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ABSTRACT

Despite the indisputable significance of identification of modern analogs for Paleoecology research, relatively fi
studies attempted to integrate modern and fossil samples on paleoenvironmental reconstructions. In Palynolog
this general pattern is not different from other fields of Paleoecology. This study demonstrates the practical a
plication of modern pollen deposition data on paleoenvironmental reconstructions based on fossil pollen by usi
multivariate analysis. The main goal of this study was to use Detrended Correspondence Analysis (DCA) to cor
pare pollen samples from two sediment cores collected at Lagoa Salgada, a coastal lagoon located at northeaste
Rio de Janeiro State. Furthermore, modern surface samples were also statistically compared with samples from bc
cores, providing new paleoecological insights. DCA demonstrated that samples from both cores are more simi
than previously expected, and that a strong pattern, related to a paleoenvironmental event, is present within the fos
data, clearly identifying in the scatter plot samples that represent pre- and post-environmental change. Additio
ally, it became apparent that modern vegetation and environmental conditions were established in this region 25
years before present (BP). Multivariate Analysis allowed a more reliable integration of modern and fossil poll
data, proving to be a powerful tool in Paleoecology studies that should be employed more often on paleoclim:
and paleoenvironmental reconstructions.

Key words: multivariate analysis, paleoenvironmental reconstruction, Quaternary palynology, Lagoa Salgada.

INTRODUCTION types and should always be carried out togeth

. . . fossil pollen reconstructions.
Quaternary paleoecological studies using pollen analy- . )
. . . . . Despite the early thoughts on tropical polle
sis depend on accurate identification of past vegetation . . . . . .

. . ysis being very discouraging (Faegri 1966), mai
and climate changes, as well as the understanding of

their dynamics. Studies of both regional and local mod-
ern pollen deposition become, consequently, very signi-
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cause of the extremely high plant diversity and 1
the plants displaying entomophillous pollination
dispersal through insects), Flenley (1973) conduc
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were not unfeasible, and pollen production and dispersal
were not as limiting as initially believed. Additionally,
despite the pollen of numerous tropical plant taxa was
rarely or never found in sediment samples, there were
enough pollen grains being produced and dispersed to
sample sites, which allowed the pollen assemblages to
be related to specific vegetation types.

NUMERICAL TECHNIQUES IN PALEOECOLOGY

In the last two decades, Paleoecology displayed a dra-
matic shift from being purely qualitative and subject-
ive to being more quantitative, making use of many nu-
merical techniques such as Multivariate Analysis. This
change was probably due to evolution of personal com-
puters, which allowed significant improvements and
the design of new statistical software packages (Pielou
1984, McCune and Grace 2002).

The same trend was observed in Palynology. Most
of the earlier studies with fossil pollen that used any
numerical analysis employed only Constrained Cluster
Analysis in order to facilitate the identification of
changes in pollen assemblages. This classification tech-
nique was usually performed by Coniss (Grimm 1987),
a software included in the Tilia package (Grimm 1992).
In the last decade, however, an increasingly large num-
ber of studies that have been conducted started to ap-
ply different techniques of Multivariate Analysis in Pa-
lynology, such as Detrended Correspondence Analysis —
DCA, Principal Component Analysis — PCA, Two-way
Indicator Species Analysis — TWINSPAN, Non-metric
Multidimensional Scaling — NMDS, and even Canoni-
cal Correspondence Analysis — CCA (e.g. Bush et al.
1990, 2005, Bush and Colinvaux 1990, Rodgers and
Horn 1996, Behling et al. 1997, Haberle and Bennett
2001, Stutz and Prieto 2003, Gosling et al. 2005,
Urrego et al. 2005, De Toledo and Bush 2008a, b).

Detrended Correspondence Analysis (DCA) (Hill
and Gauch 1980) is an ordination technique based on
Correspondence Analysis (CA or RA) and, like CA, it or-
dinates both samples and species simultaneously. How-
ever, DCA provides a correction for the “arch effect”,

a mathematie artfifact that 1c almnct a conctant nrecenece

Axis 2 within each segment to zero, DCA avoids this
mathematical artifact. The main goal of this multivari-
ate technique is to reduce the number of ecological di-
mensions with a minimum loss of information (McCune
and Grace 2002), allowing the observation of the most
relevant of a large number of patterns in the data, demon-
strating the similarity, association, and correlation among
samples and species (Behling et al. 2005).

