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a b s t r a c t

This paper shows the importance of the sponge spicules as complement of sedimentary facies analysis in
order to reconstruct the hydrach stages involved in island formation in the Upper Paran�a River, Brazil.
River in the study reach is anabranching with islands of different sizes covered by typical alluvial forest.
We noted that the sponge spicules communities vary according to the changes in the environments
involved in the island formation processes. The sponges were identified by their microscleres and
gemoscleres in optical microscope as Metania spinata, Oncosclera navicella, Oncosclera jewelli, and
possibly the genus Corvoheteromeyenia sp. (Ezcurra de Drago, 1979). By correlating the information
coming from the sponges and sedimentary facies, it was possible to identify five phases of the island
construction and their respective hydrach stages: 1) bar-island channel (Eupotamic stage), 2) blind
channel (Parapotamic stage), 3) lake, 4) swamp (both Paleopotamic stage), and 5) forested island
(Terrestrial stage). Using 14C dating and rate of sedimentation, we observed that the development of
these five phases took ~900e1000 years. The data also supported the idea that the forest begin to be
formed 134e160 years ago. We concluded that sponge is a strong tool on paleoenvironmetal recon-
struction when used with another indicators (in this case the facies analysis) and can be applied other
fluvial studies as river management especially for long-term impacted systems (by dams) as those of the
Paran�a River Basin.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The variety of vegetation in alluvial rivers is a dependent vari-
able of water and sediment flow regimes (Ward and Stanford,
1995). The regime dynamics also have an important role in
ecological succession (Chiarello et al., 1998). Thus, natural or
manmade disturbances in the physical variables of the river (flow
regime, flood tension, sediment yield, flow velocity, etc.) can
change the rate and pattern of ecological succession (Odum, 1988).

Disturbances are key drivers of forest ecosystem dynamics, and
forests are well adapted to their natural disturbance regimes (Seidl
et al., 2014). According to Casco (2003), the distribution and
abundance of vegetation in islands and floodplains are controlled
i).
by periods of floods and drought and by the resilience of the
vegetation. Stevaux et al. (2013), who studied the Upper Paran�a
River, claimed that morphological characteristics, particularly the
topography of islands and floodplains, have different degrees of
connectivity (frequency, permanence, recurrence and tension) with
the channel water flow, which controls the riparian vegetation
distribution. Moreover, those authors affirmed that vegetation
development is controlled by the evolutionary stage of the island
and floodplain morphologies. The process of lateral or frontal
attachment of sand bars forms large parts of the islands of the
Upper Paran�a River (Santos et al., 1992; Fernandez and Souza Filho,
1995; Leli et al., 2017). A succession of sub environments is trig-
gered during the process of attaching bars on the banks and islands.
Leli et al. (2017) identified the hydrach stages of subenviroments
involved in the incorporation of a bar to the island according to a
gradual reduction of the degree of connectivity (Fig. 1). (I) The
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eupotamic stage describes when a lateral bar is deposited beside a
preexistent island, forming a bar-island channel between them.
During this stage, the water in the canal has free circulation be-
tween the island and the bar deposited laterally; it is an environ-
ment of total connectivity (Eupotamic) with the water of the canal.
(II) The succession of sub environments is followed by the para-
potamic stage, when the island-bar channel is closed upstream,
forming a blind channel (Leli et al., 2017). In this environment, the
connectivity with the channel water is made only through a
Fig. 1. Hydrach stages and sedimentary deposits on island evolution process by lateral bar a
island channel (Eupotamic stage) beside a preexisting island. 2: Bar-island channel is closed
water flows in both direction (Parapotamic stage). The former bar is coved by muddy sedim
forming a lake, totally isolated from the channel (Paleopotamic stage). 4: Vertical accretion o
swamp. Development of vegetation with roots e grass and shrub in the swamp and trees o
island's sub environments that acquire terrestrial conditions. At this condition the riparian
downstream mouth. (III) The paleopotamic stage describes when
the blind channel becomes a lake with the closure of its down-
stream mouth. The connectivity with the channel water is
extremely reduced and is made only during floods. The afore-
mentioned authors show that in the parapotamic and paleo-
potamic stages, the physical and chemical parameters of the water
are quite modified compared with channel's water. The isolated
water body continues under sedimentation during the floods,
transforming itself in a swamp and allowing the settlement of root
ttachment for the Upper Paran�a River's islands. 1: Formation of the lateral bar and bar-
in it upstream mouth forming a blind channel under parapotamic condition in which
ents and begins to be vegetated. 3: The downstream mouth of blind channel is closed
f muddy sediments continues during the floods, and lake becomes shallower forming a
ver the ancient lateral bar. 5: The continuous flood sedimentation practically levels the
forest covers entire island.
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vegetation. (IV) The terrestrial stage describes when the continuous
vertical aggradation elevates the environmental surface up to the
level of the preexistent islands and natural levees; therefore, the
connectivity occurs only at bankfull discharges. This sub environ-
mental evolution is also recorded in the sedimentary deposits and
can be reconstructed by facies analysis (Leli et al., 2017) (Fig. 1).

