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Abstract Soft-bottom macrobenthic communities on the con-
tinental shelf of central Chile were characterised, in number, by
polychaetes, followed by amphipods, bivalves and cumaceans,
while biomass was dominated by Amphioplus magellanicus
(Ophiuroidea). The standing stocks followed a parabolic pattern
relative to depth (highest at mid-shelf) but the species were
divided into inshore (22 to 50 m) and offshore (80 to 140 m)
assemblages, based on the similarity in species composition.
Diversity (Es) was highest in the shallow assemblage and lowest
at the deeper locations, suggesting that the decline in oxygen
offshore was impacting the numbers of species. Dominance
followed the opposite pattern, with greatest dominance at the
deepest two stations. The distribution of sizes at each site, mea-
sured as normalised biomass size spectra (NBSS), was not dif-
ferent among the sites, although total biomass was concentrated
in the single large ophiuroid at the deepest location. Significant
correlations (p<0.05) indicated that diversity and number of
species were mainly related to the organic content (i.e. total
organic carbon) and sediment composition (grain size).
Therefore, food supply from primary production and the phys-
ical properties of the seafloor are thought to be the main forces
structuring the macrobenthos biodiversity and distribution.
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Introduction

Macrobenthic communities are diverse and an important con-
stituents of soft-bottom marine ecosystems, exhibiting a high
adaptability to different habitats (Diaz-Castafieda and
Valenzuela-Solano 2009). They inhabit a wide range of envi-
ronments from intertidal to hadal systems, in which the sedi-
ment conditions play a key factor in controlling the structure
and functioning of ecosystems (Olsgard et al. 2003; Gray and
Elliot 2009). Despite substantial effort expended on environ-
mental impact studies, there is a considerable uncertainty
about the detection and estimation of ecological impacts due
to anthropogenic activity or natural spatial and temporal var-
iability (Osenberg and Schmitt 1994). Coastal and continental
shelf benthic communities exhibit defined spatial and tempo-
ral patterns which are, in turn, associated with natural envi-
ronmental forces, such as the oxygen minimum zones (OMZ),
terrigeneous run-off or warm phase of the El Niflo—Southern
Oscillation (ENSO) cycle (e.g. Tarazona et al. 1996; Sumida
et al. 2005; Arntz et al. 2006; Levin et al. 2009a, b; Zalmon
et al. 2013). In addition, macrobenthic communities appear to
be particularly sensitive to anthropogenic activities, such as
sewage outfalls (Elias et al. 2005; Smith and Shackley 2006),
oil spills (Gray et al. 1990), dredging (Boyd et al. 2003) and
trawling (Thrush and Dayton 2002). These perturbations pro-
duce important changes in the environmental conditions that
can modify the biogeochemical properties of the water col-
umn and sediments, shaping the macrobenthic community
biodiversity (Pearson and Rosenberg 1978; Dauer and
Conner 1980; Dauvin et al. 2003).
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The environmental conditions appear to be a main factor
controlling the benthic diversity patterns in soft-bottom sys-
tems. Sediment composition or grain size (Seiderer and
Newell 1999; Van Dalfsen et al. 2000; Etter and Grassle
1992; Moreira et al. 2006), salinity (Mannino and Montagna
1997; Gray 2002), organic matter (e.g. Gutiérrez et al. 2000;
Quiroga et al. 2012) and dissolved oxygen levels (Cooksey
and Hyland 2007) are the most important variables that deter-
mine the abundance, diversity and distribution patterns of
macrobenthic communities (Snelgrove and Butman 1994;
Gray and Elliot 2009). In addition, Levin and Gage (1998)
pointed out that dissolved oxygen and organic matter content
are key environmental factors that may be influencing the
diversity and species compositions distributions.

Macrobenthic communities inhabiting the continental shelf
off north (23°S) and central-south (36°S) Chile are influenced
by several oceanographic features, such as OMZ (Gallardo
et al. 2004; Sellanes et al. 2007, 2010), coastal upwelling
(Fossing et al. 1995; Gutiérrez et al. 2006) and the ENSO
cycle (Neira et al. 2001; Sellanes et al. 2007; Moreno et al.
2008). Studies on these communities along the continental
margin off Chile are restricted mostly to the continental shelf
and upper slope (e.g. Gallardo et al. 2004; Palma et al. 2005;
Sellanes et al. 2007). However, there are no detailed ecologi-
cal and biodiversity studies on the macrobenthic communities
of central Chile (33°S), in particular Valparaiso Bay, which is
one the largest bays in central Chile, with a wide variety of
oceanographic processes and human activities that influence
its coastal waters. In this bay, previous records indicated that
the presence of low oxygen concentrations (Silva et al. 2009),
sewage outfalls (Andrade et al. 1986) and terrigeneous inputs
could be influencing the coastal hydrodynamics and the nature
of sediment conditions in shallow waters (Sievers and Vega
2000). These factors suggest changes of sediment properties
and, therefore, the benthic communities would be highly het-
erogeneous in space and time. Nevertheless, the knowledge of
the temporal and spatial variability and the response of
macrobenthic communities inhabiting the soft-bottom sedi-
ments of Valparaiso Bay to natural and anthropogenic condi-
tions have not been well studied.

It has been suggested that climate change will reinforce the
negative consequences of man-made eutrophication (Rabalais
et al. 2010). In fact, recent studies have demonstrated that
hypoxia and OMZ are expanding to the coastal regions
(Riebesell et al. 2007) as a consequence of climate change
(Stramma et al. 2008; Pierce et al. 2012), with negative effects
on marine biodiversity (Boesch 2008). There is also evidence
for a higher proportion of declining oxygen trends near coast-
lines than in the open ocean, most probably due to run-off of
nutrients in the coastal region (Gilbert et al. 2009). Therefore,
a loss or decreasing pattern on marine community diversity or
absence of fauna could be observed (De Jonge and Elliot
2001; Stramma et al. 2010; Gewin 2010). It is important to
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note that OMZ macrofaunal communities exhibit reduced
densities, low species richness and high dominance of anne-
lids (Levin 2003). In coastal areas, a decrease of marine diver-
sity should also be reflected due to increased sewage outfalls
and terrigeneous input, which result in increases of organic
supply and hypoxia of sediments and bottom waters (Diaz
and Rosenberg 2008). Therefore, we hypothesise that, along
the environmental gradient, coastal macrobenthic communi-
ties affected by these conditions could be considered as local-
ised extensions of the OMZ benthos, observing similarities in
their ecological descriptors as response. This paper aims to:
(1) assess the species composition, diversity, community
structure, biomass and body size distribution of the macrofau-
na and (2) determine the spatial patterns of macrobenthic com-
munities in response to upwelling conditions (i.e. high total
organic carbon [TOC] flux and low oxygen levels),
terrigeneous inputs and sewage outfalls at Valparaiso Bay,
central Chile. The assessment of macrobenthos temporal var-
iability was not considered in the current paper waiting for
ENSO conditions forecasted for 2015 and its influence on
benthic communities.

Materials and methods
Study site

Valparaiso Bay (32°9'S, 71°6'W) is located on the continental
shelf of central Chile in the southeast Pacific Ocean (Fig. 1).
This bay is characterised by the influence of several environ-
mental conditions, such as upwelling, winds and currents reg-
ularly from S-SW, which are marked OMZ and ENSO events
(Rutllant et al. 2004; Fuenzalida et al. 2009), and the presence
of subantarctic and subsurface equatorial water masses (Silva
etal. 2009). In addition, sewage outfalls (Andrade et al. 1986)
and terrigeneous inputs from Aconcagua River (Sievers and
Vega 2000) contribute to the organic supply in coastal areas.
Species sensitivity levels are thus influenced by complex local
hydrographic conditions (Teixeira et al. 2012). In this context,
the sampling stations were categorised as station 1, located
close to the Aconcagua River mouth and the discharge of
submarine sewage outfall. Stations 2, 3 and 4 were located
in a transitional area between the sewage outfall site and the
OMZ. Station 5 is located in the middle shelf, which is asso-
ciated to the OMZ (Fig. 1, Table 1).

Sampling

Four seasonal sampling cruises (December 2012, March, June
and September 2013) were carried out along a depth transect
across the continental shelf (Table 1). At each station, water
column temperature, salinity and dissolved oxygen concentra-
tion (DO) were measured using a CTDO seabird 19 Plus. In
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Fig. 1 Study area showing the
sampling oceanographic stations.
Depths are indicated by the
numbers. The star below station 1
indicates the position of sewage
outfall discharge. Modified from
Google Earth

addition, discrete water samples at different depths were col-
lected with Niskin bottles for DO, chlorophyll a (Chla) and
particulate organic carbon (POC). Sediment samples for mac-
rofaunal studies were collected using a modified van Veen
grab (0.04 m?). Three replicate sediment samples were taken
for macrofaunal analysis. The sediment samples were sieved
through a 500-um mesh size screen and the biological mate-
rial was fixed in a 10 % buffered formaldehyde—seawater so-
lution. A fourth sample was collected for grain size character-
isation. In addition, non-disturbed 4—5 sediment samples were
collected using a gravity corer (internal diameter of 50 mm)
for sediment variables. Sediment redox potential (Ehyyg) and
pH was measured for the 0—2=cm surface sediment layer
using a platinum standard combination electrode with a calo-
mel internal reference (SG™, Mettler Toledo). Samples were
kept frozen (=20 °C) prior to analyses of total organic matter
(TOM), carbon stable isotope ratio (5'°C), chloroplast pig-
ments (Chla and phaeopigments), TOC and the total organic
carbon/total organic nitrogen ratio (C/N).

