations in the background.
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1971) to calculate palynomorph concentration/cm? of
fresh sediment and using HC1, HF, KOH and acetolysis,
as well as filtering through a 250 um net. The slides
were mounted in glycerol-jelly. Botanical identification
of the grains was based on the Palynology Laboratory
reference collection (Botany Department, Federal
University of Rio Grande do Sul). Unidentified grains
were classified by morphology. The word “type” was
used when a precise identification was impossible. A
minimum number of 500 pollen grains + pteridophyte
and bryophyte spores and 100 previously added
Lycopodium clavatum exotic spores (for
concentration analysis) were counted for each sample,
leaving out other palynomorphs, which were counted
in parallel. Counting sufficiency was monitored by
saturation curves.

Tilia and Tilia Graph software were used to
construct the diagrams. Cluster analysis was performed
by CONISS (Grimm 1987).

Focusing on palacoenvironment study, all the
counted palynomorphs were grouped as in Tab. 1
(grassland - field, forest, water reservoir, herbaceous

plant marsh, indeterminate environment and fungi) and
included in the analysis. For angiosperms,
gymnosperms, pteridophytes and bryophytes, the
percentage of each taxon was calculated using the total
of these four groups. For the other palynomorphs, the
percentage of each taxon was calculated using the total
of the four groups + the group in question. Grassland
(field), forest, water reservoir, herbaceous plant marsh
and fungi indicators were included in the diagrams.
The group of indeterminate environment grains,
although included in the frequencies, does not appear
in diagrams. Composite diagrams, with total
percentage of the forest x grassland (field) indicators
and the forest x herbaceous plant marsh indicators
were also presented. The cluster analysis is showed in
percentage diagrams. The concentration diagrams
included only taxa with a minimum of 5000 grains/cm?
of fresh sediment in at least one sample of sedimentary
profile. In percentage and concentration diagrams the
sum of a group includes all their components. The
diagrams of fungi show only the main components.
Profile lithology is included in the analysis. Three '“C

Table 1. Palynomorphs found in the sedimentary profile counts of Serra Velha swamp forest, Brochier Municipality, Rio Grande do Sul,

Brazil.

Groups

Pollen, spores and other palynomorphs

Grassland (Field)

Forest

Water reservoir

Herbaceous plant marsh

Indeterminateenvironments

Fungi

Alternanthera Forssk., Amaranthus L.- Chenopodiaceae type, Baccharis L. type, Caryophyllaceae,
Cuphea carunculata Koehne, Ephedra tweediana Fisch. & C.A. Mey., Galianthe angustifolia (Cham.
& Schitdl.) E.L. Cabral, Gnaphalium L. type, Gomphrena L., Plantago L., Poaceae, Polygala L.,
Valeriana eichleriana (C. Muell.) Graebn., Verbena L., Vernonia Schreb. type.

Acacia Mill., Acacia Mill. type, Adiantopsis Fee type, Alchornea triplinervia (Spreng.) Miill, Arg.,
Allophylus edulis (St. Hill.) Radlk. ex Warm., Anacardiaceae, Anemia Sw., Anemia phyllitidis (L.) Sw.,
Asplenium L., Cecropia Loefl., Celtis L. type, Chrysophyllum L. type, Cyatheaceae, Daphnopsis racemosa
Griseb., Dicksonia sellowiana Hook., Dryopteris Adans. type, Erythrina L. type, llex L., Marattia laevis
Smith, Meliaceae type, Microgramma vacciniifolia (Langsd. & Fisch.) Copel. type, Myrsine L., Myrtaceae,
Paraptadenia rigida (Benth.) Brenan, Phrygilanthus Eichler., Polypodium L. type, Pteris, Roupala Aubl.
type, Sapindaceae, Syagrus Mart. type, Trema micrantha (L.) Blume, Urticales.