Of all Multivariate techniques, DCA was chosen
basically because it is not affected by mathematical arti-
facts (e.g. “arch effect”, very common on other popular
techniques McCune and Grace 2002), and also because
the ordination axes are rescaled as standard deviation
units (SD), allowing estimates of species turnover rates.

INTEGRATING MODERN POLLEN RAIN
AND FOSSIL POLLEN DATA

Several studies on modern pollen deposition have been
carried out worldwide. Three types of samples have
been used in these studies: artificial pollen traps (Tauber
1974, Bush 1992, Behling et al. 1997, Bennett and
Hicks 2005, Gosling et al. 2005); sedimentary surface
samples from soil, peat bogs and lake, also known as
mud-water interface (Rodgers and Horn 1996, Phillips
et al. 1997, Vincens et al. 1997, Willard et al. 2001),
and finally samples from moss cushions (Weng et al.
2004). Even though, there are many studies of mod-
ern pollen rain that use samples from different origins
to characterize present vegetation. Hardly any of them
attempted to evaluate potential differences of pollen
contribution among sample types (Wilmshurst and Mc-
Glone 2005) and the consequences for paleovegetation
and paleoclimate reconstructions.

Despite modern pollen rain being extremely im-
portant for paleovegetation and paleoclimate reconstruc-
tions, only a few studies accomplish the integration of
modern and fossil pollen data, even with the availabil-
ity of numerical techniques to aid in the identification
of characteristic communities.

Phillips et al. (1997) conducted a vegetation survey

in Panama using modern pollen data to characterize dif-

farant veoatation tunec nf coactal cvwvamne A frervrardce
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In a study carried out in Florida (USA), Willard et
al. (2001) have shown the usefulness of modern pollen
assemblages in estimates of past trends of vegetation,
hydrology, and environmental parameters that control
plant communities in the Everglades. They used Cluster
analysis and the Modern Analog Technique, and found
that both methods were complementary.

Additional results demonstrating the applicability
of modern pollen rain in paleoclimate and paleovege-
tation studies are available for southern South America
as well. Markgraf et al. (2002) and Stutz and Prieto
(2003) have analyzed modern pollen samples crossing
the Andes from southern Chile to Patagonia, and in a
coast-inland transect in Mar Chiquita, Argentina (respec-
tively). Techniques of Multivariate analysis were suc-
cessfully applied on both studies and, although a few
fossil communities had no contemporary counterparts,
it was possible to identify modern analogs for most of
the fossil pollen assemblages, which allowed more re-
liable paleoclimate and paleoenvironmental reconstruc-
tions of these fossil records to be accomplished.

In Brazil, the research on present vegetation using
modern pollen rain has apparently received little atten-
tion, judging by a relatively small number of published
studies. Salgado-Labouriau (1973) and Bush (1991)
presented the earliest data on modern pollen deposition
on cerrado vegetation from central Brazil and rain for-
est from Central America and Amazonia (respectively).
Still in Amazonia, Barth et al. (2002) carried out a pollen
analysis of soil samples from a transect across a savan-
na-like area in the middle of the lowland rain forest in
Para State.

The first systematic pollen rain study on southern
Atlantic rain forest was published by Behling et al.
(1997) with data from Biological Reserve of Volta
Velha, in Santa Catarina State. Further studies from
southeastern Brazil, specifically in Rio de Janeiro State,
are available in the literature (Luz et al. 2005, Barreto et
al. 2006). While Barreto et al. (2006) studied modern
pollen deposition throughout Guanabara Bay in Rio de
Janeiro city, Luz et al. (2005) analyzed samples from

T aocna Ao Carmnele northeactern Rio de Taneirn <tate

of their respective fossil pollen records (Luz et al
Barreto et al. 2007).

This study attempts to demonstrate the p
application of modern pollen rain data on paleo
and paleoenvironmental reconstructions based o
pollen and using multivariate analysis.