Water column analysis

The samples for DO were analysed by the Winkler method as
modified from Carpenter’s technique (Knap et al. 1993), and
microtitrated with a DOSIMAT. Chla samples were filtered in
duplicate (GF/F glass fibre filters) and frozen (-20 °C) until
analysis by fluorometry (Turner Design), according to the
standard procedure described by Holm-Hansen et al. (1965).
Determination of POC was carried out using the method of
Parsons et al. (1984).

Fauna and sediment treatment

In the laboratory, the fauna was identified to the lowest taxo-
nomic level possible using a NIKON SMZ 800 stereomicro-
scope and light microscope NIKON eclipse E200. Biomass
was determined as wet weight with a precision of 0.1 mg using
an analytical scale. Macrofauna species were preserved in
70 % ethanol and stored for future comparative studies.

Sediment samples for chemical analysis were kept imme-
diately after recovery, labelled with date, depth and station
number information, and then stored frozen at —20 °C prior
to analysis. TOM in marine sediments was determined by loss
of weight on ignition at 475-500 °C for 4 h (Byers et al.
1978). Carbon stable isotope content (5'°C) was analysed by
mass spectrometry (VG Micromass 602C equipment) at the
Environment Isotopes Laboratory of the CCHEN (Chile). The
8'3C (%o) values are relative to the Pee Dee Belemnite (PDB)
Standard (Silva et al. 2011). The contribution of the alloch-
thonous (i.e. of terrestrial source) organic matter (AOM) to the
sediments was evaluated by applying a two-source mixing
model suggested by Bianchi (2007):

%AOM = {(6 1 3Csamp]e_5 1 3Cmarine/6 13Cerrestrial =6 1 3Cmarine) ] *100.

We used —26.9%o as the terrestrial reference value (Silva
et al. 2011) and —21.7%o for marine sediment as the average
value obtained from samples in the study area.

Chla and phytopigment (Phaeop) degradation products (i.e.
phaeopigments) were extracted from duplicate subsamples of
wet sediment (ca. 1 g) using 90 % acetone. After 24 h of
darkness at 4 °C, the samples were sonicated for 5 min,

@ Springer



Mar Biodiv

Table 1  Station data and environmental variables

Station 1 2 3 4 5

Latitude (°S) 32°54'31 32°54'31 32°54'31 32°54'31 32°54'31

Longitude (°W) 71°32'47 71°34'49 71°35'44 71°36'48 71°38'57

Depth (m) 22 50 80 100 140

Bottom water
Dissolved oxygen (ml L") 4.18 (0.57) 3.31(1.08) 2.35(0.75) 1.83 (1.20) 1.66 (1.22)
Particulate organic carbon (mg L") 3.50 (2.45) 3.82(2.36) 3.73 (2.14) 4.0 (2.56) 3.6 (2.57)
Chlorophyll @ (mg m™>) 10.0 (9.74) 2.70 (2.71) 2.66 (1.72) 1.67 (1.14) 1.8 (1.30)
Temperature (°C) 12.52 (0.57) 11.58 (0.09) 11.30 (0.19) 11.25 (0.23) 11.18 (0.22)
Salinity 34.30 (0.08) 34.4 (0.07) 34.47 (0.05) 34.47 (0.07) 34.55 (0.04)
pH 8.56 (0) 8.44 (0) 7.92 (0.61) 8.12 (0.34) 8.12 (0.16)

Surface sediments
Mud (%) 67.87 (10.0) 60.3 (3.34) 77.67 (11.56) 79.15 (10.83) 91.33 (2.47)
Sand (%) 32.12 (10.0) 34.7 (9.19) 22.32 (11.56) 20.85 (10.83) 8.63 (2.51)
Graphic mean (Mz) 5.03 (0.19) 5.58 (0.5) 5.3 (0.46) 4.69 (0.91) 4.98 (0.66)
Sorting (o1) 1.71 (0.07) 1.53 (0.09) 1.81(0.32) 2.11 (0.45) 1.89 (0.36)
Ehypg (mV) 0-1 cm 146 (0) 331 (4.9) 132 (65.5) 130 (57.2) 173 (83.0)
pH 8.40 (0.2) 8.29 (0) 7.97 (0.47) 8.07 (0.33) 8.16 (0.20)
513C (%) —22.6 (0.87) —24.0 (0.94) —24.4 (0.58) —24.0 (0.51) —22.9 (1.44)
Allochthonous material (%) 17.31 (16.76) 45.51 (18.17) 53.36 (11.25) 44.71 (9.85) 23.07 (27.73)
Total organic matter (%) 1.79 (0.54) 1.80 (0.29) 5.26 (0.71) 7.01 (2.58) 4.96 (2.36)
Chlorophyll a (ug g ") 7.32 (5.54) 8.27 (3.89) 6.79 (3.66) 7.44 (3.68) 13.18 (8.92)
CPE (ugg " 30.27 (21.17) 4143 (13.72) 31.54 (9.9) 32.57 (16.32) 60.77 (49.81)
TOC (ugg ™" 1.43 (0.52) 2.50 (7.55) 14.29 (1.93) 16.36 (6.11) 10.51 (2.62)
C/N (molar) 9.85(0.44) 11.42 (1.44) 13.05 (0.62) 12.65 (0.97) 10.55 (0.43)
Chla/TOC 6.28 (6.22) 4.42 (4.79) 0.50 (0.32) 0.48 (0.17) 1.26 (0.80)

Mean values and standard deviations in brackets are shown

CPE: chloroplast pigment equivalents; Ehynyg: redox potential; 5'3 C: carbon stable isotope content; TOC: total organic carbon; C/N: carbon—nitrogen

ratio; Chla/TOC: chlorophyll a—carbon ratio

centrifuged at 3000 rpm (1000xg) for 10 min and extracts
were fluorometrically analysed for Chla and Phaeop content.
Chla and Phaeop values were obtained before and after acid-
ification with 1 N HCI, respectively, according to the method
of Lorenzen (1967), as described by Parsons et al. (1984),
where the volume of water is substituted by the dry weight
(DW) of the sediment expressed in grammes. Values were
expressed, corrected for porosity as measured by the water
content, as ug Chla g ' DW. This was obtained after drying
duplicate sediment subsamples (ca. 1 g) at 105 °C for 20 h.
Chloroplast pigment equivalents (CPE) were obtained from
Chla and Phaeop.

Particle grain size data were analysed following the Folk &
Ward scale (Folk 1980; Blott and Pye 2001). The median
particle diameter (MPD), sorting coefficient (0g) and graphic
standard deviation (o) were obtained using GRADISTAT
software (Blott and Pye 2001). The total sulphides content
was determined colourimetrically according to method of
Cline (1969). TOC and total nitrogen (TN) content samples
were freeze-dried and then ground and homogenised in an
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agate mortar before processing. About 50 mg of sediment
were weighed in tin cups, the carbonate was removed by acid-
ifying with 25 % v/v HCL and the sediment sample measured
in a CHN Elemental Analyzer (Delta V Advantage with Flash
EA 2000 and Conflo IV) (Tung and Tanner 2003).

Data analysis

Abundance and biomass data were standardised to individuals
per m” before analysis to determine means and standard devi-
ations. To describe and compare the community structure,
Margalef species richness (S), Shannon—Wiener (H'), even-
ness (J'), Simpson dominance (D) and Sanders—Hurlbert ex-
pected species number (ES;() indices were used. In addition,
K-dominance curves were also calculated to demonstrate di-
versity structure. Multivariable analyses were carried out
using PRIMER v6 statistical software (Clarke and Gorley
2006). Spatial differences in the abundance were determined
with a non-metric multidimensional scaling (NMDS) ordina-
tion analysis (Clarke and Green 1988; Clarke 1993), using the
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Bray—Curtis index (Ludwig and Reynolds 1988) as the simi-
larity measure. The significance of differences between sta-
tions was examined by the randomisation test analysis of sim-
ilarities (ANOSIM). A non-parametric one-way analysis of
variance (ANOVA, Kruskal-Wallis) was used to test for sig-
nificant differences (p <0.05) among stations (Zar 1996).
Normalised biomass size spectra (NBSS) were constructed
to test for spatial differences in the size structure of the
macrobenthic communities as described by Platt and
Denman (1977, 1978). In addition, Spearman rank correlation
analysis was used to calculate correlations between biological
diversity variables (i.e. abundance, biomass, community pa-
rameters) and environmental variables (i.e. depth, BWDO,
TOM, chloroplast pigments, total organic carbon, grain size).
The NBSS coefficients (slope and intercept) have been pro-
posed as quantitative indices of aquatic ecosystem structure
(Sprules and Munawar 1986; Quiroga et al. 2005; 2014).
Mean individual wet weight was estimated as total macrofauna
community biomass divided by total macrofauna community
density. The parameters of the NBSS were determined by
regressing the log, (normalised biomass) against log, (individ-
ual weight). Differences among the slopes of NBSS were
assessed by an analysis of covariance according to Zar (1996).
The mean individual body size (mg wet mass) is also calculated.

Results
Bottom water and sediment conditions

The environmental parameters are summarised in Table 1. DO
concentrations were higher at shallow stations and decreased
to the deepest stations, where hypoxic conditions were ob-
served. DO concentrations varied from 4.18+0.57 ml L™" at
station 1 (25 m) to 1.66+1.22 ml L™" at station 5 (140 m).
POC and salinity exhibited low variability between sites, with
mean values of 3.7+0.19 mg L' and 34.4+0.09, respective-
ly. High concentrations of Chla were recorded at station 1
(10.03+9.74 mg m ) in comparison with the rest of the sta-
tions, which did not exceed 2.7 mg m . Bottom water tem-
perature decreased with depth; a mean value of 11.56 °C was
recorded for the study site. Salinity showed little variability
between stations. A mean value of 8.23 was recorded for pH.

