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Abstract The objective of this study was to evaluate the
composition, diversity, and structure of tidal “Varzea” and
“Igap6” forests in eastern Amazonia, Amapa, Brazil. All
live tree individuals with diameter at breast height (dbh)
>10 cm were registered. A total of 130 plots measuring
10 x 100 m were inventoried, distributed among 13 ha in
each of the two forest typologies. A total of 10,575 trees
were reported, belonging to 343 species, 172 genera, and 49
families. For all 26 ha sampled, mean tree density was 406
+ 61.27 trees ha™ ' and mean basal area was 27.2 & 11.13 m?
ha~!. Fabaceae, Arecaceae, Malvaceae, Meliaceae, and
Rubiaceae were the most important families in tidal “Var-
zea”, together accounting for 74.76 % of the family
importance value index (FIVI %). In “Igap6”, the most
important families were Lecythidaceae, Euphorbiaceae,
Malvaceae, and Arecaceae, which together accounted for
57.05 % of the family important value index (FIVI %).
Smaller diameter trees measuring between 10 and 30 cm dbh
dominated the landscape, accounting for 75.52 % of all
individuals sampled. In general, 80 % (8285) individuals
were under 24 m in height, while only 1.32 % of trees (140)
reached heights above 34 m. There was evidence for sta-
tistically significant mean differences among tidal “Varzea”
and “Igapd” with regard to the number of individuals,
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species, diversity, and tree height. However, no mean dif-
ferences were detected for equitability, dbh, dominance, and
basal area. Compositional patterns showed low similarity
between the evaluated areas, indicating the existence of
phytogeographic pattern based on species distribution.

Keywords Dominance - Phytosociology - Similarity -
Species distribution

Introduction

“Varzea” and “Igap6” forests are considered distinct
floodplain habitats. The former covers an area of approx-
imately 180,000 km? and is characterized by low soil fer-
tility and low productivity (Melack and Hess 2010). The
latter covers approximately 300,000 km? distributed along
channel margins that drain the Andes and Andean foothills.
Rivers of “Varzea” floodplains thus carry large suspended
loads of nutrient-rich sediments (Melack and Hess 2010).

Many Amazonian wetland forests are affected by peri-
odic inundation, resulting in cycles of terrestrial and
aquatic phases. These flood regimes strongly influence
vegetation composition and dynamics, thus providing a
unique opportunity to further our understanding of eco-
logical structure and function within periodically flooded
systems (Junk et al. 1989). As a consequence of the often
extreme environmental conditions, wetland organisms have
developed a number of morpho-physiological coping
strategies (Parolin et al. 2010).

Relatively few studies have compared “Varzea” and
“Igapd”, e.g., Haugaasen and Peres (2006), Almeida and
Jardim (2011), Ferreira and Parolin (2011), and Ferreira
et al. (2013). Comparative studies in central and western
Amazonia support the idea that “Varzea” is more species-
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rich (Haugaasen and Peres 2006; Wittmann et al. 2006).
Indeed, “Varzea” is considered the most species-rich
wetland tree community in the world, with well-over 1000
tree species (Wittmann et al. 2010).

The objective of this study was to compare the forest
structure, composition, and diversity of tidal “Vérzea” and
“Igap6” in two watersheds of eastern Amazonia. The fol-
lowing hypotheses were tested: (1) the diversity and phy-
tosociological patterns differ significantly between tidal
“Varzea” and “Igap6” forests, and (2) the diversity and
phytosociological patterns do not differ significantly
between the flooded forests of this study in relation to other
periodically flooded Amazon.

Materials and methods
Study area

We studied two alluvial forests in different watersheds of
eastern Amazonia, located in southern Amapd, northern
Brazil. The first watershed represents tidal “Varzea” and is
drained by the Mazagdo river, located within the munici-
pality of Mazagdo between 00°14'06” and 00°15'54” lati-
tude and 51°20'06” and 51°23'42” longitude. The second
watershed represents “Igapé” and is drained by the Jari
river, located in the municipality of Laranjal do Jari between
00°30'00” and 01°06'00” latitude and 52°18'00” and
52°38'00” longitude (Fig. 1). In both watersheds, the cli-
mate is tropical with a mean annual temperature of 27.5 °C
and mean rainfall of 2158 mm (Vasquez and Rabelo 1999).

