Limnetica, 33 (1): 139-152 (2014)

© Asociacién Ibérica de Limnologfa, Madrid. Spain. ISSN: 0213-8409 AlL 6&;

The potential use of Sinelobus stanfordi (Richardson, 1901)
(Crustacea, Tanaidacea) as a biological indicator of water quality in a
temperate estuary of South America

Eugenia Soledad Ambrosio"?3, Ana Clara Ferreira>3 and Alberto Rodrigues Capitulo'-23*

! Instituto de Limnologia “R. A. Ringuelet” (ILPLA- CONICET La Plata) Bulevar 120 y 61 S/N, La Plata
(1900), Buenos Aires, Argentina.

2 Facultad de Ciencias Naturales y Museo, UNLP.

3 Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET), Argentina.

* Corresponding author: acapitul @ilpla.edu.ar

Received: 20/09/2013 Accepted: 17/03/2014

ABSTRACT

The potential use of Sinelobus stanfordi (Richardson, 1901) (Crustacea, Tanaidacea) as a biological indicator of water
quality in a temperate estuary of South America

Sinelobus stanfordi (Richardson, 1901) is a euryhaline tanaidacean distributed worldwide and recorded in the freshwater
zone of the Rio de la Plata estuary. Despite the vast bibliography on this species, its sensitivity to pollution has never
been assessed. This study was conducted in the coastal freshwater tidal zone of the Rio de la Plata estuary, encompassing
approximately 170 km of Argentine shoreline subjected to different types of anthropogenic disturbance. Benthic samples
were taken seasonally in triplicate in vegetated zones, along with 19 sampling sites from 2005 to 2010. To explore the main
environmental gradients within the study area, a principal component analysis (PCA) was conducted. For the interpretation
of the most relevant variables, the axis defined by PCA was followed by a varimax-normalised rotation. The ecological
optima and tolerance limits of S. stanfordi were calculated for each environmental variable analysed. The multivariate analysis
suggested that most of the variations within the study area could be related to the impact of anthropogenic pollution as well as
the natural dynamics of the estuary. The abundance of the species was significantly lower in sites with high levels of nutrients
and oxygen demands, exhibiting a negative correlation with soluble reactive phosphorous concentrations and a positive
correlation with oxygen levels. Turbidity and conductivity did not represent limiting variables for the distribution of this tanaid.
This study constitutes the first approach to assess the effect of anthropogenic disturbance on the populations of this crustacean
and contributes to the knowledge of tanaidacean ecology. The low species abundance in the most polluted sites would suggest
that S. stanfordi could be useful in biomonitoring studies in the Rio de la Plata estuary as well as other temperate estuarine
systems.

Key words: Tanaidacea, Sinelobus stanfordi, ecology and distribution, anthropogenic disturbance, biomonitoring, Rio de la
Plata estuary, Argentina.

RESUMEN

Potencial uso de Sinelobus stanfordi (Richardson, 1901) (Crustacea, Tanaidacea) como indicador biologico de calidad del
agua en un estuario templado de Sudamérica

Sinelobus stanfordi (Richardson, 1901) es un tanaiddceo eurihalino distribuido mundialmente y registrado en el sector de
agua dulce del estuario del Rio de la Plata. A pesar de la vasta bibliografia disponible sobre esta especie, su sensibilidad
a la contaminacion no ha sido evaluada anteriormente. Este estudio se llevo a cabo en la zona intermareal de la porcion
dulceacuicola del estuario del Rio de La Plata, abarcando aproximadamente 170 km de la costa argentina sometida a
diferentes tipos de perturbaciones antropogénicas. Las muestras bentonicas fueron tomadas estacionalmente por triplicado
en la zona vegetada, a lo largo de 19 sitios de muestreo entre 2005-2010. Con el objeto de explorar los gradientes ambientales
dentro de esta drea, se realizo un Andlisis de Componentes Principales (PCA). Para la interpretacion de las variables mds
relevantes, los ejes definidos por el PCA fueron sometidos a una “varimax-rotation” normalizada. Se analizaron los optimos
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ecoldgicos y limites de tolerancia de S. stanfordi para cada variable ambiental. El andlisis multivariado sugirio que la mayor
parte de la variacion en el drea de estudio se debe tanto al impacto de la contaminacion antrépica como a la dindmica
natural del estuario. La abundancia de la especie fue significativamente menor en los sitios con alto contenido de nutrientes
y demandas de oxigeno, exhibiendo una correlacion negativa con el contenido de fosforo disuelto y una correlacion positiva
con los niveles de oxigeno. La conductividad y la turbidez del agua no representaron variables limitantes en la distribucion
de esta especie.

