CHAPTER 4

Water Quality, Phytoplankton, and
Benthic Invertebrates of the Upper and
Lower Rio Paraguay Basin, Paraguay
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Abstract

Water quulity was assessed at 35 localities (Fig. 4.1). The
waters of the Rio Paraguay were generally slightly acidic

(pH 6.0-6.5), with low oxygen levels (< 6.0 mg/L), low elec-
trical conductivity (60100 pS/cm), and temperatures rang-
ing berween 24-27° C. The waters of the Rio Apa were neu-
tral to slighdy alkaline (pH 7.27-7.96), with variable

levels of dissolved oxygen (4.2-7.13 mg/L), high electrical
conductivity (163376 pS/em), and temperatures ranging
berween 22-29° C.

The phytoplankton communities were relatively diverse,
and included representatives of several algae groups, includ-
ing Chlorophyta, Euglenophyta, Chrysophyta, Dacilla-
riophyta, and Cyanophyta. Benthic macro-invertebrates were
collected at 33 sites. Chironomidae (Diptera) larvae and Oli-
gochaeta were the dominant groups at 27 of the sites, repre-
senting 52% and 35% of the recorded organisms. Odonara,
Trichoprera, Ephemeroptera, Chaoboridae, Ceratopogonidae,
Corixidae, Conchostraca, Planaria, Nematoda, [Hirudinea,
Copepoda, Ostracoda, Bivalvia, and Gastropoda were collect-
ed less frequently.

Among the Chironomidae larvae, 26 raxa were identified.
Some may be undescribed species. The diversity of benthic
macro-invertebrates is high compared to other watersheds in
South America. The majority of the genera are rypical for
herbaceons marshes, ponds, lakes, and slow moving portions
of streams and rivers. Arcas rich in decomposing vegetation
exhibited a low diversity.

Owerall, there was litde evidence for direct contamination
of the waters. The only exceprions were near Bahia Negra,
where the burning and clearing of land could resule in ero-
sion and eutrophication.
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Figure 4.1. Map of the 35 stations sampled for water quality and benthic macro-
inverteliates in the Upper and Lower Rio Paraguay.
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The loss of biodiversity in aquatic ecosystems has received
less attention than that in terrestrial ccosystems, despite
knowledge of their physical, chemical, and biological degra-
dation. The current state of aquatic habitats is clearly
demonstrated by the increase in water-borne discases (partic-
ularly in the tropics), decicasing fishery production, and
diminishing water quality for human consumption, irriga-
tion systems, and recreation. Furthermore, according to
Master (1990), there are more aquatic organisms classified as
rare to extinct (34% of fish, 75% of unionid mussels, and
65% of crayfish) than terrestrial ones (c. 11% to 14% of
birds, mammals, and reptiles). Aquatic systems maintain a
considerable biodiversity that is being lost mainly as a
consequence of habitat deterioration.

The introduction of the watershed as the unit of study
(Rigler and Peters, 1995) was of paramount importance in
demonstrating that the implementation of conservation
practices for terrestrial environments does not automatically
include adequate protection of aquatic habitats (Junk, 1983;
Barbosa, 1994). Despite this focus on watersheds, it is still
unclear if the best conservation option is to consider the pro-
tection of total diversity of a given area or to focus on the
highest possible number of rare species (see Pimm and
Lawton, 1998). It is important to consider diversity in a
dynamic context, including not only the preservation of the
biotic elements but also the basic processes responsible for
their maintenance (Norton and Ulanowicz, 1992).
Furthermore, as suggested by Tundisi and Barbosa (1995),
the adoption of the watershed as the conservation unit is
fundamental since it integrates the multiple uses of natural
resources and their surrounding social, economic, and
cultural factors.

The primary objective of this paper is to summarize
limnological data recorded during the 1997 AquaRAP
expedition to the Upper and Lower Rio Paraguay
(20°09'7.97S, 58°10°11.4"W) and to the sub-basin of
the Rio Apa (22°06’S, 57(55'W) (Fig. 4.1, Appendix 7).
Small tributaries within these areas, namely the Arroyos
Blandengue, Tebicuary, and Riacho La Paz, were also
sampled. A total of 35 localities were visited during this
period for which water temperature, pH, dissolved
oxygen and electrical conductivity were measuied in situ. .
Benthic macro-invertebrates were collected at 54 sampling
stations.

The Upper Rio Paraguay is characterized by the presence
of several types of habitats among which floating meadows
formed by several aquatic macrophytes, coastal areas domi-
nated by flooded palms (Copernicia alba), and litoral vegeta-
tion dominated by Sehinopsis balansae are the most common.
The Lower Rio Paraguay is dominated by floating meadows
as well, but there were also vegetated sandy banks, small
streams, and sandy/muddy beaches.

Matcrial and Methods

_ Except for total alkalinity measurements and benthic
organism identification, all variables were measured in sitn.
The samples for the physio-chemical measurements weie
collected at each site from below the surface (0.20 meter
depth) with a plastic jar. The type of water, distance from the
shore, depth, substrate type and vegetation were recorded.
For the physio-chemical (water quality) characterization of
the waters, the following variables were measured: water
temperature (°C), electrical conductivity (pS/em), pH, and
dissolved oxygen (ing/L and % saturation). Total alkalinity
was determined after titration with 0.1N H,SO,.