The studied “Igap6” forest lies predominantly within
the Guiana Shield, a geological formation of pre-Cambrian,
crystalline bedrock underlying northern Amazonia. Soils in
this geological region are predominantly sandy to clayey
latosols (Vasquez and Rabelo 1999). Water supply to the
local watershed is derived from local rainfall, without
contribution from tidal flow. The studied tidal “Varzea”
occurs within an estuarine complex, deriving its water
supply from Andean runoff, innumerous tributaries, and
local rainfall on the watershed. In addition, two daily tidal
flows of predominantly freshwater affect the estuarine
“Varzea”, thus giving rise to the name tidal “Varzea”.
Soils are generally haplic gleysols with very clayey to silty
texture (Queiroz and Machado 2008).

Floristic inventory and data collection

Vegetation was sampled in 26 1-ha plots (100 m x 100 m),
divided into 13 ha for each habitat (“Varzea” and “Igap6”).
Each plot comprised 10, 1000 m? (10 x 100 m) subplots.
Only live individuals with trunk diameters at breast height
(dbh) >10 cm were considered. Each branch was reported in
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cases where individuals had multiple branches >10 cm dbh.
All plots were georeferenced with a GPS. All individuals
were tagged with aluminum plaques and identified in the
field with the aid of parataxonomists. APG III (2009) was
adopted for taxonomic classification. Voucher specimens of
individuals that could not be identified in the field were
collected for subsequent comparison at the Herbario Ama-
paense (HAMAB—IEPA). After determination to the low-
est possible taxonomic rank, the vouchers were incorporated
into the herbarium: numbers 18,185 to 18,201.

Data analysis

In order to elucidate the compositional differences between
tidal “Varzea” and “Igapd”, for each community we
ranked species and families from the most to the least
important based on the summation of relative abundance,
relative frequency, and relative basal area of each taxon.
Importance values for each taxon are reported as a per-
centage of the total. Trends in compositional pattern were
also assessed through a cluster analysis of plots by an
average linkage method (UPGMA). The dissimilarity
matrix used for clustering was based on pair-wise com-
parisons of plot composition using the Bray—Curtis simi-
larity metric for abundance data.

To quantify vegetation structure of “Varzea” and
“Igapd” habitat, for each plot we calculated stem density,
mean basal area, and mean tree height. Also, to assess
differences in diversity among habitats, plot-level diversity
was estimated as Fisher’s o coefficient and species richness
(Fisher et al. 1943). Additionally, species accumulation
curves were compared for “Varzea” and “Igap6”. Mean
differences in the plot-level structure and diversity mea-
surements among the two habitats were assessed using
t tests (Zar 2010).

To understand how structure and diversity metrics might
vary within tidal “Varzea” and “Igap6”, we also assessed
the mean differences among upstream, intermediate, and
downstream sites within each habitat. For this, we used an
analysis of variance and Tukey’s test for multiple com-
parisons. To check whether the assumptions of normally
distributed data were fulfilled for use of parametric anal-
yses, we used the Shapiro—Wilk test. We used PAST v.2.04
software for all analyses (Hammer et al. 2001).

Results
Vegetation composition, structure, and diversity
In total, we recorded 10,575 trees (dbh > 10 cm) dis-

tributed among 343 species, 172 genera, and 49 families
(Fig. 2). For “Varzea”, we recorded 5461 trees distributed
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species, 150 genera, and 45 families.

In “Varzea”, the most important plant families were
Fabaceae, Arecaceae, Malvaceae, Meliaceae, and Rubi-
aceae, which together accounted for 74.76 % of the family

importance value index (FIVI). In “Igapd”, the most

accounting for 57.05 % of the family importance value
index (FIVI). A total of 25 families (~51 %) are common
to both “Varzea” and “Igapd”, but Fabaceae stands out as
the most important family in both habitats (Table 1).
Several rare families contributed only one individual to
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Fig. 2 Total number of individuals sampled in terms of species,
genera, and families in the studied “Varzea” and “Igap6” forests
located in eastern Amazonia, Brazil

“Varzea” and “Igap6” each, including Amaryllidaceae,
Araliaceae, Bixaceae, Convolvulaceae, Hypericaceae,
Olacaceae, Salicaceae, and Violaceae.