Island evolution is followed by modifications of the vegetation
characteristics, from pioneer grass vegetation, when still in the bar
phase, up to island forest, when the terrestrial condition is reached
in a process that can extend for 101e103 years, (Stevaux et al., 2009).
Thus, for complete comprehension of an island forest formation, it
is necessary to understand the morphological evolution and the
environmental succession involved in island construction. The
studies of island reconstructions and forest settlement involve not
only sedimentary facies analysis (sediment texture and sedimentary
structures) and event chronology (14C, OSL, 210Pb dating, and his-
torical aerial photographs or satellite images) but also a group of
biological indicators in the sediment. A more precise information
concerning, for instance, water quality, climate, vegetation land-
scape and paleoecology are possible only with the use of biological
indicators (e.g. Frenzel and Boomer, 2005). Although not frequent in
fluvial studies, biological indicators have been used in the last
decade in the Upper Paran�a, Ivaí, Madeira and Pantanal rivers and
have included pollen (Feitosa et al., 2015), sponges (Gonçalves,
2014), seeds (Ramírez, 2014), diatom frustules (Brassac et al.,
1999) and, more recently, phytoliths (Rasbold, 2016).

Among the biological indicators, sponge spicules have been
shown to be a powerful tool for paleoenvironmental and paleo-
ecological reconstructions (Batista et al., 2003, 2007; Parolin et al.,
2003, 2007; Volkmer-Ribeiro et al., 2007; Parolin et al., 2008;
Almeida et al., 2009; Kuerten et al., 2013). In addition, the use of
sponges as a bio-indicator is, relatively easy and usually less
expensive in both collecting and processing procedures compared
with other bio-indicators, such as pollen, phytoliths and diatoms.
Because of their siliceous composition, although there are car-
bonate spicules, they are resistant to weathering and especially to
oxidation processes, very common in tropical environments, unlike
seeds and pollens (Parolin et al., 2008).

This paper utilizes, for the first time, sponge spicules and
chronologies in order to enhance the results obtained by the pre-
vious facies analysis studies (Leli, 2015), by giving a more detailed
environmental characterization. Paleoenvirnmental analysis of
fluvial systems usually uses traditional sedimentary facies tools,
and provides information about paleoflow and geomorphological
information restrict to two major fluvial sub environments: chan-
nel and floodplain (see the classical literature as Miall, 1978, 1985,
and Smith, 1983, 1986). On the other hand, the more generalize
used of pollens in fluvial sediments gives a general paleoclimato-
logical information. Sponges, by its sedentary habit can inform
some detailed characteristics of environments as water quality,
water body depth, flow characteristics (lentic or lotic). Base in these
facts we hope to improve paleoenvironmental studies with a strong
tool, especially on fluvial systems evolution and metamorphosis.
We believe that the use of sponges in sediments will also permit, in
the future, to help in the assessment of long-term human impacted
fluvial systems, especially in the tropics, as well, refine the quality
of information on climate changes.

