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ABSTRACT

This study is based on the identification and distribution of spionid polychaetes in relation to abiotic
characteristics of the environment at the mouth of the Valdivia-Tornagaleones estuary in south-central Chile.
Four samplings were carried out in 2005, in which eight species were identified including Aquilaspio
peruana, Boccardia polybranchia, Carazziella carrascoi, Dipolydora socialis, Minuspio patagonica,
Rhynchospio glutaea, Scolelepis quinquedentata and Spiophanes sp. As it is typical of other estuaries in south
central Chile, spionids were an important component of the macroinfauna of the Valdivia estuary. The
distribution of the Spionidae family in the system showed higher species richness in the outer reach of the
estuary but higher abundance (number of specimens) at the inner reach. The distributional pattern of the
polychaetes did not vary throughout the year, exhibiting strong spatial zonation with three significantly
different assemblages. Minuspio patagonica, A. peruana and C. carrascoi contributed to the similarity
between these three groups, as well as to the formation of a general component in the macroinfauna.
Sedimentological and depth variables, as well as sedimentary organic material were only marginally related to
the distribution of spionids. Results showed that bottom salinity was the environmental variable responsible
for spatial differentiation of spionids in the three groups, which permit to differentiate the outer-reach species
from those in the internal area of the estuary. The significant contribution of spionids to the total component
of macroinfauna in the studied area shows that these species are a significant component of the estuarine and
transition areas in the southwest Pacific coast.
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RESUMEN

El estudio se desarrolla en base a la identificacién y distribucién de Spionidae y su relacién con las
caracteristicas abidticas del medio, en la desembocadura del sistema estuarial Valdivia-Tornagaleones (Chile).
Se muestrearon cuatro periodos en 2005, identificdndose ocho especies, Aquilaspio peruana, Boccardia
polybranchia, Carazziella carrascoi, Dipolydora socialis, Minuspio patagonica, Rhynchospio glutaea,
Scolelepis quinquedentata y Spiophanes sp. Como es tipico en otros estuarios del centro sur de Chile, los
espidnidos fueron un componente importante de la macroinfauna del estuario Valdivia. La distribucion de la
familia Spionidae en el sistema estudiado mostré una mayor riqueza de especies en la zona exterior del
estuario, pero altas abundancias (nimero de especies) en las zonas interiores. El patrén distribucional no varié
a lo largo del afio, pero si mostré una fuerte zonacion espacial, con tres grupos significativamente diferentes.
Destac6 la contribucién de M. patagonica, A. peruana y C. carrascoi en la similaridad de cada uno de estos
grupos y de igual forma dentro del componente general de la macroinfauna. Las variables sedimentoldgicas y
profundidad como también la contribucién de la materia orgdnica fueron solamente relacionadas
marginalmente con la distribucién de esta familia. Los resultados mostraron que la variable ambiental
responsable en diferenciacién espacial de los espidnidos en los tres grupos, fue la salinidad de fondo
permitiendo diferenciar el grupo mds externo con los ubicados al interior de la zona de estudio. La importante
contribucién de los espionidos en el componente total de la macroinfauna de la zona de estudio, permiten
establecer que especies de esta familia representan un componente importante de zonas estuarinas y de
transicion de las costas del pacifico sudoriental.

Palabras clave: Polychaeta, Spionidae, distribucidn, estuario, salinidad, sedimentos, Chile.
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INTRODUCTION

The Spionidae are one of the most abundant
and diversified families of Polychaeta that
inhabit sublittoral soft bottoms of bays and
estuaries (Blake 1996). Spionids have probably
achieved evolutionary success and dominance
in coastal ecosystems due to the great plasticity
in their particle capture methods for feeding
and/or construction of tubes (Dauer et al.
1981), as well as for their diverse mechanisms
for reproduction and development (Blake &
Arnofsky 1999). In mud and sand
environments, spionids help to stabilize and
compact the surface layers of soft bottoms
(Blake 1996), often forming extensive
assemblages in areas with high contents of
organic matter (Pearson & Rosemberg 1978).

As all other macroinfauna of soft bottoms,
the distribution and population variation within
spionid species, have been attributed to: (i)
reproductive events and interactions between
species (Whitlatch & Zajac 1985, Bolam &
Ferndndez 2002), (ii) availability in food
supply (Beukema & Cadeé 1986), (iii) natural
or anthropogenic disturbance (Levin 1984), (iv)
sedimentological characteristics of the habitat
(Snelgrove & Butman 1994), and (v) seasonal
and espatial variations in physical factors, such
as salinity and temperature (Holland et al.
1987).