The surficial sediments were a grain size poorly sorted with
higher proportion of mud fractions (75 %) and minor fine
sandy fractions (24 %). Mud content increased with depth,
reaching a maximum mean of 91+2.47 % at station 5, while
higher fine sandy fractions were recorded at shallow stations
(mean values 0f 34.7+9.2 and 32.1£10 % at stations 2 and 1,
respectively). TOM contents as well as Chla and CPE concen-
trations were highest at deepest stations, showing wide varia-
tions between them. TOM ranged from 1.79 % at station 1 to
7.02 % at station 4, Chla varied from 6.79 pg g ' at station 3

to 13.18 pug g ' at station 5, and CPE ranged from
30.27 ug g " atstation 1 t0 60.78 pg g " at station 5. A similar
spatial pattern was observed for TOC and C/N, with maxi-
mum mean values at stations 4 and 3. Allochthonous material
percentage and 5'°C stable isotopes recorded mean maximum
values at station 3 and the lowest values at station 1. The
overall averages for these variables were 36.8+15.6 % and
—23.6+0.8 5"C %o. The redox potential (Eh) recorded a mean
of 182.6+84.9 mV (Table 1).

Faunal composition, abundance and biomass

A total of 138 taxa were recognised as distinct species in the
study site. Macrobenthos composition was dominated by poly-
chaetes, which comprised 45.9 % of the total individuals col-
lected. The second and third most abundant groups were mol-
lusks and crustaceans (i.e. bivalves and amphipods). Both
groups accounted for 25.2 % and 22.4 % of the total number
of individuals, respectively. The remaining faunal groups, such
as ophiuroids, cnidarians, nemerteans, picnogonids and
sipunculids, contributed about 6.5 % to the overall total (Fig. 2).

Sixty-three species of polychaetes belonging to 20 families
were identified. The families having the most species were
Spionidae and Cirratulidae with nine and eight species, re-
spectively, Nepthyidae and Lumbrineridae with seven species,
Paraonidae with five species and the Capitellidae, Syllidae,
Sabellidae and Ampharetidae with three species (Table 2).

Among the Crustacea, the most taxonomically diverse
group was the gammarid amphipods with 22 species, with
the cumaceans (10 spp.), ostracods (7 spp.) and isopods (5
spp.). Decapods, copepods and mysidaceans were also record-
ed. Mollusca was represented by 16 species, with bivalves and
gastropods being the most diverse, with ten and five species,
respectively. One species of aplacophoran (Chaetoderma
araucanae) was also recorded. Other taxa, such as nemer-
teans, sipunculans, pycnogonids, cnidarians and ophiuroids,
were also present. From this last group, just the ophiuroid
Amphioplus magellanicus was important in terms of density
and occurrence in the study area (Table 2).

Species composition exhibited differences among sta-
tions. Polychaetes were dominant at deeper stations
(Fig. 2a), where low DO concentrations were recorded.
Cossura chilensis (Cossuridae) was dominant at these sta-
tions, reaching the second highest macrofaunal density for
the study, with a mean of 2416429 ind. m 2. Levinsenia
gracilis, Aricidea pigmentata and cirratulid polychaetes
were also recorded with high densities (Table 2).

Crustaceans showed high relative abundance at shallow sta-
tions, being dominant at station 1 (25 m) with 70 % (Fig. 2a).
Gammarid amphipods such as Ampelisca gracilicauda (400
+159 ind. m™?), Metharpinia longirostris (333+110 ind. m?)
and Microphoxus cornutus (304+80 ind. m 2), together with
the cumacean Anchistylis watlingi (475+109 ind. m 2), had the
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Fig. 2 Taxonomic composition a
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highest mean densities. Mollusca exhibited the highest relative
abundance at station 3 (80 m) with 46 %, followed by poly-
chaetes with 41 %. At this station, the highest density was re-
corded by the bivalve Nucula pisum, with 1544 +1515 ind. m 2.
This species had the highest macrofaunal density for the study
site (2440+ 549 ind. m ). There was no clear faunal dominance
pattern at station 2. At this station, the relative abundance was
characterised by polychaetes (43 %), mollusks (28 %) and crus-
taceans (26 %) (Fig. 2a). The total macrofaunal density was 42,
905 ind. m 2. Mean densities varied from 1416 = 1596 at station
5 to 3440+2833 ind. m * at station 3 (Table 3), with significant
differences between stations (Kruskal-Wallis test p<0.05).
Mean biomass varied from 21413 gm ~ at station 2 to 48
+39 gm 2 at station 3, with an overall mean of 31.65+11.75
gm 2 and recording significant differences among stations at
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the study site (Kruskal-Wallis test p <0.05). A higher number
of small soft-bodied polychaetes would explain the low bio-
mass values recorded. Biomass was mainly dominated by
ophiuroids (51 %) and in a lower proportion by mollusks
(28 %). Polychaetes and crustaceans contributed together in
a minor proportion, with 20 %. The contribution of each mac-
rofaunal group showed differences among stations (Fig. 2).
Shallow stations (1 and 2) were dominated by mollusks
(mainly Oliva peruviana, Nassarius dentifer and Nucula
pisum), with a relative biomass above 61 %. The deepest
stations were characterised by the high presence of
Amphioplus magellanicus (Ophiuroidea, Echinodermata),
with relative biomass higher than 57 % (Fig. 2b). The contri-
bution of polychaetes to the total biomass never exceeds 25 %,
with a slight increase at the deepest stations.
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Table 2 Species composition,

density, biomass, standard Mean density ~ SD % Mean biomass ~ SD %

deviation (SD) and percentage of (ind. m™?) (gm?)

total macrofauna

Polychaeta

Cossura chilensis 2416.7 429.1 2029  0.07096 0.0682 0.2242
Chaetozone spl 397.9 1009 334 0.01839 0.0301 0.0581
Levinsenia gracilis 300.0 574 2.52 0.01229 0.0190 0.0388
Aricidea pigmentata 270.8 74.7 227 0.00713 0.0107 0.0225
Monticellina sp. 193.8 343 1.63 0.00631 0.0015 0.0199
Aphelochaeta sp. 193.8 16.2 1.63 0.01405 0.0225 0.0444
Nephtys magellanica 145.8 37.1 1.22 0.05400 0.0746 0.1706
Nephtys ferruginea 137.5 425 1.15 0.11985 0.1639 0.3786
Lumbrineridae sp2 116.7 18.0 0.98 0.31877 0.3850 1.0069
Lumbrineridae sp5 104.2 23.0 0.87 0.19736 0.1800 0.6234
Aglaophamus sp4 91.7 17.4 0.77 0.07261 0.0892 0.2294
Aricidea sp2 87.5 8.6 0.73 0.00543 0.0098 0.0171
Paraprionospio pinnata 85.4 273 0.72 0.11588 0.2360 0.3660
Lumbrineris spl 85.4 252 0.72 0.40070 0.5433 1.2657
Spiophanes duplex 75.0 29.0 0.63 0.04600 0.1008 0.1453
Cirratulus sp. 70.8 273 0.59 0.05308 0.1000 0.1677
Ampharetidae spl 68.8 17.1 0.58 0.01724 0.0175 0.0545
Aricidea sp3 56.3 13.0 0.47 0.00048 0.0006 0.0015
Prionospio peruana 52.1 14.0 0.44 0.01627 0.0284 0.0514
Goniada spl 37.5 13.0 0.31 0.01968 0.0267 0.0622
Aglaophamus sp3 313 6.5 0.26 0.15406 0.1852 0.4866
Lumbrineridae sp3 313 8.4 0.26 0.02065 0.0182 0.0652
Nephtys sp2 27.1 5.0 0.23 0.12356 0.1700 0.3903
Cirrophorus sp. 229 5.5 0.19 0.00119 0.0026 0.0038
Ampharete spl 20.8 6.5 0.17 0.00658 0.0120 0.0208
Perkinsyllis longisetosa 18.8 7.5 0.16 0.00088 0.0020 0.0028
Sphaerodoropsis sp. 16.7 5.7 0.14 0.00001 <0.0001 <0.0001
Kinbergonuphis spl 14.6 49 0.12 0.00471 0.0065 0.0149
Hemipodus simplex 14.6 4.9 0.12 0.00583 0.0083 0.0184
Scolelepis chilensis 14.6 5.8 0.12 0.00492 0.0110 0.0155
Paraprionospio spl 12.5 5.0 0.10 0.01550 0.0347 0.0490
Cirratulidae sp4 12.5 5.0 0.10 0.01200 0.0268 0.0379
Sabellidae spl 10.4 42 0.09 0.01018 0.0228 0.0322
Aglaophamus peruana 10.4 32 0.09 0.06085 0.1092 0.1922
Mediomastus sp. 10.4 1.9 0.09 0.96733 2.1609 3.0557
Nicomache sp. 10.4 1.9 0.09 0.62333 1.1342 1.9690
Maldanidae spl 8.3 1.6 0.07 0.11767 0.1420 0.3717
Spionidae spl 8.3 0.8 0.07 0.00133 0.0009 0.0042
Artacama valparisiensis 8.3 24 0.07 0.01800 0.0262 0.0569
Syllis pectinans 6.3 1.7 0.05 0.00030 0.0006 0.0009
Laonice sp. 6.3 25 0.05 0.00500 0.0112 0.0158
Lumbrineridae sp4 6.3 1.7 0.05 0.08763 0.1944 0.2768
Lumbrineris cf. tetraura 6.3 25 0.05 0.00246 0.0055 0.0078
Aglaophamus sp2 4.2 1.0 0.03 0.04679 0.0726 0.1478
Cirratulidae sp5 42 1.7 0.03 0.00775 0.0173 0.0245
Onuphidae sp2 42 1.0 0.03 0.06383 0.1188 0.2016
Phyllodoce spl 42 1.7 0.03 0.00042 0.0009 0.0013
Syllides sp. 42 1.0 0.03 0.00005 0.0016 0.0002
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Table 2 (continued)
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Mean density ~ SD % Mean biomass ~ SD %
(ind. m™?) (gm