Approximately 13 % (44) of the species occurred in
both “Varzea” and “Igap6”. Among these, the most
important were Pentaclethra macroloba (Willd.) Kuntze,
Hevea brasiliensis (Willd. ex A. Juss.)Miill. Arg., Spondias
mombin L., Virola surinamensis (Rol. ex Rottb.)Warb., and
Mora paraensis (Ducke) Ducke (Table 2). The five most
important species in “Igapd” and tidal “Varzea” accoun-
ted for 35.23 and 35.7 % of the cumulative importance for
each habitat, respectively. The 15 most important species
in “Igap6” accounted for approximately 50 % of total
importance, while in “Varzea”, the 15 most important

species accounted for 60 %. Species represented by a sin-
gle individual accounted for about 20 % (n = 56) of spe-
cies in “Igap6” and 17 % (n = 16) in tidal “Varzea”.

Diameter distributions in both tidal “Varzea” and “Igap6”
showed an inverse J curve (Fig. 3). The smallest diameter
class (between 10 and 30 cm) included the most individuals,
accounting for 74.75 and 76.34 % of individuals in tidal
“Varzea” and “Igapd”, respectively. Only 80 trees (0.76 %)
had trunks greater than 90 cm dbh, with 56 (1.03 %)
belonging to tidal “Varzea” and 24 (0.47 %) to “Igap6”.

In “Igapd”, the three most important families accounted
for 45 % (143.17 m?) of the total basal area, including
Fabaceae, Lecythidaceae, and Euphorbiaceae. The species
accounting for the largest proportion of “Igapd” basal area
included P. macroloba (40.88 m?), H. brasiliensis
(32.03 m?) and Artalea maripa (Aubl.) Mart. (13.39 m?).
In “Varzea”, the three most important families, Fabaceae,
Arecaceae, and Malvaceae, accounted for approximately
60 % (230.37 m2) of the total basal area. The species
accounting for the largest proportion of tidal “Varzea”
basal area included Mora paraensis, Pentaclethra macro-
loba, and Astrocaryum murumuru Mart. The relatively high
basal areas of these species were due largely to their high
abundance (Fig. 4).

The height distribution curves of individuals showed
different patterns for tidal “Varzea” and “Igap6” (Fig. 5).
In “Varzea”, the number of individuals monotonically
decreased with increasing height class. The largest

Table 1 Dominant plant

families in descending order of “Tgapd” “Virzea”

importance in sampled tidal Family N S BA FIVI  Family N S BA FIVI

“Varzea” and “Igapd” located

in eastern Amazonia, Brazil Fabaceae 1510 67 90.24 27.97 Fabaceae 2093 28 1523 39.18
Lecythidaceae 675 15 18.42 10.14  Arecaceae 1427 6 45.83 17.83
Euphorbiaceae 229 9 3451 6.69 Malvaceae 476 9 2216 7.56
Malvaceae 292 14 21.00 6.16 Meliaceae 316 4 20.68 6.24
Arecaceae 401 7 16.64 6.09 Rubiaceae 148 1 20.86 3.95
Meliaceae 202 6 13.90 4.11 Chrysobalanaceae 156 3 1233 3.66
Chrysobalanaceae 182 11 1430 3.90 Sapotaceae 130 6 13.59 3.55
Burseraceae 203 11 745 3.76 Myristicaceae 145 1 891 3.20
Anacardiaceae 152 4 1526 3.62 Euphorbiaceae 81 3 1175 2.49
Moraceae 121 10 12.46  3.30 Anacardiaceae 69 1 1048 2.00
Lauraceae 167 12 798 3.05 Lauraceae 73 5 349 1.71
Combretaceae 78 3 11.09 231 Moraceae 36 3 518 1.56
Sapotaceae 89 15 6.67 2.14 Lecythidaceae 48 3 177 1.05
Apocynaceae 111 7 445 199  Clusiaceae 43 3 171 0.98
Myrtaceae 96 13 2.68 1.89 Rutaceae 46 2 129 0.93
Subtotal (n = 15) 4.508 204 277.05 87.12 Subtotal (n = 15) 5287 78 33241 95.89
Other families 606 81 36.84 12.88  Other families 174 20 5759 411
Total 5114 285 313.89 100 Total 5461 98 390 100

For each family, the number of individuals (N), the number of species (S), the basal area (BA), and the
family importance value index (FIVI %) is reported
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Table 2 Dominant species in descending order of importance in sampled tidal “Véarzea” and “Igap6” located in eastern Amazonia, Brazil

