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Abstract

This chapter summarizes current information on benthic invertebrate assemblages in dif-
ferent habitat types (thithral, potamal, floodplain) of the Pantanal wetland in the Upper
Paraguay River Basin and its tributaries. Special attention is given to adaptations of selected
taxa to the floodpulse, and the use of benthic invertebrates as indicators for physical, toxic,
and organic pollution. Comparing species richness in different dimensions, we found that
it is much lower along the longitudinal (tiver channel) compated with the transversal (chan-
nel to floodplain) axis. Sandy tiver bed sediments provide a monotonous habitat with a
similar assemblage dominated by the oligochaete Narapa bonettoi along the entire channel of
the Paraguay River. Rare solid substrates such as rocky outcrops and woody logs represent
hotspots for biodiversity and biomass in the river channel, however they also provide step-
ping stones for the invasive mytilid, Lzznoperna fortunei. Diversity and biomass estimates for
the floodplain habitats vary considerably according to their structural diversity, with flood-
plain channels being the most important, thus requiring major attention for conservation.
Density and diversity of benthic assemblages of floodplain lakes depends strongly on their
connectivity to main water bodies, which reduce the terrestrialization process. The benthic
fauna reveals interesting adaptations to the floodpulse, including drought resistance, short
life cycles, “pond-hopping” etc. to survive the wet-and-dry cycle. Lack of this adaptedness
and a large number of vertebrate predators (fish, cayman juveniles and birds) limit success
of invasive species to a certain degree, but the naiad fauna (large mussels) of the Pantanal
is endangered by the “biofouling” through I.. fortunei in a similar manner as the naiad fauna
of temperate lakes by the zebra mussel.
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15.1 Introduction

Benthic and epiphytic invertebrates are of great importance for floodplain
ecosystems. They are an important member of the floodplain foodweb, convey-
ing energy from living or dead organic matter to vertebrates (mainly fish). The
benthic invertebrates also act as ecosystem engineers by influencing sediment
characteristics, e.g. by bioturbation (increasing the oxygenation of the sediments)
ot by tube spinning (consolidating the sediment surface, and reducing the oxygen
exchange). Mass emergences of chironomids or mayflies in the Pantanal give us
an idea of the enormous productivity of these organisms. Studies of their species
traits yield important information on the understanding of ecosystem processes
and for biomonitoring, However, benthic invertebrates of Neotropical wetlands
have yet received little attention by researchers because sampling and sorting are
very time-consuming (see WANTZEN & RUEDA-DELGADO 2009 for a review of
study methods in the Neotropics) and because wide gaps in taxonomic knowledge
reduce precision of the studies. Recently, there are some attempts to shed light
into the taxonomy and biology of South American invertebrates, e.g. the ABLA
project (Aquatic Biodiversity in Latin America, with so-far existing volume on fish
parasites (Thatcher 20006), blackflies (Coscarén & Coscaron-Arias, 2000), mayflies
(DomiNGUEZ et al. 20006), ceratopogonids (BORKENT & SpINELLI 2007), stoneflies
(StARK et al. 2008) and the new book by DOMINGUEZ & FERNANDEZ (2009). The
literature on Pantanal invertebrates, however is yet very scanty. Based on this
database, we can not determine yet if an invertebrate species in the Pantanal has
to be considered rare or not, however we can identify key taxa and their func-
tions in the ecosystem and habitats with high diversity. Some invertebrate species
have an overall importance for the ecosystem as they have a high productivity, or
they threaten the system as neozoans, or they are useful sentinel organisms. This
chapter gives an introduction to the key taxa in the Pantanal wetland, its rivers and
tributary streams of the Planalto.

15.2 Adaptations of key groups to the floodpulse

In the Pantanal, the floodpulse acts as a landscape filter (sensu Porr 1997) for col-
onizing invertebrates on different levels. The floodpulse determines (a) the aquatic
habitat area in seasonal floodplains, (b) the connectivity between permanent and
temporary water bodies, and (c) the habitat resource characteristics including flow
conditions, food offer and oxygen concentration (WANTZEN et al. 2005). Pantanal
invertebrates have highly adapted species traits in order to cope with adverse con-
ditions (HEckmMAN 1998b) and to rapidly profit by changing resources in the puls-
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ing landscape (WANTZEN & Junk 2006). Large parts of the Pantanal seasonally dry
out, therefore many aquatic species have short life cycles and re-establish quickly
after drought, migrate, or they can estivate in muddy sediments. Rising water lev-
els create new habitats and connect formerly disjunct water bodies, making new
resources available for aquatic invertebrates — but also for their aquatic vertebrate
predators (fish and young caimans). Winged adult insects, especially water bugs
(Belostomatidae and Notonectidae) quickly recolonize newly developing water
bodies during the freshet (Fig. 15.1).

The microzoobenthos, including testaceans, ciliates, rotifers, gastrotrichs,
nematodes, and small flatworms, colonizes sediments and aquatic vegetation in
permanent and temporary water bodies of the Pantanal (HArRDOIM & HECKMAN
1996; HECcKMAN 1998a, b). Due to their ability to disperse in root systems of
floating macrophytes and to survive drought in cysts, this group is omnipresent
in the Pantanal. The epi- and endobenthic copepod assemblages of the Pantanal
appear not to be as diverse and locally restricted as in the Planalto as indicated by
studies from the Cerrado near Brasilia (REID 1984, 1997; REID & MoRreNO 1990),
which have revealed extremely high copepod biodiversity in the small streamside
wetlands similar to the tributary streams to the Pantanal. In spite of being little
studied, the microbenthos seems to be the key group for the transfer of organic

Fig. 15.1. Survival mechanisms of aquatic invertebrates in the Pantanal.
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matter from biofilms to the vertebrates, especially to small floodplain fish species
that are specialised in picking microbenthic organisms from plant surfaces. Nearly
all small-sized fish, including young stages of large species, are surface-pickers.
Large quantities of testacean shells are found in the stomach content of Moen-
khansia dichronra (F. MacHADO, UFMT, Cuiaba, pers. comm.); however, it is not
clear yet if there is a top-down control. HARDOIM & HECKMAN (1996) suggested
that limits for the occurrence were set by (a) heat resistance of microzoobenthic
species when water bodies are shrinking, (b) drought resistance, i.e. their ability to
produce resting cysts for estivation, and (c) by food limitation due to oligotrophic
conditions during the high water phase that limit periphytic algal growth.

The longest estivation times have been observed for the freshwater sponge
Drulia brownii, which produce gemmulae that can survive extreme drought for
more than a year. The sponges colonize branches of trees in the floodable zone
of the riverbanks and margins of capao islands (see chapters 5, 12). where they are
exposed to drought for several months (HECkmMAN 1998b). There are more sponge
species occurring on the rocky outcrops of the large Pantanal rivers, such as Onco-
sclera navicella (CARTER 1881) and Trochospongilla repens (HINDE 1888), however, these
are less drought resistant as Drulia brownii (BOWERBANK 1863) and were not ob-
served above the waterline (EzZCURRA DE DraGO, INALI Argentina, pers. comm.).

Ampullarid snails (Ampullaridae) occurring in the Pantanal, like Pomacea linea-
ta, P. scalaris, and Marisa planogyra, have special adaptations to survive high tempera-
tures during low water and even drought conditions of several months, including
the development of both gills and lungs, a protective operculum, and a very high
reproduction rate (KrRETZSCHMAR & HECKMAN 1995). When studying ampullarid
snail distribution along an inundation gradient at Fazenda Ipiranga near Poconé
during the dry season, these authors found high densities of three species, P. /ineata
(20-48 ind.m?), P. scalaris (0-180 ind. m?), and Marisa planogyra (32-108 ind.m™).
Egg masses were found throughout the year, however, with a strong bias towards
the flooded period, with average (and maximum) clutch sizes of 390 (800), 230
(550) and 70 (270) eggs, respectively, for the three species. The eggs are calcified
for protection, however, they do not survive the entire dry period (KRETZSCHMAR
& HeckmaN 1995). When the sediments become rewetted at the beginning of the
rainy season, many estivating ampullarid snails and trichodactylid crabs return to
the sediment surface. Wading birds (e.g. Aramus guaranna) and snail kites (Rostrha-
mus sociabilis) then crowd in large flocks and prey upon them in the shallow water.

In spite of their protective shells, the bivalves of the Pantanal vary greatly
in their resistance to desiccation, even within the same genus. Awodontites elongatus
(Mycetopodidae) survives complete dryness of the sediments for several weeks
while A. #rapesialis is very vulnerable to drought and dies after one day of exposure
(Carm 2003). Two survival strategies were observed. In temporary floodplain
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channels, mussels dig deep hollows into the fine, hard-packed sediments (HECk-
MAN 19982), while in floodplain lakes they migrate towards the deepest point in
the water body (CarLiL 2003).

Oligochaetes colonize practically all benthic habitats (BRINKHURST & MAR-
cHESE 1991) including other animals like sponges and bryozoans (Corsl et al.
2005). In spite of having a sensitive cutis, they are very well adapted to the wet-
and-dry conditions in the Pantanal, as both egg clutches and adults of most species
can estivate in drought-resistant cysts. The root systems of floating macrophytes
(e.g. Ezchhornia crassipes) are densely colonized by oligochaetes. Along with the chi-
ronomids, this order is one of the best indicator taxa for water quality (see below).
The oligochaete faunae of the Pantanal and the Upper Parana floodplain have
many overlapping taxa (EZCURRA DE DRAGO et al. 2004; MARCHESE 1987; MARCHESE
et al. 2003; MARCHESE et al. 2005; TAKEDA 1999). Most remarkable is the range
of body size in this order, ranging from nearly one meter in the terrestrial giant
earthworm Glossoscolex gigantens, that produces large earth mounds in the dry-fallen
floodplains (Apis, MPI Plon, pers. comm.) and 2 mm in Narapa bonettoi, which
colonizes mobile sand dunes in the larger rivers of the Pantanal (TAKEDA et al.
2001; MARCHESE et al. 2005, and see below).

Chironomids are by far the most diverse and abundant aquatic insect group
found in benthic assemblages of the Pantanal and its tributaries (ABURAYA & CAL-
LIL 2007; ButAKKA 1999; BUTAKKA et al., submitted manuscript; HECKMAN 1998b;
Paura 1997; SCHIRMER, unpublished data; SERRANO et al. 1998a; STur 2000; WANT-
ZEN 1997). They have developed many different survival strategies that enable
them to occupy almost all aquatic habitats, such as drought resistance and short
life cycles. Fissimentum is a genus from the Chironomini tribe which is tolerant to
desiccation (CRANSTON & NoOLTE 1996). Life cycles of only one week from egg to
imago are reported for Apedilum elachistumr (NOLTE 1995) enabling it to colonize
even temporary rock pools (NOLTE et al. 19906). In the Pantanal floodplain, short
and partly synchronized life cycles cause that microhabitats that were rich in chi-
ronomid larvae one day may be completely devoid of larvae the next day, due to
mass emergence (F. SCHIRMER, Stuttgart pers. comm.). Interseasonal variation of
larval density is also high. In the Paraguay River, ABURAYA & CALLIL (2007) ob-
served a variation between 180 ind. m?in May to 840 ind. m™ in August, thus a
strong increase from wet to dry season.