STUDY GOALS

The main goal of this study was to test how
vanced statistical technique of multivariate a
Detrended Correspondence Analysis — DCA (b
Gauch 1980), performs when analyzing (compar
contrasting) three different sets of pollen sample

The specific goals were to statistically c
pollen samples from two sediment cores colle
Lagoa Salgada, which were analyzed with a
interval, to evaluate the already existing paleoe
mental interpretations. Additionally, samples fro
cores were statistically compared with modern
rain samples in order to aid in paleoenvironme:
constructions.

TESTED HYPOTHESES

HI: There will be a great dissimilarity among s
from cores T1 and T2.

The sample sets were obtained from two sedimer
(T1 and T2), collected less than 1000 m apart, af
Salgada (northeastern Rio de Janeiro), and we
lyzed with a 4-year interval. Although both cor
analyzed by the same person, there was a mark
ference between the pollen identification skills
time of each analysis, which was confirmed t
mates of pollen richness and diversity from bott
It is well known that the core location may hav
influence on the pollen spectra due mainly to d
pollen settling velocities and wind pattern. He
as the vegetation around Lagoa Salgada is basic:
same, it is acceptable to assume that the learnin,
of pollen identification will have a much greater
on the pollen spectra, especially because a stud
der training will not be able to see the differences

ralativelys cimilar mornholoaocical featiiree oralinit
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pollen sum) times an average of 10-15 samples, which
would give a total of 2000-4500 pollen grains for each
sediment core (for instance) per student.

Therefore, we expect samples from T1 and T2 to
be placed separately on the scatter diagram, which de-
monstrates their low similarity.

H2: Surface samples will have a greater similarity
towards upper samples (vounger in age) from T2 than
towards the bottom ones.

Additionally, as samples of the transect and core T2
were analyzed within the same time frame (same level
of identification skills), we expect the top samples from
T2 and surface samples to form a cluster on the scatter-
plot diagram, suggesting their similarity, and maybe even
indicating when the modern vegetation and environmen-
tal settings were established. We make no predictions
on how samples from T1 will be placed, however.

STUDY SITE

Lagoa Salgada (21°54'47"”S/41°00'34”W) is a coastal
lagoon located near Sdo Tomé Cape, northeastern of
Rio de Janeiro State, in the coastal plain formed by
beach ridges at the mouth of Paraiba do Sul River, at
less than 3 km from the Atlantic Ocean (Fig. 1). The
lagoon has brackish water and is 8.6 km long, 1.9 km
wide and only 1m deep, with no tributaries. Accord-
ing to Martin et al. (1993), Lagoa Salgada started to
be formed during a phase of coastal erosion (3900-3600
years BP) due to Holocene sea-level rise (Suguio et al.
1985), while radiocarbon dates on marine shells pro-
vide an age of 3000 years BP for its formation.

The modern climate is tropical and humid, with
mean annual temperatures between 19 and 23°C and an-
nual mean precipitation of less than 1000 mm, falling
mainly between December and March with a dry season
from May to September (IBGE 2002).

Even though changes in the land use replaced the
natural vegetation, converting large areas for farming
activities (e.g. cattle ranching and sugarcane agricul-
ture), the pollen signal from Lagoa Salgada may be in-

Anenced hy farlrr mainr veoetatinn ftunec: ecemicdecidiie

MATERIALS AND METHODS

Two sediment cores were collected by hammering a
pipe into the bottom sediments of Lagoa Salgada.
While T1 (previously known as IIA2) was collected in
1992 (Lemos R.M.T., unpublished data), T2 (previ-
ously known as T-02) and a transect of surface sam-
ples were collected in 1996 (De Toledo M.B., unpub-
lished data) (Fig. 1). Surface samples were collected on
a zigzag shaped transect in the middle of the lagoon,
spaced approximately 50 m from each other, and con-
sist of the top 3—4 cm of sediment. Both cores were
split open, described and sub-sampled at the laboratory.
A total of 33 samples were analyzed for their pollen con-
tents: 9 samples from T1; 14 samples from T2; and 10
surface samples.