The taxonomy of spionids has been most
extensively studied compared to other families
(Johnson 1984). Nevertheless, there are still
numerous species considered to be
cosmopolitan, or having wide distribution,
which can be considered a misinterpretation
due to the lack of rigorous taxonomic studies
and the absence of keys to identify species.
However, this does not seem to be a problem in
Chilean coastal regions since there is a large
number of taxonomic and distributional
researches (Hartmann 1953, Hartmann-
Schroder 1962, 1965, Carrasco 1974, Blake
1979, 1983, Moreno et al. 2002, Sato-Okoshi &
Takatsuka 2001, Caifiete et al. 2004), and
studies on reproductive and larval development
(Carrasco 1976, Radashewsky et al. 2006). In
addition, important observations have been
made about the relations between polychaetes
and local sedimentary characteristics
(Rozbaczylo & Salgado 1993, Quiroga et al.
1999).

The south-central coast of Chile has a
number of microtidal estuaries between 38°
and 41 °S, with mixed or exclusively
riverine hydraulic regimes. Many of these
have been studied with regard to their
macrobenthic intertidal or subtidal
community structure (Bertrdn 1984, 1989,
Bravo 1984, Turner 1984, Richter 1985,
Jaramillo et al. 1984, 1985 a, 1985 b, 2001,
Low 1993, Quijén & Jaramillo 1993, Quijon
et al. 1996, Bertran et al. 2001).
Nevertheless, most studies have been carried
out in estuaries with small coastal drainage
basins, generally describing the existing
fauna. The boundaries of these environments
have been traditionally defined according to
physico-chemical variables, which have a
high variability due to tide and freshwater
supply changes, rather than to the fauna that
they support. Therefore, certain species may
eventually be used as indicators to
determine more accurately the boundaries of
these environments. Given the extensive
knowledge, availability, and wide
distribution of spionids in soft bottoms, both
in marine and estuarine ecosystems, this
study of spatio-temporal variation of
spionids and its relationship with important
environmental variables provide an approach
to define natural limits between these
transition areas and marine environments.

The objective of the present study was to
identify and describe species of subtidal
Spionidae in the Valdivia-Tornagaleones
estuarine system, which is one of the major
systems on the Chilean coast and, unlike
other large estuarine systems, such as the
Biobio river, the Valdivia-Tornagaleones
estuary discharge regimes are mostly caused
by rain with a minor seasonal variability
(Bertrdn et al. 2001). Results of the study are
expected to provide information about the
distribution and abundance of spionids across
salinity and other gradients in these
transitional zones. It is expected that spionids
will represent a significant part of the entire
benthic macrofauna in the estuary and that
their spatio-temporal distribution will be
correlated to the strong natural gradients
founded in the estuary, in which we expect to
find strong variations between marine and
estuarine components of the spionid
assemblage.
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MATERIAL AND METHODS
Study area

The Valdivia-Tornagaleones estuarine system
is located in south-central Chile (39°49” S,
73°18” W) and includes the estuaries of the
Valdivia and Tornagaleones rivers, the San
Juan inlet, and Corral Bay (Fig. 1). This system
is of neotectonic origin, and its estuaries are
classified as “positive microtidal” with partially
mixed water circulation (Pino et al. 1994). The
depths of the estuary range from 3 to 9 m, with
maximum depths to 11 m in some inner reaches
(Poblete & Deppe 1978) and 5 to 14 m in its
exterior zones (Arcos et al. 2002). The
sediments in the estuary are composed mainly
of sands and muddy sands (Low 1993). The
tidal regime is semi-diurnal with a mean tidal
range of = 1.48 m (Pino et al. 1994). The
maximum salinities (33-34 psu) encountered in
the deeper waters occur in Corral Bay during
the summer and fall months, while the lowest
salinity values (0-8 psu) occur in the inner
regions of the Valdivia and Tornagaleones
estuary during winter and spring. The
temperature in the deep waters reaches a
maximum of 17 °C in the summer months and a
minimum of 8.8 °C in the winter (Poblete &

Deppe 1978, Pino et al. 1994, M. Pino personal
communication).