Alismataceae, Debarya (De Bary) Wittrock, Isoetes L., Mougeotia C.A. Agardh, Pseudoschizea rubina
Rossignol ex Christopher, Regnellidium diphyllum Lindm., Spirogyra Link, Zygnema C.A. Agardh.

Anthoceros L. Emend. Prosk. 1, Anthoceros L. Emend. Prosk. 2, Blechnum L. type, Cyperaceae,
Eriocaulaceae, Eryngium L., Hepaticae type, Osmunda L., Phaeoceros laevis (L.) Prosk., Riccia (Mich.)
L. type, Selaginella marginata (Humb. & Bonpl. ex Willd.) Spring., Sphagnum (Dill.) Hedwig, Typha L.

Hepaticae type, Lamiaceae, Liliaceae type, Malpighiaceae, Malvaceae, Melastomataceae, Mimosa L. 1,
Mimosa L. 2, Mimosa L. série Lepidotae, Monolete 1, Monolete 2, Other bryophytes, Other
pteridophytes, Other monoletes, Other triletes, Other tricolporates, Pantoporates, Polygonum L.,
Relbunium (Endl.) Hock. F. type, Rosaceae type, Rubiaceae, Scrophulariaceae type, Stephanoporates,
Tetracolpates, Tetracolporates, Tricolpates, Tricolporate 1, Tricolporate 2, Triporates, Valeriana L.,
Vicia L. type.

Athelia Pers. type, Gaeumannomyces caricis J. Walker type, Gelasinospora adjuncta Cain,
Gelasinospora cf. reticulispora (Greis & Greiss-Dengler) C. & M. Moreau, Glomus Tus. & C. Tus.,
Hyphae, Indeterminate spores, Microthyrium Desm. type., Spore 1, Spore 2, Spore 3, Tetraploa
aristata Berk. & Br.
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dates from Beta Analytic Inc., Florida, U.S.A. establish
the chronology.

Results

Four zones were identified in the palynological
diagrams, according to the distinct intervals of the
sedimentary profile:

Zone I (depth: 512-430 cm): dark-clay-sediments,
with a slight trace of very fine-grained sand; “C age
of 9800 + 90 yrs. BP (Beta 154709, 506 cm depth,
sequence base); interval estimated age of 9800-8800
yrs. BP. The lower portion of the zone has very low
pollen concentration. Grassland indicators are better
represented than those of the forest in the percentage
and concentration diagrams, mainly the Poaceae and
Baccharis type. The Amaranthus-Chenopodiaceae
type, Gomphrena, Cuphea carunculata Koehne,
Galianthe angustifolia (Cham. & Schitdl.) E.L.
Cabral, Valeriana eichleriana (C. Muell.) Graebn.,
Plantago and Vernonia are scarcer. Among the forest
indicators are Myrtaceae, Alchornea triplinervia
(Spreng.) Miill, Arg., Urticales, Anacardiaceae,
Cyatheaceae, Trema micrantha (L.) Blume, Anemia
phyllitidis (L.) Sw., Microgramma vacciniifolia
(Langsd. & Fisch.) Copel. type, Celtis type, Roupala
type, Anemia, Pteris (Fig. 2-3). Isoetes and algae
indicate an aquatic environment. Among the
herbaceous plant marsh indicators are Osmunda,
Blechnum type, Cyperaceae and Phaeoceros laevis
(L.) Prosk. (Fig. 2-3). The forest has a very low
frequency in the composite diagrams, when compared
to the grassland or herbaceous plant marsh components
(Fig. 2). Fungi indicators show a very low concentration
(Fig. 4). The pollen assemblage becomes more
numerous towards the end of the zone. This zone
coincides with the inferior cluster of the dendrogram
(Fig. 2).