“Igap6” “Varzea”

Species BA N U IVl Species BA N U IVl

Pentaclethra macroloba (Willd.) 40.88 840 13 11.49 Mora paraensis (Ducke) Ducke 97.06 837 13 14.25
Kuntze (Fabaceae) (Fabaceae)

Hevea brasiliensis (Willd. ex A. Juss.) 32.03 199 11 7.05 Astrocaryum murumuru Mart. 18.64 911 13 8.01
Miill. Arg. (Euphorbiaceae) (Arecaceae)

Attalea maripa (Aubl.) Mart. 13.39 226 11 4.34  Pentaclethra macroloba (Willd.) 21.92 483 13 5.65
(Arecaceae) Kuntze (Fabaceae)

Gustavia augusta L. Lecythidaceae) 5.51 336 12 4.16 Carapa guianensis Aubl. (Meliaceae) 18.67 259 12 39

Carapa guianensis Aubl. (Meliaceae) 12.71 156 9 8.19 Matisia paraensis Huber (Malvaceae) 14.45 300 13 3.89

Spondias mombin L. (Anacardiaceae) 12.83 130 12 3.55 Calycophyllum spruceanum (Benth.) K. 25.45 148 11 3.6

Schum (Rubiaceae)

Parinari excelsa Sabine 10.62 108 9 3.32  Swartzia cardiosperma Spruce ex 13.67 231 12 3.31
(Chrysobalanaceae) Benth. (Fabaceae)

Terminalia dichotoma G. Mey. 9.89 71 11 2.75 Virola surinamensis (Rol.) Warb. 13.48 145 13 29
(Combretaceae) (Myristicaceae)

Eschweilera atropetiolata S.A. Mori 5.79 113 13 2.27 Manicaria saccifera Gaertn. 9.55 159 12 2.59
(Lecythidaceae) (Arecaceae)

Virola surinamensis (Rol. ex Rottb.) 6.93 56 10 2.03 Licania heteromorpha Benth. 9.36 85 13 2.19
Warb. (Myristicaceae) (Chrysobalanaceae)

Quararibea guianensis (Malvaceae) 248 113 11 1.65 Spondias mombin L. (Anacardiaceae) 10.48 69 12 2.08

Cordia tetrandra Aubl. (Boraginaceae) 441 61 10 1.27 Hevea brasiliensis (Willd. ex A. Juss.) 8.35 63 13 193

Miill. Arg. (Euphorbiaceae)

Vatairea guianensis Aubl. (Fabaceae) 5.00 60 8 1.25 Mauritia flexuosa L. . (Arecaceae) 10.49 91 6 1.84

Eschweilera coriacea (DC.) S.A. Mori 2.07 176 13 1.24 Attalea excelsa (Aubl.) Mart. 7.85 80 10 1.8
(Lecythidaceae) (Arecaceae)

Ceiba pentandra (L.) Gaertn. 891 6 6 1.23  Campsiandra laurifolia Benth. 5.40 90 10 1.65
(Malvaceae) (Fabaceae)

Subtotal (n = 15) 17345 2551 - 55.79 Subtotal (n = 15) 284.82 3951 -  59.59

Other species 140.44 2563 - 44.21 Other species 104.18 1510 - 4041

Total 313.89 5114 - 100 Total 390 5461 - 100

For each species, the basal area (BA—mz), the number of individuals (), sampling unit (U) and the importance value index (IVI %) is reported
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Fig. 3 Diameter distribution of dominant trees in tidal “Varzea” and

“Igapd” in eastern Amazonia, Brazil

proportion of individuals (53.74 %) were under 14 m,
while 36.11 % were between 14 and 24 m, and 8.61 %
were between 24 and 34 m in height. A total of 84 trees
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Fig. 4 Basal area of different diameter classes in tidal “Varzea” and

“Igapd” in eastern Amazonia, Brazil

(1.54 %) had heights above 34 m, representing canopy—
the emergents in tidal “Varzea”. These tidal “Vérzea”
emergents included species such as Mora paraensis
(Ducke) Ducke, Manilkara huberi (Ducke) A. Chev.,
Calycophyllum spruceanum, Olmedia caloneura Huber.,
and Ceiba pentandra with heights between 35 and 43 m.
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Fig. 5 Distribution of individuals among four height classes in tidal
“Varzea” and “Igapd” in eastern Amazonia, Brazil

In contrast, “Igap6” showed a monomodal height class
distribution, with the largest fraction of individuals
(49.51 %) in the second height class between 14 and 24 m
in height. The lower height class accounted for 35.82 % of
individuals, while larger height classes accounted for 13.57
and 1.09 % (56 emergent trees) of individuals. Emergents
in “Igapé” include Ceiba pentandra, Hevea brasiliensis,
and Goupia glabra Aubl. In general, individuals <24 m in
height accounted for 80 % of all individuals in both tidal
“Varzea” and “Igap6”.

