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ABSTRACT. This study represents one of the first contributions to the knowledge on the quantitative fidelity of the Recent freshwater
molluscan assemblages in subtropical rivers. Thanatocoenoses and biocoenoses were studied in straight and meandering to braided sectors,
in the middle course of the Touro Passo River, a fourth-order tributary of the Uruguay River, located in the westernmost part of the State
of Rio Grande do Sul. Samplings were carried out through quadrats of 5 m’, five in each sector. A total area of 50 m* was sampled. Samplings
were also made in a lentic environment (abandoned meander), with intermittent communication with the Touro Passo River, aiming to
record out-of-habitat shell transportation from the lentic communities to the main river channel. The results show that, despite the
frequent oscillation of the water level, the biocoenosis of the Touro Passo River shows high ecological fidelity and undergoes little
influence from the lentic vicinal environments. The taxonomic composition and some features of the structure of communities,
especially the dominant species, also reflect some ecological differences between the two main sectors sampled, such as the complexity
of habitats in the meandering-sector. Regarding the quantitative fidelity, 60% of the species found alive were also found dead and 47.3%
of the species found dead were also found alive, at river-scale. However, 72% of the dead individuals belong to species also found alive.
This value might be related with the good rank order correlation obtained for live/dead assemblages. Consequently, the dominant species
of the thanatocoenoses could be used to infer the ecological attributes of the biocoenoses. The values of all the indexes analyzed were
very variable in small-scale samplings (quadrat), but were more similar to others registered in previous studies, when they were analyzed
in a station and river scale.
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RESUMO. Fidelidade quantitativa de associacdes de moluscos limnicos recentes na bacia do rio Touro Passo, Rio Grande
do Sul, Brasil. O presente estudo teve como objetivo apresentar uma das primeiras contribuicfes ao conhecimento sobre a fidelidade
quantitativa de associagdes de moluscos recentes em rios subtropicais. Tanatocenoses e biocenoses foram estudadas em segoes retilinea e
meandrante tendendo a anastomosada, no curso médio do rio Touro Passo, um tributario de 42 ordem do rio Uruguai, localizado no
extremo oeste do Rio Grande do Sul. As amostragens foram realizadas por meio de quadrats de 5 m’ cinco em cada secdo, amostrando-
se um total de 50 mL] Também foram feitas amostragens em um ambiente Iéntico, com comunicagédo intermitente com o Touro Passo,
objetivando detectar a existéncia de transporte de comunidades |énticas para o interior do rio. Os resultados obtidos mostram que, apesar
da frequiente oscilagao do nivel da &gua, a biocenose do Touro Passo apresenta uma ata fidelidade ecoldgica e sofre pouca influéncia de
espécies de ambientes Iénticos. A composigao taxondmica e caracteristicas de estrutura de comunidades, especialmente as espécies
dominantes, refletem, ainda, diferencas ecoldgicas relacionadas as duas se¢des amostradas, como a maior complexidade de habitats da
estacdo meandrante. Quanto a fidelidade quantitativa, 60% das espécies encontradas vivas também foram encontradas mortas e 47,3%
das espécies encontradas mortas também foram encontras vivas em escala de rio. Porém, 72% dos exemplares coletados mortos séo
representantes de espécies encontradas vivas. Essa percentagem alta pode estar relacionada a boa correlagdo entre o ranking de
dominancia das associagdes vivas e mortas e, conseqientemente, as espécies dominantes das tanatocenoses podem ser utilizadas para
inferir caracteristicas ecolégicas das biocenoses. Todos os indices analisados variaram muito em escala local (quadrat) e seus valores sao
mais aproximados aos de outros, registrados em estudos prévios, apenas quando analisados em escala mais ampla (secdo, érea total).

PALAVRAS-CHAVE. Moluscos limnicos, tafonomia, associacGes mortas, associacfes vivas.

According to BEHRENSMEYER et al. (2000), the
quantitativefidelity is“... the quantitative faithful ness of
the record of morphs, age classes, species richness,
speci es abundance, trophic structure, etc. to the original
biological signal”. In other words, it isthe degree of the
similarity between the life assemblage and the potential
death assemblage. This*“degree of similarity” isgoverned
by an interaction of multiple extrinsic/intrinsic factors,
such as (@) the source and rate of shell supply, (b) the
vulnerability of skeletal hard parts to post-mortem
destruction or modification, and (c) the taphonomic
conditions that the bioclasts are exposed in the
environment of depositon (KipweLL & Bosence, 1991).
Time-averaging (or temporal-mixing) isanother important
issue affecting thefidelity of death assemblages (WALKER

& BamsacH, 1971). Thisphenomenon promotesthemixing
of multiple non contemporaneous generations of shelly
organisms and/or communities. Time-averaged death
assemblages can be a product of multiple processes,
including (a) the out-of-habitat transport of skeletal
remains by storm-induced flowsand currents, (b) extensive
reworking by waves and currents, (c) intrastratal
biological activity, (d) selective destruction of species
and/or preferable size-classes, and (e) sea-level
fluctuations and rates of sedimentation (Cummins, 1994,
KipweLL & FLEssA, 1995; BEHRENSMEYER et al., 2000;
KowaLEwskI et al., 2003).

The vast majority of the studies on compositional
fidelity has been conducted in shallow water marine to
transitional settings, including estuaries, lagoons, bays
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and continental shelves. These focus primarily on
mollusks, especialy bivalves (KipweLL & Bosence, 1991;
Cummins, 1994; KipweLL & FLEssA, 1995; BEHRENSMEYER
et al., 2000; KowaLeEwskI et al., 2003). Hence, as
highlighted by KowaLewski et al. (2003), our view of this
issue is biased toward specific taxonomic groups
(bivalvocentric) and environments, lacking data for
several shelly groups both from marine and continental
environments. In spite of that, the data available shown
that the live/dead agreement ishigh (KipweLL & Bosence,
1991; KipweLL & FLEssA, 1995) for the marine molluscan
assemblages, but the dead/live agreement is variable
(high, KowaLewski et al., 2003 or low, KIDWELL & BOsENCE,
1991; KipwerL & FLessa, 1995). Results may vary,
however, according to the spatial scale employed in the
analysis (Cummnis, 1994; KipweLt & Fressa, 1995;
KowaLEwsk! et al., 2003). For example, low dead/live
agreement is generally shown by assemblages
representing limited sampling strategies and
encompassing small-scale coverage. Normally, the
commonest species with preservable hardparts are the
one better represented in the death assemblages,
showing good fidelity to the original life assemblages
(KipweLL & FLEssA, 1995; KipweLL, 2001).