Zone II (depth: 430-302 cm): dark-clay-sediments
with a slight trace of very fine-grained sand, smaller
than that of zone I.; “C age of 7280 + 60 yrs. BP
(Beta 151165, 317 cm depth); interval estimated age
of 8800-7000 yrs. BP. This zone is characterized by a
great increase of grassland, forest, water reservoir,
herbaceous plant marsh and fungi indicators (Fig. 2-4).
The frequencies are high in the lower portion of the
zone, falling sharply afterwards, especially in the
concentration diagrams. Among the aquatic indicators
Isoetes and algae are generally in evidence, as well as
Osmunda, Blechnum type, Cyperaceae and

Phaeoceros laevis (L.) Prosk. in the herbaceous plant
marsh indicators. The greatest concentration of grains
is found in the sum of the grassland indicators (Fig. 3).
In the forest x grassland composite diagram, the forest
components are slightly better represented than before,
decreasing towards the end of the zone. In the forest
x herbaceous plant marsh composite diagram, the high
frequency of the herbaceous plant marsh indicators
shows no major change (Fig. 2). The greatest
concentration of fungi indicators is found in this zone.
Most of the zone is in agreement with the second
cluster of the dendrogram (Fig. 2).

Zone I (depth: 302-248 cm): dark-clay-sediments
with very fine, scarce sand, which disappears in the
upper portion of the zone; interval estimated age of
7000-5000 yrs. BP. The zone is characterized mainly
by a great reduction in pollen and spore frequency, as
clearly seen in the concentration sum of grassland,
forest, water reservoir and herbaceous plant marsh
indicators (Fig. 3). Grassland indicators predominate
over those of the forest, which are very scarce.
Amaranthus-Chenopodiaceae type stand out in
percentage and concentration in the grassland pollen,
thus reaching the highest profile frequency for this type
(Fig. 2-3). Osmunda, Blechnum type and Cyperaceae
stand out among herbaceous plant marsh indicators.
In the composite diagrams there is an increase in the
percentage of grassland and herbaceous plant marsh
indicators over those of the forest (Fig. 2). The fungi
indicators are greatly reduced in this zone, especially
in the concentration diagrams (Fig. 4). The third
dendrogram cluster corresponds to this zone (Fig. 2).

Zone 1V (depth: 248-0 cm): dark-clay-sediments
rich in organic matter, with no sand; *C age of 3730 +
60 yrs. BP (Beta 192341, 199 cm depth); interval
estimated age of 5000 yrs. BP - Present. A rise in the
percentage and concentration frequency of forest
indicators is evidenced in the beginning of the zone.
This frequency increases greatly towards the top
(Fig. 2-3). Forest indicators have higher concentrations
than those of the grassland and herbaceous plant marsh
in the upper portion of the zone (Fig. 3). At the top,
however, there is a sudden tree component retraction.
The best represented forest indicators in this zone are
Myrtaceae, Alchornea triplinervia (Spreng.) Miill,
Arg., and Urticales, together with a higher number of
other tree pollen, in contrast to the previous zones. In
the upper portion of this zone there is the greatest part
of'the forest indicators of the whole profile, many with
an increase in frequency, showing the greatest pollen
diversity of all the zones (the same for indeterminate
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Figure 3. Palynological concentration diagrams for the sedimentary profile from the Serra Velha swamp forest, including the main
individual indicators (taxa with a minimum of 5000 grains/cm®of fresh sediment in at least one sample). Grassland (field), forest, water
reservoir and herbaceous plant marsh, sum of each group and zones.
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environment indicators, not showed in diagrams). In
contrast, grassland indicators have low frequencies,
except in the portion near the top, where the Baccharis
type is relevant. Aquatic indicators are very rare. The
herbaceous plant marsh components generally show a
sharp decline towards the top of the percentage
diagrams (Fig. 2) and are scarce in the concentration
diagrams (Fig. 3). The most important indicators of
this environment in the zone are Osmunda, Blechnum
type and Cyperaceae. In the composite diagrams there
is a great increase of forest indicators compared to
grassland and herbaceous plant marsh components
(Fig. 2). The fungal spores increase greatly in the
percentage diagrams (Fig. 4). Glomus and hyphae are
more frequent towards the upper portion of the zone
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Figure 4. Palynological summarized percentage and concentration
diagrams of fungi for the sedimentary profile from the Serra Velha
swamp forest, including the main indicators (concentration: taxa
with a minimum of 5000 grains/cm?® of fresh sediment in at least
one sample) and zones.

in the concentration diagrams (Fig. 4). The two last
dendrogram clusters correspond to this zone (Fig. 2).