Sampling procedures

Twelve stations were sampled once each during
the months of March, June, September, and
December 2005 (Fig.1). Geographic positions
in the field were determined using a KODEN
KGP-910A global positioning system with a
precision of 0.001’. Five replicate samples
were haphazardly collected at each station for
analysis of the benthic fauna using an Emery
dredge (0.025 m?). Each sample was screened
to 0.5 mm, and the organisms collected were
fixed in 10 % seawater-formalin for subsequent
observation and counting using a stereoscopic
microscope, and were then preserved in 70 %
ethanol. Identification of the spionids was
carried out using the publications of Hartman-
Schroder (1965), and Blake (1979, 1983, 1996).
Three replicate subsamples from each station
were analyzed for sediment grain size using a
graded series of geological screens, quantifying
the fractions of gravel (> 2 mm), sand-gravel
(0.063-2 mm), and mud (< 0.063 mm,) (Folk
1974). Total organic matter content was
determined by the ash free dry weight (AFDW)
method by ashing the samples in a furnace for 4
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Fig. 1: Map of the sampling area. The location of Valdivia and Tornagaleones river estuaries are
indicated by the rectangle. Numbers indicate the approximate location of sampling sites.

Mapa del area de estudio. El rectdngulo indica la ubicacién de los estuarios Valdivia y Tornagaleones. Los niimeros

indican la ubicacién aproximada de los sitios de muestreo.
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h at 550 °C. Particle size determinations were
carried out using a modified Emery method
(Emery 1938, Gibbs et al. 1971). Estimations
of comparative salinities among our sampling
stations were extrapolated from historical data
from the studied area obtained during seasonal
periods similar to those of our sampling. This
approximation is justified by the daily wide
variability of this parameter in the studied area,
and it was not possible to determine it on site
due to difference in time of sampling at each
location. (Poblete & Deppe 1978, Pino et al.
1994, M. Pino personal communication).

Data analysis

Each station within the study area was described
by its comparative percentage make up of sand,
gravel, mud, and organic matter, and also by
mean particle size, depth, and salinity. The
abiotic variables were normalized and analyzed
using principal component analysis (PCA),
applied to all the sampling stations during the
four periods of the year sampled.

The overall macrobenthic structure and that
of the spionid fauna at each sampling station,
were analyzed using univariate community
parameters, such as the number of individuals
(n), species richness (S), and Shannon-Wiener
diversity index (H’Log.). Analysis of variance
(ANOVA) was applied to determine the
significant differences between these parameters
between sampling stations, following
confirmation of normality and homocedasticity
of the variances of residuals using Kolmogorov-
Smirnov likelihood and Bartlett tests,
respectively (Sokal & Rohlf 1995).

The comparison of patterns of abundance of
spionids among sampling sites, as well as their
seasonal variation, were analyzed using a
similarity analysis test (ANOSIM) (Clarke &
Warwick 1994). A multidimensional
nonparametric scaling ordination (MDS) was
used to visualize faunistic similarities of the
different taxa of spionids from the sampling
sites, using the Bray-Curtis species similarity
index, and grouped using a previously applied
cluster analysis.

The spionid species responsible for
generating similarities among the different
groups, and within the overall macrofaunal
component were determined using a similarity
percentages routine (SIMPER, Clarke &

Ainsworth 1993). The environmental variables,
as well as the depth and structure of the spionid
fauna, were analyzed using Spearman
coefficient p,, (BIO-ENV analysis), which
selects a variable or combination of variables
which best represents the local community
structure (Clarke & Warwick 1994). A
LINKTREE analysis was applied for the
determination of which abiotic variables
represented the greatest differences (SIMPROF
test) among the different stations in different
sampling seasons (Clarke & Gorley 2005). All
analyses were carried out using PRIMER V.6
software developed at the Plymouth Marine
Laboratory (Clarke & Gorley 2005).

RESULTS
Environmental variables

Sand was the most common sedimentary
component range between 56-96 % at all
sampling stations during the study period,
followed by the mud fraction (2-55 %), with
the least important being the gravel fraction (0-
4 %) (Table 1). The principal components
analysis (PCA) showed a clear separation
between the interior and middle sampling
stations on the one hand and the stations
located in outer reaches of the estuary. This
separation was mostly due to the gradient in
salinity and depth, both of which increased
markedly with distance out off the estuary (Fig.
2). Also, a group of stations was characterized
by a greater percentage of sand together with a
greater heterogeneity in particle size; these
stations were relatively more exposed to
physical disturbance (Fig. 2). Station 9 (Fig. 1)
had lower mean particle size during at all
sampling periods, with larger percentages of
mud and organic matter (Fig. 2, Table 1).