For the plankton samples, a 20 pm plankton net was used
to filter 2 x 40 Lters of sub-surface water at each site.
Sediment samples were collected in triplicate using an
Ekman-Birge drcdge in such a way that 1 meter® was covered
at cach site. Samples were then rinsed through a 250 pm
mesh and fixed in formalin. In the laboratory, the samples
were washed through 1.0 and 0.50 millimeter mesh sieves,
sorted under a stercomicroscope, and the organisms pre-
served in 70% ethanol. For identification, chironomid larvae
were prepared using 10% lactophenol slides and their
mouthparts examined under a 400x microscope.

Results and Discussion

Water Quality

The water in the Rio Paraguay is generally slightly acidic
(pH 6.0-6.5), with low oxygen levels (<6.0 mg/L), electrical
conductivity ranging between 60~100 pS/cm, and tempera-
tures ranging between 24 -27°C (Table 4.1). No direct
contamination could be observed at the sampling areas, thus
we characterize the waters to be of good quality.

The water within the sub-basin of the Rio Apa deserves
special attention. It is generally neutral to slightly alkaline (pH
7.27-7.96), with temperatures varying between 22-28.9°C,
variable levels of dissolved oxygen (4.2-7.13 mg/L), and high
electrical conductivity (163-376 pS/cm) (Table 4.1).

This limestone aiea possesses waters of high quality, par-
ticularly at the hcadwaters that constitute water sources of
paramount impoitar.ce for the maintenance of the prescent
aquatic biodiversity.

Plankton Communities

From a preliminary observation it can be stated that the phy-
toplankton communities were relatively diverse. Species of
Chlorophyta, Euglenophyta, Chrysophyta, Bacillariophyta
and Cyanophyta were recorded. The zooplankton is mainly
dominated by Rotifera (Lecane acus, Lecane Sflexilis, Lecane
sp., Filinia sp., Conochilus sp., Polyarthra remata), plus some
Copepoda (mainly nauplius), Cladocera, and Protozoa.
Deailed identification at the specific level is under way.
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Table 4.1. Physico-chemical characteristics of the waters within the Upper/Lower Rio Paraguay basin, September 1997. See Appendix 7 for site descriptions and lacations.
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Table 4.2. Comparalive informalion about taxa richness and number of chironomid (Diptera) genera in different walersheds in South America.
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Benthic Macro-invertebrates
A total of 2,213 benthic macro-invertebrates specimens were
recorded from 33 sampling stations (Appendix 8). Chiro-
nomidae larvae and Oligochaeta were the dominant groups
in 27 stations, representing respectively 52% and 35% of the
recorded organisms. Other groups collected in smaller num-
bers include Odonata, Trichoptera (Oxyethira), Ephemer-
optera, Chaoboridae, Ceratopogonidae, Corixidae, Concho-
straca, Planaria, Nematoda, Hirudinea, Copepoda, Ostra-
coda, Bivalvia, and Mollusca (Pomacea) (Appendix 8).
Among the Chironomidae larvae, 26 taxa were identified.
The most common (listed from most to least abundant)
were N:m&acem pam":ma. ijvped:h:m, Chironomus, Abla-

y eldichis dtﬂt{‘mﬂm, Harnis-
dm. Nilothauma, &mcb:mnomm, Stenochironcmus, Asheum,
Coelotanypus, and Djalmabatista. At lower densities there
were recorded larvae of Axarus, Beardius, Cladopelma, Crypto-
chironomus, Phaenopsectra, Denopelopia, Labrundinia, Macro-
pelopia, Tanypus, Corynoneura, Cricotopus, Nanocladius and
Thienemanniella, along with specimens belonging to the
many yet undescribed, endemic species of South America
(see Fittkau and Reiss, 1973).

The diversity of benthic macro-invertebratcs can be con-
sidered high when compared with other watersheds in South
America (Table 4.2). Furthermore, the majority of the
recorded genera are typical of herbaceous marshes, ponds,
lakes, and the slower moving portions of streams and rivers.
They apparently prefer soft waters of low alkalinity and
slightly acidic to circumneutral pH.

On the other hand, areas rich in decomposing vegetation
exhibited a low diversity of benthic organisms. Sampling sta-
tions 2 and 3 (west bank of the Rio Paraguay, rich in aquatic
macrophytes) and station 23 (Riacho San Alberto, flooded
area covered mainly with Copernicia alba) are good examples,

with each dominated (80-100%) by Chironomus larvae. These
larvae prefer habitats rich in decomposing organic matier, low
oxygen concentratiuns, and oftentimes waters of low quality.