Discussion

The data shows the following phases in local and
regional environments:

9800-8800 yrs. BP (Zone 1): about 9800 yrs. BP the
data indicate the existence of a water reservoir at the
site of the present swamp forest (Isoetes and algae in
the lower portion of Zone I, Fig. 2-3). The regional
vegetation seems to be made up of a sparse grassland
(scarce pollen from plants such as Poaceae and
Baccharis type) with scattered trees or trees distant
from this place (rare arboreal pollen). These data show
a landscape that is still compatible with a semi-arid
climate, indicating a delay in vegetation response to
the improved climate at the beginning of the Holocene,
since the end of the last Pleistocene glacial stage should
have been semi-arid in Southern Brazil (Lorscheitter
& Romero 1985; Roth & Lorscheitter 1993; Neves &
Lorscheitter 1995; Behling ef al. 2004).

The response of local vegetation to the great rise
in temperature, humidity and rainfall at the beginning
of the Holocene (+ 10000 yrs. BP, Berglund 1986)
seems to occur a little later, around 9000 yrs. BP,
according to a rapid filling of the water reservoir, which
gave rise to a herbaceous plant marsh (increase in
aquatic indicators and a great increase in Blechnum
type, Cyperaceae and Phaeoceros laevis (L.) Prosk.
concentrations in the upper portion of Zone I, Fig. 3).
Therefore, the data suggest plant succession by
hydrosere. In the regional vegetation, grassland and
forest are now a little more evident than in the previous
phase. Part of the grassland indicators (especially
Poaceae) can also be related to the local herbaceous
plant marsh.

8800-7000 yrs. BP (Zone I1): as the herbaceous plant
marsh grows on the former water reservoir, dense
arboreal vegetation seems to grow vigorously on the
margin or close to the reservoir in this phase (high
concentration of arboreal pollen indicators in zone I,
especially in the lower portion, Fig. 3). The
development of local soil, possibly involving mycorrhizal
activities, coincides with forest formation (high Glomus
concentration, as well as other fungal spores and
hyphae in the lower portion of Zone II, Fig. 4). The
grassland regional vegetation is also growing (high
pollen concentration of Poaceae and Baccharis type,
Fig. 3). Therefore, the data indicate an increase in
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temperature and humidity in the region during this phase
of the early Holocene. Moreover, the Atlantic rain
forest (stricto sensu) components seem to occur close
to the marsh about 8800 yrs. BP, having migrated in an
east-west direction from the Coastal Plain in the early
Holocene (unmistakable presence of Cecropia pollen
in the lower portion of Zone II, Fig. 2). This result
corroborates that of Lorscheitter (2003), who mentions
Atlantic rain forest (stricto sensu) components for the
Coastal Plain and the adjacent areas since the
beginning of the Holocene. Today, Cecropia glaziovi
Snethl. and Cecropia. pachystachya Trec. are
characteristic of this tropical migratory route (Rambo
1950). Possibly due to reduced humidity, a retraction
of the local and regional vegetation towards 7000 yrs.
BP is observed (reduction in most of the pollen content
in the upper portion of Zone II, Fig. 2-3).