Este estudio constituye el primer aporte para la evaluacion de los efectos de los disturbios antropogénicos sobre las
poblaciones de este crustdceo y contribuye al conocimiento de la ecologia de los tanaiddceos. Las bajas abundancias de
la especie registradas en los sitios mds contaminados sugeririan que S. stanfordi podria ser iitil en estudios de biomonitoreo
en el estuario del Rio de La Plata como asi también en otros sistemas estuarinos templados.

Palabras clave: Tanaidacea, Sinelobus stanfordi, ecologia y distribucion, disturbios antropogénicos, biomonitoreo, estuario

del Rio de la Plata, Argentina.

INTRODUCTION

Peracarid crustaceans constitute one of the do-
minant components of coastal ecosystems and
play a relevant ecological role in the structure
and function of benthic assemblages. Because of
their sensitivity to several pollutants and to wa-
ter physicochemical variations, these crustaceans
have been regarded as potential indicators of pol-
lution (Conradi & Lépez-Gonzalez, 2001; Es-
quete et al., 2011).

Sinelobus stanfordi (Richardson, 1901) is
a tanaid found worldwide over a broad range
of salinities, from hypersaline lakes (Gardiner,
1975) to freshwater systems (Jaume & Boxshall,
2008). This euryhaline species is of great rele-
vance in coastal trophic chains as it represents a
major food source for migratory birds and fish
of commercial interest (Sewell, 1996; Aguir-
re-Leén & Diaz-Ruiz, 2000). This tanaid elab-
orates its tubes in diverse kinds of substrata.
Although it is mainly present in soft bottoms, it
also occurs on hard substrata colonised by other
invertebrate species such as the balanoids and the
invasive mussel Limnoperna fortunei (Dunker,
1857) (Spaccesi & Rodrigues Capitulo, 2012).
Sinelobus stanfordi has also frequently been asso-
ciated with macrophytes, whose surfaces are used
for the formation of its tubes (Dos Santos, 2000).

Estuaries are critical sites of conservation
and productivity mainly because they provide
breeding and rearing sites for several commer-
cially important fish and stopover locations for

migratory birds (Day et al., 1989). These areas
provide valuable goods and services in terms
of ecosystem trophic linkages, biodiversity, and
biogeochemical cycles. The Rio de la Plata is
an extensive, shallow, and micro tidal coastal
plain estuary that constitutes a system of great
socioeconomic relevance, representing one of
the main navigation routes of South America
and a vast reservoir of freshwater. This estuary
is divided into a freshwater area that covers
approximately 13 000 km? and a mixohaline
zone. Along the Argentine coast, the freshwater
portion contains a high degree of urbanisation
and industrialisation that generates massive
inputs of pollutants that represent a threat to both
human health and aquatic biota. The presence
of heavy metals, organochlorine pesticides,
polychlorinated biphenyls, and hydrocarbons, as
well as nutrients, organic matter, and pathogenic
agents has been reported in the estuary (AA,
AGOSBA, ILPLA, SHIN, 1997; Colombo et
al., 2005, 2006). Moreover, constructions along
the coastline combined with dredging and other
modifications of the hydrologic regime of the
coastal wetlands have altered the coastal mor-
phology and interfered with the natural processes
of the shoreline dynamics, thus undermining the
integrity of the physical habitat (Gémez et al.,
2009; Armendariz et al., 2011). Nevertheless,
natural reserves and wildlife protection areas
are also present in this area and constitute key
centres for the conservation of biodiversity
(Gémez & Rodrigues Capitulo, 2000).
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Several studies have been conducted to de-
scribe the benthic assemblages of the Rio de la
Plata estuary (Rodrigues Capitulo et al., 1998,
Giberto et al., 2004; Cortelezzi et al., 2007; Ocoén
et al., 2008; Armendariz et al., 2011; Spacessi
& Rodrigues Capitulo, 2012). In the benthic
coastal communities of this system, S. stanfordi
constitutes a species native to both Argentina
(Taberner, 1983; César et al., 2000) and Uruguay
(Giménez et al., 2005). This tanaid, however, has
been reported as an invasive species in several
countries (Heiman er al., 2008; Van Haaren &
Soors, 2009). Despite the wide distribution of
this species, only scant information is available
about the range of environmental variables that
S. stanfordi can tolerate. Therefore, a wider
knowledge of the parameters that determine the
presence and persistence of this species within a
given environment is needed. Accordingly, the
aim of this study was to analyse the following
two ecological features of S. stanfordi in the
freshwater sector of the Rio de la Plata estuary:
(1) the ecological optimum and tolerance ranges
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for the variables studied and (2) the effects of
water quality on the populations of this tanaid.
These results could provide a baseline of data for
predicting the vulnerability of other estuaries to
the invasion of this species as well as constitute
valuable information for assessing the ecological
status of the Rio de la Plata estuary.