Among the mayfly species of the Pantanal, Clocodes hydation (Baetidae, Ephem-
eroptera) is especially adapted to drought. Cloeodes larvae that were experimentally
dehydrated on petri dishes were able survive up to 9 hours of dryness and could
be repeatedly dried up to 5 successive times, moulting within 12 hours after rewet-
ting (NOLTE et al. 1996). These authors calculated a life cycle length of 19 to 25
days. Similarly short cycle lengths were suggested for other stream mayflies in the
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Bento Gomes River (NOLTE et al. 1997) and in Cerrado streams of the Planalto
(OLIVEIRA & FROEHLICH 1997; WANTZEN, unpublished data). Apart from drought,
benthic invertebrate assemblages in lakes and connection channels of the Pantanal
are subject to periodical alternations between lentic and lotic conditions (WANTZEN
et al. 2005). When the water and sediment movement increases during the wet sea-
son, the larvae of the mayfly Campsurus notatus (Polymitarcyidae, Ephemeroptera)
perform lateral movements towards the lake margins to avoid the current (Bu-
TAKKA & WANTZEN 2002; TAKEDA & GRzZYBKOWSKA 1996). The genus Campsurus
is an important keystone taxon in rivers and lakes of the Pantanal because of its
high productivity and because of its function as bioturbator by burrowing tubes in
fine bed sediments in which they maintain a permanent water flow by gill move-
ments. In Amazonian lakes, life cycle length of three months have been reported
tor Campsurus notatus (NOLTE 1987). It prefers sites with low organic matter content
in the sediments as shown for Amazonian (LEAL & EsTEVES 1999) and Pantanal
lakes (Burakka & WANTZEN 2002). Mass emergences of this genus may convey
hundreds of kilograms of carbon upriver within few hours in neotropical rivers
(WaNTzEN & JUNK 2000).

Some caddisfly species of the genera Neo#richia and Oecetis occur in high densi-
ties in the root zone of the floating macrophyte Eichhornia crassipes. Gill movements
and a small body size (i.e. short respiration tracts) are species traits that enable sur-
vival of these larvae under low-oxygen conditions. MARCAL & CALLIL (2008) could
identify the oxygen concentration as a control for the occurrence of diverse cadd-
isfly and other benthic species in floodplain lakes of the Paraguay River within the
Pantanal National Park. Both mayfly and caddisfly larvae are subject to strong fish
predation and are only found in crevices which serve as a refuge. Apart from the
root system of macrophytes, caddis fly larvae (mostly hydropsychids of the genus
Leptonema) are also found in abandoned burrows of Campsurus in the clay margins
of the larger rivers, or in porous woody debris in the rivers (MARCHESE et al. 2005).

The Pantanal Region is considered the geodetic centre of South America. This
precludes the occurrence of invertebrate species that need to migrate towards
marine environments for reproduction. Like in Amazonia (WALKER & IERREIRA
1985), the decapods occurring in the Pantanal reproduce in fresh water. Two
palaemonid shrimps are so far known to the Pantanal, the larger Macrobrachinm
amazonicnm (HELLER 1862) with 50-110 mm body length, and the small (20-37 mm)
Palaemonetes ivoniens (Horrnuis 1950; F. MACHADO, pers. comm.). Both species are
omnivorous and co-occur in shallow areas of standing and flowing water bodies,
especially in dense macrophyte beds were they also represent an important food
source for larger fish. In the nekton of large lakes such as Chacororé and Sinha
Mariana, small shrimp larvae occur in large quantities during the spawning season
of the characids and were caught along with fish larvae (SEVERL, unpublished data).
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In spite of having large numbers of planktonic larval stages (for Macrobrachinm
amazonicum, 10 to 11 plankton-feeding stages are reported for Amazonia (JUNK &
ROBERTSON 1997), the freshwater shrimps also migrate into the tributary streams
of the feeder rivers of the Pantanal. However, their distribution is locally limited
by scarcity of calcium and by waterfalls which hamper the colonization of up-
stream sections of the tributary streams by non-flying aquatic organisms.

Five species of trichodactylid crabs were reported from the Pantanal near
Poconé (AraUjo & MacHADO, unpublished manuscript). Average clutch sizes
were 800 (Dilocarcinus pagei STIMPSON 1861), 600 (S7lviocarcinus ¢f. oronensis PRETZMAN
1968), and 400 (Poppiana argentianus RATHBUN 1906) per female. Reproduction of
these species and the Trichodactylus species, T. camerani (NOBILI 1869) and I. parvus
(MoreIRA 1912), generally takes place at the beginning of the wet season with a
peak in October and November. Females carry eggs and juveniles of different
developmental stages using the pleopods which form a brood pouch. Juveniles
develop directly, without larval stages. In spite of high egg numbers and parental
care, low fecundity rates (i.e. number of viable offspring per female and year ) of
7.41 tor Dilocarcinus pagei and 6.65 for Sylviocarcinus australis (IMAGALHAES & TURKAY
1996) were reported in the Paraguay River (DE BARROS MANSUR & HEBLING 2002).
The crabs avoid inadequate environmental conditions by migrating towards deeper
water bodies (Fig. 14.1). When the habitats finally dry out completely, the crabs can
estivate in deep holes in muddy sediments in monospecific or mixed associations,
even along with ampullarid snails (F. MACHADO, pers. comm.). At river margins,
the crabs dig holes of about one meter depth above the waterline. Crabs close
them with wet mud, indicating the presence of an active animal. Inactive holes are
important habitats for other invertebrates, fish, snakes or kingfishers. The Pantanal
crabs are omnivorous and feed i.a. on snails, macrophytes, and fish. Their preda-
tors are birds, e.g. Rostrhamus sociabilis, Busarellus nigricollis, Geranospiza caernlescens,
Polyborus plancus, Jabirn mycteria, and crab-eating fox (Procyon cancrivorous), caimans,
guati (Nasua nasua), lobinbo (Cerdocyon thous), and fish like pacu (Praractus mesopotam-
sens) and piraputanga (Brycon microlepis). They are also much sought after by local
fishermen who use them as bait.

15.3 Benthic habitats (choriotopes) and their invertebrate assemblages

Definition of habitats is a difficult task in the quickly changing environment
of the Pantanal (WANTZEN et al. 2005). The classic definition of Hynes (1970),
restricted “benthos” to aquatic bottom sediments, whereas REsSH & ROSENBERG
(1984) extended the term by including the stems of aquatic macrophytes as a sub-
strate. In shallow neotropical floodplains, the transition between these habitats is
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very smooth and many benthic species of the Pantanal colonize a wide range of
habitats. For example, we found Campsurus spp. (mayflies) in lake sediments, in
floodplain channels (WANTZEN & Butakka 2002), in the banks of the main chan-
nel river sediments (EZCURRA DE DRAGO et al. 2004; MARCHESE et al. 2005), and in
roots of floating macrophyte. Some benthic habitats, however, have clearly defined
assemblages.

15.3.1 Rhithral assemblages

There are only few sites where streams directly enter into floodplain habitats, e.g.
in the foothills of the sierras that border the Pantanal National Park. Most low-
order streams are restricted to the high plains, surrounding the northern part of
the wetland. These plains are generally based on arenitic rocks (e.g. the Chapada
dos Guimaraes), however, parts of the Chapada dos Parecis, of the Serra de
Bodoquena and of the hill ranges north of Corumba have limestone rocks. SIOLI’s
general statement that geochemistry of the catchment has a strong effect on the
stream characteristics (SIOLI 1968) becomes much evident here as the occurrence
of calcium-dependent mollusks and larger crustaceans do not occur at all in
calcium-lacking streams.

Rainfall seasonality strongly affects the runoff characteristics of the streams,
many of which are intermittent. Connectivity to riparian wetlands is low during
the dry season from June to September, however, flow pulses during rainy sea-
son increase runoff up to tenfold and allow an exchange of organic matter and
biota between stream and riparian wetlands (JuNk & WANTZEN 2004; WANTZEN
& Junk 2000).

Cerrado streams from sandstone areas have very low conductivities and cal-
cium is hardly detectable (HECKMAN 1995; WaNTZEN 1998b, chapters 6,7). They
typically lack mollusks and decapod crustacea, while harpacticoids, some cladocer-
ans and ostracods were the only crustaceans found in these ion-poor streams. Fish
are equally rare, thus the trophic structure is ruled by large predatory invertebrates.
In streams that had conductivities below 7 puS ecm™, we hardly found more than 2
to 3 species of characid, rivulid, or trichomycterid fish. On the other hand, they
harbour a considerable insect fauna (WANTZEN & WAGNER 20006). Many species
have not yet been described, especially chironomids, empidids, and other diptera.
The diversity of the orders Ephemeroptera, Plecoptera, Trichoptera (i.e. mayflies,
stoneflies, caddis flies) which appears to be lower in Cerrado streams than in tem-
perate zone streams, can be assessed only after thorough revision of the material
(e.g. HOLZENTHAL 1995; FroEHLICH 2002; DOMINGUEZ et al. 2000). Benthic sam-
pling, emergence traps and rearing experiments indicate that most of these taxa
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are polyvoltine (OLIVEIRA & FROEHLICH 1997; WANTZEN 1997; Bispo, OLIVEIRA,
MARQUES & WANTZEN, unpublished manuscript).

The trophic guilds (functional feeding groups) of invertebrates in Cerrado
streams differ from the distribution of shredders, collectors, grazers and predators
reported from the river continuum in temperate zones (VANNOTE et al. 1980). The
density and diversity of shredders is rather low whereas most invertebrates are
omnivores or predators (WANTZEN 1997; WANTZEN & WAGNER 2006). Thus, the
food webs of these streams depend much less on the direct consumption of leaf
litter than e.g. temperate streams. Recent isotope studies in Mata Atlantica streams
(Brrro et al. 2006) indicate that periphytic and drifting algae are another important
food source in tropical streams. WANTZEN et al. (2008) suggested that organic mat-
ter sources other than leaf litter, e.g. falling terrestrial insects, feces of herbivore
insects, flowers, fruits and pollen are important food sources in Cerrado streams,
as reflected by the high percentage of predators and scavengers. Odonata (drag-
onflies) reveal considerable species richness and a high degree of adaptation to
special habitats and feeding, In slow-flowing sections, dragonfly larvae are found
digging in sand or sand-filled leaf packs (Gomphidae), lurking for prey on vertical
woody structures (Aeshnidae), while in fast-flowing sections they hunt on stones
(Calopterygidae) and in plants like Podostemaceae (some Libellulidae). Dobsonfly
larvae (Corydalidae) are the largest benthic predators in low-conductivity streams
of the Cerrado. They are extremely resistant to high current, however, they require
high physical and chemical water quality and can therefore be taken as indicator
species (PAaurLa 1997; WANTZEN 1997). Browsing for prey in stony and woody sub-
strates, they act as ecological engineers by litterally cleaning the intersticial spaces
(WAaNTZEN 1997).

Calcarious streams have similar assemblages as the Cerrado streams but they
also harbor shrimp and mollusc species such as Haasica balzani (see Table 15.1).
Due to increased nutrient availability, primary production is generally higher at
exposed sites than in the nutrient-poor Cerrado streams, allowing a higher per-
centage of grazers and a lower abundance of simulids which need bare surfaces
for fixation.