Processing of samples for pollen extraction with
HCI, KOH, HF, and acetolysis followed the methodol-
ogy proposed by Ybert et al. (1992). In order to calcu-
late pollen concentrations, tablets of Lycopodium spores
were added to the samples prior to processing (Stock-
marr 1971). The pollen residues were mounted in glyc-
erin jelly medium and counts of at least 200 grains that
were conducted at 400x and 1000x magnification on
a Zeiss Axiolab. Pollen grains were identified by com-
parison with the reference collection of modern pollen
housed in the Laboratério de Palinologia of Univer-
sidade Federal do Rio de Janeiro, and also published
catalogs with photographs and morphological descrip-
tions of pollen types (Hooghiemstra 1984, Roubik and
Moreno 1991). The pollen sum, which included only
the terrestrial taxa, pollen percentage and concentration
were all calculated in TILIA (Grimm 1992).

Detrended Correspondence Analysis — DCA (Hill
and Gauch 1980) was carried out on pollen data using
the new algorithm provided in PC-ORD 4.0 (McCune
and Mefford 1999).
standing of the factors affecting sample distribution
along axes 1 and 2, three matrices containing percent-
age pollen data were prepared: a) matrix I — percentage

In order to have a better under-

pollen data from cores T1 and T2, including all species
recorded (84 species); b) matrix II — percentage pollen

Aata from coree T1 and T inechiidine onlv chared ecnecieac
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RESULTS AND DISCUSSION
SEDIMENTARY RECORD

Core T1 (ITA2 in Lemos R.M.T., unpublished data)
was 120 cm long, composed of gray clayed-mud in the
bottom, overlain by calcareous mud, and with organic-
rich mud on top. Core T2 was 130 cm long and showed
the same composition of T1: gray clayed-mud in the
bottom, replaced by calcareous mud in the middle, and
overlain by organic mud on the top. The conventional
radiocarbon date of the carbonate lenses (55 and 50 cm)
provided an age of about 2500 years BP (De Toledo
M.B., unpublished data). It is worth mentioning that
sediment distribution on both cores appears to be repre-
sentative of an environmental change, which is recorded
by the replacement of gray clayed-mud by calcareous
mud, indicating relatively drier conditions.

POLLEN RECORD

The pollen record from both cores (T1 and T2) also
showed an environmental discontinuity, which allowed
the recognition of two main phases that were inter-
preted as humid conditions on the basal portion of the
cores, being replaced by relatively drier conditions on
the above layers (Lemos R.M.T., unpublished data, De
Toledo et al. 1996, De Toledo M.B., unpublished data).
This major vegetation change seemed to have taken
place between 70 and 55 cm of depth on both cores,
right below the carbonate lenses, where the calcareous
mud replaces the gray clayed-mud (ca. 2500 years BP).
The shift to drier conditions is, therefore, confirmed
by both pollen records (De Toledo M.B, unpublished
data). As the goal of this research is to run Detrended
Correspondence Analysis (DCA) to compare T1 and
T2 pollen records, and also to identify contemporary
analogs from modern pollen rain, reviewing discussion
of previous paleoclimate and paleoenvironmental in-
terpretations is beyond the scope of this investigation.
Therefore, the presentation of the respective pollen di-
agrams is irrelevant, as they do not serve to the pur-

pose of this study and can also be found in their original
literatitre (T etmoec R M T 1inniihliched dAata De Thaleda

the central portion of the lagoon, which could be ex-
pected, as these samples are located in the deepest area.
The pollen richness of surface samples was higher than
samples from T1, but comparable with samples from T2,
which was also expected, as T2 and surface samples were
analyzed within the same timeframe.

MULTIVARIATE ANALYSIS — FOSSIL RECORDS

Detrended Correspondence Analysis (DCA) on pollen
data (including all species) from cores T1 and T2 dis-
played a strong polarization on Axis 1 (Fig. 2A), plac-
ing samples from “pre-environmental change” (from
now on referred to as bottom samples) on the left side
and “post-environmental change” (from now on referred
to as top samples) on the right side of Axis 1. Inter-
estingly, not all “post-change” samples are grouped to-
gether, as the very top samples from T2 (27-1 cm depth)
have scored higher values on Axis 2, and are spread on
the top-right portion of the graph.