METHODS

Study area

The Rio de la Plata estuary receives freshwater
from the second largest watershed in South
America (i.e., the del Plata basin, a 3.2 million
km? area encompassing territories within Ar-
gentina, Bolivia, Brazil, Paraguay, and Uruguay).
This funnel-shaped estuary is 320 km long and
covers an area of 35 000 km?. The dynamic of the
estuary is controlled mainly by the tides (with ti-
dal amplitude ranging from 30 to 100 cm), wind-
driven waves, and continental runoff.
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Figure 1.

a. Location of the Rio de la Plata estuary system in South America, and b. Map of the study area showing the sampling

sites. Large urban areas are indicated. a. Ubicacion del estuario del Rio de La Plata en Sudamérica y b. Mapa del drea de estudio
mostrando los sitios de muestreo. Se indican las grandes dreas urbanas.



142

The spatial succession of the aquatic vegeta-
tion between the aquatic and terrestrial ecosys-
tems is dominated by the bulrush Schoenoplec-
tus californicus (Meyer) Sojak. The stands of this
bulrush constitute a refuge zone for various ver-
tebrate and invertebrate species (Gémez & Ro-
drigues Capitulo, 2000).

The surface sediments of the intertidal zone
of the Rio de la Plata consist mainly of fine
and very fine (62.5-250 wm) sand, leading to
the predominance of clay and silt fractions as
well as a high organic matter content as a conse-
quence of anthropogenic impacts along the coast
(Gémez et al., 2009).

According to its dynamics and geomorpho-
logic characteristics, the Rio de la Plata is divided
into an inner and outer region, with fresh and
brackish water, respectively. The present study
was conducted in the inner region, along the Ar-
gentine coastline of the southern coastal fringe
of the Rio de la Plata estuary zone, covering
approximately 180 km (between the coordinates
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34°27°10”S; 58°30'21"W and 35°23'28”S; 57°
08/50"W) (Fig. 1).

Sampling sites

The 19 sampling sites were selected according
to the influence of different kinds of land use,
encompassing 170 km of shoreline (Fig. 1,
Table 1). The northernmost sites (DL, SI, AE,
COS, R, CSA, SD, BE) are exposed directly to
the impact of the city of Buenos Aires, where
navigational and port activities take place and
domestic and industrial wastes are discharged.
Sites BZ and PC are located near the sewage
effluents of Buenos Aires. The Berazategui sewer
(site BZ) serves more than 12 million inhabi-
tants, discharging more than 3 million m®/day
of urban and industrial effluents without any
wastewater treatment. Site BC is situated in
the protected natural reserve Selva Marginal de
Punta Lara and site PL is exposed mainly to
recreational and fishing activities. Sites PLP and

Table 1. Code names for the sampling sites, and their locations along the coast of the Rio de la Plata estuary. Codigos y ubicacion
de los sitios de muestreo a lo largo de la costa del estuario del Rio de La Plata.

Site code Site name Coordinates

DL Desembocadura de Lujan 34°27'10”S; 58°30'21”"W
SI San Isidro 34°29'08”S; 58°28'49"W
AE Aeroparque 34°32'57"S; 58°25'35"W
COS Costanera Sur 34°36'54"”S; 58°20'24"W
R Matanza -Riachuelo 34°37'42”S; 58°19'48”W
CSA Canal Sarand{ 34°39'31”S; 58°18'59"W
SD Canal Santo Domingo 34°40'01”S; 58°18'04”W
BE Bernal 34°41'30”S; 58°15'14"W
BZ Berazategui 34°44'38”S; 58°10'42"W
PC Punta Colorada 34°45'11”S; 58°06'27"W
BC Boca Cerrada 34°46'49”S; 58°00"59"W
PL Punta Lara 34°49'29"S; 57°57'35"W
PLP Puerto La Plata 34°50'01”S; 57°52'50"W
BAG Bagliardi 34°52/26"S; 57°48'33"W
BAL Balandra 34°55'44"S; 57°42' 56" W
AT Atalaya 35°00749”S; 57°32'07"W
P Pearson 35°07'27”8S; 57°22'53"W
PI Punta Indio 35°16'45”S; 57°13'19"W