Piedmont streams are situated in the transition zone between the Plan-
alto and the Pantanal. Often, cascades limit the upstream migration of fish and
decapods. The faunistic overlap of typical wetland species and the fauna of the
upstream tributaries causes a high species richness (WANTZEN & Junk 2000). Com-
paring two sets of streams at the same level of taxonomic resolution (family or
genus level), a piedmont stream near Caité had almost twice the taxa richness (79
10 taxa) as the Cerrado streams of the Planalto (average of 43 * 16 taxa), mostly
due to higher diversity of caddis flies, mayflies and dragonflies in the piedmont
stream (WANTZEN 1997). Piedmont streams are permanently well-oxygenated and
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Table 15.1 Occurrence of bivalves in the Pantanal due to various authors: 1 = SERRANO
et al. (1998b), 2 = HeckMAN (1998a), 3 = CALLIL(2003), 4 = OLIVEIRA et al.
(2006); MARGAL & CALLIL (2008); CALLIL et al. (2007), 5 = AGuIAR (20006), 6 =

CoLLE & CaLLIL (2009)

Taxon small | large lake | stream | Author
river river

Sphaeriidae

Pisidinm spl. X 1,5

Pisidinm sp2. X 5

Pisidinm sp3. X 5

P. punctifernm (Gupry,1867), X 1

P. sterkianum (PiLsBry, 1897) X X 5,6

Eupera sp. X 1

E. simoni JOUSSEAUME, 1889 X 1

E. tumida (CLESSIN, 1879); X 1

Hyriidae

Castalia ambigna inflata ORBIGNY, 1835 X X X 1,2,3,6

Diplodon parallepipedon (LEA, 1834) X 3

D. guaranianus (ORBIGNY, 1835) X 3

Etheriidae

Batlettia steffanensis X 3

(MoRICAND, 1856) 1*

Mycetopodidae

Haasica balzani (IHERING, 1839) X 3

Bartlettia stefanensis (MORICAND, 1856)

Anodontites trapesialis (LAMARCK, 1819) X X 1,2,3,5,6

A. trigonus (Spix, 1827), 1,2,3.6

A. tenebricosus (LEA, 1834) 1,5

A. ensiformis (Spix, 1827) X 3,5

A. erispatus BRUGUIERE, 1792 X 3

A. elongatus (SWAINSON, 1823) X 3,6

A. soleniformes (ORBIGNY, 1835) X 1,35

Monocondylea parchapii ORBIGNY, 1835 X 1,3,5

Fossula fossiculifera (ORBIGNY, 1835) 3

Mycetopoda siliguosa (Six, 1827)

M. soleniformes ORBIGNY, 1835.

Corbiculidae

Corbicula largilliert; (PHiLIPPL, 1844) X 3,5,6

Corbicula fluminea (MULLER,1774) 6 3

Mytilidae

Limnoperna fortunei (DUNKER, 1857) 4
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become important refuges for large invertebrates and fish when the “dequada”
phenomenon, ie. fast decrease of oxygen concentration due to intensive leach-
ing at the beginning of the rainy season (CALHEIROS & HAMILTON 1998), turns the
floodplain a hostile environment.

Rhithral parts of rivers such as the Cuiaba River above Nobres are character-
ized by high water velocities, low water depth, and gravellish and sandy sediments.
The clear water and the width of the wide river bed allow an intensive growth of
periphytic algae that provide feeding grounds for grazers (e.g. helicopsychid caddis
flies and several snail species). Net-spinning caddis flies (mostly hydropsychid Mae-
ronema and Smicridea) cover large areas of the sediments. These sites show a fau-
nistic overlap between tributary and potamal species and high benthic biomasses.
Moreover, they harbour rare mollusc species (see Table 15.1) and are important
oviposition sites for fish.

15.3.2 Potamal assemblages

The lower sections of the large feeder rivers of the Pantanal like the Paraguay,
Cuiab4, Sao Lourenco, or Itiquira generally characterized by sandy, clayish or rocky
substrates which harbour distinct assemblages. In a first study on benthic inverte-
brate assemblages in 38 sites of the upper section of the Paraguay River, MARCHESE
et al. (2005) identified 69 species and morphospecies, including 22 oligochaetes, 20
chironomids, 6 ephemeropterans, 5 microcrustaceans, 3 nematodes, 2 tubellarians,
2 ceratopogonids, 2 mollusks, 2 hirudineans, and one coleoptera, trichoptera, drag-
onfly, watermite, and sponge each. In a year-round study on a short stretch of the
same river near Caceres, ABURAYA & CALLIL (2007) found 32 chironomid species,
the most abundant taxa being Polypedilum (Asheuns) (45.8%), Pohpeditum (Tripodura)
(11.5%), Pohpedilum gr. fallax (4.22 %), Labrundinia sp.1 (11.4%), and Tanytarsus
(2.68%). Average density of benthic invertebrates varied in the study of MARCHESE
et al. (2005) between 72 and 10,354 ind.m™ in the meandering sector of the river;
3,611 and 49,629 ind.m™ in the straight-transitional sectors. Highest densities were
attained in sand-gravel sediments dominated by Nargpa bonettoi, which occured
associated with other oligochaetes such as Haplotaxis aedeochaeta, the turbellarian
Myoretronectes paranaensis, the nematode Tobrilus, the copepod Potamocaris sp., and
chironomids such as Djalmabatista sp. and Lopescladins sp. A similar assemblage was
found in the same type of sediments in the Upper Parana River by MONTANHOLI-
MARTINS & TAKEDA (2001) and the Middle and Lower Parana by MARCHESE (1984)
and MARCHESE et al. (2002). Narapa bonettoi is a typical r- strategist, with asexual and
sexual reproduction occurring at the same time (EZCURRA DE DRAGO et al. 2004,
MARCHESE 1994). Its minute body size allows fast (re-) colonisation of mobile
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sandbeds (MARCHESE et al. 2002). Habitats with finer sediments were represented
mainly by Parachironomus sp., Cryptochironommus sp., Nimbocera sp., Campsurus sp., Lep-
tohyphidae, and Hydracarina. Judging from the extremely low biomasses in mobile
sandy sediments — individuals are so small that even large numbers of them can
hardly be seen in the sample with the bare eye — we suppose that the benthic in-
vertebrate production of these sites does not significantly support the food web.
Substantial invertebrate biomasses were found either in clay margins perforated
by digging mayflies (Campsurus sp.), or in backwaters with accumulations of fine
particulate organic matter where large mussels occur, or in snags of large woody
debris (MARCHESE et al. 2005) which represent an important habitat in sand river
systems (BENKE et al. 1984; WaNTZEN & JUNK 2000).

The limited occurrence of these hot spots of benthic invertebrate biomass
(WanTZzEN & Junk 2006) supports the view that for this type of mostly sand-bed-
ded river, the floodplains are more important to support fish productivity than the
proper river channel (AGOSTINHO & ZALEWSKI 1995; JuNK et al. 1989). The benthic
assemblages of sections of the Paraguay River downriver of the Pantanal have
been studied by the AquaRap expedition 1997, which covered the lower section
of the Upper Paraguay and upper section of the Lower Paraguay River from the
mouth of the Rio Negro in the North (on Brazilian territory) to the mouth of the
Rio Aquidauana/Aquidabdn (on Paraguayan territory) in the South (BArRBOSA et al.
2001, MAGALHAES et al. 2001). A study by EzZCURRA DE DRrRAGO et al. (2004) covers
the lowermost section of the river from the Paraguayan / Argentinian border to its
confluence with the Parana river. Sandy river bed sediments provide a monoto-
nous habitat with a similar assemblage dominated by the oligochaete Narapa bonet-
toi along the entire channel of the Paraguay River.

The sediment structure of the upper sections of the feeder rivers of the Pan-
tanal, however, is often gravelly, e.g. in the Cuiaba River near the city of Nobres.
These substrates are densely colonized by chironomids and larger invertebrates,
e.g. they harbour a large number of bivalves (Table 15.1) and snails (Thiaridae),
mayflies (Leptohyphidae, Leptophlebiidae) and caddisflies (Polycentropidae)
(Liva 2002). The amount of the input of drifting organisms from these river
sections into the sandy channel sections has not been assessed. Using artificial
substrates of gravel bags Lima (2002), studied the benthos fauna on a 26-km-long
stretch from 10 km above the city of Cuiaba to its downstream perimeter. He
found 71 taxa, including 34 families of invertebrates and 47 genera of chirono-
mids which did not show a clear spatial pattern along or across the studied sec-
tion; however, the total abundance was much higher during the low water period
than during the high water.

A recent invader of solid substrates, Limnoperna fortunei (see below), might
locally increase the in-channel productivity, as shown for the Parand River (DAR-
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RIGRAN & EzcURRA DE DRrRAGO 2000) and the Paraguay River (MARCAL & CALLIL,
2008; OLIVEIRA et al. 2000).

15.3.3 Benthos of floodplain lakes and channels

The seasonal changes of water depth, flooded area, current velocity, and current
direction in lakes and channels of the Pantanal cause strong fluctuations in the
populations of benthic invertebrates. These temporal changes interact with spa-
tial heterogeneity in the distribution of the fauna on a large (littoral vs. limnetic
sites) and a small (substrate patch) scale (see WANTZEN et al. 2005 for a detailed
discussion). Moreover, key parameters for the distribution of the benthic inver-
tebrates such as temperature and oxygen covary with the water level fluctuations
(MARCAL & CALLIL 2008). NESSIMIAN & SANSEVERINO (1995) identified water level
fluctuations and development of the macrophyte vegetation as the main triggers
for chironomid distribution in a Brazilian sand dune lake. Water low level induced
changes in chironomid community by substituting grazers such as Goeldichironomuns
sp. and by dettitivorous/hetbivorous such as Polpedilun sp. in several habitats of
the Upper Parana River (TAKEDA et al. 2004a, 2005).

As an example, we studied the benthic invertebrate fauna, especially chirono-
mids, of the shallow Sinha Mariana Lake near Bardo de Melgaco (Fig. 15.2), at sites
which seasonally interchange water with the Cuiaba River (I. Corixo Taruma), with
the nearby Chacororé Lake (II. Corixo do Mato), in the lake centre (I1I. Limnetic
Zone), and in the mouth of a blackwater river (IV. Rio Mutum) during the low and
the high water period (Butakka 1999; WaANTZEN & Butakka 2002). The results of
our studies in Pantanal floodplain lakes suggest that water current and connectiv-
ity are crucial for the occurrence or lack of adequate food items and substrates
for colonization. The seasonal occurrence of the lotic, web-spinning Rheotanytarsus
at site I and the strong reduction of filter feeders during the wet season can be
regarded as indicator for the changes between “limnophase” and “potamophase”
of floodplain-lake-systems (sensu NEIFF 1990).

Benthic invertebrates, especially chironomid larvae, had generally higher
densities at the litoral sites than at the limnetic site (Table 15.2). Most insect taxa
and bivalves were restricted to the shallow littoral sites (I, II, IV). Nematoda,
oligochaeta and ostracoda were the most abundant taxa at all sites and sampling
dates. However, there were strong seasonal differences. Numbers of nematoda,
oligochaeta and crustacea (copepods) increased from dry season to wet season
whereas chironomids and other insects revealed a complementary pattern. From
dry (lentic) to wet (lotic) season, total abundance of invertebrates became reduced
in sites I, 11, and I (by 60, 30 and 19%, respectively), however, at the inflow site
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Bardo de Melgaco Lake System
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Fig. 15.2 Map showing the sampling sites of Burtaka’s (1997) study and their possible
hydrologic connections to other water bodies.

of the Mutum River (site IV) numbers increased by 134%, indicating a large input
of drifting invertebrates from the river.

In the Sinha Mariana lake, 28 morphospecies of chironomids have been
identified so far (Burakka 1999). The littoral stations were characterized by filter
teeders (Caladomyia), gatherer-collectors (Polypedilum, Aedokritus, Fissimentum), and
predators (Cryptochironommus and Ablabesnyia (Karelia). Some taxa occurred only dur-
ing the low water period, including collectors like Zavrelliela and predators like Lar-
sia. Others occurred only during the high water period, such as gatherer-collectors
(Chironomus gr. salinarius, Beardius, Chironomus gr. decorns), filterer-collectors (Rheotany-
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Site 1 - DS Site 1 - WS

)

Site Il - DS Site Il - WS
Site Ill - DS Site Ill - WS

Site IV - DS Site IV - WS

r

filter-feeders M predators
O gatherer-collectors O Polypedilum (Tripodura)

Fig. 15.3 Relative abundance of chironomids of functional feeding groups in the Sinha
Mariana lake, Brazil. The genus PoApedilum (Tripodura) belongs to both feed-
ing groups, shredders and gatherer-collectors. Note that an increase in relative
abundance can coincide with a decrease in total abundance of a certain group.
Sites are described in the text. DS = dry season (low water period), WS = wet
season (high water period).
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tarsus), and one predator (Tanypus punctipennis, BUTAKKA et al., unpublished). Only
one scraper (Phaengpsectra sp.) was found occasionally.