For most structural variables assessed, there was more
variation within tidal “Varzea” and “Igapd” habitats than
between them. Mean tree density for all 26 ha was estimated to
be 406.73 + 61.27 trees ha™'. Tidal “Vérzea” had 27 more
trees ha~! than “Igapd”, on average, but this difference was
not statistically significant (P < 0.01) (Table 3). Mean basal
area for all plots was 27.2 & 11.13 m” ha™'. Although tidal
“Virzea” had a mean basal area 5.57 m* ha™ ' higher relative
to “Igap6”, there was no evidence for consistent differences
among habitats (P > 0.05). For mean tree height, “Igap6”
trees were, on average, 2.26 m taller than those of tidal
“Varzea” (P < 0.05).

Fisher's o ranged from 846 to 16.53
(mean = 11.10 + 2.1) for tidal “Varzea” and from 9.78 to

28.32 (mean = 18.54 + 5.2) for “Igapd”, indicating higher
mean alpha diversity for “Igap6” (P < 0.001) (Table 3).

Rarefaction curves also showed that “Igap6” is almost
three times more species-rich than “Varzea” in the area
investigated (Fig. 6). In tidal “Varzea”, the expected rate
of new species was low. In contrast, in “Igap6”, new
species were accumulated throughout. There was no evi-
dence for differences in equitability (J) between tidal
“Varzea” and “Igapd” (P > 0.05).

In “Igapd”, comparison of upstream, intermediate, and
downstream sites showed significant differences with
regard to mean trunk diameter (P < 0.05), mean tree height
(P < 0.05), basal area (P < 0.01), and the number of
individuals (P < 0.001). However, there was no evidence
for differences in Fisher’s alpha or plot richness
(P > 0.05). For all variables assessed, except for tree
density, upstream sites showed the highest values, while
downstream sites showed the lowest.

In tidal “Varzea”, there was no evidence of mean dif-
ferences in Fisher’s alpha, plot richness, and structural
variables among upstream, intermediate, and downstream
site classes. However, downstream sites had, on average,
between 9 and 15 % less tree stems than upstream site
classes (P < 0.001) and showed higher values for mean
trunk diameter, height, and basal area (Table 4).

The dendrogram clusters revealed that the major division
with regard to vegetation composition corresponded to the
different habitats: tidal “Varzea” and “Igapd” (Fig.7).
Moreover, the dendrogram aided in identifying the differences
in compositional pattern within tidal “Varzea” and “Igap6”.
Specifically, in “Igap6”, dendrogram clusters are concordant
with upstream, intermediate, and downstream groups, indi-
cating compositional change along the river course.

Upstream sites in “Igap6” had more variable composi-
tion than both intermediate and downstream groups. In
contrast, plot-wise comparisons in tidal “Varzea” all had
similarities above 0.5, indicating less compositional vari-
ation among plots relative to “Igapd”. Unlike tidal

Table 3 Mean and standard
errors for tree density,
individuals ha™' (H), species

Variables

(S), diversity (Alfa Fischer),

equitability (J), mean diameter
(mD), mean height (mHT),
mean basal area (mBA) of plots
in tidal “Varzea” and “Igapd”
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N (individuals ha™")
Species

o Fisher
Equitability (J)

mD

mHT

mBA

“Varzea” “Igapd” t test
T P
420.08 £ 60.47a 390.34 £ 50.47b 3.28 o
40.23 £ 5.01a 63.23 + 13.35b 2.41 o
11.10 £ 2.1a 18.54 £5.2b 2.14 ok
0.75 £ 0.06a 0.79 £ 0.06a 1.38 Ns
25.34 £ 9.01a 23.93 + 4.03a 1.60 Ns
14.8 £ 2.19a 17.062 £ 2.74b 1.51 *
29.92 £+ 14.24a 24.15 £+ 6.09a 1.81 Ns