PP Punta Piedras

35°23"28”S; 57°08'50"W
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BAG are located close to the port and to sewer
outfalls from another large urban centre (the
city of La Plata), respectively. Sites BAL, AT,
P, PI, and PP are minimally affected by human
activity, as these sites are exposed to small-scale
recreational, fishing, and rural activities. Sites PI
and PP are the closest to the maximal-turbidity
zone of the estuary and to the beginning of its
oligohaline portion.

Sampling and laboratory analyses

Benthic samples within the intertidal zone were
collected seasonally at low tide from 2005-2010.
Sampling sites were georeferenced and visited at
least six times within the study period. At each
sampling opportunity, benthic samples were ran-
domly obtained with an Ekman grab (coverage
of 100 cm?) in vegetated areas within stands of
the bulrush S. californicus. At all sites, tripli-
cate samples were taken and fixed in situ with
5 % (v/v) formaldehyde. The following physical
and chemical variables were measured in the field
at each sampling opportunity: temperature (°C)
and pH (Hanna HI 8633), conductivity (uS/cm,
Lutron CD-4303), dissolved oxygen (expressed
as % DO saturation, Oxymeter 600-ESD), and
turbidity (NTU [nephelometric turbidity units],
Turbidity Meter 800-ESD). Water samples were
also taken for nutrient analysis (nitrates: NOs5-N,
nitrites: NO,-N, ammonium: NH4-N and soluble
reactive phosphorous: SRP; all in mg/l) and bio-
chemical and chemical oxygen demand analysis
(BODs and COD, respectively; APHA, 1998).

In the laboratory, the benthic material was
washed on a 250 um mesh sieve and stained with
erythrosin B. Individuals of S. stanfordi were iden-
tified according to Lopretto & Tell (1995), sorted,
and counted under a stereoscopic microscope.

Data analyses

The main environmental gradients within the
study area were investigated by principal compo-
nent analysis (PCA) based on the physicochem-
ical variables using the Statistica 6.0 software
(StatSoft Inc. 2001). To ensure that all variables
had an equal weight in the analysis (Pla, 1986),

the environmental data were previously stan-
dardised (Std. Score = (raw score — mean)/Std.
deviation). The principal components (PCs) with
eigenvalues greater than one were retained. A
varimax-normalised rotation of the axis defined
by PCA was conducted to reveal those variables
that had the strongest correlations with the re-
tained axis (Singh et al., 2004). The new group of
variables extracted through rotation are known as
Varifactors (VFs). According to Liu et al. (2003),
the factor loadings were classified as “strong”,
“moderate”, and “weak”, corresponding to the
absolute loading values of >0.75, 0.75-0.50 and
0.50-0.30, respectively.

A two-way factorial MANOVA test was per-
formed to assess temporal and spatial differences
for each environmental variable within the study
area. Data was Log;o(X+1)transformed to approx-
imate the variables to a normal distribution. The
Shapiro-Wilk test was computed for the multivari-
ate analysis as well as for the univariate tests, and
the Newman-Keuls test was applied a posteriori.

A two-way ANOVA was performed to eval-
uate the temporal and spatial differences in the
abundance of the species. The seasonal variation
was analysed using the sampling dates as multi-
ple input data and the spatial variation was anal-
ysed using the sampling sites as multiple input
data. The a posteriori Student-Newman-Keuls
test was applied when statistically significant dif-
ferences were found (Underwood, 2007).

Statistical analyses were performed with the
significance level set at p < 0.05 using the Statis-
tica 6.0 software (StatSoft Inc. 2001).

The ecological optima and tolerance ranges
of S. stanfordi for the environmental variables
were calculated. The environmental variables
were log-transformed to approximate a normal
distribution. Weighted average estimates of the
species optima (u;) were calculated on the basis
of the abundance of the species in each sample
(Potapova & Charles, 2003; Rossaro et al., 2006):

= L (1)
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where yj; is the relative abundance of species k in
the sample i, x is the value of the environmental
parameter in sample i, and n is the total number
of samples in the data set.