Spionid faunal composition

Eight species of spionid polychaetes were
collected during the year, including Boccardia
polybranchia (Haswell, 1885), Carazziella
carrascoi (Blake, 1979), Dipolydora socialis

(Schmarda, 1861), Minuspio patagonica
(Augener, 1923), Agquilaspio peruana
(Hartmann-Schroder, 1962), Rhynchospio
glutaea (Ehlers, 1897), Scolelepis
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quinquedentata (Hartmann-Schroéder, 1965) and
Spiophanes sp., T species similar to S. bombyx
(Claparede, 1870) but differing in certain
morphological aspects and; its identification
remains to be confirmed (Diaz & Delgado-Blas
unpublished results). The list of spionids
contains cosmopolitan species such as D.
socialis, R. glutaea and B. polybranchia (Blake
1996). Although the type locality for B.
polybranchia is in Chile, it has been reported in
other parts of the world. The most abundant
species during the study was M. patagonica
(1892 ind m2), which was distributed in both the
interior and intermediate areas of the estuary,
and showed maximum abundances in March and
December (Fig. 3). The second most abundant
species was A. peruana (230 ind m2), which
was also most abundant in March and December
(Fig. 3), but, in contrast to the M. patagonica,
was distributed in the outer reaches of the
estuary. The third species in relative abundance
was R. glutaea (208 ind m2), which was mostly
distributed in the external zone, with highest
abundances in September and December (Fig.
3). D. socialis was present with high densities in
the outer and intermediate areas (143 ind m2),
particularly in March. Spiophanes sp. was
present at considerable densities in the outer
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zones in December (108 ind m'2). C. carrascoi
also showed its greatest densities in December,
in the external and intermediate zones of the Bay
(101 ind m?2) (Fig. 3). B. polybranchia was
present in December at a high density (231 ind
m2) only at station 8, located in the intermediate
zone; while densities at other stations and other
seasons this species was rare in terms of
abundance, but was very widely distributed.
Similarly, S. quinquedentata was present in low
abundance (1-5 ind m2) and widely distributed
over the study area.

Faunal univariate analysis

The number of individuals n, species richness S
and species diversity H’, for each station showed
similar patterns both for the total macrofauna and
for the spionid species as a group (Fig. 4). The
number of individuals (n) was greatest at stations
10 and 11, where the composition of the spionid
fauna was significantly different from the
spionids of the other stations (Fig. 4). The number
of species (S) and the diversity index (H’) had
comparatively greater values at stations located
within the estuary (1-7), lower values were found
at stations 10, 11 and 12 located in the interior of
the Valdivia river portion of the estuary (Fig. 4).

TABLE 1

Means = SD (n = 12) of environmental parameters of each of the 12 sampling locations, from
March to December 2005. Asterisks indicate relative parameters extracted from historical data

Promedios = DE (n = 12) de pardmetros ambientales en cada uno de los 12 sitios muestreados, desde marzo a diciembre de
2005. Asteriscos indican pardmetros relativos extraidos de datos histéricos

Site Distance % Grab % Sand % Mud % Organic Mean grain Depth (Z)  Salinity (psu)*
to mouth (km) matter size (@)
1 0.39 181+£237  9409+244  353+2.72 1.79 +0.34 1.89 +0.11 6.25+084  27.75+3.77
2 0.13 0.00+0.00 91.17+3.14 6.59+232 3.15+2.00 223+0.13 1600+ 141 27.75+3.77
3 0.32 379+424  8391+703 11.18+7.80 3.05+1.23 1.75 +£0.16 9.63+0.68  27.75+3.77
4 2.58 043+0.61 5648+ 19.84 3820+ 1890 7.64+3.00 1.95+0.21 9.13+122  21.75+236
5 2.79 0.61+050 9222+486 436+3.63 393 +3.72 1.73 +£0.40 568+005 21.75+236
6 3.72 085+0.77 7349+ 11.24 2326+1032 459+ 1.88 1.57 +£0.50 1183+£035 21.75+£2.36
7 487 022+0.18 9693 +1.59 247+142 1.55+0.34 1.56 +0.23 6.88+£022  21.75+£2.36
8 5.22 0.19+0.21 83.18+894 1478 +895  626+4.46 1.96 +0.29 3.88 +£0.38 16.00 + 3.37
9 7.25 0.17+0.04  3801+380 5550+537 10.13+240 228+0.16 4.60 +0.24 16.00 + 3.37
10 8.14 130+230 8924+639 791+540 392+ 1.29 2.10+0.14 6.53+0.93 5.25+2.06
11 7.03 416+434  7995+£8.17 1414+7.16 358 +1.10 1.95+0.32 3.05 +0.64 525+2.06
12 11.81 032+046 8847+11.33 924+972 275+ 1.79 1.62 +0.62 5.90 +£0.48 5.25+2.06