The proportions of the functional feeding groups of chironomids varied
greatly between seasons (Fig. 15.3). Filter feeders (mainly Caladomyia in the litto-
ral sites and Tanytarsus at the limnetic site) became reduced from the dry/lentic to
the wet/lotic season. At the lake centre (site I1I) only few predatory chironomids
(Coelotanmypus) were found. Similarly, the genus Pohpedilum (Tripodura) which has
variable feeding behaviour as shredder and gatherer-collector, increased its rela-
tive density but decreased in total abundance during the wet season. Chironomid
genera studied by HENRIQUES-OLIVEIRA et al. (2003) in streams also showed a
change in their feeding habits, having more generalists and opportunistic feeding
on what was available.

Other insect taxa included mayflies, predatory chaoborid and ceratopogonid
midges, herbivorous elminthid beetles, very few predatory hemipterans and drag-
onflies, and hydropsychid caddisflies (only at site I). The burrowing mayfly genus
Campsurus was present throughout the sampling period, with highest larval densi-
ties of 3,866 ind.m™ at site I during decreasing water levels, indicating that these
larvae profit by the suspended food sources from the floodplain areas. Mussels
(Castalia inflata) occurred only in the littoral sites, maintaining a high biomass of
filterers during the wet season (WANTZEN & Butakka 2002).

MARCHESE et al. (2005) found similar density values for benthic invertebrates
of the sediments in floodplain lakes (682-5,962 ind.m™) and floodplain channels
(1,704-2,208 ind.m™) of the Upper Paraguay River. The Shannon-Wiener diversity
index ranged from 0.75 at river sites to 2.08 in lake sites. Sites with silt-clay sedi-
ments and relatively low organic matter content were characterized by Paranadrilus
descoles, Aulodrilus pigneti, and Campsurus sp., while floodplain lakes with high organic
matter content showed a dominance of Paranadrilus descoler, Tubifex: tubifex, Aulo-
drilus pigneti, Pristina osborni, and Fissimentum sp. (Table 15.2). Similar oligochaete
species were found in river and floodplain habitats of the Negro River in the
south-eastern part of the Pantanal (TAKEDA et al. 2000). Oligochaetes also show
seasonal variation in the density due to the floodpulse. MENEGAZZO (2006) could
show for the Santa Rosa Lake, that during falling water levels (June-October 2004)
biodiversity of oligochaetes decreased (from 12 to 7 taxa), while the density sig-
nificantly increased (from 1,441 to 2,097 ind. m?). The naidids Pristina osborni and
P. americana accounted for most of this variation.

A comparison of the invertebrate fauna between the root systems and the
“true” benthic habitats of floodplain lakes shows that the latter generally have
lower densities, biomass, and diversity than the macrophytes (Butakka & Miya-
zAKI 1998). The benthic assemblages of the root systems of Eichornia crassipes in
fifteen lakes in the Pantanal National Park (confluence of Cuiabd and Paraguay
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Table 15.3 Occurrence of aquatic oligochaete in bank and channel habitats of the Upper

Paraguay River and in its floodplain habitats. Abundance classes: 1 = <100
ind. m?% 2 = 101-1,000 ind. m%; 3 = 1,001-10,000 ind. m2 Data from MAaR-
CHESE et al. (2005) for the Pantanal and from TAKEDA et al. (2000) for the Rio
Negro (11 sampling sites including river and floodplain habitats).

Oligochaete species

Bank

Channel

Floodplain

Rio Negro

Narapa bonettoi

3

3

1

3

Bothrioneurum americanum

1

1

1

Limnodrilus udekemianus

¢f- Rhyacodrilus sp.

Tubifex tubifex

Paranadrilus descolei

Aulodrilus pigneti
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\)

Aulodrilus adetus

Dero hymanae

Dero of. Gravely:

Dero pectinata

Dero righii
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Dero nivea
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Dero borellii

Dero vagus

Dero digitata

Dero furcatus

Dero multibranchiata

Pristina osborni
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Pristina americana

Pristina aequiseta

Pristina macrochaeta

Pristina proboscidea

Pristina synclites

Stylaria sp.

e el el

Nais shubarti

Nais elinguis

Nais variabilis

Stephensoniana trivandrana

Slavina evelinae

Trieminentia corderoi

Haplotaxis aedeochaeta

Brinkburstia americana

Bratislavia unidentata

Pristinella longidentata

Opistocysta serrata

Enchytraeidae
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River) were analyzed in several studies. MARCAL & CALLIL (2008) identified 14 taxa
of trichoptera, the densities of which varied between 357 and 4,448 ind.m™ The
most common taxa were Oecetis sp., Polycentropus sp., and Macronema sp. Coleoptera
were represented by 29 genera of 19 families, the most common being Noteridae
(75%), Dytiscidae (10%), and Hydrophilidae (7%), while the families Apionidae,
Scarabaeidae, Byphyllidae, Coccinilidae, and Liminichidae together contributed
only 0.5% of the individuals (SoruBmM 2007). The density of mollusks varied be-
tween 1,048 and 38,480 ind. m?, mostly represented by the families Hydrobiidae
(55%), Sphaeridae (25%), while L. fortunei represented 12%, Planorbidae 6%, and
Ancylidae 2% (Siva 2007).

Information on standing crop of zoobenthos in the Pantanal is very scattered.
In a first survey on benthos and sediment characteristics for 12 stations in a pond,
some lakes and the rivers Taquari, Miranda and Paraguay, FUKUHARA & MITAMURA
(1985) report average values of formol-fixed benthic invertebrates larger than 130
pum of 401 mg wet weight.m? (range: 2—2,804 mg wet weight.m?). Presence of
large and heavy mayfly and gomphid dragonfly larvae strongly influenced the re-
sults. Zoobenthos biomass in both lakes of the Paraguay River was low (163—295
mg wet weight m?), although the organic matter content was high (ignition loss
6.9—8.1%, carbon content: 1.03—2.28%). Even though no precise mass data are
available yet, our studies have shown that the density and biomass of benthic
invertebrates in river-floodplain lakes depends very much on the connectivity be-
tween river and lake.

Lakes with depositional character tend to have very low invertebrate biomass-
es due to the high oxygen consumption of the accumulated organic matter. The
dense black layers of undecomposed Ezhhornia fibres on the bottom of shallow
lakes were hardly colonized at all by macrozoobenthos probably due to temporary
lack of oxygen. Studies in Amazonia revealed that oxygen depletion and develop-
ment of H,S in deeply flooded floodplain lakes strongly reduced planktonic and
benthic invertebrates (see discussion in: JUNK & ROBERTSON 1997). The situation
in the Pantanal seems to be opposed: Here, disconnected water bodies during
the dry season have low oxygen concentrations (see NOGUEIRA et al. 2002) while
flooding triggers connectivity and supply of oxygenated water. Those lakes that
have a strong connectivity (i.e. permanent throughflow in secondary channels)
have relatively low detrital biomass available and medium benthic biomass. Highest
biomass values were found in lakes that have a temporary connection to the river
so that fresh detritus becomes delivered regularly however old, recalcitrant and
highly oxygen-demanding detritus become washed out of the system during flood
events (MARCHESE et al. 2005). Burrowing activity of invertebrates and loricariid
fish provide sponge-like habitat structures in clayish riverbanks and driftwood
jams that are hot spots for both benthic invertebrate abundance and biomass
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(WaNTZEN & JuNk 20006). Gatherer and filter feeders, including mayflies and cad-
disflies (Polymitarcyidae and Hydropsychidae), chironomids, and — more recently
— the invasive mussel Limnoperna fortunei, settle on these surfaces, where they can
exploit the large amounts of suspended organic particles. A longitudinal profile
of the benthos of the Paraguay River in 2000 and 2001 (EzcURRA DE DRAGO et al.
2004; MARCHESE et al. 2005) revealed that in the upper section, driftwood logs were
densely colonized by benthic invertebrates while in the lower section, the wooden
surfaces were literally cleaned by sdbalo fish (Prochilodus sp.). 1t is not yet clear if this
effect was caused by a different fish community in both sections or by the fact that
in the lower section, which was infested by L. fortunei eatlier, and the fish already
learned to use this species as a food item (MONTALTO et al. 1999) and changed their
foraging behaviour (see next section).

15.4 Native and invasive bivalves in the Pantanal

Mussels are important players in the trophic structure of freshwater ecosystems
as they can remove a considerable amount of particulate organic matter and algae
from rivers and lakes (DEsCY et al. 2003) and transfer it into biomass which is often
the highest of all taxa in benthic assemblages. In spite of good historical records
(InErRING 1915; Pirsry 1933), bivalves have re-gained interest only recently along
with their dramatic worldwide decline (Lyons et al. 2007). In the Pantanal, a large
number of bivalves occurs, however, their diversity, ecology, and taxonomy are
only pootly known. Early expedition data from Pirsry (1933) and IHERING (1915)
on the Paraguay report Anodontites exoticus (LAMARCK 1819), A. mortonianus (LEA
1834), and Diplodon (Ciclomya) paranensis (LEA 1834). Recently, the list is increasing
as a result of more intensive studies (Table 15.1).

Current studies on bivalve ecology in the Pantanal deal with ecophysiology,
reproductive cycles and with anatomical features which support taxonomic and
bioindicator assays (CALLIL & Junk 2001). In a recent study (CALLIL 2003), it was
shown that Awodontites trapesialis and A. elongatns, two common Mycetopodidae
species, show very different reactions to a variable degree of connectivity of the
floodplain lakes and the river mainstem. In the Pogco Lake, which is permanently
connected to the Cuiaba River, shells of Anodontites trapesialis presented only one
third of the weight of shells from the isolated Conchas Lake. However, the aver-
age fresh weight, i.e. body mass plus shell mass, was not significantly different
between both sites, indicating a higher biomass production in the connected lake
which regularly receives freshwater inputs by the Cuiaba River. The co-occurring
species, Anodontites elongatus, did not show these effects. Bivalves living in tempo-
rarily oxygen-free environments have to cope with the accumulation of acidic
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substances from the anaerobic respiration (e.g. succinate) in the extrapallial fluid
which reduce the deposition of calcium in the shell or even dissolve it (WILBUR
& SALEUDDIN 1983). The shell weight differences between populations can be
attributed to this mechanism and the variable environmental conditions (CALLIL
2003). CaLLiL & MAaNsur (2005) assume that the energetic investment in either
shell weight or body mass is an adaptive variable of the survival strategy of mus-
sels which can become optimized for the current oxygenation situation.

Globalization favours the spread of exotic species, especially mussels (KARA-
TAYEV et al. 2007). Currently, several exotic mussel species are invading the Panta-
nal (CALLIL et al. 2007). They may cause changes and damages to the ecosystem,
e.g. by outcompeting the large native bivalve species. Recent and future research
will evidence if these species are able to establish on the long run. First records
of the Asian freshwater clams Corbicula fluminea and C. largillierti (Cotbiculidae) in
the Pantanal in 1996 reported densities of 192 ind. m? (CALLIL & MANSUR 2002)
which were relatively low compared to 5,191 ind.m? at Lagoa Mirim (MANSUR et
al. 1988), 4,173 ind.m™ at Rio Cai (MANSUR et al. 1994) in southern Brazil, 2,495
indm™? in Argentina (DARRIGRAN, unpublished), and 9,257 ind.m? for North
America (Isom 2007). This fact may be related either to the recent colonisation by
this genus or to the high water temperatures during the low water period which
often exceed the upper lethal limit for this species which is close to 36 °C (McMAa-
HON & WiLLiAms 1986). At high temperatures, Corbicula fluminea reduces its feeding
rate (VIERGUTZ et al. 2007). At present, the species C. Jargillierti has colonized the
Cuiabd river and many of its tributaries (CALLIL, unpublished data). Corbicula flu-
minea is known as an invader of sandy and gravelly sediments also for European
rivers and lakes (RajacopaL et al. 2000, WERNER et al. 2007). It can feed both by
filtering and pedal-feeding, ze¢. using cilia on the food to collect subsurface organic
matter and may have an impact on the carbon budget of small streams by burial
or removal of particulate organic matter (HAKENKAMP 1999). In Brazilian territory,
this species has been documented firstly in the Parana River floodplain (see review
in TAKEDA et al. 2004b). Since the 1990s, there has been an accentuated decrease
in the density of native species. In the Pantanal, we could not state any nuisance
effect by this species yet.