The tolerance or weighted standard deviation
(t;) was calculated (Potapova & Charles, 2003;
Rossaro et al., 2006):

Z yie (6 — )
= |S——— (2)

i Yik
i=1

where i is the weighted average estimate of the
species optima mentioned above.

Spearman’s rank-order correlation was per-
formed to establish the relationships between the
relative abundance of S. stanfordi and each envi-
ronmental variable measured. Correlations with
ap < 0.05 are reported in the text. Statistica 6.0
software (StatSoft Inc. 2001) was used for data
analysis.
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RESULTS
Water quality

The PCA of the entire data set yielded four PCA
axes with eigenvalues >1, without significant
correlations with the input variables (loading
<0.70). The varimax-normalised rotation of the
PCA axes still retained four different VFs, ex-
plaining 69 % of the total variance (Fig. 2). The
physicochemical variables exhibited large varia-
tions throughout the study area. Table 2 lists the
average and corresponding standard deviation
values for each of the environmental variables
measured. According to the MANOVA, the
variables % DO saturation, DBOs, SRP, NH4-N,
NO,-N, and NO;-N showed significant temporal
differences (p < 0.05). During the warmest
period, the % DO saturation and the NOs-N con-
centrations were higher, whereas the DBOs and
the NO,-N concentrations were higher in winter
and spring. All the physicochemical variables
analysed showed significant spatial differences
(p < 0.05). For the VF1 of the PCA, the highest
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Figure 2. Loadings of experimental variables on the first four rotated axes of the PCA for the complete data set. Cargas de las
variables experimentales en los primeros cuatro ejes rotados del PCA para el set completo de datos.



145

1cator

ial use as a bioind

its potent

i

S. stanford

ovl ovl ovl 171 €1 £3 LT] Tl 44! 44! oN
9T0FSE0 6000 F 10°0 IT0FL00 SOOFIT0 9SFOYI €SF09 16CFTLL 8+ F €001 60F '8 SYTh FTSH9 dd
I€0F6£0 S0'0F 200 0€0FCI0 LOOFTI0 90TFS'6T L9FOL €8E FOHS SLFSL6 S0FT8 Y60 F ELLS Id
S0F8Y0 T00°0 F+00°0 60°'0F90°0 LOOFH1°0 L6F 11T 8YFTS TSTF0£9 €01 F+901 S0¥F98 0ch1 F 8681 d
STOFOr0 100 F 100 0t'0%90°0 SO0FCI0 8T F0°ST §ECFEOL 8TE F VT LT F+°001 TOFT8 TSYFTEL v
ECOFEY0 100F 100 YO0F+0°0 90°0FST°0 6'0TF9°8C TTFLY €r1 F 961 Y'Y F 9601 90FS'8 9T FOI+ vd
WOFHY0 €I'0F80°0 SFOFI¥0 ' 0F59°0 SLTFP'8E 06FC91 89F 6L L8IF9LY €OF8L IYCF¥LS ovd
80°0F9I'T 91'0F€T0 LO'OF9E0 0T0F120 T9F0'8 SIF¥T 86 F 67T SYIF6¢8 S0¥F0'8 S6F 6Tt d1d
8C'0F 860 €0°0FS0°0 AKEEIN 81°0F0€0 YOI FTIT 0SFSL CITF6€T LOSFSOIT L0OF98 01T F¢€T¢ d
TE0¥F66°0 200F 400 PIOFEI0 LOOFETO L6F L9l CYFECS S6F0C1 LITFTS01 LOF¥'8 TLFLYE od
SSOF0S0 1000F10°0 S0'0F90°0 60°0F+T0 I'6F091 I'0F0¥ 01 F091 9LTFG6VII 60F¢'8 86 F LTh od
T0F88°0 YTOF0T0 09°0F19°0 SEOF 8T 0 TYIF8TT S9F6°6 €61 F 961 6'8STF1L0T YOF¥'8 L6T F 1S A:|
19°0F65°0 90°0FS0°0 90 F9¢°0 IS0F 610 9TTF 86T 9CFFII 67 F061 C'SEF T8 80FT8 0LTF 196 a4
80'TFLLO 80°0 F90°0 660F€I'l TUTFLYT TLTFTYE TIFLTI Y91 F 681 VT FH'TE CO0F6'L 10S ¥ 2001 as
[€0F 620 LO'OF 900 0S0FEhT 8T°0F0F'0 6V FS0¢ FIFOCI YOFEIT SSTFSLS LOF6L ISTFOLL VSO
Y0'0F€T0 ¥00°0 F €0°0 YO0F9¢T IT0FT€0 €91 F09C 6'0F0ST TSFITT I'6F+'61 COFOL L8T F 796 q
YOOF6ET #00°0 F90°0 €0°0FTT0 EIOFTI0 YSIFLST CIFLYI 16 ¥ 0T LOSF 618 S0¥F0'8 SETFOPE SOD
SC0F 6380 T0'0F90°0 CI0FLTO SO0FCI0 8CFTII TEFSY L8T F90T 6'6TF6'¢8 90FLL €LLF9TS av
IT0FSTT SOOFTIT0 LY OFSH0 60°0F 0 I'SFTTI 6CFTS T FHI1 $'8FG08 YOF9L 6V FHIE IS
6C0F89°0 100 F+0°0 0T0F0T0 0£0FST0 CLFSOI LEF6E YITF 87T 6'€TF 06 60F8L 90L F LOS 1a