* Relative salinity extracts from historical data
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Fig. 2: Analysis of abiotic variables in the Valdivia and Tornagaleones river estuaries sampling
sites by principal component analysis (PCA). Numbers indicate sampling sites in different seasons.
The percentage of variability explained by the principal axis it is showed.

Andlisis de las variables abidticas en los sitios de muestreo de los estuarios de Valdivia y Tornagaleones mediante el
andlisis de componentes principales (PCA). Los nimeros indican los sitios muestreados en las diferentes estaciones del
afo. Se indica el porcentaje de variabilidad explica por cada eje principal.

Faunal multivariate analysis

There was no significant difference in spionid
fauna among sampling stations due to season of
sampling (2-way ANOSIM, R overall = -0.017,
P > 0.05), although the composition of the
spionids was significantly different among the
groups of sampling stations (2-way ANOSIM,
R global =0.771, P < 0.05).

When averaging across sampling periods,
MDS ordination showed three significantly
different groups of spionids (Fig. 5, Table 2).
The first grouping was conformed by species
from stations in the outer reaches of the
estuarine system (stations 1-7). The second
group is represented by stations located mainly
in the intermediate zone of the study area
(stations 8 and 9) and a third group was
represented by the samples collected in the
interior zone of the estuarine system at stations
10, 11 and 12 (Fig. 5).

Species with highest percentage of
contribution to dissimilarty (SIMPER) in each
of the groups were A. peruana wich

contributed to greatest dissimilarity (22.34 %)
between the most external group (Group 1) and
intermediate group (Group 2), and C.
Carrascoi, wich was responsible the highest
degree of dissimilarity (21.40 %) between
Group 2 and Group 1 (Table 3). For the group
of samples collected from the interior region of
the estuary (Group 3), M. patagonica, made the
major contribution to dissimilarity of Group 1
(47.92 %), while A. peruana contributed 21.32
% to the dissimilarity between Group 1 and
Group 3 (Table 3). M. patagonica contributed
50.09 % to the dissimilarity between Group 1
and Group 2 (intermediate site), while C.
carrascoi, contributed 30.08 % of the
dissimilarity between Group 2 and the group
located within the interior of the estuary (Table
3). Among the species of benthic macrofauna
that contributed > 65 % of the similarity
(SIMPER), the contribution from five species
of spionids was notable as an overall
contribution from the macrofauna (Table
4).The contributions of the spionids C.
carrascoi (14.17 %) and M. patagonica (37.67
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%) were notable in comparisons of the groups
from the intermediate and interior areas of the
estuaries (Table 4).

Table 5 shows the result of the BIO-ENV
analysis showing the two maximum values for
the range coefficient of the Spearman
correlation. For the best combinations of one,
two and three variables, the coefficient (py,) has
values near one when good correlation exists
and near zero when there is little or no
correlation. The analysis showed that from a
total of five sedimentary variables (% gravel, %
mud, % sand, mean particle size, and % organic
matter, plus bottom salinity and depth, salinity
produced the highest values of py. The second
best combination of variables, defining the
distribution of Spionidae in the studied area,
was % sand and salinity, and the third best
combination was % sand, depth and salinity.

The contribution of the organic matter (OM)
was not significant in the distribution of Spionidae.
The results of the main groups with significant
differences obtained through Linktree analysis
using environmental variables in different
sampling seasons, initially showed two groups
with significant differences (SIMPROF, r = 0.83, P
< 0.05) having the group of stations in outer
sectors of the estuary (A) and most stations from
the middle and inner sectors of the studied area (B)
with salinity being the essential factor for
differentiation between these groups (Table 5).
Station 9 was separated from other stations (B-C)
during most of the study, mainly due to the high
levels of organic matter and low percentage of
sand (Table 5). The separation among other groups
of stations located at the intermediate and interior
zones of the estuary was based on slight variations
in salinity and organic matter content (Table 5).