7000-5000 yrs. BP (Zone III): a great decline in the
regional and local vegetation seems to occur, indicating
the beginning of a dry, hot climate phase (a high overall
frequency reduction of most pollen indicators in the
percentage and concentration diagrams of Zone IlI,
Fig. 2-3). The herbaceous plant marsh and forest
vegetation retract, while a dry grassland environment
species expand (a high increase of Amaranthus-
Chenopodiaceae type frequencies, the greatest
percentage and concentration - Zone III, Fig. 2-3). It
is possible that the environmental alterations of this
phase are not only climatic, but somehow related to
human presence, as indicated by records in the region
since the early Holocene (Ribeiro et al. 1989).
Moreover, among Amaranthus and Chenopodiaceae
there are weedy species that grow in disturbed
environments, compatible with anthropogenic activities.
However, these environmental alterations should be
better investigated because it seems rather improbable
that primitive man could have changed the environment
so drastically.

5000 yrs. BP - Present (Zone 1V): from about 5000
yrs. BP onwards, humidity increase and high
temperatures seem to promote a great expansion of
forest over marsh, reaching a maximum between 3000-
500 yrs. BP (composite diagram of forest x herbaceous
plant marsh, Zone IV, Fig. 2). Again, soil development
and mycorrhizal activities seem to be evident (increase
in the frequency of Glomus, other fungal spores and
hyphae in general, Zone 1V, Fig. 4). The marsh
occupation by tree species gave rise to the present
swamp forest (according to the percentage and
concentration diagrams, Zone IV, Fig. 2-3), with a clear

retraction in the last 500 yrs. BP (registered in the top
sample of the sedimentary profile, according to an
abrupt rise of the percentage and concentration of
Baccharis type). This last, wide Serra Velha forest
expansion over the marsh had already been detected
by Grala & Lorscheitter (2001) beginning from
approximately 6000 yrs. BP. However, new '“C dating
allowed us to recalculate the onset of this last forest
expansion to about 5000 yrs. BP. From this age on,
pioneer arboreal components appear in the formation
(Myrtaceae, Alchornea triplinervia (Spreng.) Miill,
Arg., Trema micrantha (L.) Blume, Celtis type and
Urticales pollen, with an almost constant presence -
Zone 1V, Fig. 2).

The wealth of species from Serra Velha forest,
observed at present, was not totally registered in the
diagrams. This is probably due to the impossibility of
determining part of the tricolporate grains, very similar
and common among the arboreal pollen, or to the
entomophily found in several species. It is also probable
that the majority of pollen and spores from
indeterminate environments belong to species from the
swamp forest, since they are more related to this phase.
This is the case, for instance, of the Liliaceae type,
which can include several monosulcate grains from
the inner forest, such as Liliaceae, Iridaceae,
Smilacaceae and Arecaceae.

The presence of /lex from about 5000 yrs. BP
(lower portion of Zone 1V, Fig. 2) deserved more
detailed research due to the existence of the genus in
Araucaria forests with others, characteristic of the
Coastal Plain today. Due to the impossibility of
identifying species by pollen morphology, an indirect
distinction attempt was performed, using habitat.
Among /lex species mentioned for Rio Grande do Sul
(Edwin & Reitz 1967; Klein 1972; Rambo 1950) the
only one mentioned as typical from swamp forest is
llex pseudobuxus Reiss. According to Rambo (1950),
this species is also among those characteristic of the
tropical migratory route from the Coastal Plain onwards.
Therefore, llex pseudobuxus Reiss pollen would be
another typical indicator, besides Cecropia, of the east-
west Atlantic rain forest (stricto sensu) migration
during the Holocene, to the studied region.

Ephedra tweediana Fisch. & C.A. Mey.
evidence, also around 5000 yrs. BP for the regional
grassland (lower portion of Zone IV, Fig. 2), indicates
a wider distribution compared to the present. This
species belongs to the Andes migration contingent,
which penetrates into southern Rio Grande do Sul from
Argentina (Rambo 1954), with present distribution
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restricted to the Coastal Plain to 30°S latitude.