(1/8w) (1/8w) (1/8w) (1/3w) (1/8w) (1/3w) (NLN) uoneIn)Es (urd/Si)

N-fON N-‘ON N-"HN J4s aoo ‘aod Ayprqany, oa % Hd Ayaponpuo) NS

"SQUOIIDALISQO 2P OLIUWINU : N "2]qN]OS 0A1IIDIY 010JS0.] :J¥S ‘01]ansi(J ouaSIxQ O OUISIXQ ap PIOUIND PpuUPWa(] :JO.) ouasixQ ap vorumboig vpuvwiaq *qog
UDPUDIS? UOIIDIASIP F DIPIUL 10241SINUL 2P O11S DPDI 2P SPINUUIND-001S1f SPI1IS1I2100.4D)) "SUOTJEAIISQO JO JOqUINU : (N ‘SnoIoydsoyd 9A1oeay 9[qn[os :JyS ‘UeSAX(Q PIAJOSSIq
:0d ‘puewd UdSAX(Q [BIIWAYD :JOD ‘PUBW USAX( [eI1WAYd0Ig SO "UONBIAID PIEpUE)S F UBAW :9)Is Surjdwes yoed JO SONSLIAOBIBYD [BIIWAYI0ISAYJ T I[qBL



146 Ambrosio et al.

values of BODs (> 10 mg/l) and COD (> 25 mg/l)
were registered at the most polluted sites (COS,
R, CSA, SD, BE, BZ, and BAG). By contrast,
in accordance with the VF2 of the PCA, which
is related to a natural conductivity and turbid-
ity gradient, the highest mean values of such
variables (>1800 uS/cm and >500 NTU, respec-
tively) were recorded in the outer estuary (sites
P, PI, and PP); however, conductivity values
were also high at sites SD (> 1000 uS/cm) and
CSA (> 750 uS/cm), where locations correspond
to areas that receive mainly industrial and/or
domestic discharges. The nutrient contents were
in general recorded at low concentrations at the
most external sites of the estuary (i.e., BAL, AT,
P, PI, and PP). The higher NO,-N concentrations
(> 0.2 mg/l) were recorded at sites PLP and BZ
where a major sewage-discharge area is located.
The highest concentrations of NHy-N were
measured at sites R, CSA, and SD (> 1 mg/l)
and the higher SRP concentrations (> 0.5 mg/l)
were recorded at sites CSA, SD, BE, BZ, and
BAG during most sampling events; the last two
variables were related to the VF3 of the PCA
at the time. Sites R, CSA, and SD showed %
DO saturation values lower than 60 % (variable
related to VF4 of the PCA).