On the contrary to the previous species, the golden mussel Linnoperna fortu-
nez, a mytilid from Asian fresh and brackish waters, has a strong impact on the
biota. This species is migrating rapidly upstream the Parana River from the Rio
de la Plata (CALLIL et al. 2007; OLIVEIRA et al. 2006; TAKEDA et al. 2004b). Due to
transport of the planktonic larvae in ballast water of ships, the invasion carried
on very quickly (IDARRIGRAN & EzCURRA DE DrAGO 2000) upstream of the Rio de
la Plata system. In 2000, we could neither detect larvae nor attached mussels in
the section 200 km below the city of Caceres (MARCHESE et al. 2005), however,
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they had already arrived at the rocky outcrops in the Pantanal National Park 400
km downriver by that time. Today (2007), the species has colonized the whole
Pantanal (CALLIL et al. 2007). Attached with byssus threads, it can colonize and
completely cover all kinds of solid substrates, including living native mussels
which become outcompeted by the exotic species (IDARRIGRAN 2002). Along with
large woody debris, mussel shells (including those of living mussels) represent the
only hard substrates in wide areas of the Pantanal. The Upper Paraguay River, for
example, has a sand-clayish sediment which is interrupted by rocky outcrops on
average every 40 km (PoNCE 1995; WANTZEN et al. 2003). Therefore, L. fortunei
settles in large quantities to the shells of native mussels and eventually starves
them by covering the filtering openings (CALLIL et al. 2007; OLIVEIRA et al. 2000).
Due to a short tolerance to desiccation (a drought period longer than 12 days is
generally lethal), natural floodpulsing seems to be the best natural control for the
spread of the species (HZCURRA DE DRrAGO et al. 2004). Current studies have con-
firmed that even today (2007) the upper section of the Paraguay River (between
Taiama and Caceres) has not been colonized by stable populations (as indicated
by the lack of larvae and post-larvae) in spite the fact that individual adults were
regularly observed near ships (where they occur in ballast and bilge water, CALLIL
et al., unpublished data).

Other effects of mass development of the golden mussel were an increase
in density and diversity of invertebrates other than mollusks (DARRIGRAN 1998)
and an enlargement of the food spectra of various fish, e.g. Potamotrygonidae,
Anostomidae, Doradidae, Pimelodidae, and Loricariidae in which it makes up to
90% of the stomach content (MONTALTO et al. 1999). We assume that the limited
desiccation tolerance and the adaptation of the diverse fish to the new food item
will reduce the general impact of this species; however, the large native mussel
species of the Pantanal are severely threatened. A control of bilge water of ships
should become mandatory to reduce the spread of the species.

15.5 Benthic invertebrates as bioindicators in the Pantanal

Benthic invertebrates are commonly used as sentinels for environmental changes
in aquatic ecosystems. In the past, bioindicator systems developed in temperate
zones were often directly applied in the tropics without considering the regional
differences of both impact type and indicator group. For most aquatic insects, for
example, indicator values are available only for northern-temperate congeners of
South-American species and conclusions drawn with these data for biomonitoring
in the tropics may be misleading (PEREZ 1999). Empirical and experimental studies
are needed to improve this situation.
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The water bodies of the Pantanal are threatened by a series of impacts, includ-
ing physical pollution (WaNTZEN 2000), toxic pollution (LAABs et al. 2002), and
organic pollution. Various studies have focused on developing indicator systems
for these impacts.

15.5.1 Indicator systems for physical pollution

Physical water pollution has been neglected for a long time as an important ele-
ment of water quality assessment (WATERS 1995). Erosion in the catchment of
the tributaries to the Pantanal puts a serious threat on the aquatic and riparian
biota due to scouring and covering food sources and habitats, increasing turbid-
ity of the water and interacting with suspended organic particles (HAMILTON et al.
1998; WanTtzEN 1997, 1998b, 2006). During a three-year study near the city of
Jaciara, ten streams with variable degrees of siltation were studied using newly
developed artificial substrates in order to standardize colonization conditions for
benthic invertebrates. Colonization densities of the artificial substrates (WANTZEN
& PiNTo-S1mva 2006) were significantly lower comparing high impact sites and low
impact sites during the same time, or comparing times of high sediment input
and low input at the same site. Filter-feeders (e.g. Trichoptera) and visually forag-
ing predators (e.g. Odonata excluding Gomphidae) were especially reduced by
siltation (WANTZEN 1997). Erosion gullies act as point sources for sediment input
into streams which have detrimental effects on all benthic invertebrate taxa and
algae (WANTZEN 1998b).

Impact effects increase during rain events which mobilize additional amounts
of sediments (Fig. 15.4). As riparian structures including vegetation also become
impacted by siltation, those species that depend on both aquatic and riparian habi-
tats such as dragonflies or caddis flies become affected during different life stages.
Therefore, joint analysis of instream metrices and habitat structure indicators is
strongly recommended (WANTZEN 1998a; WANTZEN et al. 2000).

15.5.2 Indicator systems for toxic pollution

Mercury spills are considered an environmental impacts in the district of Po-
coné as a side effect of gold mining in the northern border of the Pantanal
(HYLANDER et al. 1994, (see chapter 25). Aquatic molluscs are considered good
indicators of heavy metals (CALLIL & Junk 2001). They occur in larger quantities
in wetlands form Mato Grosso and are important food items for top predators
like fish, aquatic birds and caimans, which accumulate mercury by the uptake
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Fig. 15.4 Average density data from the most common taxa (a, b) of benthic and (c) of
epilithic algae before and after a rain event at the Tenente Amaral Stream, Mato
Grosso. Data from WANTZEN (1998b).

of contaminated snails. Almost 2 tons of mercury are estimated to lie in the
deposits of the gold mines (TUMPLING JR et al. 1995) of the area which pro-
vokes concern about their mobilisation and uptake into the foods webs. When
determining the total mercury concentration in Pomacea scalaris, P. lineata, and
Marisa planogyra, maximum values of 1.99 £ 0.39 ug Hg.g'! were found in P. sca-
laris at sites with direct or indirect influence of the gold mines near the Bento
Gomes River (CALLIL & Junk 2001). High values of 1.12 £ 0.05 pg Hg.g!' were
found for the same species in lake areas which act as a sink for fine particles
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(NOGUEIRA et al. 1997). Gastropods turned out to be especially suited for active
and passive biomonitoring as they showed representative accumulation rates of
mercury, are commonly found in the field, and are easy to rear for laboratory
experiments.

Apart from mercury, toxic pollutants in the Pantanal region include pesticides
from the large agricultural areas in the catchments, industrial waste, and leach-
ates from garbage dumps. In a study on pesticides along the Rio Sio Lourenco
catchment, LAABS et al. (2002) found measurable concentrations of 29 substances,
mostly endosulfan compounds, in rain water, surface water, and sediments. They
identified rain water as an important vector from the Planalto to the Pantanal and
calculated a maximum input of 2,800 kg for the whole wetland in 3.5 months. The
effects of all these toxic pesticides on the biota of the Pantanal have not been
studied yet, and the large piles of garbage in the outskirts of cities, which become
burnt several times a year and which do not have drainage systems for their leach-
ates, cause additional concern about future groundwater pollution.

15.5.3 Indicator systems for organic pollution

In spite of increasing effort by public organs, organic pollution is still a severe
problem in urban zones of the entire Paraguay River Basin. Only a small percent-
age of urban waste water receives adequate treatment (see chapter 30). Additional-
ly, acideous or toxic effluents from industries impede autopurification mechanisms
in streams and rivers. Most urban streams turn into cloaca few meters below their
sources and do not improve water quality until flowing into the main river. Bathing
on the beaches downriver the city of Cuiaba becomes regularly forbidden during
the low water season due to hygienic risk (excessive numbers of fecal coliforms).
In the outskirts of the cities, human settlements in the riparian zones increase both
organic pollution and erosion/siltation. Most rural agglomerations industties, and
even some slaughter houses which produce large quantities of oxygen-demanding
substances lack waste water treatment. Most domestic waste water percolates from
drainage pits into the soils, however, there are few published studies on its effects
on groundwater quality and human health (HECkMAN et al. 1997).

The effects of organic pollution on benthic invertebrates have been studied by
(Paura 1997) in the Coxipd River near Cuiaba and by Liva (2002) in the Cuiaba
River. The Coxip6 River flows from the Chapada dos Guimaries high plain where
it forms a large cascade through the Cuiaba Plain and discharges into the Cuiaba
River. Using the artificial substrates developed by our group (WaNrTzEN 1997;
WANTZEN & PINTO-S1LvA 2006), PAuLA’s study shows the effects of increasing
organic pollution at 5 stations along the run length of 70 km. Different metrices,
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including diversity of all taxa, diversity of families, diversity of insects, density
of oligochaeta, and evenness of all taxa, yielded similar results. 178 invertebrate
taxa were identified without separating chironomid species. Stoneflies and dob-
sonflies were limited to the uppermost site which was the least polluted, had
highest oxygen and lowest temperature values, while leeches only occurred in the
most polluted sites. Most taxa did not occur sufficiently often in the samples to
attribute them to a potential indicator value. Relative density data of chironomids,
oligochaetes and other invertebrates pooled for “dry season” (May to September)
and “rainy season” (October to April) show a very clear pattern of reduction of
chironomids and “other” species and an increase of oligochaetes along with the
increasingly polluted river (Fig. 15.5).

Oligochaetes and chironomids also dominated the benthos fauna in the Cuiaba
River (Liva 2002), where effects of the pollution inputs of the city of Cuiaba did
not cause accumulative trends in the faunal assemblages along the 26-km-long
stretch. Instead, species richness, equitability, and Shannon-Wiener diversity had
the lowest values at individual, highly polluted sites in the centre of the city, while
they were equally high above and below it. Apparently, the benthic invertebrate
communities in the studied stretch are adapted to the organic pollution even in the
section above the City of Cuiaba (there are other pollutants such as the cities of
Rosario Este, Acurizal, and Guia above Cuiabd), so that the pollution from Cuiaba
only had a limited effect.

Seasonal variation of the benthic densities was higher than local variation, and
it covaried with discharge in LivaA’s study (2002). The discharge of the Cuiaba
River became reduced from 1999 to 2000 due to low rainfall and the closing of
the Manso Dam. The average of the rainy seasons’ discharge was reduced from
684 to 352 m’ s, and in the dry season from 110 to 95 m’s™. The total abun-
dance of benthic invertebrates in 2000 was increased during the rainy season but
reduced during the dry season compared with 1999 (Lima 2002). Apparently, the
short-lived aquatic invertebrates were able to quickly use the extraordinarily low
wet season discharge like a dry season situation.

