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Abstract The spatial and temporal differences in

the structure and composition of benthic invertebrates

were studied at three sites of the Samborombón

River, which is an important tributary of the Rı́o de la

Plata Estuary (Argentina), having a low slope and

brackish drainage. Biological samples were taken

during each season. Physico-chemical variables were

measured to determine their association in the benthic

fauna distribution. Site 1, in the headstream, was

characterized by freshwater Pampean organisms;

site 2 showed the highest density, taxa diversity,

and richness; brackish species, e.g., Laeonereis

culveri, were found here. Site 3, close to the

Samborombón Bay, was characterized by an unstable

taxonomic composition that is strongly influenced by

the estuary. The lowest density and taxonomic

diversity of organisms were registered and distin-

guished by estuarine species. The multivariate

method (redundancy analysis) showed the benthic

groups having an important spatial variability, super-

imposed on the temporal variability, associated with

the salinity gradient of the river.
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Introduction

Researches conducted in rivers and streams around

the world show complex spatial and temporal patterns

in the composition of the aquatic invertebrates. Lotic

ecosystems support a longitudinal distribution of

benthic community whose attributes (abundance,

biomass, dominance, richness, and diversity) are

used to analyze the ecological quality. Seasonal

factors related to the hydrological cycle and environ-

mental parameters have also been used to determine

in the structure and function of benthic fauna

(Coimbra et al. 1996; Rundle et al. 1998; Ogbeibu

and Oribhabor 2002; Boyle and Fraleigh 2003).

Studies on benthic community ecology in streams

and rivers of Buenos Aires province (Argentina) are

limited (e.g., Fernández and Schnack 1977; Rodrigues

Capı́tulo 1999; Rodrigues Capı́tulo et al. 2001; Graça

et al. 2002; Ocon and Rodrigues Capı́tulo 2004). They

all describe the aquatic invertebrates as bioindicators

of the water quality in the Pampean freshwater bodies.

The Samborombón River forms an important

drainage in the depressed Pampa (Buenos Aires

province) and has a high salinity level. It is a tributary

of the Rı́o de la Plata Estuary in its external zone.

Based on geological, hydrological, and biological
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criteria, the Rı́o de la Plata Estuary can be divided into

three main zones based on salinity level: internal zone

(salinity: 0.2–0.5 PSU), intermediate zone (salinity:

0.5–5 PSU), and external zone (salinity: 5–25 PSU)

(Boschi 1988; Wells and Daborn 1997; see Fig. 1). The

ecological studies of Samborombón River are limited

to the planktonic and phytobenthic communities

(Claps 1996; Solari and Claps 1996; Modenutti

1998). Other studies describe physical, chemical, and

geomorphologic characteristics (Conzonno and Fern-

ández Cirelli 1991; Bauer et al. 2002). Until now,

studies are limited to describing the spatial and

temporal variability of the macrobenthos in the south-

ern coastline of the Samborombón Bay (Ieno and

Bastida 1998; Martin et al. 2004) and in the open water

of Rı́o de la Plata Estuary (external zone) (Giberto

et al. 2004). The Samborombón Bay is a mesohaline

area (10–15 PSU) characterized by a mixture of

freshwater species and marine fauna intrusions (Boschi

1988; Guerrero et al. 1997). In this Bay, several

aquatic migratory birds complete their life cycles. It

is also a feeding site for different types of fish and

brackish invertebrates (Boschi 1988; Ieno and Bastida

1998). The Bay was declared a Ramsar site in 1997 by

UNESCO (Ramsar Convention Bureau 2001).

Salinity in rivers, brackish streams, and wetlands is

increasing in many regions of the world, which is

strongly impacting the biota. There have been several

recent field and laboratory studies describing the effect

of rising salinity levels on freshwater invertebrates

[e.g., Kefford et al. (2003) in Victoria streams (south-

east Australia), Horrigan et al. (2005) in Queensland

streams (northeast Australia), Goetsch and Palmer

(1997) in the Sabie River (South Africa), Piscart et al.

(2005) in the Meurthe River (northeastern France), and

Blasius and Merritt (2002) in Michigan streams

(midwestern USA)]. The objective of this work was

to (a) analyze the spatial and temporal changes of the

benthic invertebrates in a low-lying salty river

(Samborombón River) and (b) describe the structure

and composition of its benthic community.