501 to 2000 ind/m” 10110500 ind/m’ (D) 51t0 100 ind/m” o 11t0 50 ind/m’ o 1to 10 ind/m’

P. patagonica

R. glutaea

C. carrascoi

Fig. 3: Spatial representation of seasonal average density (ind m™2) of spionids polychaetes from

Valdivia and Tornagaleones river estuaries.

Representacion espacial del promedio de densidades estacionales de poliquetos espiénidos (ind m2) en los estuarios de

Valdivia y Tornagaleones.
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Fig. 4: Number of species (A), number of individuals (B) and Species diversity index (C) of the
total macrobenthic fauna and spionid polychaetes at sampling sites from Valdivia and Tornagaleo-
nes river estuaries. Asterisks indicate statistically significant differences between means (P < 0.05)
after using ANOVA.

Numero de especies (A), nimero de individuos (B) e indice de diversidad de especies (C) de la fauna macrobentdnica total
y de los poliquetos espionidos en los sitios de muestreo de los estuarios de Valdivia y Tornagaleones. Los asteriscos
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Fig. 5: Multidimensional scaling (MDS) ordination plot of the spionids polychaetes cluster groups.
Numbers indicate each sampling site using average values of abundance in different periods of the
year (n = 4) from Valdivia and Tornagaleones river estuaries.

Gréfico de escalamiento multidimensional (MDS) de grupos de cluster de poliquetos espidénidos. Nimeros indican cada
sitio de muestreo utilizando valores promedio de abundancia en los diferentes periodos del afio (n = 4) de los estuarios de

Valdivia y Tornagaleones.

TABLE 2

R values and significance levels (P) from
ANOSIM 1-way analysis of similarity (P < 0.
05) for differences between cluster groups of

spionids community structure

Valores de R y niveles de significancia (P de ANOSIM
andlisis de similaridad de 1-via (P < 0,05) para diferencias
entre grupos de cluster de la estructura comunitaria de los

espidnidos
Cluster group r-value P-value
1 &2 0.811 P <0.001
1&3 0.965 P <0.001
2&3 0.672 P <0.001
Global 0.836 P <0.001
DISCUSSION

The number of species of spionid polychaetes in
the studied zone were about a third of the 30
species described for the coast of Chile (Blake
1983, Lancellotti & Vasquez 2000, Sato-Okoshi
& Takatsuka 2001, Canete et al. 2004). This
number of spionid species is similar to the one
found in the coast near Valparaiso and
Concepcién (Carrasco 1974, Rozbaczylo &
Salgado 1993), and relatively higher than the
number found by studies on the northern coast of

Chile (Quiroga et al. 1999, Moreno et al. 2002),
in agreement with the idea of lower diversity of
polychaetes with decreasing in latitude
(Lancellotti & Vdésquez 2000, Hernidndez et al.
2005). Nevertheless, it is important to determine
whether differences in the richness and
abundance of species found among these studies
reflect a true pattern or whether they are related to
differences in is related to differences in sampling
effort among studies. Our finding of C. carrascoi
represents a new record for this region, since it
was only reported for the coast near Concepcién
(Blake 1979).

The sediment texture values were in
agreement with those previously described for
southern Chile, where sand was the major
component of subtidal sediments, followed by
the mud fraction (Jaramillo et al. 1985b,
Richter 1985, Bertran 1989, Low 1993). The
predominance of sand fraction in these
environments is mainly related to the estuarine
dynamics, i.e., bottom currents considerably
impede the deposition of finely particulate
matter (Bertrdn et al. 2001). Similarly, the
small seasonal variation in sedimentological
characteristics of most sampling stations
suggested relatively stable bottom conditions
in this type of estuary in comparison with
estuaries located in the northernmost portions
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of southern Chile, were hydrologic flows vary
widely in relation to seasonal changes
(Bertran et al. 2001).