In addition, this work also presents a brief consideration of is-
land forest formation and island development.

2. Materials and methods

2.1. Site description

Porto Rico Island is located in the Upper Paran�a River (22�450S/
53�150W) at 230 m a.s.l (Fig. 2). and belongs to the “Islands and
Floodplain Environmental Protection Area of the Upper Paran�a
River”, a conservation unit created in 1997 by the federal govern-
ment for environmental protection of the area. The river channel has
an anabranching pattern, formed by elongate islands varying from
hundreds to thousands of meters long and emergent sand bars at
medium water levels. In the study area, the channel has a slope of
0.00005 (5 cm km�1) and an average discharge of 9000m3 s�1, with
historical records of Qmax ¼ 33,000 m3 s�1 and Qmin ¼ 4500 m3 s�1

(Stevaux, 1994). The climate is tropical-subtropical, classified by
K€oppen as Cfa, with a hot summer (annual average is 22 �C) and an
annual rainfall of 1500 mm (Campos and Costa-Filho, 1994). The
regional vegetation belongs to the Semideciduous Seasonal Forest
Phytoecological Region (IBGE, 2012) and is classified as a semi-
decidual seasonal alluvial forest (Campos and Souza, 1997).

The islands and floodplains present a complex vegetation
mosaic in which tall trees occur in the highest areas such as natural
levees and paleo-islands, while shrubs and herbaceous grasses are
found in low and frequently flooded areas. The lowest areas are
characterized by swamps, lagoons and floodplain channels and are
colonized by aquatic macrophytes (Casco, 2003; Casco et al., 2005;
Corradini et al., 2008; Samizava et al., 2011; Stevaux et al., 2013).

Porto Rico Island has a slight rhombohedral morphology that is
2.5 km long and 0.6 km wide. A large blind channel that is 2 km
length by 30 m wide occurs on the right side of the island. The
former blind channels shape the island topographywith a sequence
of parallel scars, with crests and troughs up to 1.5 m in depth and
2.0 m in height (Leli et al., 2017). The area was intensively defor-
ested for pasture during the years of 1970 and 1980, with only
6.17 ha (8%) out of an original area of 93.3 ha of forest remaining
(Campos, 1999) where the study core was drilled. At this site,
Zviejkovski (2008) made a phytossociological survey in a forest
remnant of the original vegetation that covered the island. Ac-
cording to the author, the inventoried forest has structural and
qualitative attributes similar to those found in primary forests.

2.2. Sampling

Samples were obtained from a 270 cm long core, procured via
vibro-corer drilling in Porto Rico Island (22�45026.9000S,
53�15056.7300W). Textural, facies and sponge analyses were per-
formed in the LEPAFE/Faculdade Estadual de Ciências e Letras de
Campo Mour~ao, Brazil. The sample to dating was collected about
1 cm thick, at 260 cm depth, to accelerator mass spectrometry
(AMS) and 14C dates that was processed at the University of Georgia
in the USA. The samples were obtained at 5 cm intervals along the
core and were catalogued in the LEPAFE Collection under the
numbers L.187; 188.C.17. For spicules extraction, the sediment was
dried at 50O until reaches constant weight. From each sample, a 1 g
aliquot was separated and submitted to chemical treatment ac-
cording to the method of Volkmer-Ribeiro and Turcq (1996): a)
heating the aliquot in HNO3, (60%); b) after natural cooling, the
material was washed by centrifugation (1.000 rpm) several times
with distilled water until pH stabilization (7); c) alcohol (60%) was
used in the last centrifugation and last alcohol washing. For slide
elaboration, 50 mmof material was dropped over a slide, dried up in
hotplate at 60 �C, covered by Entellan® and cover slips. Spicules
were quantified under optical microscope (640x), with five tran-
sects by slide in three slides by aliquot. Spicules diagramwas made
using Tilia Graph® e Corel draw® software.