Materials and methods

Study area

The Samborombón River is located in the NE of

Buenos Aires province (Argentina) and belongs to the

Del Plata basin (Fig. 1). The headwaters of the river

lie in the territories of San Vicente and Brandsen. The

midstream crosses the territories of Chascomús and

Magdalena and ends at the Samborombón Bay

(external zone of the Rı́o de la Plata Estuary). The

drainage covers an area of 5,090 km2. The river is ca.

140 km long, about 13 m wide, and varies in its depth

between 0.5 and 2 m. The water velocity in the river

varies from 0.31 to 0.35 m s-1 with very low

gradient (0.13 m km-1) (Solari and Claps 1996).

The water flow is regulated by both rain water and

underground water. The bottom sediments are soft,

fine, and highly muddy and contain a high percentage

of calcium carbonate ‘‘caliche’’, mainly in the

downstream. The regional biome is the steppe

grassland with marginal leguminous forests, such as

Gleditsia triacanthos Linnaeus 1753, scattered

throughout the landscape. Aquatic vegetation as

Potamogeton striatus Ruiz et Pavón (1798), Chara sp.,

Althernanthera sp., Scirpus americanus Persoon

(1805), and Ludwigia peploides (Kunth) Raven

1963, are observed in the headwaters. The midstream

contains Juncus sp. in the littoral. The downstream is

characterized by Salicornia ambigua Michaux 1803,

Spartina densiflora Brongniart (1829), Scirpus cali-

fornicus (Meyer) Steudel 1841, and Juncus sp.

(Cabrera and Zardini 1993; Claps 1996; Modenutti

1998). Small rivers surround the downstream as

hydrological nets and are permanently flooded by

tidal salt-water from Rı́o de la Plata Estuary. The

groundwater rises to the surface due to the low

altitude and forms an alluvial, wetland valley in the

bay. The estuary has a semi-diurnal tidal regime with

tidal amplitude varying from 0.3 to 1 m (Wells and

Daborn 1997).

Sampling collections

Due to a rather poor accessibility of the Sam-

borombón River, only three sampling sites were

chosen: site 1, in the surroundings of the city of

Brandsen (35�070 S–60�300 W); site 2, in Chascomús

territory (35�340 S–58�020 W); and site 3, close to the

Samborombón Bay (35�500 S–57�230 W) (Fig. 1).

Four seasonal samples were taken: summer (Decem-

ber 1997), autumn (April 1998), winter (July 1998),

and spring (October 1998). Each sample of benthic

fauna on soft substrates from each site on the littoral

of the river was taken in replicate (29) with an
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Ekman grab (100 cm2). During floods Van Veen grab

(470 cm2) was used for sampling from over a bridge

in the center of the river. Samples were fixed with 5%

formaldehyde in situ and then sorted with a sieve

(150 lm) in the laboratory. The individuals were

stained with erythrosine-B and observed under

microscope and magnifying glass as has been used

earlier for the Pampean freshwater bodies (Rodrigues

Capı́tulo et al. 1995, 2001). Benthic fauna were iden-

tified to different taxonomic levels, using references

books and keys (Lopretto and Tell 1995; Merrit and

Cummins 1996; Fernández and Domı́nguez 2001).

The following parameters of the river were

measured in situ: water temperature (T), dissolved

oxygen (DO), pH, transparency with Secchi-disc

depth (SeD), and conductivity (Cond). The principal

ions in total dissolved solids (TDS) were taken from

Solari and Claps (1996). TDS was used to express

conductivity, being a measure of salinity. Biochem-

ical oxygen demand (BOD5) and chemical oxygen

Fig. 1 Map of study area

and sampling locations:

site 1 (Brandsen), site 2

(Chascomús), and site 3

(close to Samborombón

Bay)
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demand (COD) were also measured. Sediment sam-

ples (50 g fresh weight) were collected to analyze

organic matter in the sediment (OM), which was

derived from the weight loss after ignition method

(LOI) at 500�C during 4 h by previously drying for

48 h at 60�C (APHA 1998). Depth and width of each

site of the stream were also measured.