Comparing the results of this study to palynological
results already obtained from the Coastal Plain and
the Central Depression of Rio Grande do Sul
(Lorscheitter 2003), we see that Serra Velha’s present
swamp forest is one of the oldest (last expansion about
5000 yrs. BP). This certainly happened because
increased temperature and humidity during the
Holocene promoted forest expansion over interior
lowlands like this one. On the contrary, high
temperatures caused extensive marine transgression
on the Coastal Plain, reaching a maximum between
5000-4000 yrs. BP, with vegetation destruction. Only
when the sea regressed and desalinization occurred,
after 4000 yrs. BP, was the Coastal Plain re-colonized
by west-east tropical rain forest species migration from
interior lowlands, like this one. These results coincide
with those of Villwock et al. (1986) and Villwock &
Tomazelli (1998) on the geological history of Rio Grande
do Sul Coastal Plain.

With the exception of the drier climate phase,
between 7000-5000 yrs. BP, palynological results show
an overall moderate climate on the lower parts of the
Lower Northeast Slope of Serra Geral during the
Holocene, according to results already obtained for Rio
Grande do Sul Coastal Plain (Lorscheitter 2003) and
for other sites in South and Southeast Brazil (Behling
et al. 2001; Ybert et al. 2001; 2003). According to
Martin et al. (1992) the constant humidity in South
Brazil during the last 5000 years is probably due to £/
Nirio-like conditions. On the Lower Northeast Slope
of Serra Geral more humid phases, in a hot climate,
resulted in the expansion of forests in the lower portions,
forming mosaics with the grasslands. This variegated
landscape is compatible with primitive human records,
especially from the Umbu Tradition, from the Pre-
Ceramic period (Prous 1991), widely active in the
region since 11000 yrs. BP. The phytofaunistic evidence
of human occupation of this region, related to eating
habits, was investigated in 20 caves (Ribeiro et al.
1989), being compatible with overall high temperatures
and humid climate, according to palynological data.
Several gastropod shells, one of the most important
kinds of primitive human food in the region, were found
in the caves, besides Syagrus romanzoffiana (Cham)
Glassman seeds (between 11000-1000 yrs. BP, burnt
and fragmented) and remains of eggs from the large
grassland bird Rhea americana L. (Ema), indicating
human movement to the grassland area. After 6000 yrs.
BP, freshwater bivalves (Diplodon), found today in
Cai and Jacui tributaries, are present in the caves,

coinciding with the last forest expansion detected by
palynological data. In the same phase, there is a
modification in the typology of hunting instruments,
indicating an increase in the capture of small animals
(Ribeiro 1993).

The results indicate a local water reservoir and a
semi-arid regional climate at the end of the last
Pleistocene glacial stage. A great change in climate in
the beginning of the Holocene, about 10000 yrs. BP, to
amore humid and warmer climate, apparently initiated
the hydrosere which generated the current forest. Plant
succession continued during the Holocene in an overall
hot, humid climate, though with changes in regional
humidity which influenced this succession. The
occurrence of Atlantic rain forest (stricto sensu)
components at about 8800 and 5000 yrs. BP shows
tropical species migration in an east-west direction
since the beginning of the Holocene.

The hot, humid climate of the Holocene with more
rainfall seems to have determined a variegated regional
landscape, with forest and grassland mosaics,
compatible with the intense human activity registered
in archaeological sites. Only one dry climate phase was
found (between 7000-5000 yrs. BP). Phases with higher
humidity were more favorable to forest expansions in
this region, such as between 8800-7000 yrs. BP and
from 5000 yrs. BP onwards. This last expansion of the
swamp forest is much older than the present forests
already studied on the Rio Grande do Sul Coastal Plain.
It is probable, therefore, that the forests farther from
the coast, like this one, contributed with a contingent of
tropical species to colonize the Coastal Plain after the
last marine regression, from 4000 yrs. BP onwards,
but now in a west-east migration.

The results show the importance of the water
reservoirs as generators of forests in a hot, humid
climate, with long periods of rain, such as the one from
the northeastern portion of Rio Grande do Sul in the
far south of Brazil.