The identification of spicules was based on the LEPAFE's refer-
ence collection and literature (Volkmer-Ribeiro and Pauls, 2000;
Parolin, 2006; Parolin et al., 2008; Volkmer-Ribeiro and Parolin,
2010). We have identified and quantified the whole megascleres
(robust and fragile) and megascleres fragments.



Fig. 2. A: Study reach with the Porto Rico Island. Left bank is 20e30 m above the medium water level and is formed by hard Cretaceous sandstone; the right bank is the alluvial
floodplain. B: Porto Rico Island details. A blind channel occurs in the right bank of the island; the dashed line indicates the scars of an ancient blind channel annexed to the island.
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3. Results

3.1. Sponge spicule identification

Were identified the following sponges: Metania spinata (Carter,
1881), Oncosclera navicella (Carter, 1881), Oncosclera jewelli
(Volkmer, 1963) and probably the genus Corvoheteromeyenia sp
(Ezcurra de Drago, 1979). (Fig. 3).

3.2. Sedimentary facies analysis

Leli et al. (2017) concluded that the islands of the Upper Paran�a
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River develop by a complex process involving the formation since
the formation of a lateral bar to its entire incorporation to the is-
land. Sedimentary records of this process show a typical group of
facies (Table 1). The sedimentary deposits from Porto Rico Island
present two major lithosomes: a basal sandy interval and a muddy
sequence in the top (Fig. 4). Six sedimentary facies were recognized
(Table 1) and related to their depositional environments.

3.3. Data analysis and interpretation

Sponge data were plotted by their abundance (Fig. 4) along with
their sedimentary environments, which were derived according to
the facies analysis. Thus, from the integrated analysis of the bio-
indicators and facies deposits, it was possible to identify five
process-environment phases in the construction of Porto Rico
Island.

3.3.1. Phase I (bar-island channel: 270-210 cm)
It is the first phase of the entire sedimentary process that hap-

pens to form the blind channel, and therefore, the oldest sediment,
920 years (Fig. 4). The deposition is formed by lateral sand bar.
Santos et al. (2017) affirms that these bars are normally deposited
10e15 m away from islands, forming a channel between island and
bar (bar-island channel) (Figs.1 and 5). Leli et al. (2017) have studied
the formation, sedimentation and evolution of these environments
and have concluded that the island-bar channel develops bed forms
(mega-ripples) and has a sediment texture (fine to medium sand)
similar to that of the channel, corresponding with the cross-
stratified sand facies found at the sedimentary profile base
(Fig. 4). In this phase, no bioindicators were found because the high
velocity of the water flow hinders its sedimentation.

3.3.2. Phase II (blind channel: 210-147 cm)
The upstream mouth of the bar-island channel generally closes

because of intensive sedimentation of sand bars and logs (Leli et al.,
2017), forming a blind channel (Figs. 1 and 2B). This phase consists
Fig. 3. Micro photograph of sponge spicules: A, gemosclere of Oncosclera jewelli; B, fragile me
of Oncosclera navicella; F, gemosclere of Corvoheteromeyenia sp.; G, beta-megasclere of Met
of a predominance of whole and robust megascleres like beta-
megasclere of Metania spinata (at 165 cm in depth), Oncosclera
navicella gemoscleres and Corvoheteromeyenia sp. microscleres
spread throughout the whole interval. The low density of sponge
spicules fragments suggests a semi-lotic environment (Fig. 4).
Ephemeral lotic conditions could occur with sufficient energy to
promote events of bed erosion. Leli et al. (2017) have shown that
the presence of massive sand to rippled sand facies indicates two-
flow conditions, in which the semi-lotic flow is predominant and
the lotic condition is formed only during floods. Organic material
and vegetal fragments are also indicative of a low flow velocity and
indicate a typical blind channel environment.