Statistical analysis

Each sample (ind m-2) was averaged for statistical

analysis. The following ecological parameters were

analyzed: frequency (Fr) of benthic organisms in

seasons of presence and in % of occurrence [con-

stant = 100% (in 4 seasons), very common = 75%

(in 3 seasons), common = 50% (in 2 seasons),

rare = 25% (1 season), and absent = 0%]; domi-

nance (Do) in % (most abundant taxa numerically);

density (N) in ind m-2; taxa richness (S), i.e., total

number of taxa per site; taxonomic diversity

expressed as Shannon–Wiener Index (H0) with log-

arithm base e; Equitability Index (J0) and Jaccard

Index (IJ) at the taxa level (Moreno 2001). We also

calculated richness and diversity indices with taxa

grouped at a family level to compare the same

hierarchical rank. All these parameters further inter-

pret the taxonomic and ecological response to the

changes in the physical and chemical variables in the

environment (Boyle and Fraleigh 2003).

A biological and environmental matrix was built to

apply a multivariate statistical method. The Coch-

ran’s test was used to examine the heterogeneity of

variances. As significant heterogeneity was detected,

the abundance and physico-chemical variables were

transformed (except pH) with log10 (X ? 1) (Under-

wood 1997). An indirect ordination was performed:

the detrended correspondence analysis (DCA; with

detrending by segments) to obtain the gradient length

of taxa in the environmental space (Ter Braak and

Prentice 1988). This value did not exceed 2 units of

standard deviation (SD). Therefore, a linear direct

ordination was applied: the redundancy analysis

(RDA) (Ter Braak and Smilauer 2002). Only taxa

with [1% of the average abundance in the sample

was considered in this analysis. Forward selection

option was used to identify and select the best

environmental variables. The value of the variance

inflation factor (VIF) [10 excluded variables that

caused multicolinearity effects. Statistical significance

was analyzed with the Monte Carlo test using non-

restricted permutations (n = 199 permutations, P \
0.05). The ordination was performed using statistical

package of Ter Braak and Smilauer (2002).

Results

Physical–chemical characteristics

Water temperature (T) varied temporally and had a

maximum (27.8�C) in summer (December) at site 2 and

a minimum (12�C) in winter (July) at site 1. pH was

slightly alkaline (8.03) at all sites (Table 1). Dissolved

oxygen (DO) showed the highest values at site 2 and in

all seasons (8.25 ± 0.83 mg l-1). Transparency (SeD)

differed in each site and season: site 3 had the lowest

average value and least variations (16.5 ± 4.73 cm).

Organic matter in the sediment (OM) was high at all

sites, with site 3 containing the highest percentage

(10.9 ± 0.78%). The BOD5 decreased from site 1

(8.5 ± 4.12 mg l-1) to site 3 (5.25 ± 2.5 mg l-1);

also the COD5 decreased from site 1 (44.5 mg l-1) to

site 3 (18.5 mg l-1). Conductivity (Cond) was high and

more than doubled from site 1 (2,800 lS cm-1) to

site 3 (5,900 ± 5,540 lS cm-1), where seasonal vari-

ability was high.

Benthic community patterns

Table 2 shows the frequency and dominance of the

faunistic groups. Site 1 had a total taxonomic rich-

ness of 33. Constants faunistic groups (Fr = 100%)

were the Nematoda, Naididae, Cyprideis sp., Hyalella

curvispina Shoemaker, 1942, Berosus sp., and Chi-

ronomidae. Numerically dominant taxa belonged to

Ostracoda (Do = 26%), Gastropoda (Do = 21.5%),

and Chironomidae (Do = 14.7%). Groups such as

Caenis sp. (Fr = 25%), Erythrodiplax nigricans

(Rambur, 1842) (Fr = 25%), and Hydroptila sp.

(Fr = 50%) appeared solely at this site and in a very

low density. Total taxonomic richness at site 2 was

38. The most frequent groups (Fr = 100%) found

were Nematoda, Naididae, Tubificidae, Harpacticoi-

dea, Cyclpoidea, Cytherideidae (Cyprideis sp.),

Lymnocythere sp., and Chironomidae. Ostracoda

(Do = 30%) was the most abundant group followed

by Chironomidae (Do = 15%). Species of Hirudinea,

and Oxyagrion hempeli Calvert, 1909, were only
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found at this sampling site with low density and low

frequency. Site 3 had a total taxonomic richness of 25.