Acknowledgments

We wish to express appreciation to Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico
(CNPq), Coordenacao de Aperfeigoamento de Pessoal
de Nivel Superior (CAPES) and Pro-Reitoria de
Pesquisa of Universidade Federal do Rio Grande do
Sul for financial aid and scholarships received. We are
very grateful to Dorothy Sue Dunn Aradjo for English
revision of the manuscript.



10 Leal & Lorscheitter: Plant succession in a forest on the Lower Northeast Slope of Serra Geral, Rio Grande do Sul...

References

Baptista, L.R.M. 1967. Sobre uma comunidade florestal em
Morungava (Mun. de Gravatai, RS). Pp. 197-201. In:
Anais do XV Congresso da Sociedade Botinica do
Brasil. Porto Alegre.

Behling, H. & Negrelle, R.R.B. 2001. Tropical Rain Forest
and Climate Dynamics of the Atlantic lowland, southern
Brazil, during the Late Quaternary. Quaternary
Research: Research 56: 383-389.

Behling, H.; Pillar, V.P.; Orloci, L. & Bauermann, S.G. 2004.
Late Quaternary Araucaria forest, grassland (Campos),
fire and climate dynamics, studied by high-resolution
pollen, charcoal and multivariate analysis of the Cambara
do Sul core in southern Brazil. Palaeogeography,
Palaeoclimatology, Palaeoecology 203: 277-297.

Berglund, B.E. 1986. Handbook of Holocene Palaeoecology
and Palaeohydrology. New York, John Wiley & Sons.

Budke, J.C.; Giehl, E.L.H.; Athayde, E.A.; Eisinger, S.M. &
Zachia, R. 2004. Floristica ¢ fitossociologia do
componente arboreo de uma floresta ribeirinha, arroyo
Passo das Tropas, Santa Maria, RS, Brasil. Acta Botanica
Brasilica 18(3): 581-589.

Cordeiro, S.H. & M.L. Lorscheitter. 1994. Palynology of
Lagoa dos Patos sediments, Rio Grande do Sul, Brazil.
Journal of Paleolimnology 10: 35-42.

Edwin, G. & Reitz, R. 1967. Aquifoliaceas. Flora Ilustrada
Catarinense (AQUI): 1-47.

Faegri, K. & Iversen, J. 1989. Textbook of pollen analysis. [V
ed., New YorkJohn Wiley & Sons.

Grala, M.M. & Lorscheitter, M.L. 2001. The Holocene
paleoenvironment in the Serra Velha region, RS, Brazil
through a study of plant succession. Pesquisas 28(2):
245-249.

Grimm, E.C. 1987. CONISS: A Fortran 77 program for
stratigraphically constrained cluster analysis by the
method of incremental sum of squares. Computers &
Geosciences 13(1): 13-35.

Lorscheitter, M.L. 1997. Paleoambientes do sul do Brasil no
Quaternario através da palinologia: revisdo dos
resultados obtidos. Revista Universidade de Guarulhos,
Geociéncias II (especial number): 197-199.

Lorscheitter, M.L. 2003. Contribution to the Holocene history
of Atlantic rain forest in the Rio Grande do Sul state,
southern Brazil. Revista del Museo Argentino de
Ciencias Naturales 5(2): 261-271.

Lorscheitter, M.L. & Dillenburg, S.R. 1998. Holocene
palaeoenvironments of the northern coastal plain of Rio
Grande do Sul, Brazil, reconstructed from palynology of
Tramandai lagoon sediments. Quaternary of South
America and Antarctic Peninsula 11: 73-97.

Lorscheitter, M.L. & Romero, E.J. 1985. Palynology of
Quaternary sediments of the core T15, Rio Grande Cone,
South Atlantic, Brazil. Quaternary of South America
and Antarctic Peninsula 3: 55-91.

Klein, R.M. 1972. Arvores nativas da floresta subtropical
do Alto Uruguai. Sellowia 24: 9-62.