We conclude from these two studies that the Coxip6 River has already reached
the limits of self-purification and that the Cuiaba River is still within its limits.
Considering taxonomical difficulties for identification, metrices such as family
diversity, chironomid density, oligochacte density, and the presence/absence of
hirudineans appear to be the economically most feasible methods for large-scale
rapid appraisals and for long term monitoring programs. However, changes in
discharge and sediment composition must be included in environmental impact
analysis of organic pollution.
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Fig. 15.5 Relative density data of chironomids, oligochactes and other invertebrates
pooled for “dry season” (May to September 1995) and “rainy season” (Octo-
ber 1995 to April 1996) of 5 stations along the Coxipé River near Cuiaba City
following a gradient of increasing pollution and decreasing sediment diversity.
Data from Paura (1997).
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15.6 Discussion and conclusions

Generally, short life cycles and a wide array of different species traits enable ben-
thic invertebrates to cope with the fast changing hydrological conditions of the
Pantanal and its tributaries. Preliminary results show that propagule-banks in dried
sediments vary considerably. Both very low amounts (WANTZEN, unpublished)
and very high amounts (CALLIL, unpublished) of permanent eggs and other vi-
able propagules were found in the Pantanal. In other large seasonal wetlands with
long periods of complete dryness this mechanism is known to be very important,
e.g. in Australia (FINLAYSON 1995). Invertebrates with longer life spans and special
habitat requirements, such as bivalves and dobsonflies, are most sensitive to envi-
ronmental changes while short-lived r-strategists quickly recolonize new habitats
by “island-hopping” (Junk et al. 2006, Fig. 15.1).

The knowledge of the benthic invertebrate faunas of different regions of the
Pantanal is yet incongruent and the taxonomic status of many taxa is uncertain. Most
studies work with morphotaxa. We could identify some habitat-specific faunal assem-
blages which support the view that the species inventory of the Pantanal is not unique
but rather typical of other large South American wetlands. There is a large faunistical
overlap between some habitats because many organisms are tolerant to a broad varia-
tion in ecological conditions. Many species change between “true benthic” and “epi-
phytic” habitats according to flow conditions, water level, and oxygen concentrations.

Littoral zones and connection channels of the floodplain habitats exert impor-
tant ecological functions as biological filters and sites of benthic production. The
type of connectivity between lake, river and channels (corixos) strongly influences
physical setting, functional feeding groups, and taxonomic composition of benthic
invertebrate communities. Sites that are connected to nutrient-rich rivers or lakes
(that provide large amounts of phytoplankton and suspended organic matter) are
characterized by filter feeders, while those sites connected to nutrient-poor and/
or humic rivers are dominated by gatherer-collectors. Marginal and channel habi-
tats provided significantly higher diversity and density values than the lake centre.
This makes these sites important fish feeding grounds especially during the dry
season when surrounding floodplain areas dry out. Recent developments in wa-
terway planning threaten these important habitats in various ways. Channel work
and large vessel traffic on the so-far not accepted waterway on the Paraguay River
has lead to siltation of connection channels and disruption of the connectivity of
various lakes (WANTZEN et al. 1997). Recent construction of a dam in the Manso
River, a main tributary of the Cuiabd River, has led to dramatic decrease of the
water level in the river and its adjacent lakes (e.g. the Chacororé Lake). The main-
tenance of the natural hydrological dynamics should be considered as a major goal
in landscape planning in the Pantanal (see chapter 30). “Hot spots” for benthic
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biodiversity and production (WANTZEN & JuNk 2000) should deserve special atten-
tion in conservation and management planning,

Acknowledgements

We thank Ines Ezcurra de Drago and Mercedes Marchese for valuable comments
on the manuscript. The studies were financially supported by several coopera-
tion programs, including the tropical ecology support program (TOB-GTZ), the
SHIFT-Pantanal (BMBF/CNPq), Biodiversity of the Upper and Lower Paraguay
(DLR/CNPq and DAAD/FONCYT).

References

ABURAYA FH, CarriL CT (2007) Variagdo temporal de larvas de Chironomidae no Alto Rio
Paraguai (Caceres, Mato Grosso, Brasil). Revista Brasileira de Zoologia 24:565-572

AGOSTINHO AA, ZALEWSKI M (1995) The dependence of fish community structure and
dynamics on floodplain and riparian ecotone zones in Parana River, Brazil. Hydrobio-
logia 303:141-148

Barsosa FAR, Carristo M, Vianna JA (2001) Water Quality, Phytoplankton, and Benthic
Invertebrates of the Upper and Lower Rio Paraguay Basin, Paraguay. In: CHERNOFF
B, WiLLiNk PW, MoNTaMBAULT JR (eds) A biological assessment of the aquatic ecosy-
stems of the Rio Paraguay Basin, Alto Paraguay, Paraguay. RAP Bulletin of Biological
Assessment 19, Conservation International, Washington, DC. pp 61-67

BeNKE AC, vAN ARsDALL JR T'C, GiLLesPiE DM, ParrisH FK (1984) Invertebrate Productiv-
ity in a Subtropical Blackwater River: The Importance of Habitat and Life History.
Ecological Monographs 54:25-63

BorxeNT A, SPINELLI GR (2007) Aquatic Biodiversity in Latin America: Neotropical Ce-
ratopogonidae (Diptera: Insecta). ApIs ], AriAs J, RUEDA-DELGADO G, WaNTZEN KM
(eds) Aquatic Biodiversity in Latin America: Pensoft, Sofia, 198 pp

BRINKHURST RO, MARCHESE MR (1991) Guia para la identificacién de oligoquetos acudticos
continentales de sur y centroamérica. Associacioén Ciencias Naturales del Litoral, Santo
Tome, Argentina, 207 pp

Brito EE, Mourron TP, DE Souza ML, Bunn SE (2006) Stable isotope analysis indicates
microalgae as the predominant food source of fauna in a coastal forest stream, south-
east Brazil. Austral. Ecology 31:623-633

Burakka CMM (1999) Comunidade de invertebrados bentonicos e caracteristicas lim-
nolégicas da Bafa de Sinha Mariana, Pantanal Mato Grossense, MT. MSc Thesis,
Instituto de Biociéncias, Universidade Federal de Mato Grosso, Cuiaba, Brazil, 115 pp



422 WANTZEN, K. M.; CALLIL, C. & BUTAKKA, C. M. M.

Burakka CMM, Mivazaki RD (1998) Estudos preliminares da entomofauna aquatica
associada a Ezubhornia azurea (SW) Kunth na Bafa Mariana no Pantanal de Barao de
Melgaco, Mato Grosso, Brasil. Academia Ciéncias do Estado de Sao Paulo. Anais do
IV Simpésio de Ecossistemas Brasileiros. Aguas de Lindéia, Brazil

Butakka CMM, WanTtzeEN KM (2002) Variagao espaco-temporal e influéncia dos fatores
abidticos sobre as larvas de Campsurus sp. (Ephemeroptera — Polymitarcyidae) na Bafa
de Sinha Mariana, Pantanal Mato Grossense, MT. Anais do III Simpdsio sobre recur-
sos naturais e sdcio-economicos do Pantanal. EMBRAPA-CPAP, Corumba, Brazil

CaruerRos DE, Hamizron SK (1998) Limnological conditions associated with natural fish
kills in the Pantanal wetland of Brazil. Verh. Int. Ver. Limnol. 26:2189-2193

CaruiL CT (2003) Base de dados direcionada a elaboracio de um programa de monito-
ramento de aguas continentais utilizando moluscos bivalves. PhD Thesis, Instituto
de Zoologia, Pontificia Universidade Catélica do Rio Grande do Sul, Porto Alegre,
Brazil, 227 pp

CarriL CT, DREHER-MANSUR C (2002) Corbiculidae in the Pantanal: History of invasion in
southeast and Central South America and biometrical data. Amazoniana 17:153-167

CaruiL CT, Junk WJ (2001) Aquatic gastropods as mercury indicators in the Pantanal of
Poconé Region (Mato Grosso, Brazil). Water, Air, and Soil Pollution 319:319-330

Carur CT, Mansur MCD (2005) Ultrastructural analysis of the shells of _Anodontites
trapesialis (Lamarck) and Anodontites elongatus (Swainson) (Mollusca, Bivalvia, Etheroi-
dea) from the Mato Grosso Pantanal Region Brazil. Revista Brasileira de Zoologia
22:724-734

CarriL CT, Mansur MCD, MarceLo MS (2007) Bivalves invasores no Pantanal. In: So-
CIEDADE BRASILEIRA DE MALACOLOGIA (ed) Malacologia Brasileira (Palestras do XVIII
EBRAM, Rio de Janeiro), Santos, Brazil, pp 87-100

Corsl JJ, RoQue FO, TRIVINHO-STRIXINO S, ALVES RG (2005) Records of oligochaetes in
freshwater sponges, on bryozoans, and on colonial hydrozoans from Brazil. Braz. ].
Biol. 65:187-188

COSCARON S, CosCARON-ARIAS CL (2007) Aquatic Biodiversity in Latin America: Neotro-
pical Simuliidae (Diptera: Insecta). ADIs J, ARIAS ], RUEDA-DELGADO G, WANTZEN KM
(eds) Aquatic Biodiversity in Latin America: Pensoft, Sofia, 685pp

CransTON PS, Novte U (1996) Fissimentum, a new genus of drought-tolerant Chironomini
(Diptera, Chironomidae) from the Americas and Australia. Ent. News 107:1-5

DARRIGRAN G (1998) Macroinvertebrates associated with Limnoperna fortune: (Dunker, 1857)
(Bivalvia, Mytilidae) in Rio de la Plata, Argentina. Hydrobiologia 367:223-230

DARRIGRAN G (2002) Potential impact of filter-feeding invaders on temperate inland fresh-
water environments. Biological Invasions 4:145-156

DARRIGRAN G, EzcURRA DE DraGO T (2000) Invasion of the Exotic Freshwater Mussel
Limnoperna fortunei (Dunker, 1857) (Bivalvia: Mytilidae) in South America. The Nautilus
114:69-73



15. BENTHIC INVERTEBRATES OF THE PANTANAL AND ITS TRIBUTARIES 423

Descy J-P, EversecQ E, GOsseLAIN 'V, VIRoUuX L, Smitz JS (2003) Modelling the impact of
benthic filter-feeders on the composition and biomass of river plankton. Freshwat.
Biol. 48:404-417

Domincuez E, MoLINErl C, Pescapor ML, HussarRD MD, NirTo C (2006) Ephemerop-
tera of South America. In: ADIS ], ARrias J, RUEDA-DELGADO G, WANTZEN KM (eds)
Aquatic Biodiversity in Latin America. Pensoft, Sofia, Bulgaria 646 pp

Ezcurra DE DRAGO I, MARCHESE MR, WaNTZEN KM (2004) Benthos of a large neotropical
river: spatial patterns and species assemblages in the Lower Paraguay and its flood-
plains. Arch. Hydrobiol. 160:374

FineaysoNn CM (1995) Wetland research in the wet-dry tropics of Australia. ERISS (En-
vironmental Research Institute of the Supervising Scientist) report VL — 101, 10 pp

Froenrich CG (2002) Anacronenria mainly from southern Brazil and northeastern Ar-
gentina (Plecoptera: Perlidae). Proceedings of the Biological Society of Washington
115:75-107

Fuxkunara H, Miramura O (1985) Standing Crop of Zoobenthos in the Pantanal. In: Sa1-
Jo Y, Tunpist JG (eds) Limnological Studies in Central Brazil — Rio Doce Valley Lakes
and Pantanal Wetlands (1% Report), Laboratory of Chemical Biology, Water Research
Institute, Nagoya University, Nagoya, Japan, pp 197-201

Hakenkamp CC (1999) Introduced bivalves in freshwater ecosystems: The impact of Cor-
bicnla on organic matter dynamics in a sandy stream. Oecologia 119:445-451

Hamirron SK, Souza OC, Coutinvo ME (1998) Dynamics of floodplain inundation in
the alluvial fan of the Taquari River (Pantanal, Brazil). Verh. Internat. Verein. Limnol.
26:916-922

Harpomn EL, HEckman CW (1996) The seasonal succession of biotic communities in
wetlands of the tropical wet-and-dry climatic zone: IV The free-living Sarcodines
and Ciliates of the Pantanal of Mato Grosso, Brazil. Int. Revue ges. Hydrobiol.
81:367-384

Heckman CW (1995) The Chemistry of Headwater Streams in the Rio das Mortes System
and its effect on the Structure of the biotic community. In SEbL PR, GorrLies OR,
KApPLAN, MA (eds) Chemistry of the Amazon. ACS Symposium Series 588:248-264.