Nematoda and Ostracoda appeared in all samples

(Fr = 100%), being the most abundant (Do = 24.5%

and 34.5%, respectively). Species such as Kalliapse-

udes schubarti Mañé-Garzon, 1949; Corophium

rioplatense Giambiagi, 1926; and Rotalia sp. only

appeared in samples from site 3 as rare taxa (Fr =

25%) and were in low abundance (Table 2). The site 2

had highest density of organisms and highest fluctu-

ations in abundance (48,829 ± 22,918 ind m-2), and

site 3 had the lowest (12,661 ± 8,256 ind m-2)

(Fig. 2). The Shannon–Wiener Index at taxa level

increased from site 1 to site 2 and decreased to site 3

(highest value at site 2 in autumn was H0 = 3.43), and

the lowest at site 3 in spring was H0 = 1.2) (Fig. 3).

Table 3 summarizes richness and diversity indices of

family level as homogenous taxonomic group. The

highest richness and diversity of families at site 1 and

site 3, respectively, in winter were exceptional. The

Equitability Index illustrated the site 2 with the highest

uniformity (J0 = 0.81) in autumn and site 3 with the

lowest value (J0 = 0.43) in spring. The Jaccard Index

(IJ) indicated low similarities between sampling sites:

sites 1 and 2 = 0.37; sites 2 and 3 = 0.24; sites 1 and

3 = 0.23.

The relationships between the environmental and

biological variables that were analyzed with the RDA

are demonstrated in the triplot (Fig. 4). The first two

axes explained 65.5% of the total accumulated variance.

The correlation coefficient between the distribution of

taxa and the environmental variables was 0.97 for the

horizontal Axis I and 0.91 for the vertical Axis II. The

sum of all the canonical axes was 0.73. The negative side

of Axis I is correlated with the high organic matter in

sediment percentages and higher temperature. The

opposite side of this axis was correlated with the water

transparency and dissolved oxygen. The conductivity

and pH were more associated with the negative side of

the Axis II. Samples from site 3 from winter through

summer were positioned in the lower left quadrant. They

were associated with low taxonomic diversity and poor

dominance of estuarial taxa, for example, Rotalia sp.,

C. rioplatense, and Centropagidae. The lower right

quadrant demonstrates the majority of sampling of

site 1 (summer, autumn, and winter) and the sampling of

winter at site 2. They were associated with sensitive

species, such as Hydroptila sp, Caenis sp., O. hempeli,

E. nigricans, Berosus sp., H. curvispina, and Collem-

bola, and the water transparency. The remaining

organisms from site 2 were positioned at the upper left

quadrant (highest taxonomic diversity) associated with

taxa like Ostracoda, Cyclopoida, Harpacticoida, Nem-

atoda, Tubificidae, Laeonereis culveri (Webster, 1879),

Hirudinea, and Cladocera (Daphnia sp., Leydigia sp.,

and Macrothrix sp.).

Table 1 Mean values of

the physical and chemical

parameters in the

Samborombón River during

the four samplings 1997/

1998 at the sites 1, 2, and 3

SD, standard deviation
a Taken from Solari and

Claps (1996)

Site 1 Site 2 Site 3

Mean SD Mean SD Mean SD

Depth (m) 0.7 (0.3) 1.4 (0.6) 2 (0.4)

Width (m) 6 (2.2) 32 (9.9) 23 (3.1)

T (�C) 18.9 (5.6) 19.7 (6.1) 19.2 (5.94)

pH 8.03 (0.66) 8.03 (0.57) 8.03 (0.66)

DO (mg l-1) 7.03 (1.56) 8.25 (0.83) 7.48 (0.34)

SeD (cm) 20 (10.6) 21 (7.8) 16.5 (4.73)

OM (%) 9.36 (1.65) 8.44 (2.25) 10.87 (0.78)

BOD5 (mg l-1) 8.5 (4.12) 6.5 (3.32) 5.25 (2.5)

COD (mg l-1) 44.5 (21.87) 36.75 (10) 28.15 (8.39)