Ecological optima and tolerance limits of
S. stanfordi

The ecological optima and tolerance limits for all
the environmental variables measured are shown
in Table 3. This species was associated with a
relatively high conductivity (optimum at 658 pS/
cm) and turbidity (optimum at 143 NTU). The
ecological optimum and tolerance limits to pH
corresponded to alkaline water (optimum at 8.1).
The abundance of S. stanfordi was related to low
concentrations of BODs (optimum at 4.5 mg/l)
and COD (optimum at 13.9 mg/l). By contrast,
the abundance of the species exhibited a signif-
icant positive correlation with increases in oxy-
gen levels (optimum at 94 % saturation, r: 0.21,
p: 0.01) that may even reach values of super-
saturation. With respect to the forms of inor-
ganic nitrogen, this tanaid showed a high eco-
logical tolerance limit for NO3-N concentrations

Table 3. Sinelobus stanfordi ecological optima and tolerance
limits (low, L and high, H) for Conductivity, pH, Dissolved
Oxygen (as % DO saturation), Turbidity, Biochemical and
Chemical Oxygen Demands (BODs and COD, respectively),
and nutrients (NO;-N, NO,-N, NHy4-N, SRP). Valores de dp-
timos y limites de tolerancia ecologicos (inferior, L y superior,
H) de Sinelobus stanfordi para Conductividad, pH, Oxigeno Di-
suelto (como % de saturacion de Oxigeno), Turbidez, Deman-
das Bioquimica y Quimica de Oxigeno (BODs y COD, respec-
tivamente) y nutrientes (NO3-N, NO,-N, NH;-N, SRP).

Optimum L H
Conductivity (uS/cm) 658 207 2089
pH 8.1 7.6 8.6
% DO saturation 94 77 116
Turbidity (NTU) 143 27 750
BODjs (mg/l) 4.5 1.8 11.2
COD (mg/l) 13.9 7.0 27.7
NO;-N (mg/l) 0.469 0.145 1.522
NO,-N (mg/l) 0.017 0.004 0.068
NH,-N (mg/l) 0.043 0.005 0.337
SRP (mg/l) 0.156 0.096 0.254

(H = 1.55 mg/l), with an optimum at 0.47 mg/l
and became associated with low concentrations
of NO,-N (optimum at 0.02 mg/l) and NH4-N
(optimum at 0.04 mg/l). The abundance of the
species exhibited a significant negative correla-
tion with increases in the concentration of SRP
(optimum at 0.16 mg/l, r: —=0.22, p: 0.009).

Abundance and distribution of S. stanfordi

The results of the two-way ANOVA test per-
formed to analyse variations in the abundance of
S. stanfordi showed statistically significant dif-
ferences between “stations” (p < 0.05), but no
seasonal variations in the abundance were found
(p =0.783). The higher mean abundance val-
ues were recorded at the most external sites of
the estuary (>3200 ind/m?), whereas the low-
est occurred at sites COS (200 ind/m?) and CSA
(15 ind/m?). In sites R, SD, BE, and PLP, no indi-
viduals were found. Figures 3a-d show the mean
values for several of the most influential variables
on the distribution of this tanaid (i.e., % DO sat-
uration, BODs, SRP, and NH4-N) along with the
maximal, minimal, and ecological optimal levels
for its survival throughout the study area. Fig-
ure 3e summarises the mean abundance values of
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Figure 3. Mean values of a: % saturation of Dissolved Oxy-
gen, b: BODs, c: SRP concentrations, d: NH4-N concentrations,
and e: abundance of Sinelobus stanfordi. The continuous line
corresponds to the ecological optimum and the dotted lines to
the higher and lower tolerance limits (H and L) of this species.
Valores medios de a: % de saturacion de Oxigeno, b: BOD:s,
c: concentraciones de SRP, d: concentraciones de NH;-N, y e:
abundancia de Sinelobus stanfordi. Las lineas continuas cor-
responden a los valores dptimos ecologicos y las lineas pun-
teadas a los limites de tolerancia superior e inferior (Hy L) de
la especie.

S. stanfordi at the same respective sampling sites.
A comparison of figure 3e with figures 3a-d re-
veals the correspondence between the presence
or absence of this species and the habitability of
the environment at each of the sampling sites.

DISCUSSION

According to the multivariate analysis, most of
the variations within the study area could be re-
lated to the impact of anthropogenic pollution
as well as the natural dynamics of the estuary.
Similar results were obtained by Gémez et al.
(2009; 2012) for the same region of the Rio de la
Plata estuary.

Sinelobus stanfordi showed higher species
abundance in coastal environments with high
oxygen levels and low nutrient concentrations.
This euryhaline species was recorded during all
seasons and throughout the entire length of the
freshwater sector of the estuary, except in highly
impacted sites.