3.3.3. Phase III (lake: 147-80 cm)
With time, the downstream mouth of the blind channel is also

closed, producing a lake isolated from the channel under paleo-
pothamon conditions (Fig. 6a, b). In the deposits of this lake, the
high abundance of whole and fragmented sponge spicules sug-
gests a depositional environment resulting in periodic and regular
floods (Fig. 4). In this phase, the environment was lentic for the
majority of the time, with ephemeral lotic conditions produced by
flooding events, creating an oscillation in spicules megascleres
densities. The presence of Corvoheteromeyenia sp. and gemo-
scleres of Oncosclera navicella megascleres is observed for the
entire interval of this phase. O. navicella spicules have been
related to lotic environments subject to floods (McGlue et al.,
2012; Kuerten et al., 2013). The interval result in discreetly
laminated mud at the base, passing to predominantly mottled
mud, formed by intensive root bioturbation. This is suggestive of a
progressive shallowing of the body of water with the develop-
ment of rooted plants, organic material and vegetal fragment
accumulation.

3.3.4. Phase IV (swamp: 80-25 cm)
This is a continuation of the shoaling of the lake by flood sedi-

mentation, generating a swamp environment (Fig. 6c). In sediment
gasclere; C, robust megasclere; D, microsclere of Corvoheteromeyenia sp.; E, gemosclere
ania spinata.



Table 1
Facies descriptions and environment characteristics obtained from the island core analysis and hydrach stages (Facies data from Leli et al., 2017).

Facies (Code) Description Interpreted sub
environment

Sponge spicule predominance Hydrach stagea

(flow characteristic)

Cross-stratified sand (Sp) Fine to medium white, quartz
sand, with planar cross-
stratification

Inter-bar channel
(chute-channel)

Sterile Eupothamic (lothic)

Massive/rippled sand (Sm, Sr) Fine to very fine massive or
rippled sand with organic
material

Closed-channel Megasclere (whole and fragments) Parapothamic (semi-lothic)

Massive and laminated
mud (Fm, Fl)

Medium gray mud massive and
discreetly laminated with
organic material and vegetal
fragments

Lake Megasclere (whole and fragments) Paleopothamic (lentic)

Mottled mud (Fm) Light gray mud, massive by
bioturbation mud, with organic
material and vegetal fragments

Swamp Megasclere (whole and fragments) Paleopothamic (lentic)

Reddish massive mud (Fm, Fp) Red massive mud with live
leaves and roots

Soil, water only in
bankfull discharges

Megasclere (whole and fragments) Terrestrial with subtle pedogenesis

a According to Stevaux et al. (2013) based on Ward and Stanford's (1995) classification.

Fig. 4. Left: Abundance diagram for the sponge spicules in the Porto Rico Island deposits. The arrow indicates the beginning of forest colonization on the island. Right: Sedimentary
profile of the Porto Rico Island core, facies code and environmental interpretation.

I.P. Zviejkovski et al. / Journal of South American Earth Sciences 79 (2017) 143e151148



Fig. 5. Left: Model for lateral bar formation. River flow, divided by island, generates a shadow zone of low flow velocity (shaded area). Bedforms (dunes) running downstream
deposit where enter in this zone, forming lateral bar (scr ¼ shear stress critical and s0 ¼ shear stress exerted by fluid on the bottom) (From Santos et al., 2017). Right: Aerial photo of
a lateral bar and bar-island channel.