Cond (lS cm-1) 2,800 (2,070) 3,520 (2,050) 5,900 (5,540)

K? (mg l-1)a 28 (8) 29 (10) 46 (49)

Na? (mg l-1)a 960 (469) 1,018 (550) 1,186 (963)

Mg?? (mg l-1)a 111 (72) 124 (92) 160 (168)

Cl- (mg l-1)a 1,056 (564) 1,134 (826) 1,780 (1,914)

Aquat Ecol (2009) 43:1011–1022 1015

123



Table 2 List of benthic invertebrates in the study area

Taxa Site 1 Site 2 Site 3

Fr Do Fr Do Fr Do

Ciliophora

Vorticella sp. Su (x)

Foraminifera

Rotalia sp. W 0.25

Cnidaria

Hydra sp. ASp (x) ASp (x)

Platyhelminthes A 0.20

Briozoa Su (x)

Nematoda SuAWSp 13.63 SuAWSp 7.91 SuAWSp 24.49

Oligochaeta

Amphichaeta sp. Su 0.15

Bratislavia sp. SuW 0.53

Chaetogaster sp. Su 0.30 Su 0.15

Dero sp. W 0.004

Homochaeta sp. Su 0.30

Pristina sp. SuW 1.24 AW 0.20

Pristinella sp. Su 0.35

Naididae spp. SuAWSp 3.14 SuAWSp 4.84 AWSp 6.52

Tubificidae A 1.63 SuAWSp 2.58 SuA 3.36

Undetermined families SuAW 3.52 SuAW 6.42

Hirudinea

Hirudiniforme Su 0.15

Glossiphoniidae Su 0.15

Undetermined families WSp 0.03

Polychaeta

Laeonereis culveri (Webster, 1879) SuAWSp 7.50 WSp 0.95

Gastropoda

Biomphalaria sp. Su 0.30

Heleobia australis (d’Orbigny, 1835) A 0.37

Heleobia parchappei (d’Orbigny, 1835) SuWSp 21.00

Undetermined families W 0.49

Hidrachnidia AW 1.10 SuASp 0.69 A 0.39

Copepoda

Cletocamptus deitersi (Richard, 1897) AW 1.45 SuSp 1.67

Harpacticoida spp. Sp 1.45 SuAWSp 8.68 AWSp 1.62

Cyclopoida AWSp 2.19 SuAWSp 7.79 AW 18.41

Centropagidae WSp 0.59

Cladocera

Daphnia sp. A 0.12

Leydigia sp. AWSp 0.57

Chydoridae spp. Sp 0.07

Ilyocryptus sp. Sp 0.04 ASp 3.03

Macrothrix sp. AWSp 1.85
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Table 2 continued

Taxa Site 1 Site 2 Site 3

Fr Do Fr Do Fr Do

Macrothricidae spp. Sp 0.08 Sp 0.42

Undetermined families Sp 0.30

Ostracoda

Cyprididae spp. Su 0.15

Cypretta sp. SuASp 1.30 SuWSp 0.89

Cypridopsis sp. W 0.07

Cyprideis sp. SuAWSp 19.69 SuAW 10.90 SuAW 9.79

Cytherideidae spp. Sp 0.58 WSp 1.82

Lymnocythere sp. SuWSp 2.97 SuAWSp 3.67

Undetermined families AWSp 1.45 AWSp 12.66 SuAWSp 24.56

Tanaidacea

Kalliapseudes schubarti M-Garzon, 1949 W 0.20

Amphipoda

Hyalella curvispina Shoemaker, 1942 SuAWSp 1.45 W 0.07

Corophium rioplatense Giambiagi, 1926 Su 0.90

Decapoda

Uca uruguayensis (Nobili, 1901) Su (x)