Despite its importance providing essential
paleoecological and paleoclimatological information,
shelly assemblages from freshwater systems have
received far less attention in taphonomic studies than
the marine ones. The limited fidelity data available for
molluscan assemblages of this system have shown that
the live/dead agreement can be high (Cummins, 1994) or
low (Pip, 1988). However, these studiesarealso limited in
terms of facies coverage, focusing primarily on lentic
settings (Pip, 1988; CoHeN, 1989; Cummins, 1994). Here
again the taphonomic knowledge is biased toward some
facies or subenvironments. For typical lotic fluvial
environments, where the currents can be an important
agent of post-mortem out-of-habitat transportation of
shells, only afew studies provided scarse, but important
data(e.g., Brigas et al., 1990; WARREN, 1991; CumMINS,
1994). These studies suggest that the different types of
the molluscan life and death assemblages tend to
accumulatein distinct depositional settings(e.g., channel,
flood plains, oxbow lakes) and are influenced by several
biotic and abiotic agents (see Pir, 1988, for arevision).

The Touro Passo River, atributary of the Uruguay
River basin, inthe west of the State of Rio Grandedo Sul,
Brazil, provides a good opportunity for accessing the
quantitative fidelity of fluvial molluscan shelly
assemblages. According to Edson Oliveira(pers. comm.),
at |east threefamilies and six genera of bivalve mollusks
arethrivingin theriver nowadays. Becausethelow depth
of the channel (~6 m) and the dry seasons, these shells
can be easily collected. In addition, several information
on the biology and ecology of the southern Brazilian
freshwater mollusks are available in the literature (e.g.
VEITENHEIMER & MANSUR, 1978; SiLva & THowmE, 1981;
Lores-Pitoni et al., 1984; LANZER & VEITENHEIMER-
MEeNDES, 1985; MANSUR & GARcEs, 1988; MANSUR et al.,
1987, 1988, 1991, 1994, 2001, 2003b; PereIrA et al. 2000a,b,
2001; VEITENHEIMER-MENDES et al., 1990, 1992; L ANZER,
1991, 1996; OLivEIRA & MANSUR, 2001; FocHT &

VEITENHEIMER-MENDES, 2001), complemented by studies
in adjacent areas of the Uruguay and Argentina (see
revisionin MArTINEZ & Rouas, 2004). Finally, the presence
of Cenozoic Touro Passo Formation outcrops along the
river’smargin, including mollusk-dominated assemblages
of Pleistocene/Holocene ages (Bomein, 1976; OLIVEIRA &
MiLDER, 1990), can offer valuable data for future
comparisons with the fidelity data presented here.

In the context above, the purpose of this
contribution is to analyze the quantitative fidelity of the
present-day molluscan assemblages that occur in distinct
fluvial environments of the Touro Passo River in order to
verify: (a) the ecological fidelity (sensu DaJoz, 1978) of
the biocoenoses; (b) the paleoecological fidelity by
means of live/dead and dead/live comparisons among
the biocoenoses and thanatocoenoses found in channels
with distinct morphologies and bottom types; and (c)
the percentage of dead individuals from species found
dive.

MATERIAL AND METHODS

The Touro Passo River is a tributary of the left
margin of the Uruguay River basin, located in Uruguaiana
County, State of Rio Grande do Sul (Fig. 1). Its springs
arelocated 140 meters above sea-level, changingto 60 m
inthe mid courseandto 40 mintheriver’'smouth (Bomgin,
1976). Floodings are frequent and are, in part, caused by
floods of the Uruguay River or are a consequence of
torrential rains. Also, these may be caused by the low
capacity of the hydrological system, with the river
overruning al theflood plains (Bomsin, 1976).

The course of the Touro Passo River showsavaried
of morphologies, including straight and meandering to
brai ded sectors. Hence, theriver includes several fluvial
subenvironments, supporting different types of
freshwater communities. The channelshave agreat range
of depth and their margins are covered by riparian
vegetation (Bowmgin, 1976). Sandy bottoms predominate,
and agquatic plantsarerare (Tab. 1).

In the studied sectors, the Touro Passo River isa
forth-order river (see STRAHLER & STRAHLER, 1989), which
supposedly favour the deposition of great amount of
live materials and dead skeletal remains (see
CHrisToroLETTI, 1980).

The climate of the region is subtropical, type Cfa
I12a (K 6ppen’s classification, Moreno, 1961). Themean
annual precipitation valueis 1350 mm, with rainsequally
distributed during the year. The mean annual temperature
is 19°C (maximum averages of 26°C, in January, and
minimum averages of 12°C, in July), with the humidity
reaching 70% (Sarrori, 2003).

The areais represented by the grasslands (locally
named Campanha), with stony fields and shallow soils
(PorTo, 2002). The vegetation includes deciduous woody,
generally thorny, including arboreal /shrub species, asthe
“espinilho” [Acacia farnesiana (L.)] (Fabaceae), and wild
and succulent plants, showing grassy/herbaceous
coverings, typical of subtropical areas (Bowmein, 1976;
LeiTg, 2002; PorTo, 2002).

Samplings were carried out in two different river
sectors, with distinct channel morphologies: straight (SS)
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and meandering-sectors (MS), both located in the mid-
course of the Touro Passo River (Fig. 1). We also sampled
apartially dammed channel. There an artificial dam was
built to supply water tolocal agricultural activities, during
the dry seasons. Thus, during the water-deficienty periods
the channel 1ooses connection with the main river channel,
acting as an abandoned meander channel (AMYS) (Fig. 1).