Versdo eletronica do artigo em www.scielo.br/abb

Martin, L.; Flexor, J.M. & Suguio, K. 1992. Records of
blockage of polar advections and atmospheric circulation
over South America during the last 5,000 years. Série
Geoquimica Ambiental 1: 21-24.

Moreno, J.A. 1961. Clima do Rio Grande do Sul. Secretaria
da Agricultura, Diretoria de Terras e Colonizagdo, Se¢ao
Geografia, Porto Alegre.

Neves, P.C.P. & Lorscheitter, M.L. 1995. Upper Quaternary
palacoenvironments in the Northern Coastal Plain of
Rio Grande do Sul, Brazil. Quaternary of South America
and Antarctic Peninsula 9: 39-67.

Neves, P.C.P. & Lorscheitter, M.L. 1997. Palinologia de
sedimentos de uma mata tropical paludosa na Planicie
Costeira sul do Rio Grande do Sul, Brasil. Pp. 341-344.
In: Proceedings of VI Congresso da Associacio
Brasileira de Estudos do Quaternario, Curitiba.

Prieto, A.R.; Lorscheitter, M.L. & Stutz, S. 1999. Holocene
vegetation changes in relation to the coastal evolution
in Buenos Aires Province (Argentina) and Rio Grande
do Sul (Brazil). viiabequa_zc0999.pdf. In: Anais do VII
Congresso da Associacdo Brasileira de Estudos do
Quaternario, Porto Seguro.

Moreno, J.A. 1961. Clima do Rio Grande do Sul. Porto
Alegre, Secretaria da Agricultura, Diretoria de Terras e
Colonizagdo, Se¢do Geografia.

Prous, A. 1991. Arqueologia brasileira. Brasilia, Editora
Universidade de Brasilia.

Rambo SJ, B. 1950. A Porta de Torres. Anais Botanicos do
herbario Barbosa Rodrigues 2: 125-136.

Rambo, SJ, B. 1954. Analise historica da flora de Porto Alegre.
Anais botanicos do herbario Barbosa Rodrigues 6: 9-111.

Ribeiro, P.A.M. 1993. Arqueologia ¢ Botanica. Caderno de
Pesquisa, Série Botanica 5(1): 37-56.

Ribeiro, P.A.M.; Klamt, S.C.; Buchaim, J.J.S. & Ribeiro, C.T.
1989. Levantamentos arqueologicos na encosta do
Planalto entre o vale dos rios Taquari e Cai, RS, Brasil.
Revista do CEPA, Faculdades Integradas de Santa Cruz
do Sul (APESC) 16(19): 49-89.

Roth, L. & Lorscheitter, M.L. 1993. Palynology of a bog in
Parque Nacional de Aparados da Serra, East Plateau of
Rio Grande do Sul, Brazil. Quaternary of South America
and Antarctic Peninsula 8: 39-69.

Stockmarr, J. 1971. Tablets with spores used in absolute
pollen analysis. Pollen et spores 13: 615-621.

Villwock, J.A. 1984. Geology of the Coastal Province of Rio
Grande do Sul, Southern Brazil. A Synthesis. Pesquisas
16: 5-49.

Villwock, J.A. & Tomazelli, L.J. 1998. Holocene coastal
evolution in Rio Grande do Sul, Brazil. Quaternary of
South America and Antarctic Peninsula 11: 283-296.

Ybert, J.P.; Bissa, W.M. & Kutner, M. 2001. Relative sea
level variations and climatic evolution in southeastern
and southern Brazil during the Late Holocene. Pesquisas
em Geociéncias 28(2): 75-83.

Ybert, J.P.; Bissa, W.M.; Catharino, E.L.M. & Kutner, M. 2003.
Environmental and sea-level variations on the southeastern
Brazilian coast during the Late Holocene with comments
on prehistoric human occupation. Palaeogeography,
Palaeoclimatology, Palaeoecology 189: 11-24.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