Collembola

Ballistura sp. AW 0.46

Isotomidae W 0.12

Sminthurides sp. W 0.05

Ceratophysella sp. W 0.02

Undetermined family A 0.20

Ephemeroptera

Caenis sp. W 0.15

Odonata

Oxyagrion hempeli Calvert, 1909 AW 0.32

Erythrodiplax nigricans (Rambur, 1842) W 0.05

Coleoptera

Berosus sp. SuAWSp 7.74

Trichoptera

Hydroptila sp. SuW 0.38

Undetermined family W 0.02

Diptera

Ceratopogonidae W 0.02 SuSp 0.42 W 0.10

Chironomidae SuAWSp 14.73 SuAWSp 15.02 W 0.05

Dolichopodidae Sp 0.10

Empididae Sp 0.72

Undetermined family AW 0.62

Miscellaneous W 0.39

100% 100% 100%

Frequency (Fr) in seasons of presence (Su, summer; A, autumn; W, winter; Sp, spring) and dominant (Do) in %. Presence (x)
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Discussion

Changes of the environmental variables

The physical–chemical characteristics and the bio-

logical parameters in the Samborombón River vary

between sites and seasons such that the different

stream sections are distinguishable. The connection

between the Samborombón River and the Rı́o de la

Plata Estuary (external zone) facilitates mixing of salt

water and freshwater, creating a saline wedge over

the sediment and causing a complex salinity gradient

(Boschi 1988). The content of major cations (potas-

sium, sodium, magnesium) and the increase of

conductivity levels along the river support the

concept of salinity gradient (Table 1). According to

Solari and Claps (1996) and Modenutti (1998), there

is a considerable increase in salinity downstream, i.e.,

from site 1 to site 3. The measured values of

conductivity registered are higher than in other

streams located in the NE of Buenos Aires province

like Juan Blanco, Buñirigo, or El Pescado, small

bodies of water (20–25 km) with low flow, low

dissolved oxygen, and high biological oxygen

demand (Bauer et al. 2002). The highest levels and

fluctuations observed in both BOD5 and COD

upstream coincide with the lowest values in DO.

The littoral of the midstream had lower OM and

higher DO values. In the downstream, the lowest

BOD5 and COD corresponded to the highest values

of OM in the sediment. The dominant aquatic

vegetation of Juncus sp. and S. alterniflora in the

littoral may contribute significantly to supply OM, as

also observed in other similar estuarine ecosystems in

South America, e.g., Solı́s Grande Stream (south

Uruguay), (Muniz and Venturini 2001) and the

Paranaguá Bay (Southeastern Brasil) (Netto and Lana

1999). The tidal intrusions together with littoral silts

and the flocculation of seston can cause a permanent

deposit of fine sand, mire, and slime as reported for

the Solı́s Grande Stream (Muniz and Venturini 2001).

A high abundance of calcareous material from the

biodeposition of Ostracoda valves, Gastropoda shells,

and Foraminifera tests was observed in the sediment

of the midstream section. It is well known that the NE

of Buenos Aires province and the study area studied

were covered by salt water ca. 6,000–3,500 years BP

Fig. 2 Temporal variation in the total abundance of benthic

invertebrates (ind m-2) in the four seasons and in the three

sampling sites

Fig. 3 Temporal variation in the diversity index (Shannon and

Wiener) of benthic invertebrates in the four seasons and in the

three sampling sites

Table 3 Shannon diversity (H0) and richness (S) at family

level

Index Sampling site

Site 1 Site 2 Site 3

Summer

H0 1.55 1.90 1.05

S 9 15 5

Autumn

H0 1.83 2.16 1.41

S 10 15 9

Winter

H0 1.59 1.43 1.79

S 19 15 12

Spring

H0 1.44 1.88 0.84

S 12 16 6
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(Mid Holocene marine transgression) (Cavallotto

2002; Fucks et al. 2005).

Changes of the benthic community

The benthic community in the Samborombón River

has considerable spatial and temporal differences, a

complex structure, and composition; the variations of

the invertebrates from upstream to downstream are

associated with the fluctuations of the environmental

variables. The Jaccard Index showed very few taxa in

common between sites. The headstream had similar

taxa [e.g., Hydra sp., Bratislavia sp., Heleobia

parchappei (d’Orbigny, 1835), H. curvispina, Caenis

sp., Berosus sp.] to other rivers studied in the NE of

Buenos Aires province, with conductivity recorded

between 150 and 3,000 lS cm-1 (Rodrigues Capı́tulo

et al. 2001; Ocon and Rodrigues Capı́tulo 2004). We

found the highest number of organisms in the

midstream; a high density of planktonic Rotifera has

been reported by Modenutti (1998), and benthic algae

are shown to develop (Solari and Claps 1996) at the

same site. We found the midstream to show a higher

richness and taxonomic diversity and greater homo-

geneity in the biota (Equitability Index) than the other

sites. The high conductivity in the midstream, due to

the underground saline intrusion and the brackish

water from the estuary, allows the occurrence of

some organisms with estuarine characteristics (e.g.,

L. culveri). Cyprideis sp. are generally abundant with

different types of tubers and thorns in their valves as a

reaction to the high water salinity (Whatley et al.