The collecting stationsin the SSinclude two sites,
both with low sinuosity. Although sandy bottoms
predominate, fine-grained (muddy) compacted substrates
are also present (Edson Oliveira, pers. comm.). In some
sites, the margins show steep slope and the channel
reachesnearly 1.60 m of depth. The current velocitiesrange
from moderateto strong with continuousflow (Tab. I).

The collecting station in the MS is located in the
meandering to brai ded sector of theriver (Bowmsin, 1976)
(Fig. 1). Small and shallow channels, some with braided
pattern, occur in the aluvial island that separates the
main channel from the secondary one (Fig. 1). Theisland
is characterized by the presence of riparian vegetation,
offering little shadowing for theriver’'smargins. Physica
and hydrological properties of each channel are very
distinct (Tab. I).

Sampling in the MS included five substations for
each station (Fig. 1). The molluscan fauna of the AMS
was sampled to record possible out-of-habitat species
that were transported during floods. The vegetation of
the AMS is characterized by riparian coverage and by
the presence of the aguatic macrophyte Nymphoides
indica (L.) O. Kuntze (Menyanthaceae). The site is
characterized by low luminosity, lessthan 60 cm of depth,
and organic-rich bottoms.

The biocoenoses (life assemblages) and
thanatocoenoses (death assemblages) were sampled in
February (dry period) and May (flood period) of 2003, and
in April (dry period) of 2004. In the MS, samplings were
conducted only during the dry season. During the May
floodingsthewater level risesand associated with the strong
currents made impossible the sampling of the M S bottoms,
due to the steep margins of this sector. It is important to
emphasize that in the SS sector the oscilation of the water
level issmaller thaninthe M S, and the shellswere captured
at the same sites during the flood and dry periods.

In each substation (SS 01 to 05 and MS 01 to 05),
the molluskswere coll ected using quadratswith sampling
areaof 5m’. Thisareais adequate to the low abundance
of freshwater mollusks, such as Unionacea (Cummins,
1994). Consequently, an area of 25 m’ was sampled for
each station. In the AMS, samplings included three
guadrats only.

Themolluskswere collected with sieves (mesh of 1
mm) especialy intheriver’smargins, not overstepping 1
m of depth. Inthe AMS, the macrophyteswere removed
and examined individually, and the molluskswere handly
collected. In the substation MS 02, adjacent to a
fossiliferous outcrop of the Touro Passo Formation, the
fossil mollusks, whenever identified, were removed of
the sampling.

Live-collected specimens were preserved in 80%
ethyl acohol, and the dead ones stored in plastic bags.
The specimens (shell fragmentsincluded), wereidentified
to species level, whenever possible.

Taxonomic identification was conducted using the
extensivemalacological literature available and with help
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Fig. 1. Studied substations in the stations of the straight and meandering sectors, located in the middle course of the Touro Passo River,

Uruguaiana, RS.
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of specialists. The studied mollusks were deposited in
the “Coleg&o de Invertebrados, Setor de Zoologia,
Departamento de Biologia, Universidade Federal de Santa
Maria(UFSM)".

For each mollusk assemblage, analyses included
(a) thenumber (n) of individuals, (b) therdativefrequency
(%), and (c) the numeric dominance (the numerically
dominant speciesin each site sampled).

To determine the number of bivalves in the death
assemblages, for each station, the disarticulated matching
valves (right/left) were considered as one individual.
According to KowaLewski et al. (2003) “adthough dl vaves
(including fragments) may represent unique individuals
when the sampling domain islarge, some correction for
disarticulated elements still needs to be applied when
bivalved organisms are analyzed together with univalved
organisms. Thisisbecause univalved specimens are half
as likely to be sampled as bivalved organisms”.
Consequently, the number of disarticulated valves, with
no matching valves, was corrected by afactor of 0.5 (see
KowaLewski et al., 2003 for thismethodol ogica procedure).
Because shell fragments were extremely rare, exhaustive
analyseswere not employed (KowaLewskl et al., 2003).

Species diversity and richness were cal cul ated for
the evaluation and comparison of diversity of each
studied station. The richness (S) was measured,
according to the number of different species in each
station. The diversity index applied was the Shannon-
Wiener (H' = - X p, . log, p) index, where p, is the
proportion of individuals found in the n species
(MAGURRAN, 1988).

The analysis of the ecological fidelity of the
biocoenoses (i.e., the intensity in which each speciesis
associated with the biocoenoses) followed the Dajoz's
classification (DaJoz, 1978). According to this, the
following species are present: (a) characteristic species
(eucoen) — exclusively occurs in one biocoenosis or is
commonly abundant in certain associations; (b)
preferential species (tychocoen) — occurs in several
biocoenoses, but showing preference for one of them;
(c) strange (xenoecic) — accidentally occurs in the
biocoenoses and, (d) indifferent species — indifferently
occurs in several biocoenoses.

The Sorensen index of similarity was used to
compare the species composition of the life and death
assemblages, in terms of the number of species present

Table I. Location and characterization of the substations of the straight (SS) and meandering (MS) sectors in the middle course of the
Touro Passo River (substratum granulometry according to Edson Oliveira, PUC/RS, pers. comm.).

Substations Location Characterization

SS01 3 m west of the bridge on road BR 472. Substrate constituted especialy by silt and subordinately fine and coarse
sand and clay, no shadowing, flat margin, depth of 20 cm (dry season),
no aquatic plants.

SS02 3 m east of the bridge on road BR 472. Substrate constituted especially by silt and subordinately fine and coarse
sand and clay, little shadowed due to the riparian vegetation, no aquatic
plants, depth inferior of 20 cm, strong current (dry season).

SS03 5 m east of the bridge on road BR 472. Substrate constituted especially by silt and subordinately fine and coarse
sand and clay, little shadowed due to the riparian vegetation, no aquatic
plants, depth of 20 cm (dry season) and margin with slope of 30°.

S04 4 m west on of the abandoned railroad. Substrate constituted by silt and coarse sand, with presence of clay in
the margins, no shadowing, presence of grass vegetation, margin with
slope of 30° and depth about 1.5 m (flood season).