The higher densities of S. stanfordi were rec-
orded in the outer estuary at sites barely affected
by human activities, having high dissolved oxy-
gen levels (BAL, AT, P, PI, PP) and characterised
by a greater maintenance of the native state of
that portion of the coast. By contrast, at those
sites with greater urban and industrial devel-
opment (COS, R, CSA, SD, BE) and nearby
sewage outfalls (BZ, PC, BAG), S. stanfordi
was either present in low numbers or absent.
Levels of heavy metals generally higher than the
permissible exposure limit (PEL) were recorded
at sites R, CSA, and SD (Lammel et al., 1997,
FREPLATA, 2005; INA 2011). Although there
are no data about the tolerance of this species to
heavy metals, the presence of those pollutants
could affect S. stanfordi and lead to a decrease of
the population size at those sites. The low species
abundance registered in the three northernmost
sites (DL, SI, and AE) might have resulted not
only from the effect of human activities along the
coast but also from the input of poor quality water
from the Lujan River, which receives freshwater
from the Reconquista River, one of the most pol-
luted rivers in Argentina (Salibidan, 2006; Ron-
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co et al., 2008). Populations of other tanaids
have likewise been found to decrease in response
to anthropogenic impacts. The abundance of
Kalliapseudes schubartii, for example, was also
lower in zones affected by human development
than in protected areas of southeastern Brazil
(Pagliosa & Barbosa, 20006). Although site BC is
located in a protected area, the observed abun-
dance of S. stanfordi was low; this is most likely
due not only to local anthropogenic impact but
also to an impact received from upstream waters.

The ecological optimum and the wide toler-
ance range that S. stanfordi exhibited for con-
ductivity highlights its euryhaline character —a
property that is assisted by the presence of a spe-
cial ion-transport tissue in the gills that allows an
extensive degree of osmotic regulation (Kikuchi
& Matsumasa, 1993). This feature facilitates the
colonisation of new ecological niches and makes
S. stanfordi an effective species for the invasion
of different habitats including marine, brackish,
and freshwater systems (Van Haaren & Soors,
2009). Moreover, the species was recently found
at conductivity values lower than 60 uS/cm in the
Uruguay river, approximately 150 km upstream
from the river’s confluence with the Parana river,
another main tributary of the Rio de la Plata
(33°6.1'S; 58°17.9°W, Rodrigues Capitulo, per-
sonal communication).

Some tanaidacean species have been regarded
as good indicators of environmental quality.
Kalliapseudes schubartii, for example, exhibited
sub-lethal responses (inability to build tubes and
decreased movement capacity) after its exposure
to sediments containing petroleum products (Bren-
dolan, 2004). Although no laboratory assays
were conducted in this study, field data show the
detrimental influence of high levels of NH4-N
and SRP as well as of oxygen demands on the
abundance of S. stanfordi. Furthermore, at those
sites where these parameters showed values
higher than the upper ecological limits that this
species could tolerate, the species was either
absent or present with a very low abundance. Re-
cently, as a result of its fidelity in reflecting envi-
ronmental changes, S. stanfordi was included in
a biotic-integrity index for evaluating the coastal
freshwater tidal zone of the Rio de la Plata es-

tuary (i.e., the IBIRP, Gémez et al., 2012). Ac-
cordingly, although further field and laboratory
analysis should be conducted, we suggest that the
abundance of S. stanfordi might be considered
a sensitivity indicator in terms of organic pollu-
tion, as demonstrated by its narrow ecological
tolerance range for organic pollution variables.

The present investigation thus constitutes the
first approach in the form of a field study to assess
the relationship between the density of S. stan-
fordi and the environmental variables in sites un-
der different kinds of anthropogenic disturbance
in a temperate estuary. This work also provides
information about the ecological optima and tol-
erance ranges of S. stanfordi for different envi-
ronmental variables (i.e., both natural and stress
factors). Our results therefore constitute basic
background information that would be helpful for
general biomonitoring studies of the Rio de la Plata
as well as for other similar estuarine systems.

CONCLUSIONS

The ecological optima and tolerance ranges of
S. stanfordi for the environmental variables anal-
ysed suggested that the species could be consid-
ered a sensitivity indicator in terms of organic
pollution and would be useful for water qual-
ity assessments in the coastal sector of this tem-
perate estuary. This information could also be
helpful in predicting the possible effects of S.
stanfordi on native populations of other similar
bodies of water in future research. Laboratory as-
says, however, should be conducted to broaden
the ecological preference knowledge and physio-
logical tolerance ranges of this species.
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