Pilargidae sp. 42 1.0 0.03 0.00103 0.0022 0.0032
Phyllodocidae sp. 3.1 1.3 0.03 0.00017 0.0004 0.0005
Sosane spl 2.1 0.8 0.02 0.00053 0.0012 0.0017
Notomastus sp. 2.1 0.8 0.02 1.41550 3.0747 44714
Capitellidae spl 2.1 0.8 0.02 0.00001 <0.0001 <0.0001
Chaetozone sp2 2.1 0.8 0.02 <0.00001 <0.0001 <0.0001
Brada sp. 2.1 0.8 0.02 0.01488 0.0333 0.0470
Glycera sp. 2.1 0.8 0.02 0.06600 0.1476 0.2085
Lumbrineris sp. 2.1 0.8 0.02 0.05442 0.1217 0.1719
Naineris spl 2.1 0.8 0.02 0.00771 0.0172 0.0243

Sabellidae sp2 2.1 0.8 0.02 0.00146 0.0033 0.0046
Chone sp. 2.1 0.8 0.02 0.00031 0.0007 0.0010
Spionidae sp2 2.1 0.8 0.02 0.00038 0.0008 0.0012
Spiophanes bombyx 2.1 0.8 0.02 0.00167 0.0037 0.0053

Crustacea

Anchistylis watlingi 475.0 109.6  3.99 0.02985 0.0468 0.0943

Ampelisca gracilicauda 400.0 159.0 336 0.36899 0.8251 1.1656
Metharpinia longirostris 3333 1109  2.80 0.01006 0.0181 0.0318
Microphoxus cornutus 304.2 80.1 2.55 0.03553 0.0530 0.1122
Heterophoxus oculatus 187.5 31.0 1.57 0.05688 0.0459 0.1797
Ampelisca sp. 158.3 36.3 1.33 0.09074 0.1105 0.2866
Anchistylis sp. 1542 36.4 1.29 0.01490 0.0250 0.0471

Ostracoda spl 106.3 26.7 0.89 0.00012 0.0002 0.0004
Eudorella sp. 97.9 272 0.82 0.00451 0.0071 0.0143

Ampelisca sp2 95.8 259 0.80 0.06118 0.0602 0.1933

Ostracoda sp5 95.8 18.6 0.80 0.00102 0.0017 0.0032
Diastylis tongoyensis 75.0 11.0 0.63 0.00576 0.0059 0.0182
Leucon sp. 58.3 11.8 0.49 0.00288 0.0020 0.0091

Eudorella spl 45.8 14.3 0.38 0.00150 0.0029 0.0047
Liljeborgia sp. 39.6 3.6 0.33 0.01446 0.0127 0.0457
Paramonoculopsis sp. 37.5 7.0 0.31 0.00956 0.0180 0.0302
Metharpiniinae sp. 354 9.8 0.30 0.01137 0.0197 0.0359
Edotea sp. 313 11.5 0.26 0.00090 0.0016 0.0028
Metharpinia sp. 22.9 8.2 0.19 0.00333 0.0066 0.0105
Macrochiridotea sp. 18.8 5.7 0.16 0.00542 0.0121 0.0171

Eudevenopus gracilipes 16.7 6.7 0.14 0.00067 0.0015 0.0021

Ostracoda sp2 16.7 6.7 0.14 0.00001 <0.0001 <0.0001
Ostracoda sp4 16.7 5.7 0.14 0.00004 0.0001 0.0001

Gomeza serrata 12.5 5.0 0.10 0.13371 0.2990 0.4224
Dastylidae sp. 12.5 3.1 0.10 0.00249 0.0035 0.0079
Diastylis sp. 12.5 3.1 0.10 0.00030 0.0006 0.0009
Leptostylis sp. 10.4 4.2 0.09 0.00117 0.0026 0.0037
Serolis sp. 8.3 24 0.07 0.00310 0.0061 0.0098
Munna sp. 8.3 24 0.07 0.00017 0.0004 0.0005
Pinnixa sp. 8.3 24 0.07 0.01367 0.0272 0.0432
Decapoda indet. 1 8.3 2.0 0.07 0.00525 0.0072 0.0166
Oedicerotidae sp. 6.3 25 0.05 0.00030 0.0007 0.0009
Ostracoda sp3 6.3 25 0.05 0.00002 <0.0001 0.0001

Photis sp. 42 1.7 0.03 0.00013 0.0003 0.0004
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Table 2 (continued)

Mean density ~ SD % Mean biomass ~ SD %
(ind. m™?) (gm
Phoxocephalopsis zimmeri 4.2 1.7 0.03 0.00021 0.0005 0.0007
Bathymedon sp. 42 1.7 0.03 0.00055 0.0012 0.0017
Heterophoxus sp. 4.2 1.7 0.03 0.00346 0.0077 0.0109
Amphipoda indet 2 42 1.7 0.03 <0.00001 0.0000 <0.0001
Amphipoda indet. 3 42 1.0 0.03 0.00245 0.0047 0.0078
Copepoda sp. 4.2 1.0 0.03 <0.00001 <0.0001 <0.0001
Leuconidae sp. 4.2 1.0 0.03 0.00021 0.0005 0.0007
Pagurus villosus 4.2 1.0 0.03 0.00292 0.0058 0.0092
Lysianassidae sp. 2.1 0.8 0.02 0.00083 0.0019 0.0026
Metharpiniinae spl 2.1 0.8 0.02 0.00079 0.0018 0.0025
Atyloella sp. 2.1 0.8 0.02 0.00379 0.0085 0.0120
Amphipoda indet. 4 2.1 0.8 0.02 0.00046 0.0010 0.0014
Cirolanidae sp. 2.1 0.8 0.02 0.00003 0.0006 0.0001
Mysidacea sp. 2.1 0.8 0.02 0.05108 0.1142 0.1614
Ostracoda sp6 2.1 0.8 0.02 0.00003 0.0003 0.0001
Ostracoda sp7 2.1 0.8 0.02 0.00007 0.0006 0.0002
Mollusca
Nucula pisum 2439.6 5487 2048 244621 3.3412 7.7272
Nuculana cuneata 175.0 284 1.47 0.33308 0.3382 1.0521
Nassarius dentifer 83.3 27.2 0.70 2.36195 4.5476 7.4611
Chaetoderma araucanae 79.2 114 0.66 0.07243 0.0540 0.2288
Mysella molinae 14.6 4.9 0.12 0.00504 0.0109 0.0159
Mpysella sp2 14.6 49 0.12 0.00007 0.0002 0.0002
Gastropoda sp2 12.5 24 0.10 0.00287 0.0051 0.0091
Pandora cistula 10.4 23 0.09 0.07883 0.1659 0.2490
Retrotapes sp. 8.3 2.0 0.07 0.05758 0.1014 0.1819
Ennucula grayi 6.3 2.5 0.05 0.63500 1.4199 2.0059
Malletia chilensis 6.3 1.7 0.05 0.00092 0.0013 0.0029
Oliva peruviana 4.2 1.7 0.03 2.76583 6.1846 8.7369
Thyasira tomeana 4.2 1.7 0.03 0.05550 0.1241 0.1753
Cyclocardia compressa 4.2 1.7 0.03 0.00333 0.0075 0.0105
Gastropoda spl 2.1 0.8 0.02 0.00007 0.0002 0.0002
Buccinidae sp. 2.1 0.8 0.02 0.00083 0.0019 0.0026
Others
Amphioplus magellanicus 647.9 90.6 5.44 16.23443 12.4488  51.2823
Nemertea spl 10.4 1.9 0.09 0.00530 0.0101 0.0167
Nemertea sp2 10.4 32 0.09 0.00552 0.0105 0.0174
Nemertea sp3 10.4 23 0.09 0.00483 0.0070 0.0153
Pycnogonida sp. 8.3 33 0.07 0.00062 0.0004 0.0020
Parborlasia sp. 6.3 1.7 0.05 0.09333 0.1326 0.2948
Sipunculida spl 42 1.7 0.03 0.00033 0.0007 0.0011
Renilla chilensis 2.1 0.8 0.02 0.00821 0.0184 0.0259
Sipunculida 2 2.1 0.8 0.02 0.02954 0.0661 0.0933
Sipunculida 3 2.1 1.0 0.02 0.00583 0.0130 0.0184
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Macrofaunal diversity and community structure

The number of species varied widely between stations. A mean
of 17+6 species was recorded at the deepest station (station 5),
while the highest mean number of species was at station 2, with
35 species. Species richness estimated by rarefaction was highest
at shallow stations (E[S;o] = 6.9-6.2) and the lowest was record-
ed at station 3 (E[S;0] =4.8), coinciding with the diversity (H')
values (Fig. 3 and Table 3). Margalef species richness ranged
from 43 species (station 5) to 77 species (station 2).

The macrofaunal community structure recorded spatial var-
iability on diversity indexes with a moderate abundance dis-
tribution pattern among stations. The highest diversity (H')
and evenness (J') values were recorded at shallow stations,
where the dominance (D) had the lowest values in the same
way as that indicated by K-dominance curves. Overall, a low
dominance (D) was observed with moderate variation be-
tween stations (Table 3 and Fig. 3). The Kruskal-Wallis test
performed for all diversity descriptors indicated that there
were no significant differences between stations (p>0.05).