This particular sample distribution suggests that,
although samples from very top of T2 may be to some
extent unlike those from top of T1, both cores are in-
deed much more similar than expected, regarding their
pollen composition.

To minimize the effect that the differences in pollen
richness may have on a fair comparison of T1 and T2,
as their pollen assemblages share only 15 species, DCA
was performed once again on a matrix containing only
common species to both cores (Fig. 2B). The most no-
ticeable modification on this second scatter plot was the
inversion of Axis 1, and the formation of smaller clusters
of samples. Nevertheless, not even the length of either
axis has changed, and the very top samples of T2 are still
polarized by Axis 2, being placed relatively apart from
other “post-environmental change” samples (Fig. 2B).

The fact that DCA shows a similarity among sam-
ples from T1 and T2, and even splits top from bottom
samples, rather than just polarizing samples according
to their respective cores, could suggest that numerical
analyses, in this case DCA, are such powerful techniques
that differences in pollen richness or diversity do not af-

fart analvcic af cimilarity af all Howvwever nallen richo
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Fig. 2 — Detrended Correspondence Analysis (DCA) of cores T1 and T2 showing a strong polarization of samples along Axis 1. A) DC,

out on percentage pollen data of all species that were present on both cores together. B) DCA carried out on percentage pollen data «

species. Various symbols were used to characterize different samples: black circles for bottom samples from T1; gray triangles for top

of T1; black upside down triangles for bottom samples of T2; and gray diamonds for top samples of T2.

yield different values of pollen richness, larger lakes
tend to yield richer and more diverse samples than
smaller lakes). Therefore, if sample size is fixed (200
grains in this case), and the environment and vegetation

val between the analysis of both cores, which i
lated into different pollen identification skills, it
plausible to accept that variations of such magni
pollen richness are due to differences between
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(at the bottom). Community changes are directional rather than chaotic, showing progression of

plant community from one state to another. The major change took place between 70 and 55 cm.

Although DCA, and other multivariate analysis,
are undeniably remarkable tools that allow a graphic
summarization of multidimensional data, showing the
most important patterns and gradients, it would be in-
correct to assume that these statistical techniques could
fix bad data.

Matrices with differences in species richness of
such magnitude (84 species — 15 species = 69 species)
would certainly yield pollen assemblages with a much
greater dissimilarity than the one detected by DCA. One
possible explanation for this is the presence of a very
strong pattern within the data. When the pollen data
reflect a drastic environmental change, such as the one
described by De Toledo and Bush (2008a, b), it be-

blage that records this environmental change is com-
posed of just a few major pollen types that were easily
recognized on the analysis of T1.

Plotting the DCA scores from Axis 1 of both cores
against sample depths demonstrates the major pattern
of environmental change, as recorded by pollen assem-
blages (Fig. 3). The scores from T2 were multiplied
by minus one (—1) in order to alter the graphic direc-
tion of the curve, just so it would allow better visual
comparisons to be made. The most important thing to
notice is that, in both cores, the changes in pollen assem-
blages are directional rather than chaotic, which shows
a progression of communities from one state to another.
An additional striking feature of these graphs is that the
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bottom samples (pre-environmental change) from T1 and T2 are placed on the right of Axis 1; top samples (post-environmental change)

and T2 are placed on the left of Axis 1, together with surface samples; near-modern samples from T2 (27—1 cm depth) are separated fi

samples, being placed closer to surface samples. The same symbols from Figure 3 were used to characterize different samples: black ¢

bottom samples from T1; gray triangles for top samples of T1; black upside down triangles for bottom samples of T2; gray diamond

samples of T2; and open triangles for surface samples.

As DCA results pointed to a fairly high similar-
ity between T1 and T2, even when using all pollen taxa
recorded, hypothesis 1 is rejected. The potential effect
of different stages of pollen identification skills was, ap-
parently, not greater than the environmental change that
took place in the region of Lagoa Salgada.