Heckman CW (1998a) The Pantanal of Poconé. Kluwer, Den Haag, The Netherlands, 622 pp

Heckman CW (1998b) The seasonal succession of biotic communities in Wetlands of the
Tropical wet-and-dry climatic zone: V Aquatic Invertebrate Communities in the Pan-
tanal of Mato Grosso, Brazil. Int. Revue ges. Hydrobiol. 83:31-63

Heckman CW, pos Camros JLE, Harpomt EL (1997) Nitrite concentration in well water
from Poconé, Mato Grosso, and its relationship to public health in rural Brazil. Journal
of Environmental Contamination and Toxicology 58:8-15

HENRIQUES-OLIVEIRA AL, NEssIMIAN JL, DorviLLE LFM (2003) Feeding habits of Chirono-
mid larvae (Insecta: Diptera) from a stream in the Floresta da Tijuca, Rio de Janeiro,
Brazil . Braz. ]. Biol. 63:269-281



424 WANTZEN, K. M.; CALLIL, C. & BUTAKKA, C. M. M.

HorzentHAL RW (1995) The caddisfly genus Nectopsyche: New gemzma group species
from Costa Rica and the neotropics (Trichoptera: Leptoceridae). J. N. Am. Benthol.
Soc. 14:61-83

Hyranper LD, Sitva EC, Onivieira L, Sieva SA, Kuntze EK| Siva DX (1994) Mercury
levels in the alto Pantanal: A screening study. Ambio 23:478-484

Hy~Es HBN (1970) The ecology of running waters. University of Toronto Press, Toronto,
Canada, 570 pp

InerING HFA (1915) Molluscos. Commissio de Linhas Telegraphicas Estratégicas de
Matto-Grosso ao Amazonas, Rio de Janeiro, Brazil, 120 pp

Isom BG (2007) Historical review of asiatic clam (Corbicula) invasion and biofouling of
waters and industries in the Americas. International Corbicula Symposium 2:1-15

Junk W], BavLey PB, Sparks RE (1989) The flood pulse concept in river-floodplain sys-
tems. Can. Spec. Publ. Fish. Aquat. Sci. 106:110-127

Junk W], ROBERTSON BA (1997) Aquatic Invertebrates. In: Juxk W] (ed) The Central Ama-
zon Floodplain — Ecology of a Pulsing System, vol. 126. Springer, Berlin, pp 279-298

Junk WJ, WanTtzeEN KM (2004) The Flood Pulse Concept: New Aspects, Approaches, and
Applications — an Update. In: WELCOMME, R, PETR, T (eds) Proceedings of the 2nd
Large River Symposium (LARS), Pnom Penh, Cambodia. FAO Regional Office for
Asia and the Pacific, Bangkok. RAP Publication 16:117-149

Junk WJ, WanTtzEN KM, NUNES DA CUNHA C, PETERMANN P, STRUSSMANN C, MARQUES M,
ADIS J (2006) Comparative biodiversity value of large wetlands: the Pantanal of Mato
Grosso, Brazil. Aquat. Sci. 63:278-309

KaraTaYEV AY, PapiLra DK, MincHiNn D, Borrovskoy D, Burrakova LE (2007) Changes
in global economies and trade: the potential spread of exotic freshwater bivalves. Bio-
logical Invasions 9:161-180

KreETZSCHMAR A, HECKMAN CW (1995) Estrategias de sobrevevencia das especies de Amp-
ullaridae durante madancas das condicoes ambientais extremas do ciclo sazonal sob o
clima tropical umido-e-seco. Acta Limnologica Brasiliensia 7:60-66

Laass VW, AMELUNG AA, PINTO M, WaNTZEN KM, DA Siva CJ, ZecH W (2002) Pesticides
in surface water, sediments and rainfall of the north-eastern Pantanal Basin, Brazil. J.
Environ. Qual. 31:1636-1648

LeaL JJE, Esteves FD (1999) Density and biomass of Campsurus sp. (Ephemeroptera) and
other macroinvertebrates in an Amazonian lake impacted by bauxite tailings (Lago
Batata, Para, Brazil). Amazoniana 15:193-209

Lnva JB (2002) Impactos das atividades antrépicas sobre a comunidade dos macroinverteb-
rados bentonicos do Rio Cuiaba no perimetro urbano das cidades de Cuiaba e Varzea
Grande — MT. PhD Thesis, Universidade Federal de Matto Grosso, Cuiab4, Brazil, 174 pp

Lyons MS, Kress RA, Horr JP, Runpo L], Zawiskt W (2007) Assessing causes of change
in the freshwater mussels (Bivalvia : Unionidae) in the Black River, Ohio. American
Midland Naturalist 158:1-15



15. BENTHIC INVERTEBRATES OF THE PANTANAL AND ITS TRIBUTARIES 425

MAaGALHAES,C. (2001) Diversity, Distribution, and Habitats of the Macro-Invertebrate
Fauna of the Rio Paraguay and Rio Apa, Paraguay, with Emphasis on Decapod Crusta-
ceans. In: CHERNOFF B, WiLLINK PW, MoNTAMBAULT JR (eds) A biological assessment
of the aquatic ecosystems of the Rio Paraguay Basin, Alto Paraguay, Paraguay. RAP
Bulletin of Biological Assessment 19, pp. 68-72. Conservation International, Washing-
ton, DC. pp 68-72

Mansur MCD, HeBrLING NJ (2002) Comparative analysis of fecundity between Dilocarcinus
pagei Stimpson and Sylviocarcinus australis Magalhaes & Turkay (Crustacea, Decapoda,
Trichodactylidae) in the Pantanal region of Paraguay River, Porto Murtinho, Mato
Grosso do Sul. Revista Brasileira de Zoologia 19:797-805

MaNsur MCD, VALER RM, Ares NCM (1994) Distribuicio e preferéncias ambientais dos
moluscos bivalves no acude do Parque de Protecio Ambiental COPESUL, Municipio
de Triufo, Rio Grande do Sul, Brasil. Biociéncias 2:27-45

MANSUR MCD, VEITENHEIMER-MENDES 1L, ALMEIDA-CAON ] (1988) Mollusca, Bivalvia de
um trecho do curso inferior do Rio Jacui, Rio Grande do Sul, Brasil. Theringia Ser.
Zool. (Porto Alegre) 67:87-108

MARCAL SE, CarriL CT 2008) Structure of the community of invertebrates associated with
Eichhornia crassipes Mart. (Solms-Laubach) after the introduction of Limnoperna fortunei
Dunker, 1857 (Bivalvia, Mytilidae) in the Upper Paraguay River, MT, Brazil. Acta Lim-
nologica Brasiliensia 20:359-371

MAarcHESE MR (1984) Estudios limnologicos en una seccion transversal del tramo medio
del rio Parana. XI: Zoobentos. Rev. de la Asociacion de Ciencias Naturales del Litoral
15:57-174

MARCHESE MR (1987) The ecology of some benthic Oligochaeta from the Parana River
Argentina. Hydrobiologia 155:209-214

MARCHESE MR (1994) Population dynamics of Narapa bonettoi Righi and Varela, 1983 (Oli-
gochaeta: Narapidae) from the main channel of the Middle Parana River, Argentina.
Hydrobiologia 278:303-308

MarcHESE MR, Escurra DE DraGo I, Draco EC (2002) Benthic Macroinvertebrates and
Physical Habitat relationships in the Parana River-floodplain system. In: McCralN ME
(ed) The Ecohydrology of Southamerican Rivers and Wetlands. International Associa-
tion of Hydrological Sciences, Special Publication no. 6. pp 111-132

MarcHESE MR, WantzeN KM, Ezcurra DE DraGo IE (2005) Benthic invertebrate assem-
blages and species diversity patterns of the Upper Paraguay River. River Research and
Applications 21:485-499.

McManoN RE, WiLLiams CJ (1986) Growth, life cycle, uper thermal limit and downstream
colonisation rates in a natural population of the freshwater bivalve mollusc, Corbicuta flu-
minea (Miller) receiving thermal effluents. International Corbicula Symposium 2:231-239

MENEGAZZO NS (2006) Composi¢ao da comunidade bentonica, com énfase em Oligocha-
eta (annelida) da lagoa Santa Rosa, Pantanal Norte, durante o perfodo de estiagem.



426 WANTZEN, K. M.; CALLIL, C. & BUTAKKA, C. M. M.

MSc Thesis, Instituto de Biociéncias, Universidade Federal de Mato Grosso, Cuiaba,
Brazil, 44 pp

Monrarro L, Oriveros OB, Ezcurra DE DraGo I, DEMONTE LD (1999) Peces del tio
Parand Medio predadores de una espécie invasora: Limnoperna fortunei (Bivalvia, Myti-
linae). Revista de la Facultad de Bioquimica y Ciencias Biolégicas de la Universidad
Nacional de Litoral (Santa Fé, Argentina) 3:85-101

MONTANHOLI-MARTINS MC, TAKEDA AM (2001) Spatial and temporal variations of oligo-
chaetes of the Ivinhema River and Patos Lake in the Upper Parana River Basin, Brazil.
Hydrobiologia 463:197-205

NEIFF JJ (1990) Ideas for An Ecological Interpretation of the Parana. Interciencia 15:424-441

NESSIMIAN JL, SANSEVERINO AM (1995) Structure and dynamics of chironomid fauna from
a sand dune marsh in Rio de Janiero State, Brazil. Studies on Neotropical Fauna &
Environment 30:207-219

NoGuEtirRA FMB, Siva EC, Junk WJ (1997) Mercury from gold minings in the Pantanal of
Poconé (Mato Grosso, Brazil). Int. J. Environm. Health Res. 7:181-191

NoGUEIRA FMB, Siva RL, Souza J, BAcHEGA T (2002) Seasonal and diel limnological dif-
ferences in a tropical floodplain lake (Pantanal of Mato Grosso, Brazil). Acta Limno-
logica Brasiliensia 14:17-25

Norre U (1987) Campsurus notatus (Polymitarcyidae, Ephemeroptera) a bioturbator in
Virzea lakes. Amazoniana 10:219-222

Norre U (1995) From egg to imago in less than seven days: Apedilum eachistum (Chironomi-
dae). In: CRANSTON PS (ed) Chironomids, from genes to ecosystems. CSIRO Publica-
tions, Melbourne, Australia, pp 177-184

Norre U, OLIVEIRA MJ, STUR E (1997) Seasonal, discharge-driven patterns of mayfly as-
semblages in an intermittent Neotropical stream. Freshwat. Biol. 37:333-343

Norre U, TIETBOHL RS, McCAFFERTY WP (1996) A mayfly from tropical Brazil capable of
tolerating short-term dehydration. J. N. Am. Benth. Soc. 15:87-94

OLivelRA LG, FroeuLicH CG (1997) The Trichoptera (Insecta) Fauna of a “Cerrado”
Stream in Southeastern Brazil. Naturalia 22:183-197

OLvEIRA MD, Takepa AM, Barros LE, DomiNnGos SB, ResenDE EK (2000) Invasion by
Limnoperna fortunei (Dunker, 1857) (Bivalvia, Mytilidae) of the Pantanal wetland, Brazil.
Biological Invasions 8:97-104

Paura AM (1997) Comunidades de macroinvertebrados bentonicos e caracteristicas lim-
nolégicas do Rio Coxip6 e Coxipdzinho, MT. MSc Thesis, Instituto de Biociéncias,
Universidade Federal de Mato Grosso, Cuiaba, Brazil, 67 pp