Fig. 6. a and b: Satellite image of a typical island elongate lake of the Upper Paran�a River derived from blind channel closing (Google Earth). c: Island swamp with incipient grass
vegetation. d: Young forest over a former swamp between developed island forest. Arrow indicates the width of the ancient bar-island channel.
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analysis, the lower densities of the sponge spicules associated with
the mottled mud facies suggest an environment with lower con-
nectivity with the main channel compared to phases II and III. The
same condition is found in modern island swamps that are depo-
sitional environments connected with the channel only during
large floods. The presence of M. spinata beta-megasclere (65 cm in
depth) and gemosclere of O. navicella and O. jewelli (60 cm in
depth), strengthens this interpretation (Fig. 4).

3.3.5. Phase V (island: 25e0.0 cm)
At this phase, the sedimentary site does not have any connection

with the channel water except during large floods. The low den-
sities of sponge spicules is in agreement with this infrequent con-
nectivity. The terrestrial conditions are characterized by reddish
mud facies with living roots, which characterize the initial pedo-
genesis (alluvial soil) that permit tree development and forest
formation (Figs. 4 and 6).

4. Discussion: from channel deposit (eupotamic phase) to
forest formation (terrestrial phase)

Based on the integration of sedimentary facies and the studied
biological indicators, it is possible to suggest an “eco-sedimentary”
evolution for Porto Rico Island. Cross-stratified sandy deposits were
formed in bar-island channel environments under totally eupota-
mic conditions. It is very difficult to separate island-bar channel
from open channel deposits once their flow and sedimentary
conditions are similar. This environment does not allow the
deposition and occurrence of sponge spicules. Stevaux (1994) and
Santos (2005) described the presence of thin layers of leaves in
island-bar channel sediments, deposited during low water levels
when the flow in the island-bar channel was slower than that in the
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main channel. In the study core, a 5 mm thick layer of leaf frag-
ments was found and 14C dated to 920 BP Cal (from CALIB Manual
7.1), suggesting that the construction processes of this portion of
Porto Rico Island initiated around this time.

At 210 cm in depth, the presence of fine rippled muddy sand,
whole sponge spicules indicate a reduction in the unidirectional
flow conditions, probably by blind channel formation in environ-
ments with lower channel connectivity (Parapotamic condition).
The occurrence of Oncosclera navicella spicules in the blind channel
deposits emphasizes the influence of flood flows and not in situ
development, as this species lives in the lotic environment of rocky
channels (Volkmer-Ribeiro and Pauls, 2000; Batista and Volkmer-
Ribeiro, 2002; Batista et al., 2007) surrounded by riparian vegeta-
tion (Santos and Parolin, 2011). Occasionally,O. navicella can occupy
vegetal substratum in the floodplains (Volkmer-Ribeiro and
Tavares, 1997).

In the lake formed by the blind channel closing (phase III), the
presence of Oncosclera jewelli constitutes the first record of the
species in the Paran�a River. This is an endemic species that is on the
list of Brazilian endangered species (Brasil, 2004). In Paran�a State,
O. jewelli has been found only in the Dos Patos River, in the upper
Ivaí River Basin (Volkmer-Ribeiro and Parolin, 2010). According to
authors, O. jewelli is a species associated with the subtropical
ombrophilous forest phytophysiognomic domain. However, with
the contemporary record still in phase III, this sponge can also be
associated with the tropical semidecidual forest domain.

After intensive depositions of muds from the floods (phase IV),
the environment became in shallow swampy, with favorable con-
ditions for the development of vegetation adapted to saturated
soils. This phase marks the beginning of shrub/tree colonization.
This primary vegetation has an important role in the retention of
nutrients and sediments from the river (Casco et al., 2005). The
presence of Metania spinata beta megasclere at 65 cm in depth
corroborates the interpretation of a shallow swampy environment
(Volkmer-Ribeiro and Pauls, 2000; Parolin et al., 2008).