1997). Also in Samborombón Bay, Cyprideis sp. has

been reported to be abundant in the deposits of Mid

Holocene (Fucks et al. 2005). The hydrodynamics of

the drainage and the high turbidity in the downstream

contribute to the poor development in the temporal

patterns of the benthic community. Some brackish

species of the Rı́o de la Plata Estuary appear in this

unstable section of Samborombón River in low

density (e.g., Rotalia sp., K. schubarti, and C. riopla-

tense). Even L. culveri, a Polychaete tolerant to high

salinity and organic matter in sediment, was found in

low abundance. This species is sensitive to the

fluctuating salinity in the estuary (Ieno and Bastida

1998). The abundance, richness, and taxonomic

diversity in the downstream were low and influenced

constantly by the estuary. Low values of these indices

are frequent in mixohaline ecosystems in the world

and often signify an environmental stress (Rundle

et al. 1998). The total taxa richness in the downstream

site was the lowest (25), compared with the upstream

(33) and midstream (38) sites. The taxa richness

increases ([37 taxa) in the open water of the Rı́o de la

Plata Estuary (external zone) (Giberto et al. 2004) as

well as in the south of the Samborombón Bay ([43

taxa) (Vallarino et al. 2002), although the fauna is

totally different in the marine coastline.

Salinity tolerance of the benthic fauna:

implications

In the present article, the ecological quality of this

saline river was evaluated with univariate (e.g.,

Fig. 4 Triplot showing the results of the redundancy analysis

(RDA). Environmental data selected (arrows): Temperature (T),

dissolved oxygen (DO), conductivity (Cond), pH, Secchi disc

(SeD), organic matter in sediment (OM). Sampling sites and

seasons (circle): 1 (site 1), 2 (site 2), 3 (site 3), Su (summer),

Au (autumn), Wi (winter), and Sp (spring). Principal taxa

(triangular): Rot (Rotalia sp.), Cr (Corophium rioplatense), Ce

(Centropagidae), Coll (Collembola), Hydr (Hydroptila sp.), Ber

(Berosus sp.), Hcu (Hyallela curvispina), Ca (Caenis sp.), Od

(Odonata), Cd (Cletocamptus deitersi), Gast (Gastropoda), Chir

(Chironomidae), Cy (Cytheridae), Cp (Cypretta sp.), Naid

(Naididae), Lym (Lymnocythere sp.), Ac (Hidrachnidia), Clad

(Cladocera), Hir (Hirudinea), CCyc (Copepoda Cyclopoida),

Tub (Tubificidae), Cerat (Ceratopogonidae), Nem (Nematoda),

Emp (Empididae), Ksc (Kalliapseudes schubarti), Lc (Laeone-
ris culveri), Ost und (Ostracoda undetermined), Ha und

(Harpacticoida undetermined)
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richness, diversity) and multivariate (RDA) methods.

Several workers (Goetsch and Palmer 1997; Blasius

and Merritt 2002; Horrigan et al. 2005; Piscart et al.

2005; Kefford et al. 2007) who have evaluated the

response of some benthic species to the salinization

both experimentally and in the field found different

results. Piscart et al. (2005) described species of

Trichoptera as bioindicators of salinity level in the

Meurthe River; factories producing chemical wastes

discharge salt water to this stream, causing conduc-

tivity values to increase to up 3,422 lS cm-1. In the

Meurthe River the highest diversity, equitability, and

bio-ecological trait combinations were observed in the

intermediate salinity level. According to Piscart et al.