SS05 6 m west of the “Ponte Velha’, the old Substrate constituted by silt and coarse sand, with presence of clay in

bridge on the abandoned railroad. the margins, with riparian and grass vegetation, no aquatic plants,
margin with slope of 45° and depth of about 1.5 m (flood season).

MS01 Located in the secondary channel of the Substrate constituted especialy by silt and clay, and locally by fine and

river. coarse sand, riparian vegetation in the left margin, no shadowing,
intermittent water flow, generally weak and shallow current, delineated
by a terrace with 3 m height in the left margin.

MS02 Located in the left margin of the Substrate constituted especially by coarse sand, riparian vegetation

primary channel. in the left margin, little shadowed, weak current, depth of 1 m, and
slope of 20°.

MS03 Located in the right margin of the Substrate constituted especially by pebbles and cobbles, with riparian

primary channel. vegetation in the margins, no shadowing, weak current, depth of 1 m
and slope of 20°.

M S04 Located in the main channel of the Substrate constituted by coarse sand, pebbles and cobbles, riparian

primary course. vegetation in the margins, no shadowing, weak current, depth of 1.5 m
and flat margin.

MS05 Located in the left margin of the Substrate constituted especially by coarse sand and subordinately by

primary channel.

fine sand, silt and locally compacted clay, no shadowing, weak current
and 1 m of depth.
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and the number of speciesin common, according to the
formula: S=2C/ (A + B) where S=index of similarity, A=
number of species in death assemblage, B = number of
species in life assemblages, and C = number of species
common to both life and death assemblage (Opuwm, 1988).

The quantitativefidelity was analyzed considering
(see also KipweLL & Bosence, 1991): (&) the live/dead
agreement or the percentage of shelly speciesfound live
and also dead inagiven site (Ng x 100/ N, + NJ); (b) the
dead/live agreement or the percentage of species found
dead and also found live (Ng x 100/ N + N); and (c) the
percentage of dead individuals from species found alive
[(dead individuals of Ng x 100)/(dead individuals of N+
Ng)1, where (N, ) isthe number of speciesfound liveonly,
(N,) isthe number of speciesfound dead only and (N) is
the number of species found both live and dead.

The Spearman Rank correlation (rs) test was applied
to compare the ranking order of the most abundant
species of the life and death assemblages. Finaly, all
analyses were performed at the station-level (sectors SS
and MS) and also pooling the data to the whole river
(site-scale or river-scale) (except the Shannon-Wiener
diversity index). The Mann-Whitney test was used to
analyze the differences between stations, using 5% of
significance (p < 0.05).

RESULTS AND DISCUSSION

Biocoenoses. A totd of 1,226 specimens belonging
to 12 mollusk (gastropod and bivalve) specieswererecorded
in the studied biocoenoses (Tab. I1). The hivalves were
represented by 136 individuals, belonging to: Diplodon

Table I1. Number of specimens (n), frequency (%) of the species, richness (S) and diversity (H') of the molluscan life assemblages found
in substations of the straight (SS) and meandering (MS) sectors of the middle course of the Touro Passo River, Uruguaiana, RS. The value
of Shannon-Wiener (H’) index was not obtained for the substations SS1, SSR2 and MS3, as they show only one species.

Substations/ S01 S02  SV3 S04 S5 SS MS01 MS02 MS03 MS04 MS05 MS Total
Species n n n n n Total n n n n n Total n
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
GASTROPODA
P. canaliculata 0 0 1 1 3 5 0 0 0 0 0 0 5
(1.2) (50) (60) (2.6) (0.41)
P. aff. orbigny 51 53 80 0 0 184 0 54 0 47 330 431 615
(100) (100) (98.8) (95.8) (41.5) (43.5) (46.4) (41.6) (50.2)
Potamolithus Sp. 0 0 0 0 0 0 2 9 64 20 372 467 467
(10) (6.9) (100) (18.5) (52.2) (45.2) (38.1)
Biomphalaria sp. 0 0 0 1 1 2 1 0 0 0 0 1 3
(50) (20) (1.0) (5) (0.09) (0.25)
Subtotal (n) 51 53 81 2 4 191 3 63 64 67 702 899 1,090
Subtota (S) 1 1 2 2 2 3 2 2 1 2 2 3 4
BIVALVIA
D. delodontus 0 0 0 0 0 0 3 1 0 0 0 4 4
wymani (15) (0.8) (0.4)  (0.3)
Diplodon sp. 0 0 0 0 0 0 0 0 0 3 1 4 4
(2.8) (0.1) (0.4) (0.3)
A. trapesialis 0 0 0 0 0 0 0 1 0 0 0 1 1
Jorbesianus (0.8) (0.09) (0.09)
C. fluminea 0 0 0 0 0 0 5 3 0 2 2 12 12
(25) (2.3) (1.9) (0.3) (1.16) (1.0)
C. largillierti 0 0 0 0 0 0 0 62 0 34 7 103 103
(47.7) (31.5) (1.0) (9.96) (8.4)
E. klappenbachi 0 0 0 0 1 1 0 0 0 1 0 1 2
(20) (0.6) (0.9) (0.09) (0.16)
P. punctiferum 0 0 0 0 0 0 0 0 0 1 0 1 1
(0.9) (0.09) (0.09)
P. sterkianum 0 0 0 0 0 0 9 0 0 0 0 9 9
(45) (0.9) (0.7)
Subtotal (n) 0 0 0 0 1 1 17 67 0 41 10 135 136
Subtotal (S) 0 0 0 0 1 1 3 4 0 5 3 8 8
TOTAL (n) 51 53 81 2 5 192 20 130 64 108 712 1,034 1,226
RICHNESS (S) 1 1 2 2 3 4 5 6 1 7 5 11 12
H’ - 0.07 0.69 0.95 0.21 1.37 1.06 - 1.30 0.77 1.12 1.10
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delodontus wymani (Lea, 1860) (Figs. 6,7), Diplodon .,
Anodontites trapesialis forbesianus (Lamarck, 1819) (Figs.
10,11), Corbicula fluminea (Muller, 1774), C. largillierti
(Philippi, 1844) (Figs. 18,19), Eupera klappenbachi Mansur
& Veitenheimer, 1975 (Figs. 16,17), Pisidium punctiferum
(Guppy, 1867) and P. sterkianum Pilsbry, 1897 (Figs. 14,15).
The gastropods encompassed 1,090 specimens, attributed
to Pomacea canaliculata (Lamarck, 1801) (Fig. 4),
Potamolithus af. orbigny Pilsory, 1896 (Fig. 3), Potamolithus
sp. and Biomphalaria sp. (Fig. 5).