Prrez GR (1999) Los Macroinvertebrados y su Valor como Indicadores de la Calidad del
Agua. Revista De L.a Academia Colombiana de Ciencias Exatas, Fisicas y Naturales
23:375-387

Prsery HA (1933) Zoological results of the Matto Grosso expedition to Brazil in 1931,
II. Mollusca. Proceedings of the Academy of Natural Sciences of Philadelphia 67-76



15. BENTHIC INVERTEBRATES OF THE PANTANAL AND ITS TRIBUTARIES 427

Porr NL (1997) Landscape filters and species traits: towards mechanistic understanding
and prediction in stream ecology. J. N. Am. Benth. Soc. 16:391-409

Ponce M (1995) Hydrological and environmental impact of the Parana-Paraguay Waterway
on the Pantanal of Mato Grosso, Brazil. San Diego State University, San Diego, USA

RAJAGOPAL S, VAN DEN VELDE G, Bl DE VAATE A (2000) Reproductive biology of the Asi-
atic clams Corbicula fluminalis and Corbicula finminea i the river Rhine. Arch. Hydrobiol.
149:403-420

RED JW (1984) Semiterrestrial meiofauna inhabiting a wet campo in Central Brasil, with
special reference to the Copepoda (Crustacea). Hydrobiologia 118:95-111

Red W (1997) Argyrodiaptonius nhumirin, a new species, and Austrinodiaptonus kleerekopers, a
new genus and species, with redescription of Argyrodiaptomus macrochaetus Brehm, new
rank, from Brazil (Crustacea: Copepoda: Diaptomidae). Proceedings of the Biological
Society of Washington 110:581-600

Red JW, Moreno IH (1990) The Copepoda (Crustacea) of the southern Pantanal, Brazil.
Acta Limnologica Brasiliensia 3:721-739

ResH VH, ROSENBERG DM (1984) The ecology of aquatic insects. Pracger Publishers, New
York, USA, 384 pp

SERRANO MAS, SEvERT W, ToLEDO V]S (19982) Comunidades de Chironomidae e outros
macroinvertebrados em um tio tropical de planicie — Rio Bento Gomes/MT. In: NEs-
SIMIAN JL, CARVALHO AL (eds) Ecologia de Insetos Aquaticos, vol. V. PPGE-UFR], Rio
de Janeiro, Brazil, pp 265-278

SERRANO MAS, T1eTBOHL RS, MaNsur MCD (1998b) Sobre a ocorréncia de moluscos bi-
valves no pantanal de Mato Grosso, Brasil. Biociéncias 6:131-144

Siva TA (2007) Composicio e densidade de moluscos limnicosassociados a Eichhornia
crassipes Mart (Solms), em lagoas adjacentes ao rio Paraguai-MT. MSc Thesis, Instituto
de Biociéncias, Universidade Federal de Mato Grosso, Cuiaba, Brazil, 46 pp

Siorr H (1968) Hydrochemistry and geology in the Brazilian Amazon region. Amazoniana
1:267-277

SorusiM M (2006) Composicao e densidade de Coleopteras aquaticos associados a Eichor-
nia crassipes Mart (Solms), em lagoas adjacentes ao rio Paraguai — MT. MSc Thesis,
Instituto de Biociéncias, Universidade Federal de Mato Grosso, Cuiab4, Brazil, 46 pp

Stur E (2000) Chironomidengemeinschaften (Diptera, Nematocera) des Rio Bento
Gomes, cines intermittierenden neotropischen Tieflandflusses. Ludwig-Maximilians-
Universitit, Miinchen, Germany, 177 pp

TakeDA AM (1999) Oligochaete community of alluvial Upper Parana River, Brazil: Spatial
and temporal distribution (1987-1988). Hydrobiologia 412:35-42

TakeDpA AM, Butakka CM, Fuprra DS, Fujita RH, Bisian JPR (2005) Comunidade de lar-
vas de Chironomidae em cascata de reservatorios do rio Iguacu (PR) e seus afluentes.
In: RobriGUES L, THOMAZ SM, AGOSTINHO AA, GOoMES LC (eds) Biocenoses em Res-
ervatorios: Padrbes espaciais e temporais. Rima Editora, Sao Paulo, Brazil, pp 147-159



428 WANTZEN, K. M.; CALLIL, C. & BUTAKKA, C. M. M.

TAKEDA AM, CALLIsSTO M, BAarRBOsA F (2000) Zoobenthos survey of the Pantanal, Mato
Grosso do Sul, Brasil. In: WiLLink PW, CHERNOFF B, ALONSO LE, MONTAMBAULT JR,
LourivaL R (eds) A biological assessment of the aquatic ecosystems of the Pantanal,
Mato Grosso do Sul, Brazil. RAP Bulletin of Biological Assessment 18, vol. 2545.
Conservation International, Washington DC, USA, pp 168-174

TAKEDA AM, GRrzZYBKOWSKA M (1996) Seasonal dynamics and production of Campsurus
violacens nymphs (Ephemeroptera, Polymitarcyidae) in the Baia River, Upper Parana
River floodplain, Brazil. Hydrobiologia 356:149-155

TaxkeDA AM, Kosavasht JT, ResenpE DLMC, Fujrra DS, AveLiNo GS, Fujita RH, Pavan
CB, Burakka CM (2004a) Influence of Decrease Water Level on the Chironomidae
Community of the Upper Parana River Alluvial Plain. In: AGosTINHO AA, RODRIGUES
L, GomEs LC, THomaz SM, MIRANDA EJ (eds) Structure and functioning of the Parana
River and its floodplain. LTER — SITE 6 (PELD sitio 6). UEM Publishers, Maringa,
Brazil, pp 101-106

TAxkeDA AM, Kosavashi JT, REsenDE DLMC, Fujrra DS, AveLiNno GS, Fujita RH, Pavan
CB, Burakka CM (2004b) Perspectives on Exotics Bivalves Proliferation in the Upper
Parana River Floodplain. In: AcostiNHO AA, RODRIGUES L, Gomes LC, THomAZ SM,
MiraNDA EJ (eds) Structure and functioning of the Parana River and its floodplain.
LTER - SITE 6 (PELD sitio 6). UEM Publishers, Maringa, Brazil, pp 101-106

TaxkeDA AM, StEVAUX JC, Fuprra DS (2001) Effect of hydraulics, bed load grain size and
water factors on habitat and abundance of Narapa bonettoi Righi & Varela, 1983 of the
upper Parana River, Brazil. Hydrobiologia 463:241-248

TuaTcHER VE (2006) Aquatic Biodiversity in Latin America: Amazon TFish Parasites
(Second edition). ApIs ], Arias ], RUEDA-DELGADO G, WANTZEN KM (eds) Aquatic
Biodiversity in Latin America: Pensoft, Sofia, 508pp

TOMPLING JR W, ZEILHOFER P, AMMER U, EnaX ], WiLKEN RD (1995) Estimation of mer-
cury content in tailings of the gold mine area of Poconé, Mato Grosso, Brazil. Envir.
Sci. and Pollut. Res. 2:225-228

VanNoTE RL, MinsHALL GW, Cumming KW, SEDELL KW, CusHING CE (1980) The river
continuum concept. Can. J. Fish. Aquat. Sci. 37:130-137

Viercutz C, Katnor M, Norr H, ARNDT H, WEITERE M (2007) Control of microbial com-
munities by the macrofauna: a sensitive interaction in the context of extreme summer
temperatures? Oecologia 151:115-124

WALKER I, FERREIRA MJN (1985) On the Population Dynamics and Ecology of the Shrimp
Species (Crustacea, Decapoda, Natantia) in the Central Amazonian River Taruma-
Mirim. Oecologia 66:264-270

WantzEN KM (1997) Influence of man-made siltation on habitat structure and biotic
communities of Cerrado streams of Mato Grosso. Utz Publishers, Munich, ISBN
3-89675-259-6) 186 pp



15. BENTHIC INVERTEBRATES OF THE PANTANAL AND ITS TRIBUTARIES 429

WanTtzEN KM (1998a) Abschitzung der Umweltwirkungen von anthropogen bedingter
Bodenerosion auf die FlieBgewisser mittels Biomonitoring, Mato Grosso, Brasilien
(Analysis of environmental impacts of man-made soil erosion on running water
ecosystems using biomonitoring in Mato Grosso, Brazil). Deutsche Gesellschaft fiir
Technische Zusammenarbeit (GTZ) GmbH, Eschborn, Germany, 50 pp

WanTtzeEN KM (1998b) Effects of siltation on benthic communities in clear water streams
in Mato Grosso, Brazil. Verh. Internat. Verein. Limnol. 26:1155-1159

WanTtzEN KM (2006) Physical pollution: effects of gully erosion in a tropical clear-water
stream. Aquatic Conservation 16:733-749

WantzeN KM, Butakka CMM (2002) Benthic invertebrates in a floodplain lake of the
Pantanal: Connectivity matters! Abstract Proceedings of the German-Brazilian Work-
shop on Neotropical Ecosystems. Hamburg, Germany

WantzeEN KM, pA Siva CJ, FicueiRepo DM, MiGLAcio MC (1999) Recent impacts of
navigation on the Upper Paraguay River. Revista Boliviana de Ecologia 6:173-182

WantzeEN KM, Draco E, pa Siva CJ (2005) Aquatic habitats of the Upper Paraguay
River-Floodplain-System and parts of the Pantanal (Brazil). Ecohydrology & Hydro-
biology 21:1-15

Wantzen KM, Junk WJ (2000) The importance of stream-wetland-systems for biodi-
versity: a tropical perspective. In: GopaL B, Junk W], Davies JA (eds) Biodiversity in
Wetlands: assessment, function and conservation. Backhuys, Leiden, The Netherlands,
pp 11-34

Wantzen KM, Junk W] (2006) Aquatic-terrestrial linkages from streams to rivers: biotic
hot spots and hot moments. Archiv fiir Hydrobiologie, Supplement 158:595-611

WantzeEN KM, MatHOOKO J, YULE C, PRINGLE CM (2008) Organic matter processing in
tropical streams. In: DUDGEON D (ed) Tropical stream ecology. Elsevier, Amsterdam,
The Netherlands, pp 43-64

WanTtzEN KM, PiNTO-S1tvA V' (2006) Uso de Substratos Artificiais para Macroinverteb-
rados Bentonicos para a Avaliagao do Impacto de Assoreamento em Nascentes dos
Tributarios do Pantanal do Mato Grosso, Brasil. Revista Brasileira de Recursos Hidri-
cos 11(1):99-107

WantzeEN KM.& RuUeEDA-DELGADO G (2009) Técnicas de mustreo de invertebrados
acuaticos. In DoMINGUEZ E & FErRNANDEZ HR (eds). Macroinvertebrados Bentonicos
Sudamericanos. Editorial Fundacion Miguel Lillo, San Miguel de Tucuman, Argentina,
Argentina pp 17-45

WantzeN KM, SA MFP, SiQuera A, Nunes pa Cunta C (2006) Stream-valley systems of
the Brazilian Cerrado: impact assessment and conservation scheme. Aquatic Conser-
vation 16:713-732

WanTtzEN KM, WAGNER R (2006) Detritus processing by shredders: a tropical-temperate
comparison. J. N. Am. Benthol. Soc. 25:214-230



430 WANTZEN, K. M.; CALLIL, C. & BUTAKKA, C. M. M.

WATERS TT (1995) Sediments in Streams — Sources, Biological Effects, and Control. Ameri-
can Fisheries Society Monograph no. 7, Bethesda, Maryland, USA, 250 pp

WERNER S, RotHHAUPT KO (2007) Effects of the invasive bivalve Corbicula fluminea on set-
tling juveniles and other benthic taxa. Journal of the North American Benthological
Society 26: 673-680

WiLsur KM, SALEUDDIN ASM (1983) Shell formation. In: SALEUDDIN ASM, WiLsur KM
(eds) The Mollusca Academic Press, New York, USA, pp 235-287