The island surface is characterized by a vertical aggradation
limited by the general height of the old island and the natural le-
vees of the channel (phase V). According to Neiff (1986), frequently
flooded areas present few structures and diverse vegetation, which
agrees with the work of Campos et al. (2000) that showed that the
continuous floods cause selective stress, restricting the environ-
ment to a few adapted species. As such, it is possible that the forest
was established only at the end of phase IV and during the phase V
(the last 45 cm at the top of the core). Indeed, living root remains
associated with indications of incipient pedogenesis are very
frequent in this interval, suggesting colonization by pioneer plants.

Zviejkovski (2008), using the diameter at breast height (DBH)
method, estimated that the present aspect of the Porto Rico Island
forest began 134 years ago, and remains today. The structural and
phytosociological conditions of the modern forest indicate that the
area is in an advanced successional process. Riparian forests in
climax generally have large trees, dead standing trees, and large
fallen trunks, as well as a stratified canopy and diverse understory
(Naiman et al., 1998). In addition to the structural characteristics
mentioned, the study area presents a high percent of secondary and
climax species in both strata (Zviejkovski, 2008). Using a sedi-
mentation rate of 3.0 mm estimated by Stevaux and Souza (2004)
for floodplain muddy deposits in this area, it was possible to
obtain an age of 160 years for beginning of forest development. A
value very similar to that obtained by attribute to the island forest
obtained by Zviejkovski (2008) through the DBH method.

5. Conclusions

Through the integrated use of sponge spicules and sedimentary
facies analyses, it was possible to identify a more accurate mech-
anism and age for the evolution of Porto Rico Island and its vegetal
colonization. The bioindicators and sedimentation phases corre-
spond with the stages of the evolution of Porto Rico Island.

The evolution of Porto Rico Island can be described through five
phases: 1) The eupotamic phase (bar-island channel) - under lotic
flow, sand bar sedimentation occurs without bioindicators due to
the high energy flow. 2) The parapotamic phase (blind channel) e
under semi-lotic flow, the sedimentary processes are similar to
those in channel abandonment, with ephemeral lotic flow during
floods, whenwater channel enters in the blind channel, and during
very low water stages, with inverse fluxo e water runs from blind
channel to river channel (Leli et al., 2017). Organic material and
vegetal fragments are also indicative of a low flow velocity. This
environmental allows for the development of whole megasclere of
robust megascleres, beta-megasclere of M. spinata megasclera,
O. navicella gemoscleres and Corvoheteromeyenia sp. microscleres
throughout the whole interval. 3) The paleopotamic phase (lake) e
under lentic conditions, discreetly laminated and mottled mud is
deposited. The environment is sufficiently shallow for the devel-
opment of rooted plants, fragments of vegetation accumulation,
and organic material. The ephemeral lotic conditions caused by
flood events produce oscillations promoting spicules megascleres
density. The presence of Corvoheteromeyenia sp. and gemoscleres of
O. navicella megascleres is observed for the entire interval of this
phase. 4) The paleopotamic phase (swamp) e under lentic condi-
tions, very shallowwater is observed, alongwith a rapid decrease of
sponge spicules density associated with the mottled mud facies,
suggesting an environment with lower connectivity with the main
channel. The presence of M. spinata beta-megasclere and gemo-
sclere of O. navicella and O. jewelli strengthens this interpretation.
5) Terrestrial phase: The terrestrial conditions with reddish mud
facies and living roots characterize the island soil, pointing to the
development of trees and forests. The presence of sponge spicules
number is very low, which is in agreement with its infrequent
connectivity with the main channel.

This study can be a very helpful tool for river resource man-
agement in large multichanneled river systems that are intensively
dammed, as is the case in the Paran�a River. Environments with long
relaxation times, such as that of the study island, are products not
only of the present processes but also of a centennially tomillennial
time scale evolution. On the other hand, changes in sediment and
water flow regime, such as those introduced by dams, can affect
fluvial island environments on the same time scale. The results
from this study can be used to informmitigation measures taken to
reduce the impacts of altered flow regimes and sediment yields
caused by the dams on the Parana River on island environments.
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