Faunal community and multivariate analysis

The macrofaunal composition and density examined by MDS
analysis showed a clear spatial pattern. Two main assemblages
were observed: the shallow stations (1 and 2) and the deeper
stations (3 and 4). The MDS ordination analysis based on
abundance data revealed significant differences between these
groupings (ANOSIM, R=0.515, p<0.05). Similar results
were observed in the cluster analysis, characterised with two
major groups of stations at a similarity level of 20 %.
However, station 5 did not cluster neatly with either of these
two groups, reflecting differences in abundance recorded at
this station (Fig. 4a, b).

Normalised biomass size spectra

The NBSS of the macrobenthic communities obtained at all
stations are presented in Fig. 5. All NBSS were statistically

Table 3 Macrofaunal community parameters at Valparaiso Bay

significant (p<0.05), with slopes ranging from —0.323 to —
0.598. No significant differences were found between the
slopes of the NBSS (p>0.05). The slopes indicate that smaller
organisms are present at station 5 and bigger organisms were
recorded at station 2. The intercept of the NBSS ranged be-
tween 0.310 and 1.408 for stations 4 and 1, respectively,
reflecting the differences in biomass. Mean animal body size
(MBS) varied from 58.5 to 226.7 mg wet mass, showing a
bell-shaped distribution pattern across the transect (Table 3).

Faunal relationship with environmental parameters

Diversity (H') was positively correlated with the Chla/TOC ratio
and negatively correlated with clay content, TOM and TOC
(p<0.05). The Simpson’s dominance (D’) was correlated posi-
tively with TOC and negatively with Chla/TOC (p<0.05).
Species richness (S) was positively correlated with sorting coef-
ficient and negatively correlated with organic matter content
(TOM) (p<0.05). The slope (b) of the NBSS was negatively
correlated with clay and positively correlated with sand contents
(p<0.05). The intercept (a) of the NBSS was positively corre-
lated with Chla/TOC, while it was negatively correlated with the
organic content (TOM, C/N and TOC) (p<0.05) (Table 4).

Discussion
Environmental setting

DO concentrations decreased with depth, exhibiting a mean
value of 1.74 ml L™ at the deepest stations (100 m and
140 m). Nevertheless, the record of concentrations below
1 ml L' at these stations (0.7 and 0.6 ml L") at the end of
study period would indicate the presence of hypoxic condi-
tions in the bay at 100 m depth, probably associated to the
intrusion of OMZ in the inner continental shelf (Silva et al.
2009). Palma et al. (2005) recorded lower concentrations
(0.02—1.28 ml L") than those reported in our study area at
similar depths for Antofagasta (22° S) and Concepcion (36° S)

Stations N (ind. m?) B(gm?) MBS (mg) S H’ (log,) E (S10) g D’

1 1754+1213 23423 81.8+350 30+6 3.52+0.63 6.48+1.27 0.72+0.11 0.16+0.09
2 1880+ 1095 21+13 58.5+116 35+1 4.00+0.61 7324127 0.77+0.12 0.12+0.08
3 3440 +2833 48+39 226.7+1125 32411 2.83+0.25 4.83+0.46 0.58+0.07 0.28+0.05
4 223841930 37+31 77.5+345 24£10 2.88+0.23 5.22+0.54 0.66+0.10 0.23+0.07
5 1416+ 1596 24431 161.2+760 17+6 2.95+0.40 5.51+£0.95 0.74+0.07 0.20+0.06

Mean values and standard deviation are shown

N: abundance; B: biomass; MBS: mean body size (mg wet mass); S: species richness; H': Shannon diversity; E (S;): rarefaction richness; J": Pielou

evenness; D'": Simpson dominance
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Fig. 3 Sanders—Hurlbert rarefaction diversity (a) and K-dominance curves (b) for the sampled macrofauna at each station. Graphs drawn using

PRIMER v6 statistical software
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on the continental shelf. The DO levels measured in this study
appeared to be similar to those reported in the same bathymet-
ric rank for the West and East Indian margin (Ingole et al.
2010; Raman et al. 2014). For shallow waters below 80 m
depth off the Peru coast, DO values ranged from >1 ml L™"
to 2.5 ml L' (Gutiérrez et al. 2008; Yupanqui et al. 2007),
being lower than those in this study. After ENSO conditions,
Laudien et al. (2007) recorded concentrations between 0.7 and
3.5 ml L' at 20 m for Mejillones Bay in the north of Chile,
while Moreno et al. (2008) found an average of 2.57 ml L™ at
Iquique Bay at depths of 22-33 m. However, a mean value of
0.58 ml L™" recorded off Concepcion, central Chile by
Sellanes et al. (2007) would be lower than the values recorded
in this study (Table 5).

In our study area, sediment properties exhibited a high
variability among stations, with a higher proportion of mud
in all stations (>60 %). The high content of sand (~33 %) at
stations 1 and 2 could to be associated with aperiodic dis-
charges from the Aconcagua River. A higher proportion of
sand (>63 %) at the deepest stations in June 2013 after a strong
rain suggests that the volume of the river in May 2013 in-
creased sand deposition at deeper stations. Aconcagua River

@ Springer

discharges measured at the Romeral station increased sudden-
ly during that period from 1.48 m*/s to 34.14 m*/s in only 11
days (Direccion de General de Aguas: Ministerio de Obras
Publicas de Chile; http://www.dga.cl).

Stable carbon and nitrogen isotopes (5'*C and §'°N, re-
spectively), the organic allochthonous material and the ele-
mental ratio of TOC to TN, expressed as C/N, have been
widely used as proxies of the sources of organic matter in
coastal sediments (Ramaswamy et al. 2008; Rumolo et al.
2011; Gao et al. 2012; Silva et al. 2011; Ruiz-Fernandez
et al. 2002). At station 1, the TOM, TOC and C/N ratio were
lower than deeper stations, suggesting that there was no or-
ganic enrichment in coastal sediments associated with sewage
outfalls as was previously thought. This may be due to bottom
currents and sediment resuspension related to shallow depths
and the Aconcagua River inputs, resulting in the transport of
the sediment and organic matter. In fact, values of §'°C appear
to be slightly less negative (—22.6%o) compared to those re-
ported for sediment influenced by untreated sewages (—22.8 to
—28.5%0) (see Rumolo et al. 2011 and references cited
therein). Rabalais et al. (2014) have noted shifts in the stable
isotopes ratio in relation to hypoxia and increased nutrients
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Fig. 5 Normalised biomass size
spectra (NBSS) plots of the
macrofauna obtained at five
stations in the study area (E£1, E2,
E3, E4 and ES5). Equation
parameters, squared correlation
coefficient (%), standard error of
the slopes (SEjjope) and p-values
are indicated for all data sets in
each regression. Graphs drawn
using Excel (MS Office)

loads in coastal zones. From our results, a similar response
was detected, with a parabolic distribution being recorded for
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5'3C and allochthonous material.

Chla, TOC and CPE are tracers of fresh organic carbon and
food quality in deep-sea sediments (Stephens et al. 1979) and

Table 4 Spearman rank
correlations between
environmental variables and
macrofaunal community
parameters at the study site.
Parameter derived from the
normalised biomass size spectra
(NBSS, slope = b, intercept = a)
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stations

in sublittoral environments (e.g. Boon and Duineveld 1998;
Radziejewska et al. 1996; Boon et al. 1998). Temporal and

spatial variations observed from TOC and chloroplast pig-

ments for the study area would indicate different regimes of
productivity, resulting in an overall lower food supply in

H' D’ Density Biomass S b a
Clay (%) —0.54* 0.44 —-0.01 —-0.01 -0.32 —0.59* 0.07
Sand (%) 0.39 -0.28 0.02 0.05 0.24 0.46* 0.01
Sorting (Mz) 0.33 —-0.16 0.16 —0.01 0.48* 0.36 -0.14
TOM (%) —0.48* 0.30 -0.35 -0.19 —0.60* —-0.12 —0.49*
C/N molar -0.25 0.25 0.04 0.09 —0.04 0.21 —0.64*
TOC ng g-1 —0.62* 0.54* 0.01 0.02 -0.29 —-0.12 —0.50*
Chla/TOC 0.55* —0.54* —0.13 —0.14 0.14 0.00 0.52*

Significant correlations are shown in bold and indicated with an asterisk (*)
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Table 5 Comparison of ecological and environmental data from previous works conducted at various locations off Chile and Pert

Location Bottom oxygen =~ Mean biomass ~ Mean abundance  H'(logp) J Latitude (°S) and ~ Reference

(ml L™ (g m™) (ind. m™?) depth (m)
Antofagasta  0.02 13.8" 4025 2.13% 0.51 22°98 Palma et al. (2005)
Concepcion ~ 0.10 60.9 16,478 2.07 0.58 35°122 Gallardo et al. (2004)
Concepcion ~ 1.28 32 13,808 227" 0.76 36° 124 Palma et al. (2005)
Concepcion ~ 0.58 26-42 14,249 Nd Nd 36° 88 Sellanes et al. (2007)
Mejillones 0.7-3.5 496 1601 0.94-195  0.54-0.71  23°20 Laudien et al. (2007)
Iquique® 3427 Nd 1151-985 ~2.8-22 Nd 20° 32 Moreno et al. (2008)
Iquique 0.24 12 <2000 Nd Nd 20° 111 Quiroga et al. (2005)
Chiloé 1.28 7.83° 3506 3.89 0.75 42° 160 Sellanes et al. (2010)
Piura Pera 1.7-2.5 35 1727 35 0.74 5° 60 Yupanqui et al. (2007)
Callao Pera  0.02 8.6 16,233 2.3 0.22 12° 305 Levin et al. (2002)
Valparaiso* 1.8-1.6 3724 2238-1416 2829 0.66-0.74  32°120' This study
Nd: no data

*Data range for stations 4 and 5

! Average depth between stations 4 and 5
*Quiroga et al. (2005)

# Jack-knifed Shannon diversity index

$ During and after El Nifio 1997-98

comparison to southern Chile (36° S). In fact, TOC values
reported by Gutiérrez et al. (2000) and Sellanes et al. (2007)
for Concepcion Bay were largely higher that those reported in
our study. In addition, CPE ranged from 30.3 pug g ' at22 mto
60.8 ug g ' at 140 m for the study sites. These values were
lower than those reported by Gutiérrez et al. (2000), Sellanes
et al. (2007) and Palma et al. (2005) for the continental shelf
during non-ENSO conditions. Our results suggest that the
study area would be influenced by a minor input of fresh
organic supply to the sediments from primary production.
The high variability of chemical seafloor parameters could
be explained by the seasonal food supply during upwelling
conditions and the aperiodic organic matter continental inputs.