Pooling the data, the dominant species (%) in the
studied sectors of the Touro Passo River are the
gastropods Potamolithus aff. orbigny and Potamolithus
sp. (Tab. 1). Among the bivalves, C. largillierti was the
dominant species. In the different river sectors, the
richness and the number of individuals were higher in
the MS biocoenoses, but this difference was not
significant (p=0.076). In the AMS site, the following
species and number of individuals were assigned:
Biomphalaria p. (16.6%, n=42), Gundlachia moricandi
(Orbigny, 1837) (78.2%, n=197) (Fig. 2) and P. punctiferum
(5.1%, n=13). The Shannon-Wiener diversity index was
higher for the M S assemblages (Tab. I1).

Based on previous studies (Parobiz & HENNINGS,
1965; BonETTO €f al., 1982; DI PERsIA & OLAZARRI, 1986;
MaNsurR & GARces, 1988; ITuarTE, 1984, 1994;
VEITENHEIMER-MENDES ¢t al., 1992; DUARTE & DIEFENBACH,
1994; LANZER, 1996; MANSUR et al., 1988, 1991, 1994, 2001;
Pereira et al., 2000a, 2001; FocHT & VEITENHEIMER-
MEenDEs, 2001; OLIVEIRA & MANSUR, 2001; MARTINEZ &

Rouaas, 2004), the ecol ogical fidelity of the speciesrecorded
is as follows: (a) characteristics, C. fluminea and C.
largillierti; (b) preferentia, P. aff. orbigny, Potamolithus
p., D. delodontus wymani, Diplodon Sp., A. trapesialis
forbesianus and E. klappenbachi; (c) strange,
Biomphalaria sp., and (d) indifferents, P. canaliculata,
P. punctiferum and P. sterkianum. | n the assemblages of
AMS, G. moricandi and Biomphalaria sp. are
characteristics, and P. punctiferum, indifferent.

Thanatocoenoses. A total of 311 specimens,
belonging to 13 species of mollusks were recorded in the
studied thanatocoenoses (Tab. I11). The bivalvestotalled 90
individuals, and wererepresented by D. delodontus wymani
(Figs. 6, 7), Diplodon parallelopipedon (Lea, 1834) (Figs. 8,
9), Mycetopoda siliqguosa (Spix, 1827) (Figs. 12, 13), C.
Sfluminea, C. largillierti (Figs. 18, 19), Neocorbicula limosa
(Maton, 1811), E. klappenbachi (Figs. 16, 17) and P.
sterkianum (Figs. 14, 15). Gastropods (n=221) wereatributted
tofivespecies, including: P. canaliculata (Fig. 4), Heleobia
aff. bertoniana Pilsbry, 1911, P. aff. orbigny (Fig. 3),
Potamolithus . and Biomphalaria sp. (Fig. 5). Pooling
the data, the dominant species in the thanatocoenoses are
P. &f. orbigny (Fig. 3), Potamolithus sp. and C. largillierti
(Figs. 18, 19). The highest richness and abundance were
recorded inthe meandering-sector. However, thisresult was
not significantly different (p=0.076).

Thanatocoenoses x biocoenoses. Shells in death
assemblages are less abundant than in the life

Figs. 2-5. Gastropods of the Touro Passo River. 2, shell of Gundlachia moricandi, dorsal view; 3, shell of Potamolithus aff. orbigny,
ventral view; 4, shell of Pomacea canaliculata, ventral view; 5, shell of Biomphalaria sp., dorsal view.
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assemblages, both at station-scale and river-scale (RS).
However, the differenceswere not significantly different
(SS, p=0.530; M S, p=0.175; RS, p=0.140, respectively).
Thetotal richnessfor theriver’sdeath assemblage (S=13)
was similar to the total richness of the life assemblage
(S=12), and all the gastropod species in the
thanatocoenoses were al so assigned in the biocoenoses.
Only three speciesof bivalves (A. trapesialis forbesianus,
Diplodon sp. and P. punctiferum) found in the
biocoenoses were not recorded in the thanatocoenoses
(Tabs. I, I11).

The rank orders of the dominant species of the
thanatocoenoses were significantly and positively
correlated with those of the biocoenoses. The correlation
was good at river-scale (rs=0.56) and for the MS

assemblages (rs=0.59), but very low for the SS
assemblages (rs=0.34).

The live/dead agreement (Tab. IV) in the
meandering-sector was significantly higher (73%,
p=0.035) than in the straight-sector (50%) (Tabs. 11, 111).
Pooling the data, the index of similarity for the Touro
Passo River assemblages reaches 72 (Tab. V). At river-
scale, live/dead (F1) agreement was 60%, and the dead/
live agreement (F2) was 47%. Despite of that, it should
be noted that 72.3% of the dead specimens were
represented in the biocoenoses (F3) (Tab. 1V).

Whenever the live/dead agreement is analyzed at
station-scale, 60% of the species found alive were also
found dead in the SS. On the other hand, the dead/live
agreement reaches only 30% (Tab. IV), but 67.7% of the

Table I11. Number of specimens (n), frequency (%) of the species, richness (S) and diversity (H') of the molluscan death assemblages found
in the substations of the straight (SS) and meandering (MS) sectors in the middle course of the Touro Passo River, Uruguaiana, RS (* values

decimals were elevated to number superior).