Observations of the spionid group, as well
as of the entire benthic community, showed a
larger number of species in small amounts at
the outer (oceanic) reaches of the estuary, and
few species in great abundance in the inner
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reaches, in agreement with studies in other
estuaries (Ieno & Bastida 1998, Costanza et al.
1993). High densities of M. patagonica, were
previously noted throughout the year in the
inner estuarine system of the Lingue River
estuary (Bravo 1984, Richter 1985) and the
Queule River (Jaramillo et al. 1985b, Quijon &
Jaramillo 1996, Jaramillo et al. 2001). Thus, M.

TABLE 3

Percentage of contribution of spionids species in the average Bray-Curtis dissimilarity between the
three spionids polychaetes groups from the 12 sites (SIMPER)

Porcentaje de contribucién de las especies de espidénidos en los promedios de disimilaridad de Bray-Curtis entre los 3
grupos de poliquetos espidnidos en los 12 sitios (SIMPER)

Species Groups 1 &2 Species Groups 1 & 3 Species Groups 2 & 3
Freque- Cumu- Freque- Cumu- Freque-  Cumu-
ncy (%) lative ncy (%) lative ncy (%) lative

freque- freque- freque-
ncy (%) ney (%) ncy (%)

Aquilaspio peruana 22.34 2234  Prionospio patagonica 47.92 47.92 Prionospio patagonica 50.09 50.09

Carazziella carrascoi 21.40 43.74  Aquilaspio peruana 21.32 69.24 Carazziella carrascoi  30.08 80.17

Prionospio patagonica 19.01 6275  Rhynchospio glutaea 9.09 78.33 Dipolydora socialis 6.46 86.63

Rhynchospio glutaea 10.72 7347  Spiophanes sp. 797 86.30 Rhynchospio glutaea 432 90.96

Average dissimilarity

between groups 85.25 95.71 65.60

TABLE 4

Total macroinfauna contribution percentages (> 65 %) for similarity of the site groups (SIMPER)

Porcentajes de contribucion de la macroinfauna total (> 65 %) para la similitud entre los grupos de sitios (SIMPER)

Taxa Group 1 Group 2 Group 3
Carazziella carrascoi 14.17

Aquilaspio peruana 12.72

Prionospio (Minuspio) patagonica 11.90 37.67
Rhynchospio glutaea 3.10

Spiophanes sp. 2.92

Capitella sp. 9.23

Cirratulidae 2.73

Goniada sp. 4.76 6.55

Haploscoloplos sp. 3.04

Perinereis gualpensis 9.11 19.32
Scoloplos sp.

Cumacea 6.08

Mulinia edulis

Nassarius gayi 6.62

Paracorophium hartmannorum 5.52 23.11 27.12
Phoxorgia sp. 3.89
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patagonica represents a typical component of
the macrofauna in estuaries at southern Chile.
Aquilaspio peruana was a remarkable common
species in the outer reaches of the Valdivia
estuary, like it was also observed in deeper
areas of Valparaiso Bay (Rozbazcylo &
Salgado 1993), and ocassionally in deep waters
off the coasts of Concepcién and Iquique
(Oyarzun et al. 1987, Quiroga et al. 1999). This
suggested that different environmental
conditions and depths could affect the
distribution and number of this species
(Valdovinos 2001). The important contribution
of Agquilaspio and Minuspio, suggests
characteristics that permit the species to
achieve dominance in systems, with high
variability in their regimes, such as estuaries
(Levin & Huggett 1990).

The absence of significant differences in the
species composition of the spionid fauna
among sampling periods suggests low seasonal
variability compared with the strong spatial
variability in the species composition among
the sampling stations. The initial low
variability is probably related to stable and
homogeneous conditions in the sediments in
most sites, as observed during the study.
Because of this, opportunistic species, similarly
to those observed for other species of the
family (Levin & Huggett 1990), may be
observed in environments with greater
fluctuations in bottom conditions, however,
they were not observed in this study.