Macrofaunal standing stock and biodiversity

In terms of species composition, abundance and biomass, the
macrobenthos communities studied were typical of muddy
and sandy coastal habitat of the continental margin off Chile
(e.g. Gutiérrez et al. 2000; Sellanes et al. 2007; Palma et al.
2005). Macrobenthic communities exhibited marked changes
in the standing stock and diversity patterns in relation to depth.
The mean abundance recorded at station 3 was higher than
that reported by Yupanqui et al. (2007) for Peru, but largely
lower than recorded by Sellanes et al. (2007) for Concepcion
during the 1998 ENSO conditions. In addition, shallow stand-
ing stock appeared to be similar to those reported by Laudien
et al. (2007) for Mejillones Bay (northern Chile). Polychaetes
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were the main group, followed by peracarid crustaceans (i.e.
amphipods and cumaceans) and bivalves. The faunal compo-
sition observed at Valparaiso Bay share some faunal compo-
nents reported by Gallardo et al. (2004) and Palma et al.
(2005) for Concepcion at similar depths, e.g. high densities
of some species like Cossura chilensis and Aricidea
pigmentata, as well as spionid and cirratulid polychaetes.
However, some dominant species in the current study, such
as Nucula pisum, Amphioplus magellanicus and Anchistylis
watlingi (Cumacea), were not ever recorded in Concepcion.
Levin et al. (2009a, b) suggested that cumaceans would be
highly tolerant to hypoxia, but they were not found in high
densities at stations under hypoxic conditions in our study
area. On the other hand, Lancelotti and Stotz (2004) recorded
high abundance and occurrence of the cumaceans Diastylis
tongoyensis in northern Chile in sediments associated to dis-
charges of iron mine tailings. Similar composition and domi-
nance of the fauna by a few species have also been recorded
for hypoxic systems from Northeast Indian margin (Raman
et al. 2014; Levin 2003; Hughes et al. 2009). In terms of
biomass, it is important to note that 51 % of total biomass in
this study was represented only by Amphioplus magellanicus,
which is a large suspension-feeding ophiuroid, dominant in
muddy sediments and not previously recorded at the
continental shelf of central and south Chile. Sellanes et al.
(2007) recorded higher and similar biomasses during non-
ENSO and ENSO conditions, respectively, off Concepcion,
with polychaetes and crustaceans as dominant groups.
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The spatial diversity patterns were different to those
observed for abundance and biomass. Diversity recorded
its highest values at the shallowest stations, where some
indicators of the organic content in sediments were low
and a higher proportion of sand was recorded. The
Simpson dominance (D’), evenness (J') and the majority
of diversity variables showed scarce variation between
stations, with no significant differences being recorded
(Kruskal-Wallis p>0.05). Shannon diversity (H') ranged
from 2.83 to 4.0 bits, exhibiting the highest mean
values at shallow stations in the same way as data pro-
vided by Sanders—Hurlbert rarefaction curves (ESij),
which appear to be higher than those reported by
Sellanes et al. (2010). These diversity values were
higher than those reported for the OMZ station on the
continental shelf off central Chile (Palma et al. 2005)
and similar to those reported for the Pakistan margin
(Hughes et al. 2009). By contrast, Shannon diversity
values were higher in the Indian margin, where hypoxic
conditions have been recorded (3.0-6.8 bits; Ingole
et al. 2010). It is known that hypoxic conditions affect
benthic communities off Peru and central Chile,
influencing community structure, characterised by loss
of species, low diversity and high dominance (Gallardo
et al. 2004; Levin et al. 2002; Sellanes et al. 2007). In
fact, in our study area, C. chilensis and N. pisum
accounted for more than 40 % of total abundance; how-
ever, dominance (D') exhibited low values. Overall, the
higher diversity values recorded in the current study
appeared to be characterised by the higher number of
polychaetes and peracarid crustacean species.

The presence of two assemblages consisting of a shal-
low (stations 1 and 2) and a deeper benthic community
(ANOSIM R=0.515, p<0.05) may be related to the
abundance of polychaetes increasing with depth, while
crustaceans (mainly amphipods and cumaceans) were in
greatest abundance at shallow stations and the mollusks
were the most abundant group at station 3 (Fig. 2).

Macrofaunal abundances showed a parabolic pattern, with
decreased densities at stations 1 and 5 and maximum density
at station 3. Biomasses also showed a similar spatial distribu-
tion, with a clear dominance of mollusks in the shallower
stations and a higher contribution of ophiuroids represented
solely by Amphioplus magellanicus in the deepest stations.
The abundance and biomass values of the deepest station (sta-
tion 5) were similar to those shallowest stations which could
be related to food supply from primary production and the
influence of terrigeneous inputs from the Aconcagua River,
respectively, despite differences in faunal composition. Ingole
et al. (2010) found a similar ‘parabolic’ distribution, but did
not observe changes in composition between sites. Raman
et al. (2014) recorded a similar pattern with depth regarding
polychaetes and crustaceans.

Macrofaunal response and biotic and abiotic relationships

In upwelling systems, pulses of fresh organic matter
from the column water to the seabed have important
consequences for the abundance (Gooday and Turley
1990), biomass (Duineveld et al. 2000; Brown et al.
2001) and biodiversity patterns (e.g. Levin and Gage
1998; Gutiérrez et al. 2000; Levin et al. 2002; Moreno
et al. 2008). It is known that sediment habitat heteroge-
neity can be generated by hydrodynamic features such
as terrigeneous run-off, bottom currents or biological
components, such as megafauna bioturbation (Gooday
et al. 2010). Such habitat heterogeneity creates high
variability of composition, distribution and diversity
(Levin 2003; Zalmon et al. 2013). From NMDS ordina-
tion, two assemblages were identified (i.e. shallow and
deep, see Fig. 4a). However, station 5 seems to be in-
fluenced by hypoxia and it would be forming a different
group, characterised by lower standing stock. Therefore,
the shallow assemblage could not be considered as an
OMZ extension, despite some ecological parameters be-
ing similar to station 5. In this sense, the hypothesis set
up could not be accepted, although some ecological de-
scriptors, such as density and biomass, recorded a par-
abolic distribution, with the highest in the middle, and
the species richness and dominance also recorded a sim-
ilar distribution pattern. The diversity is highest close to
shore and declines offshore, that is, it does not follow
the density gradient. K-dominance is the inverse of the
expected species diversity, illustrating that dominance
controls the diversity calculation. However, is the dom-
inance at each site the same or different species among
the sites? In terms of density, Ampelisca gracilicauda
and Nucula pisum were dominants at the shallow as-
semblage, while Nucula pisum and Cossura chilensis
were dominants at the deep assemblage.

The lowest values of density and species richness were
recorded at station 5, with the lowest DO concentrations.
The Spearman correlation analysis showed that diversity and
species richness appeared to be related to sediment character-
istics (i.e. clay percentage and grain size) and total organic
matter. In fact, low diversity values and species number in
the study area were found at stations with a high content of
TOM; the dominance measure (J') was positively associated
with high concentrations but with a low quality of TOC. Our
values of the Chla and CPE in the study area confirm this
situation, probably related to high environmental variability
at shallow and deep stations.

It is important to note that the NBSS did not differ among
stations in our study area. The slope of the NBSS is widely used
as an ecological indicator in benthic systems (e.g. Akoumianaki
et al. 2006; Hua et al. 2013; Quiroga et al. 2005, 2014). This
value of the slope in our study was less negative than those
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reported for the OMZ (Quiroga et al. 2005) and Concepcion
Bay (Sellanes et al. 2007), suggesting that community structure
was controlled by sediment characteristics (see Table 4). It is
known that the slope of the NBSS is affected by the physical
habitats afforded by the sediment (Drgas et al. 1998); however,
oxygen levels and organic matter may also be influencing the
community size structure of the macrofauna (Drgas et al. 1998;
Akoumianaki et al. 2006; Quiroga et al. 2012). The mean ani-
mals’ body size varied widely between sites, observing that the
highest value (226.7 at station 3) is not directly related to the
highest values of organic sources. Sites with organic inputs and
hypoxia usually exhibit an overall pattern with smaller body
size animals. This pattern may be explained by physiological
constraints, where small organisms are better able to satisfy
their metabolic demands because they have a higher surface
area to body volume ratio (Forbes and Lopez 1990; Quiroga
et al. 2005). In this study, Cossura chilensis, a small deposit-
feeding polychaete, was dominant, where the lower oxygen
levels and the highest organic values were recorded. However
medium-sized animals with large branchiae like
Paraprionospio pinnata were also recorded at deep sites, dem-
onstrating the influence of hypoxia on body size spectra, as
reported by Qu et al. (2015).