The sample size in each habitat is 13 plots

Ns No-significant

*P < 0.05; **P < 0.01; ***P < 0.001
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Fig. 6 Expected species accumulation curves by plot, based on random samples of the data, for tidal “Varzea” and “Igap6” in eastern

Amazonia, Brazil

Table 4 Plot-wise mean and standard error for tree density, individuals ha~! (H), species richness (S), diversity (Alfa de Fischer), equitability
(J), mean trunk diameter (mD), mean tree height (mHT), and mean basal area (mBA), for tidal “Varzea” and “Igapé”

Variable  “Igap6” ANOVA  “Virzea” ANOVA
Up-stream Inter-mediate Down-stream P Up-stream Inter-mediate  Down-stream P

N 370.5 £ 50.7a  410.5 £ 48.5b 429 £ 459b  ¥** 370.5 & 41a 43043 £37b  430.3 & 70.3b kK
Species 57.8 £ 12.1a 577 + a 52 + 3.5a ns 40.6 £ 4.5a 377 £ 057a  41.1 £ 6.7a Ns
Fisher 20.31 +£ 5.3a 18.3 &+ 8.6a 16.8 + 3.5a ns 11.65 +1.8a 9.7 £0.18a 11.31 &£ 2.9a Ns

mD 242 £+ 4.6a 258 £3.9a 22.3 +2.8b o 249 + 1.9a 2335+ 23a 2639+ 12.a Ns
mBA 24.6 £ la 279 £ 1a 22 £0.7b *E 25 £ 0.63a 255 £ 0.63a  34.1 £4.35a Ns
mHT 17.7 &+ 3a 18.56 &+ 2.4a 16 £ 1.9b * 15773 £ 1.5a 13.6 £1.73a 149 + 24a Ns

Plot id 1,2,5,6,7 3,11, 12, 13 4,8,9, 10 4,7, 12 2,3, 11 1,5,6,8,9,10, 13

Values are based on sample sizes ranging from 3 to 7, as indicated by the number of plots in each class (see plot id row)

Ns No-significant
*P < 0.05; **P < 0.01; ***P < 0.001

“Varzea”, upstream, intermediate, and downstream sites
did not form clusters as in “Igap6”.

It is worth mentioning that despite strong compositional
differences, several species were widely distributed among
most plots regardless of plot position along the river course
or among dendrogram clusters. Among these, the most
important are Pentaclethra macroloba, Gustavia augusta,
Mora paraensis, Astrocaryum murumury, Matisia
paraensis, Carapa guianensis and Swartzia cardiosperma.

Discussion
The five most important plant families in each habitat

accounted for about 82 and 60 % of trees in tidal “Varzea”
and “Igapd”, respectively. They also accounted for the

largest proportion of species richness, including 50 and
35 % of species reported for tidal “Varzea” and “Igapd”,
respectively. Our study confirms the idea that few plant
families and species dominate tropical forests (Wittmann
et al. 2002, 2004; Wittmann and Parolin 2005; Parolin et al.
2010; Ferreira et al. 2010; Parolin et al. 2010). In the
floodplains studied here, the patterns of dominance are
even more severe, likely contributing to the over-dominant
status reported for some families and species (Ter Steege
et al. 2013).

Among the most important families occurring in both
tidal “Varzea” and “Igapé” communities are Fabaceae,
Arecaceae, Lecythidaceae, and Rubiaceae. Dominance of
the Fabaceae was due to high species richness, abundance,
and mean basal area. The family’s most important repre-
sentatives include Pentaclethra macroloba in “Igapé” and
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Fig. 7 Dendrogram resulting of an UPGMA cluster analysis based on the Bray—Curtis dissimilarity matrix of all 26 plots studied in tidal
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Mora paraensis in tidal “Varzea”. These species have been
reported in other floristic studies of eastern Amazonian
tidal “Varzea” (Almeida et al. 2004) and “Igap6” (Ferreira
et al. 2013), indicating a wider pattern of dominance
beyond the samples of this study. The ranking of other
families with regard to importance varies between tidal
“Varzea” and “Igap6”.