Substations/ SS01  SS02  SS03 SS04 SS05 SS MS01 MS02 MS03 MS04 MS05 MS Total
Species n n n n n Total n n n n n Total n
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
GASTROPODA
P. canaliculata 1 2 0 2 5 10 1 0 0 0 0 1 11
(3.9) (5.9 (18.2) (22.8) (9.9) (2.5) (0.5) (3.54)
Heleobia aff. 0 0 0 0 0 0 3 0 0 1 1 5 5
bertoniana (7.5) (1.26) (3.3) (2.4) (1.61)
P. af. orbigny 11 13 4 0 1 29 0 12 0 33 12 57 86
(42.3) (35.1) (80) (4.5) (28.7) (33.8) (41.5) (40) (27.1) (27.6)
Potamolithus sp. 0 0 0 0 0 0 22 5 23 28 11 89 89
(55) (14.1) (92) (35.2) (36.7) (42.4) (28.6)
Biomphalaria sp. 3 3 0 5 2 13 6 0 2 7 2 17 30
(11.5) (8.1) (45.4) (9.1) (12.8) (15) (8) (8.8) (6.7) (8.1) (9.65)
Subtotal (n) 15 18 4 7 8 52 32 17 25 69 26 169 221
Subtotal (S) 3 3 1 2 3 3 4 2 2 4 4 5 5
BIVALVIA
D. delodontus 0 0 0 0 1 1 1 1 0 0.5 0 2.5 3.5
wymani (45) (1.0) (2.5 (2.8) (0.63) (1.2) (1.12)
D. 3 1 0 0 0 4 0 0 0 0 0 0 4
parallelopipedon (11.5) (2.7) (4.0) (1.3)
M. siliquosa 0 0 0 0 0 0 0 0 0 2 0 2 2
(2.52) (0.9) (0.65)
C. fluminea 3 3 0 0 0 6 3 1.5 0 0.5 0 5 11
(11.5) (8.1) (6.9) (7.5 (4.2 (0.63) (2.4) (3.54)
C. largillierti 5 15 0 1 13 34 1 16 0 6.5 4 27.3 61.5
(19.3) (40.6) (9.1) (59.1) (33.7) (2.5) (45.1) (8.2) (13.3) (13.1) (19.8)
N. limosa 0 0 1 3 0 4 0 0 0 0 0 0 4
(20) (27.3) (4.0) (1.3)
E. klappenbachi 0 0 0 0 0 0 0 0 0 1 0 1 1
(1.26) (0.5) (0.32)
P. sterkianum 0 0 0 0 0 0 3 0 0 0 0 3 3
(7.5) (1.4) (0.97)
Subtotal (n) 11 19 1 14 49 8 18.5 0 10.5 4 41 90
Subtotal (S) 3 3 1 2 2 5 4 3 0 5 1 6 8
TOTAL (n) 26 37 5 11 22 101 40 35.5 25 79.5 30 210 311
RICHNESS(S) 6 6 2 4 5 8 8 5 2 9 5 11 13
H * 1.55 1.40 0.50 1.24 1.15 1.69 1.47 1.26 0.28 1.46 1.30 1.58 1.82
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dead specimens have living representatives (F3) (Tab.
V). In the MS site, 66.6% of species found alive were
also found dead (F1), and 61.5% of the dead ones were
recorded aive (F2) (Tab. IV). Thesimilarity of thesevalues
isprobably related to the same richness observed (S=11)
for both assemblages (Tabs. 1, I11). It is important to
emphasize here that the assemblages found in the MS
site showed significantly higher fidelity (p=0.012) than

the assemblages of the SSsite. For exampl e, nine species
(P. canaliculata, P. aff. orbigny, Potamolithus sp.,
Biomphalaria p., D. delodontus wymani, C. fluminea,
C. largillierti, E. klappenbachi and P. sterkianum) found
dead in the assemblages of the meandering-sector were
also recorded in the live assemblages (F2). For the dead
specimens belonging to live species (F3), from the MS
site, fidelity was86.9%, and significantly higher (p=0.009),

1.2 cm 12

Figs. 6-13. Bivalves of the Touro Passo River. Diplodon delodontus wymani, right valve: 6, external view; 7, interna view; Diplodon
parallelopipedon, right valve: 8, external view; 9, internal view; Anodontites trapesialis forbesianus, |eft valve: 10, external view; 11,
internal view; Mycetopoda siliquosa, |eft valve: 12, external view; 13, internal view.
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than the assemblages from the SS site. The similarity
among the live/dead fidelities (F1) of both sectors was
not significantly different (p=0.911).

Among the bivalve speciesfound by Bomgin (1976)
and Edson Oliveira (pers. comm.) for the Touro Passo
River, some were not recorded in the studied life
assemblages, including: Leila blainvilliana (Lea, 1834),
Diplodon variabilis (Maton, 1811), D. parallelopipedon,
D. rhuacoicus (Orbigny, 1835), Castalia ambigua inflata
(Orbigny, 1835), A. tenebricosus, A. ferrarisi (Orbigny,
1835), A. patagonicus, A. trapezeus (Spix, 1827),
Mycetopoda legumen (Martens, 1888), M. siliquosa, M.
minuana and Monocondylaea corrientesensis (Orbigny,
1835). However, some of them (D. delodontus wymani,
D. parallelopipedon, C. fluminea, N. limosa) were
assigned in the studied death assemblages. Yet, it is
noteworthy that some bivalve species in the studied
molluscan fauna (e.g., A. ferrarisi, A. trapesialis
forbesianus, L. blainvilliana, M. legumen and M.
siliquosa) are declining or even disappearing (MANSUR
et al., 2003a), due to human induced environmental
changes and/or due to competition with alien species [C.
fluminea and Limnoperna fortunei (Dunker, 1857)] (MANSUR
& VEITENHEIMER-MENDES, 1976; MANSUR et al., 2003b).

Thelow levelsof richness observed may bearesult
of the short extension of the Touro Passo River (~55 km),
and thetypical water volume oscillation aong the seasons
(Bowmgin, 1976). Thismay generate adverse environmental
conditions to some species.