In our study area, the Shannon diversity (H') was negative-
ly correlated with clay, TOM and TOC, and positively corre-
lated with Chla/TOC. By contrast, dominance was positively
related to TOC content and negatively related to clay. Our
results confirm that the grain size distribution seems to be
influencing the spatial distribution of macrofauna. Peracarid
crustaceans such as amphipods and cumaceans were frequent-
ly found in shallow sediments with a higher proportion of sand
and with low organic content, while small soft-bodied poly-
chaetes were demonstrated to mostly inhabit deeper muddy
sediments with higher organic supply. In addition, ophiuroids
were only important in biomass from station 3, where sand
was less than 23 % and the organic content was higher.

Finally, soft-bottom macrobenthic communities in the
study area exhibited a clear on- to offshore spatial pattern
that may reflect the relevant influence of the grain size
and organic matter. The causes of this response could be
explained by the food supply from the column water to
the seabed that generated evident changes on the chemi-
cal properties of the sediments that are influenced by
regular upwelling conditions and the changes on physical
variables of the sediment that determine habitat heteroge-
neity as a result of a coastal hydrodynamic, where
terrigeneous inputs could also be influencing the diversity
patterns of benthic communities, as demonstrated by car-
bon stable isotopes and chloroplast pigments measure-
ments. Long time series studies will elucidate the real
expansion of hypoxic zones to the coastal zones in up-
welling systems and enable a better understanding of its
influence on benthic biodiversity.

@ Springer

Acknowledgements The authors thank the financial support provided
by the Science and Technology National Commission belonging to the
Education Ministry from Chile (FONDECYT, Grant N° 11121487) to
develop this research. Thanks also go to Francisco Gallardo (PUCV),
Williams Caballero and the crew of vessel ‘Normita II” for their important
assistance on each of the fieldworks. Finally, the authors specially thank
Dr. Gordon Paterson for his valuable input and English improvements to
the manuscript.

References

Akoumianaki I, Papaspyrou S, Nicolaidou A (2006) Dynamics of macrofau-
nal body size in a deltaic environment. Mar Ecol Prog Ser 321:55-66

Andrade H, Gutiérrez S, Salinas A (1986) Efectos del vertimiento de
desechos organicos no tratados sobre la macroinfauna benténica
de un sector de la bahia de Valparaiso (Chile). Cienc y Tec del
Mar CONA 10:21-49

Amtz WE, Gallardo VA, Gutiérrez D, Isla E, Levin LA, Mendo J, Neira C,
Rowe GT, Tarazona J, Wolff M (2006) El Nifio and similar perturbation
effects on the benthos of the Humboldt, California, and Benguela
Current upwelling ecosystems. Adv Geosci 6:243-265

Bianchi TS (2007) Biogeochemistry of estuaries. Oxford University
Press, New York, 706 pp

Blott SJ, Pye K (2001) GRADISTAT: a grain size distribution and statis-
tics package for the analysis of unconsolidated sediments. Earth Surf
Proc Land 26(11):1237-1248

Boesch DF (2008) Global warming and coastal dead zones. Nat Wet
Newsl 30(4):11-14

Boon AR, Duineveld GCA (1998) Chlorophyll a as a marker for biotur-
bation and carbon flux in southern and central North Sea sediments.
Mar Ecol Prog Ser 162:33-43

Boon AR, Duineveld GCA, Berghuis EM, Van Der Weele JA (1998)
Relationships between benthic activity and the annual phytopigment
cycle in near-bottom water and sediments in the southern North Sea.
Estuar Coast Shelf Sci 46:1-13

Boyd SE, Limpenny DS, Rees HL, Cooper KM, Campbell S (2003)
Preliminary observations of the effects of dredging intensity on the
re-colonisation of dredged sediments off the southeast coast of
England (Area 222). Estuar Coast Shelf Sci 57:209-223

Brown CJ, Lambshead PJD, Smith CR, Hawkins LE, Farley R (2001)
Phytodetritus and the abundance and biomass of abyssal nematodes
in the central, equatorial Pacific. Deep Sea Res 1 48:555-565

Byers SC, Mills EL, Stewart PL (1978) A comparison of methods of
determining organic carbon in marine sediments, with suggestions
for a standard method. Hydrobiologia 58(1):43-47

Clarke KR (1993) Non-parametric multivariate analyses of changes in
community structure. Aust J Ecol 18(1):117-143

Clarke KR, Green RH (1988) Statistical design and analysis for a ‘bio-
logical effects’ study. Mar Ecol Prog Ser 46:213-226

Clarke KR, Gorley RN (2006) PRIMER v6: user manual/tutorial.
PRIMER-E, Plymouth

Cline JD (1969) Spectrophotometric determination of hydrogen sulfide in
natural waters. Limn Ocean 14:454-458

Cooksey C, Hyland J (2007) Sediment quality of the Lower St. Johns
River, Florida: an integrative assessment of benthic fauna, sediment-
associated stressors, and general habitat characteristics. Mar Poll
Bull 54:9-21

De Jonge VN, Elliot M (2001) Eutrophication. In: Steele J, Thorpe S,
Turekian K (eds) Encyclopedia of ocean sciences, vol 2. Academic
Press, London, pp 852-870

Dauer DM, Conner WG (1980) Effects of moderate sewage input on
benthic polychaete populations. Estuar Coast Mar Sci 10:335-346



Mar Biodiv

Dauvin JC, Gomez Gesteira JL, Fraga MS (2003) Taxonomic sufficiency:
an overview of its use in the monitoring of sublittoral benthic com-
munities after oil spills. Mar Poll Bull 46:552-555

Diaz RJ, Rosenberg R (2008) Spreading dead zones and consequences
for marine ecosystems. Science 321:926-929

Diaz-Castafieda V, Valenzuela-Solano S (2009) Polychaete fauna in the
vicinity of bluefin tuna sea-cages in Ensenada, Baja California,
Mexico. Zoosymposia 2:505-526

Drgas A, Radziejewska T, Warzocha J (1998) Biomass size spectra of
near-shore shallow-water benthic communities in the Gulf of
Gdansk Southern Baltic Sea. Mar Ecol 19:209-228

Duineveld GCA, Tselepides A, Witbaard R, Bak RP, Berghuis EM,
Nieuwland G, van der Weele J, Kok A (2000) Benthic—pelagic cou-
pling in the oligotrophic Cretan Sea. Prog Oceanogr 46:457-481

Elias R, Palacios JR, Rivero MS, Vallarino EA (2005) Short-term re-
sponses to sewage discharge and storms of subtidal sand-bottom
macrozoobenthic assemblages off Mar del Plata City, Argentina
(SW Atlantic). J Sea Res 53:231-242

Etter RJ, Grassle JF (1992) Patterns of species diversity in the deep sea as
a function of sediment particle size diversity. Nature 360:576-578

Folk RL (1980) Petrology of sedimentary rocks. Hemphill Publishing
Company, Austin, 181 pp

Forbes TL, Lopez G (1990) The effect of food concentration, body size and
environmental oxygen tension on the growth of the deposit-feeding
polychaete, Capitella species 1. Limn and Ocean 35:1535-1544

Fossing H, Gallardo VA, Jergensen BB, Hiittel M, Nielsen LP, Schulz H,
Candfield DE, Forster S, Glud RN, Gundersen JK, Kiiver J,
Ramsing NB, Teske A, Thamdrup B, Ulloa O (1995)
Concentration and transport of nitrate by the mat-forming sulphur
bacterium Thioploca. Nature 374:713-715

Fuenzalida R, Schneider W, Garcés-Vargas J, Bravo L, Lange C (2009)
Vertical and horizontal extension of the oxygen minimum zone in
the eastern South Pacific Ocean. Deep Sea Res 1I 56:992-1003

Gallardo VA, Palma M, Carrasco FD, Gutiérrez D, Levin L, Cafiete I (2004)
Macrobenthic zonation caused by the oxygen minimum zone on the
shelf and slope off Central Chile. Deep Sea Res II 51:2475-2490

Gao X, Yang Y, Wang C (2012) Geochemistry of organic carbon and nitro-
gen in surface sediments of coastal Bohai Bay inferred from their ratios
and stable isotopic signatures. Mar Poll Bull 64:1148-1155

Gewin V (2010) Dead in the water. Nature 466:812—-814

Gilbert D, Rabalais NN, Diaz RJ, Zhang J (2009) Evidence for greater
oxygen decline rates in the coastal ocean than in the open ocean.
Biogeosci Discuss 6:9127-9160

Gooday AJ, Turley CM (1990) Responses by benthic organisms to inputs
of organic material to the ocean floor: a review. Phil Trans R Soc
Lond A 331:119-138

Gooday AJ, Bett BJ, Escobar E, Ingole B, Levin LA, Neira C, Raman AV,
Sellanes J (2010) Habitat heterogeneity and its influence on benthic
biodiversity in oxygen minimum zones. Mar Ecol 31:125-147

Gray JS (2002) Species richness of marine soft sediments. Mar Ecol Prog
Ser 244:285-297

Gray JS, Elliot M (2009) Ecology of marine sediments. From science to
management, 2nd edn. Oxford University Press, Oxford, 225 pp

Gray JS, Clarke KR, Warwick RM, Hobbs G (1990) Detection of initial
effects of pollution on marine benthos: an example from the Ekofisk
and Eldfisk oilfields, North Sea. Mar Ecol Prog Ser 66:285-299