We found that tidal “Varzea” and “Igapd” are similar
with regard to several of the measured structural variables.
For example, over 75 % of individuals had dbh between 10
and 30 cm, and the diameter class distribution observed in
both habitats is similar, matching those found in other
studies of “Varzea” and “Igap6é” (Wittmann et al.
2002, 2004, 2013; Almeida et al. 2004; Wittmann and
Parolin 2005; Haugaasen and Peres 2006; Santos and Jar-
dim 2006; Carim et al. 2008; Ferreira et al. 2010; Almeida
and Jardim 2011).

The inverted J-shaped distribution curve for dbh is
characteristic for tropical forests (Haugaasen and Peres
2006; Carim et al. 2008, 2015) and indicates a positive
balance between recruitment and mortality. We did not find
evidence that the studied forests differed in terms of basal
area and mean trunk diameter. Mean tree height was
greater in “Igap6” than in tidal “Varzea”; however, in both
habitats, the heights of majority of the individuals were less
than 24 m. In tidal “Varzea”, the largest proportion of
individuals were binned into the shortest height class, an
understandable finding considering the limiting conditions
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of environmental instability, where specialized morpho-
anatomical attributes are required for establishment
(Wittmann et al. 2002, 2004; Wittmann and Parolin 2005;
Parolin et al. 2010).

Tidal “Varzea” and “Igap6” showed similar physiog-
nomic structure, distinguished only by a slight increase of
mean height of trees of “Igap6”. Many studies point to
ecological tradeoffs for species occurring in habitats with
contrasting soil nutrient resources—one manifestation of
these tradeoffs is the size of individuals, with smaller
individuals expected in sites with lower nutritional
resources (Fine et al. 2006; Targhetta et al. 2015). Contrary
to these studies, we show that, despite large differences in
soil fertility, the tidal “Varzea” and “Igapd” investigated
here have similar physiognomic structure and comprise
trees of similar size.

Carim et al. (2015) analyzed 14 ha of terra firme forest
adjacent to the “Igapd” forest of this study, reporting
similar findings with regard to composition, diversity, and
structure. For example, Pentaclethra macroloba is among
the 15 most important species in “Igapd” (this study) and
that of Carim et al. (2015) terra firme study. Carim et al.
(2008) studied 5 ha of tidal “Varzea” in a different loca-
tion of the Amazonian estuary, finding practically the same
results for vegetation structure, composition, and diversity
as the tidal “Varzea” considered in the current study.
Gama et al. (2005) compared the distribution of species in
“Vérzea” and “terra firme” in the State of Pard, reporting
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that 85.6 % of species were exclusive to terra firme, 5.2 %
were exclusive to “Varzea”, and 9.2 % occurred in both
terra firme and “Varzea”. These general findings have been
corroborated by a number of authors (Almeida et al. 2004;
Santos and Jardim 2006; Queiroz and Machado 2008;
Carim et al. 2014).

Numerous studies point out the differences between
“Varzea” and “Igap6” in the Amazon region. Some
authors report greater richness and diversity in “Igap6”
(Ferreira et al. 2010). On the other hand, the majority of
comparative studies find that “Varzea” is richer in species,
especially in central and western Amazonia (Haugaasen
and Peres 2006; Wittmann et al. 2006). In fact, “Varzea” is
widely considered the richest floodplain flora in the world,
contributing more than 1000 tree species (Wittmann et al.
2010). We found a large difference with regard to species
richness among habitats, with “Igap6” approximately three
times richer than tidal “Varzea”. This finding stands as a
striking contrast with most comparative studies (e.g., ter
Steege et al. 2000; Wittmann and Junk 2003; Ferreira et al.
2010).

While the two systems we studied are completely dif-
ferent with regard to species richness and diversity, we
found strong similarity in physiognomic structure. Con-
versely, other studies indicate minimal variation in com-
position, diversity, and structure within tidal “Varzea” and
within “Igapd” ecosystems in the eastern Amazon. Com-
position, however, is likely to change at larger biogeo-
graphic scales including the central and western Amazon
(Wittmann and Junk 2003). In sum, this study does not
support the hypothesis that “Varzea” is more species-rich
and diverse than “Igap6”.

In conclusion, this study is a preliminary attempt to
compare “Varzea” and “Igapd” in eastern Amazonia. The
comparison is based on a large, quantitative dataset that
substantially increases our understanding of the plant
diversity and structure of these environments, contributing
essential data needed to make recommendations for the
classification and management of Amazonian wetlands.
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