(2005), intermediate levels of disturbance maximize

species diversity because competitively dominant

species exclude subordinate species at lower distur-

bance levels. In the same way, a high constraint level

leads to local extinctions. Hence, there exists a trade-

off between a species ability to tolerate disturbance

and to compete. The diversity was the highest at an

intermediate level of salinity because both halo-

tolerant species and freshwater species co-occurred

[Intermediate Disturbance Hypothesis (IDH) by Con-

nell 1978]. Blasius and Merritt (2002) examined the

effects of road salt on aquatic macroinvertebrates

(e.g., Amphipoda, Trichoptera, and Ephemeroptera)

in Michigan streams. Their studies focused on the

drift, behavior, and survival of benthic community. In

Sabie River, a salty river in Kruger National Park

(Africa), Goetsch and Palmer (1997) selected macr-

oinvertebrates like Ephemeroptera: Baetidae to

perform toxicity tests and assess the salinity tolerance

of the taxa. These authors discussed the difficulty of

reaching a general conclusion about several ions and

dissolved solids (TDS) in water that contribute to

mortality of organisms. In some streams of Australia,

with very high conductivity (35,000 lS cm-1), Kef-

ford et al. (2003) studied the tolerance of some

invertebrates like Hirudinea, Crustacea, or Chironom-

idae to different salinity concentration. Kefford et al.

(2006) also studied the tolerance of salinity by

Coenagrionidae (O. hempeli was found in the mid-

stream of the Samborombón River and belongs to this

family). Kefford and Nugegoda (2005) applied toxic-

ity test to measure the salinity effect on the growth,

reproduction, and development of freshwater Physa

acuta (Gastropoda: Physidae). These authors showed

that individuals of Physidae thrive best in

intermediate salinity and worst in high or low salinity.

This is a case of an inverted ‘U’- (or bell-) shaped

salinity concentration–response curve (Kefford and

Nugegoda 2005). While there are several potential

physiological mechanisms that explain this response,

the hypothesis of the inverted ‘U’-shaped curve may

explain the richness and diversity of taxa found for the

Samborombón River (highest values in the mid-

stream). Horrigan et al. (2005) worked in streams of

Queensland with benthic macroinvertebrates as bio-

indicators and applied the salinity index to determine

the conductivity impacts (salinity range 6,000–

12,000 lS cm-1).

The cited literature on the impact of salinity and

our research shows that it is necessary to perform

salinity bioassays (e.g., tolerance test) in the field and

laboratory, in Samborombón River and other brack-

ish streams of Argentina with suitable native benthic

species. This would allow us to describe the ecolog-

ical water quality. Some of the cited authors (e.g.,

Goetsch and Palmer 1997; Blasius and Merritt 2002;

Piscart et al. 2005) have tested the tolerance to

salinity of Trichoptera, Ephemeroptera, and Odonata

based on different criteria (e.g., salt-sensitive, abun-

dance, or trophic levels). In our work, the abundance

and frequency of occurrence of these taxa were low,

and organisms involved may not be the ones that

reflect tolerance to the salt in this Pampean river. The

use of benthic invertebrates as salinity bioindicators

would be very helpful to determine if urban, natural,

or industrial waste affect sections of the Sam-

borombón River. Approximately 60,000 people

inhabit the Brandsen and San Vicente headstream

area, and their number continues to increase due to

the urbanization and the industrial activities in the

region (INDEC 2001). Consequently, the potential

impact of discharge of organic waste and nutrients

release will also increase. Cattle activities frequently

exist in the midstream along with the use of fertilizers

in agriculture. This could reach the river by leaching.

The downstream, a Ramsar site, is rich in salty clay

sediments with shallow sandy areas where the

agriculture and urban activity barely exist.

Conclusion

The spatial scale defines the variability of the commu-

nity of benthic invertebrates in the Samborombón
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River over the temporal scale. Thus, some taxa or

community assemblage characterizes each section of

the river. Redundancy analysis shows that the seasonal

samplings from each site tend to group together. The

most important taxa are defined mainly by the

conductivity and by organic matter in sediment.

Ostracoda, Cladocera, and Oligochaeta are the most

significant and diversified faunistic groups in the

different sections of the river. Both richness and

diversity analyses at taxa and family level show the

same tendency in the changes between the three sites

and seasons. Overall, the abundance, diversity, and

richness have increased from upstream to midstream

and then decreased at the downstream site (U-shaped

curves and ID Hypothesis).
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