MULTIVARIATE ANALYSIS —
MODERN AND FOSSIL RECORDS

Integrating fossil and modern pollen data through De-
trended Correspondence Analysis allowed a paleoen-
vironmental reconstruction of Lagoa Salgada based
on statistical methods (Fig. 4). The scatter plot clearly
shows the strongest polarization of samples along
Axis 1, placing bottom samples from T1 and T2 (pre-
environmental change) on the right side, and post-en-
vironmental change samples (top samples) on the left.
It is remarkable that surface samples, which provide

the moadern nallen rain cional or the nroavvy far nrecent

and local community. It is also worth mentioni
the trend previously observed (Fig. 3) of dire
change of communities, persists when modern s
are added into DCA. This pattern, which was p
caused by the environmental change that was re
at Lagoa Salgada, is so strong in the dataset th
axes 1 and 2 are responsible for 75% of total v:
within the data.

As surface samples are clustered with top s
(post-environmental change) from not only T2, t
T1, showing their high similarity, and bottom s
from both cores are found to have great dissir
with modern samples, hypothesis 2 is therefore ac

The observed pattern of sample distributic
4) suggests that a vegetation type that closely
bles to the modern vegetation of Lagoa Salgada
tablished as early as 2500 years BP (between
55 cm depths). It is noteworthy that Axis 2 pc
post-environmental change samples from T2,

the challoaver onee 34 and 27 cm on the hattam
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The fact that there were no modern analogs for
the community from pre-environmental change could
be due to a rather restricted variety of modern environ-
ments sampled, since all surface samples were taken
from Lagoa Salgada. These results would probably
change as new surface samples from different vegeta-
tion and environment types are added to the data.

CONCLUSIONS

The integration of modern and fossil pollen data from
Lagoa Salgada, Rio de Janeiro State, was successfully
accomplished using Detrended Correspondence Analy-
sis, which provided more solid paleoecological interpre-
tations.

The potential effect of different stages of pollen
identification skills was, apparently, not greater than
the impact of the environmental change that was re-
corded at Lagoa Salgada, northeastern Rio de Janeiro
State.
strated that Multivariate Analysis techniques, such as
DCA, are very appropriate to identify such strong pat-

Furthermore, it has been undoubtedly demon-

terns within paleoecological data.

The high similarity between surface samples and
top-core (pos-environmental change) samples suggests
that vegetation and environmental conditions have been
basically the same in this region for the last 2500 years.

Detrended Correspondence Analysis proved to be
a powerful tool that can be very useful in Paleoecology,
and definitely should be used more often on paleoclimate
and paleoenvironmental reconstructions.
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RESUMO

Apesar da indiscutivel importancia da identificagdo de ana-

laconce mndoarnne rnara octiidac Ao Palancranlacia ralativiarmmonts

estudo demonstra a aplicag@o pratica de dados de deposicdo
polinica atual em reconstru¢des paleoambientais baseadas em
polen fossil utilizando analises multivariadas. O objetivo prin-
cipal deste estudo foi o de usar a Analise de Correspondén-
cia Destendenciada (DCA) para comparar amostras palinolo-
gicas de dois testemunhos coletados na Lagoa Salgada, uma
laguna costeira localizada no nordeste do Rio de Janeiro. Além
disso, amostras atuais foram comparadas estatisticamente com
amostras de ambos os testemunhos, fornecendo novas inter-
pretagoes paleoecologicas. DCA demonstrou que as amostras
dos testemunhos sdo mais similares do que esperado inicial-
mente, e que existe um padrdo consistente nos dados fosseis
(relacionado a um evento paleoambiental), identificando clara-
mente no diagrama de dispersao as amostras pré- e pos-distar-
bio. Além do mais, tornou-se aparente que a vegetacdo atual
se estabeleceu na regido 2500 anos antes do presente (AP).
A analise multivariada permitiu uma integragdo mais confiavel
dos dados polinicos fosseis e atuais, confirmando ser uma fer-
ramenta poderosa para estudos em Paleoecologia, e que certa-
mente deveria ser empregada com mais freqiiéncia em recons-

trugdes paleoclimaticas e paleoambientais.

Palavras-chave: analise multivariada, reconstru¢do paleoam-

biental, palinologia do Quaternario, Lagoa Salgada.
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