Some of the recorded genera usually feed on macrophyte
detritus, and others are characteristically miners of decom-
posing plant tissues (e.g., Goeldichironomus, Polypedilum, and
Stenochironomus). Finally, some of these orgamsms l‘yplL:l"}"
live on periphyton (Beardius, Asheum, Cryptochi ) or
feed directly on filamentous algae (Cr:compm)

Two of the recorded species deserve special attention:
Nimbocera paulensis Trivinho-Strixino and Strixino (1991)
and Fissimentum desiccatum Cranston and Nolte (1996).
Nimbocera pauler:sis was first described as typical of rhe-
olimnic conditions, shallow environments with sandy and
organic sediments. Fissimentum desiccatum is a typical
inhabitant of the potamal region, also areas with sandy and
organic sediments but possessing decomposing aquatic
macrophytes. Accoiding to Cranston and Nolte (1996), the
larvae of E desiccatum build galleries in the sediment that
allow them to resist dry periods and return when the sedi-
ment is rehydraed. At sampling stations 24 and 35, intense
predation by the carnivorous larvae of Coelotanypus on
larvae of E desiccitum, N. paulensis and Phaenopsectra
was observed.

Cladopelma, Ax.arus, Harnischia, Nilothauma, Parachi-
ronomus, Corynoneura, Nanocladius and Thienemanniella
have wide distributions, and were collected from all
the existing microhabitats. The observed benthic macro-
invertebrate communities possessed a high diversity and
abundance of carnivorous larvae of the. genera Ab!ab(sm_)-ia,
Coel ypus, Labr dini, L D , Macr p r A
Djalmabatista and Tanypus. It is suggested that these
carnivorous laivae are the major controlling agent of the
richness of other chironomids, thus resulting in a rather




[E——

high diversity in-comparison with other aquatic systems in
South America (e.g., Nolte, 1989; Strixino and Trivinho-
Strixino, 1991; Higuti et al., 1993; Nessimian, 1995;
Nessimian and Sanseverino, 1995; Callisro er al., 1998).

A tentative classification of the studied areas based
upon henthic macro-invertebrate diversity

Although the present results were obtained frem a single
survey (at the end of the rainy season), they provide a first
assessment of water quality as well as the strucrure and distri-
bution of the benthic macro-invertebrate communities for
the arca. Furthermore, the study also allowed us to identify
eleven types of microhabitats. They are silt and clay, sil, fine
sand, silt with mosses, silt with filamentous algae, silt with
macrophyte detritus, coarse sand with plant debris, fine par-
ticulate organic matter, coarse particulate organic marter,
aquatic macrophytes, and filamentous algae. It must be
pointed out that the sampling period was rather atypical,
with higher water levels than usual for this time of the year.

Based on the diversity index (H; Shannon-Wiener) of
Chironomidae larvae and the recorded substrate types
(Appendix 9), Barbosa and Callisto (2000) suggested three
major divisions along the Upper/Lower Rio Paraguay in rela-
tion to their benthic macro-invertebrate community diversi-
ty. This informarion should be considered when making
conservation decisions.

(a) Arcas of high diversity: with an H' > 3.0 and represented
in this survey by sampling stations 30 and 31, located
respectively in the streams Blandengue and La Paz, Here
the highest number of microhabitars was found includ-
ing, sand, gravel, periphyton, aquatic mosses, and a stand
of Cabomba sp. These are relatively well-protected areas
with riparian vegetation and no significant human influ-
ences recorded.

(b) Areas of intermediate diversity: 1.8 < H’ < 3.0, repre-
sented by sampling stations 2, 3A, 5, 6. 10, 15, 18, 26,
27, 28, and 29, which are flooded areas or areas rich in
aquaric macrophytes with sediments rich in organic mat-
ter in distinct decomposition stages, receiving both alloc-
thonous (riparian vegetation) and autocthonous (aquaric
macrophytes, mosses and filamentous algac) contribu-
rons.

(c) Areas of low diversity: with an H’ < 1.8 and represented
by sampling stations 3, 4, 7, 8, 12, 14, 17, 21, 22, 23,
24, 25, 31A, and 35. The sediments found here are
mainly formed by silt and clay, buc silt and filamentous
algae, silt and aquatic mosses, fine sand and organic mat-
ter in deep decomposition stage also occur. These areas
show low diversity of microhabirars.

Recommended Conservation and Research Activities

* Overall, the Rio Paraguay basin is relatively well pre-
served, with the exception of the northern part near Bahia
Negra. This area is primarily th d as a e
of disorganized land use resulting in widespread dtfomta—
tion in order to form pasture land. Erosion is a direct
consequence, thus affecting the water and its living com-
munities. Furthermore, the burning of natural vegetation,
particularly large areas of Copernicia alba (palm trees),
¢onstitutes another considerable threat that may result in
eutrophication of these waters. Habitat impact studies
need to be conducted to determine how to manage the

land properly.

¢ Limestone areas possess waters of high quality. Steps need
to be taken ro preserve these sites,

* The diversity of macro-invertebrates can be considered
high when compared with other watersheds in South
America. Most of these species are found in habitats creat-
ed by seasonal flooding. Habirar modifications that dis-
rupt the annual changes in water level should be prevent-
ed. An example of habitat modification is the Hidrovia
Paraguay-Parand, which will affect directly the seasonal
flooding regime of the Rio Paraguay and indirectly other
streams within the watershed, resulting in the loss of cer-
tain habitate and their communities.

* The Rio Verde is under severe threat of salinization.
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