TABLE 5

Summary of the contributions of environmental
variables showing values of the Spearman rank
coefficient (pw) with distribution patterns of
spionid community structure (BIOENV); (Sal)
salinity, (S) % sand, (Z) depth, (OM) organic
matter

Resumen de la contribucidn de variables ambientales,
mostrando valores de coeficiente de rangos de Spearman
(pw) con los patrones de distribucion de la estructura
comunitaria de los espiénidos (BIOENV); (Sal) salinidad,
(S) % arena, (Z) profundidad, (OM) materia orgédnica

Number of variables Best variable combinations (pw)

1 Sal (0.658)

2 S, Sal (0.606)

2 Z, Sal (0.565)

3 S, Z, Sal (0.582)
3 MO, Z, Sal (0.539)

The different identified assemblages allow
us to establish differences in the horizontal
distribution of the species, wich are probably
regulated by bottom salinity, in similarly ways
to the overall macrofaunal assemblage. The
interior reaches of this and other estuaries in
the region have greatly decreased salinities
during seasons with high precipitation,
compared with oceanic salinities in the outer
reaches (Poblete & Deppe 1978, Pino et al.
1994) and salinity usually is a dominant factor
in the structure and distribution of estuarine
macroinfauna (Holland et al. 1987, Chainho et
al. 2006). Our results suggested the existence
of three spionid groups across the saline
gradient: marine, intermediate and estuarine,
with low number of species in the group of
stations located at the inner reach of the
estuary, probably due to salinity stress (Sanders
1965). Teske & Wooldridge (2003) concluded
that salinity was not the only factor responsible
for the presence or absence of species in these
types of environments and that the nature of the
sediment and its associated variables were
factors of major relevance for their distribution.
However, since % of sand is an important
variable for the distribution of this family, the
results of this study showed that
sedimentological variables were not
responsible for the distribution of the
polychaete fauna. Furthermore, water depth
also was an important factor in the distribution
of this faunistic component, which has been
highlighted as important by some authors for
polychaete communities associated with soft
bottoms (Valdovinos 2001, Rodriguez-
Villanueva et al. 2003). The observed
sedimentological variables did not agree with
the proposal of Snelgrove & Butman (1994) on
the general distribution of polychaetes. These
authors suggested that organic matter content
of sediment, in conjunction with the energy of
the environment, were the primary factors
controlling polychaete structure, while
sediment particle size played a secondary role
in this distribution. In the present study, the
small relationship of the sedimentological
characteristics with the distribution of this
family can be related to the little variability of
these parameters.

The organic matter of the sediment was
similar in percentage to other estuaries sampled
in this region (Bertrdn 1984, Jaramillo et al.
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TABLE 6

Summary of variable levels which determine significant differences (SIMPROF; r > 0.60, P < 0.05)
of principal cluster groups (LINKTREE); (Sal) salinity, (S) % sand, (OM) organic matter

Resumen de variables que determinan diferencias significativas (SIMPROF, P < 0,05) entre los principales grupos de
cluster (LINKTREE); (Sal) salinidad, (S) % arena, (OM) materia orgdnica

Cluster group r-value P-value Variables Levels

A-B 0.83 P <0.001 Sal Sal, A (> 20); B (< 17).

B-C 0.96 P <0.001 S, OM S, B (<42.8); C(> 68.5). OM, B (> 7.62); C (< 5.39).
C-D 0.89 P <0.001 Sal Sal, C (> 17); D (< 15).

D-E 0.6 P <0.001 OM OM, D (<4.96); E (> 4.39)

2001) and in South America (Ieno & Bastida
1998). Nevertheless, differences were observed
among the different groups of stations, with
Station 9 having greater sediment
accumulation/retention and suggesting that
these were areas with less dynamic and lower
water movement (Valdovinos 2001). The
effects of anthropogenic organic material in the
sediments can not be ignored since studies have
shown that species such as C. carrascoi can be
an important faunal component in zones with
high organic enrichment (Oyarziin et al. 1987,
Arcos et al. 1993). The weak relation between
the distribution of the spionids and sedimentary
organic matter content in our study suggests
that organic enrichment is not a good predictor
or the spionid assemblages and that it would
difficult to apply the model proposed by
Pearson & Rosenberg (1978), which relates
organic matter and infaunal organization.
Probably the high environmental variability of
other type of factors, such as salinity, renders
fluctuations in organic matter of minor
importance in this system.

The important contribution of salinity in the
vertical distribution of the different species of
spionids suggests that these can be used as
reliable indicators of the time-integrated
salinity profile over estuarine bottoms in
transition zones, since individual salinity
measurements are not reliable and extremely
variable over short time scales and they have a
significant numeric participation in these
ecosystems, which has been also reported by
Rozbazcylo & Salgado (1993) and Quiroga et
al. (1999) for the central and northern coast of
Chile, respectively, reaffirming the importance
of this family as component of the benthos of
South American Pacific coastal ecosystems.
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