Asfar as the ecological fidelity, the presence of a
high number of species classified as preferential is an
unexpected characteristic of the studied life assembl ages.
This is because freshwater mollusks are usually
considered generalists (DuARTE & DierenBACH, 1994;
MANSUR ef al., 1994; PEREIRA ef al., 20004), and thus not
restricted to aparticular fluvial environment. The unique

Table V. Index of similarity and quantitative fidelity at substation,
station and river-scale, according to questions F1 (Ng x 100/ N +
Ng), F2 (Ng x 100/ N, + N) and F3 [(dead individuals of Ng x 100)/
(dead individuals of N, + NJ)], between the live and death
assemblages collected in the middle course of the Touro Passo
River, Uruguaiana, RS.

life assemblage x death assemblage

Station/
Substation Index of F1 F2 F3
Similarity

S01 0.28 100 16.6 40.7
S02 0.28 100 16.6 34.2
S03 0.50 50 50 66.6
S04 0.66 100 25 53.8
S05 0.50 66.7 40 29.2
SS Total 0.50 60 30 67.7
MS01 0.77 100 71.4 77.8
MS02 0.90 83.3 100 87.6
MS03 0.66 100 50 88.4
M S04 0.62 71.4 55.5 81.6
MS05 0.60 60 60 81.8
MS Total 0.73 66.6 61.5 86.9
TOTAL 0.72 60 47.3 72.3

strange species found (Biomphalaria sp.) is a
representative of a genus whose species are common in
a wide variety of lentic environments. Species of
Biomphalaria are especially common in settings
characterized by slow current and marked by
anthropogenic influence (PereIrA et al., 2000b). Theshells
of Biomphalaria sp. might have been carried out into
theriver from vicina lentic settings (e.g., AMS), during
floodings. Similar lateral shell transport was already
recorded for thisgenusby CHierrl & MorerTi (1979). The
speciesclassified asindifferent (P. canaliculata) inhabits
lotic and lentic environments, and also shows a wide
environmental distribution. This species can cope with
the dry conditions among seasons, and eutrophic
conditions (Cazzanica, 1987; EsTeBENET & CAZZANIGA,
1992; MARTIN et al., 2001; PEREIRA et al., 20003, 2001).
The presence of alarge number of species assigned as
preferentialsindicates the high ecological fidelity of the
biocoenosis of the Touro Passo River.

Among thethree speciesrecorded inthe AM S site,
the dominant species (G. moricandi), and also
Biomphalaria sp., are commonly associated with aquatic
vegetation (BoneTTO et al., 1982; SanTos & FRrEITAS, 1986;
LANZER, 1996; PereIrRA et al., 2000a,b). Therefore,
environments such as the abandoned meander could be
a favorable place to species assigned as strange or
indifferent to thrive. These settings could also act as a
place to shell dispersion to other nearby environments
aswell.

It is important to emphasize that the taxonomic
composition of the studied molluscan assemblagesis not
the one expected for afourth-order river. In such rivers,
according to the River Continumm Concept, therichness
and abundance of scrapers/grazers (gastropod) and
collectors (bivalve) species are expected to be similar
(ALLAN, 1996; NAIMAN & BiLey, 1998). In general, the
predominance of the latter suggeststhe presence of large
sectionsand/or the proximity of theriver’smouth (NAiMAN
& By, 1998).

At the station-level, the higher richness and
abundance showed by the substations of the MS site,
although not significantly different (see results), seems
a reflection of the higher habitat diversity of this river
sector. Thisincludes settingswith different bottom types,
variable current velocities (lentic and lotic facies) and
the ephemerous presence of isolated water pools. Also,
the higher Shannon-Wiener index obtained (Tab. 1V)
suggests that the MS life assemblages are more
homogeneous, regarding the species frequency.

Ingenera, thespecies P. &ff. orbigny, Potamolithus
sp. and C. largillierti were dominant in the MS life
assemblages and in the whole Touro Passo River aswell.
The substations MS02, MS04 and MS05 showed,
simultaneously, the three species, reinforcing their
ecological preferencefor siteswith coarse sands, shallow
water conditions with intermitent water flows (ITUARTE,
1994; Lorez ARMENGOL & DARRIGRAN, 1998). In the
straight-sector, only one species (P. aff. orbigny) is
dominant. This was recorded in the substations SS01,
SS02 and SS03, where silt-dominated bottoms (sometimes
with coarse to fine sands), no aquatic plants, and strong
and continuous currents prevail (Tab. ). These
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environmental conditions seem to favor the presence of
species belonging to the genus Potamolithus (D1 PERsIA
& OLAZARRI, 1986; L 6rPEz ARMENGOL & DARRIGRAN, 1998;
PEREIRA et al., 2000a,b).

Severa previous studies in marine (KipweLL &
Bosence, 1991; KipweLL & FLEssa, 1995; Best & KIDwELL,
2000; KowaLEwskI et al., 2003) and freshwater (Bricas et
al., 1990; WARREN, 1991; Cummins, 1994) environments
suggest that the richness and the abundance are usually
higher in the thanatocoenoses than in the biocoenoses.
However, the richness of the studied thanatocoenoses
is not remarkable different of the biocoenoses (Tabs. I1,
I11). Infact, both share nine speciesat river-scale, differing
only by the presence of the utmost four species (Heleobia
aff. bertoniana, D. parallelopipedon, M. siliquosa and
N. limosa). The abundance of the thanatocoenoses was
also lower than that already reported in the literature.
Thismay reflect thedifferencesin the sedimentary regime
of the studied freshwater environments. Due to the
differences in the sedimentary processes (e.g., net
sedimentation rate) shell accumulation ratesin freshwater
environments are usually lower than in the shelf marine
environments (PeTeErsoN, 1976; CoHeN, 1989; BRiGGs et
al., 1990; WaARREN, 1991; Cummins, 1994; KipweLL &
FLESsA, 1995).

Study in reservoirs, east-central Ohio, USA (see
Cummins, 1994), showed that death and life assemblages
of Unionaceaexhibit high rangesof rank order correlation
(rs=-0.06t0 0.57), especially to the non-regulated courses.
On the other hand, the regulated ones showed lower
ranges, but with positive and high values at site-scale
(rs=0.67 a0.89, Cummins, 1994). These differences are
interpreted as response to the water energy, particularly
to the low-energy conditions that prevails in the
reservoirs (Cummins, 1994). At river-scale, therank order

correlation recorded by Cummins (1994) was rs=0.64.
Similarly, therank order correlation recorded to the Touro
Passo River wasrs=0.56. Hence, despite of the unexpected
values of the richness and abundance of the studied
death assemblages, the ranking of dominancewassimilar
to that previously recorded in the literature for other
freshwater shelly thanatocoenoses (WARREN, 1991;
Cummins, 1994). Additionally, our data also show that
among the six dominant species (Potamolithus sp., P. &ff.
orbigny, C. largillierti, Biomphalaria sp., C. fluminea
and P. canaliculata) of the thanatocoenoses of the Touro
Passo River, five (the exceptionis Biomphalaria sp.) are
also dominantsin the biocoenoses. Corbicula largillierti
showsthethird order position in both assemblages. This
isin accordance with the general ideathat the ranking of
dominance at river-scale is preserved in the
thanatocoenosis.

The index of similarity among the live and death
assemblages of the Touro Passo River was high (0.72),
and similar to that observed by Cummins (1994) for the
non-regul ated areas of Ohio reservoirs (0.67 to 0.70). In
the Touro Passo River, the recorded indexes for each
collecting stationswere 0.50 (SS) and 0.73 (M S), ranging
from 0.28 (SS01) to 0.90 (M S02) among the substations
(Tab. IV). At station-level, the differences are probably
related to theless energetic conditionsthat prevail inthe
meandering-sector. At substation-level, the differences
might be associated with particular local conditions(e.g.,
margin declivity, bottom type and the presence/ausence
of terrestrial and aquatic plants) (see al'so Brices et al.,
1990). Consequently, despite of the discontinuous
distribution of the species in the sampled death
assemblages from the SS and MS sectors, the
thanatocoenoses yielded nearly similar abundance and
richness with the local life assemblages.

Figs. 14-19. Bivalves of the Touro Passo River. Pisidium sterkianum, right valve: 14, external view; 15, internal view; Eupera
klappenbachi, |eft valve: 16, external view; 17, internal view; Corbicula largillierti, |eft valve: 18, external view; 19, internal view.
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Our fidelity (F1, F2) results(Tab. 1V), at river-scale,
are somewhat distinct of those previously reported in
theliterature. For example, Cummins (1994) obtained F1
and F2 values of 83% to 100%, and of 50% to 58%,
respectively for freshwater assemblages of US-reservoirs.
Other authors (KipweLL & FLEssa, 1995) noted that, as
general condition, assemblages generated under
freshwater environmentsyield the following values: F1
(=95%), and F2 (=55%). Assembl ages of the Touro Passo
River, yielded F1 values as low as 60%, and F2 values
(=47.3%), nearly comparable with those previously
reported by Cummins (1994) and KipweLL & FLEssa (1995).
However, it should be stressed that the slightly low F1
and F2 values noted here may be due to the adoption of
distinct methodological decisions among studies,
including exhaustive analyses, which include fragments
(BriGas et al., 1990; Cummins, 1994; KowaLEWSKI et al.,
2003), and the use of target taxa, especially among bivalve
mollusks (Unionacea) (WARREN, 1991; CumMins, 1994).
Besides this, it should be also remembered that the
sedimentary environments are not the same for all those
studies. Hence, the differences may reflect the distinct
sedimentary/taphonomic processes that operate in each
environment (see also Pir, 1988; BricGser al., 1990). On
the other hand, the low number of species found alive
that are also found dead (F1), can be attributed to the
factors that may control the abundance and/or the
temporal- and spatial-mixing of the shells. Theseinclude
the downstream drifting and the fast dissolution of the
shellsunder freshwater conditions (CoHen, 1989; Brices
et al., 1990; WARREN, 1991). However, it isalsoimportant
to emphasize that the numerically dominant species are
more easily recorded than the others, asindicated by the
Spearman rank correlation and F3 values (Tab. 1V).

At station-scale, the higher percentages of dead
species also found in the life assemblages (F2) and the
number of dead individuals representing species also
found alive (F3) recorded in the MS site could be
associated with the continuous downstream flow, from
the straight-sector, that probably transports the shells,
and with the physical properties prevailing in the
meandering-sector. In the latter, the presence of coarse
bottoms and riparian vegetation (Tab. |) may provide
stable conditions, alowing the trapping of the shells,
favoring its accumulation (see Brigas et al., 1990, for a
similar example).

At river-scale, 72% of the dead individuals
represented speciesfound alive (F3), while at substation-
scale, F3valuesrangefrom 29.2% to 87.6%. Theseresults
areintherange of thedataavailablein theliterature. For
example, Cummins (1994) reported F3 vauesranging from
58% to 97% to the non-regulated streams of the North
Americareservoirs. KipweLL & Bosence (1991) assigned
F3 values ranging from 70% to 90% for assemblages
generated in marine environments.

CONCLUSIONS

The taxonomic composition of the analyzed
molluscan biocoenoses of the Touro Passo River is
characteristic of thelotic settingsthat prevail inthe study
area. However, it does not reflect the river-order, and is

not consistent with the River Continuum Concept.

Ecological attributes (abundance, richness and
diversity) of the studied biocoenoses are not sensitive
to particular environmental conditions (e.g., channel
morphology). However, they may reflect the complex
interaction among the natural factors, including the
presence/absence of aquatic and terrestrial vegetation,
differences in current velocity and bottom type of the
different studied river-sectors.

Therank order of the dominant speciesof the Touro
Passo River in the thanatocoenoses could be used to
infer the ranking of the most abundant species in the
origina life assemblages.

The low number of species found alive that were
also found dead (F1) in the studied assemblages may be
aresult of the lotic environmental conditions prevailing
in the Touro Passo River. This may favor quick shell
dissolution, avoiding the accumulation of the non-
contemporaneous remains. Hence, rates of time-averaging
may be low for those assemblages.

The low values of dead/live agreement reported
here are quite similar to that already published in the
freshwater molluscan literature. Hence, the studied death
assemblages are not faithful mirrors of the original
biocoenoses. However, the number of dead individuals
that are also found alive (F3) is high. Consequently, this
may be a useful tool in the reconstruction of some
particul ar attributes of the original biocoenoses (e.g., the
dominant species and their ranking order).
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