Gutiérrez D, Gallardo VA, Mayor S, Neira C, Vasquez C, Sellanes J,
Rivas M, Soto A, Carrasco F, Baltazar M (2000) Effects of dissolved
oxygen and fresh organic matter on the bioturbation potential of
macrofauna in sublittoral sediments off central Chile during the
1997/1998 El Niflo. Mar Ecol Prog Ser 202:81-99

Gutiérrez D, Sifeddine A, Reyss JL, Vargas G, Velazco F, Salvatteci R,
Ferreira V, Ortlieb L, Field D, Baumgartner T, Boussafir M, Boucher
H, Valdes J, Marinovic L, Soler P, Tapia P (2006) Anoxic sediments
off Central Peru record interannual to multidecadal changes of

climate and upwelling ecosystem during the last two centuries.
Adv Geosci 6:119-125

Gutiérrez D, Enriquez E, Purca S, Quiptzcoa L, Marquina R, Flores G,
Graco M (2008) Oxygenation episodes on the continental shelf of
central Peru: remote forcing and benthic ecosystem response. Prog
Ocean 79:177-189

Holm-Hansen O, Lorenzen CJ, Holmes RW, Strickland JD (1965)
Fluorometric determination of chlorophyll. J Conseil Int Pour
I’Exploration de la Mer 30:3—15

Hua E, Zhang Z, Warwick RM, Deng K, Lin K, Wang R, Yu Z (2013)
Pattern of benthic biomass size spectra from shallow waters in the
East China Seas. Mar Biol 160:1723-1736

Hughes DJ, Lamont PA, Levin LA, Packer M, Feeley K, Gage JD (2009)
Macrofaunal communities and sediment structure across the
Pakistan margin oxygen minimum zone, North-East Arabian Sea.
Deep Sea Res 11 56:434-448

Ingole BS, Sautya S, Sivadas S, Singh R, Nanajkar M (2010)
Macrofaunal community structure in the western Indian continental
margin including the oxygen minimum zone. Mar Ecol 31:148-166

Knap AH, Michaels AF, Dow RL, Johnson R, Gundersen K, Sorensen J,
Close A, Howse F, Hammer M, Bates NR, Doyle A, Waterhouse T
(1993) Bermuda Atlantic time-series study methods manual (version
3). Bermuda Biological Station for Research, Inc., U.S. Joint Global
Ocean Flux Study (US JGOFS), 108 pp

Lancellotti DA, Stotz WB (2004) Effects of shoreline discharge of iron
mine tailings on a marine soft-bottom community in northern Chile.
Mar Poll Bull 48:303-312

Laudien J, Rojo ME, Oliva ME, Amtz WE, Thatje S (2007) Sublittoral soft
bottom communities and diversity of Mejillones Bay in northern Chile
(Humboldt Current upwelling system). Helg Mar Res 61:103-116

Levin LA (2003) Oxygen minimum zone benthos: adaptation and com-
munity response to hypoxia. Ocean Mar Biol 41:1-45

Levin LA, Gage JD (1998) Relationships between oxygen, organic matter
and the diversity of bathyal macrofauna. Deep Sea Res 45:129-163

Levin LA, Gutiérrez D, Rathburn A, Neira C, Sellanes J, Mufioz P,
Gallardo VA, Salamanca M (2002) Benthic processes on the Peru
margin: a transect across the oxygen minimum zone during the
1997-98 El Niio. Prog Ocean 53:1-27

Levin LA, Whitcraft CR, Mendoza GF, Gonzalez JP, Cowie G (2009a)
Oxygen and organic matter thresholds for benthic faunal activity on
the Pakistan margin oxygen minimum zone (700—1100m). Deep Sea
Res I 56:449-471

Levin LA, Ekau W, Gooday AlJ, Jorissen F, Middelburg JJ, Naqvi SW, Neira
C, Rabalais NN, Zhang J (2009b) Effects of natural and human-induced
hypoxia on coastal benthos. Biogeosci Discuss 6:2063—2098

Lorenzen CJ (1967) Determination of chlorophyll and pheo-pigments:
spectrophotometric equations. Limn Ocean 12:343-346

Ludwig JA, Reynolds JF (1988) Statistical ecology: a primer on methods
and computing. John Wiley & Sons, New York, 337 pp

Mannino A, Montagna PA (1997) Small-scale spatial variation of
macrobenthic community structure. Estuaries 20:159-173

Moreira J, Quintas P, Troncoso JS (2006) Spatial distribution of soft-
bottom polychaete annelids in the Ensenada de Baiona (Ria de
Vigo, Galicia, north-west Spain). Scient Mar 70(S3):217-224

Moreno RA, Sepulveda RD, Badano EI, Thatje S, Rozbaczylo N,
Carrasco FD (2008) Subtidal macrozoobenthos communities from
northern Chile during and post El Nifio 1997-1998. Helg Mar Res
62(Suppl 1):S45-S55

Neira C, Sellanes J, Soto A, Gutiérrez D, Gallardo VA (2001) Meiofauna
and sedimentary organic matter off central Chile: response to chang-
es caused by the 1997-1998 El Nifio. Oceanol Acta 24:313-328

Olsgard F, Brattegard T, Holthe T (2003) Polychaetes as surrogates for
marine biodiversity: lower taxonomic resolution and indicator
groups. Biodivers Conser 12:1033—1049

Osenberg CW, Schmitt RJ (1994) Detecting human impacts in marine
habitats. Ecol Appl 4(1):1-2

@ Springer



Mar Biodiv

Palma M, Quiroga E, Gallardo VA, Amtz W, Gerdes D, Schneider W,
Hebbeln D (2005) Macrobenthic animal assemblages of the continen-
tal margin off Chile (22° to 42°S). J Mar Biol Assoc UK 85:233-245

Parsons TR, Maita Y, Lalli CM (1984) A manual of chemical and biological
methods for seawater analysis. Pergamon Press, Oxford, 173 pp

Pearson TH, Rosenberg R (1978) Macrobenthic succession in relation to
organic enrichment and pollution of the marine environment. Ocean
Mar Biol Ann Rev 16:229-311

Pierce SD, Barth JA, Shearman RK, Erofeev AY (2012) Declining oxy-
gen in the northeast pacific. ] Phys Oceanogr 42:495-501

Platt T, Denman KL (1977) Organization in the pelagic ecosystem.
Helgolander Meeresun 30:575-581

Platt T, Denman KL (1978) The structure of pelagic marine ecosystems.
Rapp Reun Cons Int Explor Mer 173:60-65

Qu F, Nunnally C, Rowe GT (2015) Polychaete annelid biomass size
spectra: the effects of hypoxia stress. J Mar Biol, Article ID 983521

Quiroga E, Quifiones R, Palma M, Sellanes J, Gallardo VA, Gerdes D,
Rowe GT (2005) Biomass size-spectra of macrobenthic communi-
ties in the oxygen minimum zone off Chile. Estuar Coast Shelf Sci
62:217-231

Quiroga E, Ortiz P, Gerdes D, Reid B, Villagran S, Quifiones R (2012)
Organic enrichment and structure of macrobenthic communities in
the glacial Baker Fjord, Northern Patagonia, Chile. J Mar Biol
Assoc UK 92(1):73-83

Quiroga E, Gerdes D, Montiel A, Knust R, Jacob U (2014) Normalized
biomass size spectra in high Antarctic macrobenthic communities:
linking trophic position and body size. Mar Ecol Prog Ser 506:99-113

Rabalais NN, Diaz RJ, Levin LA, Turner RE, Gilbert D, Zhang J (2010)
Dynamics and distribution of natural and human-caused hypoxia.
Biogeosciences 7:585-619

Rabalais NN, Cai WJ, Carstensen J, Conley DJ, Fry B, Hu X, Quifiones-
Rivera Z, Rosenberg R, Slomp CP, Turner RE, Voss M, Wissel B,
Zhang J (2014) Eutrophication-driven deoxygenation in the coastal
ocean. Oceanography 27(1):172-183

Radziejewska T, Fleeger JW, Rabalais NN, Carman KR (1996)
Meiofauna and sediment chloroplastic pigments on the continental
shelf off Louisiana, USA. Cont Shelf Res 16:1699—1723

Raman AV, Damodaran R, Levin LA, Ganesh T, Rao YKV, Nanduri S,
Madhusoodhanan R (2014) Macrobenthos relative to the oxygen
minimum zone on the East Indian margin, Bay of Bengal. Mar
Ecol 36:679-700. doi:10.1111/maec.12176

Ramaswamy V, Gaye B, Shirodkar PV, Rao PS, Chivas AR, Wheeler D,
Thwin S (2008) Distribution and sources of organic carbon, nitrogen
and their isotopic signatures in sediments from the Ayeyarwady
(Irrawaddy) continental shelf, northern Andaman Sea. Mar Chem
111:137-150

Riebesell U, Schulz KG, Bellerby RG, Botros M, Fritsche P, Meyerhofer
M, Neill C, Nondal G, Oschlies A, Wohlers J, Zollner E (2007)
Enhanced biological carbon consumption in a high CO2 ocean.
Nature 450:545-548

Ruiz-Fernandez AC, Hillaire-Marcel C, Ghaleb B, Soto-Jiménez M,
Paez-Osuna F (2002) Recent sedimentary history of anthropogenic
impacts on the Culiacan River Estuary, northwestern Mexico: geo-
chemical evidence from organic matter and nutrients. Environ Pollut
118:365-377

Rumolo P, Barra M, Gherardi S, Marsella E, Sprovieri M (2011) Stable
isotopes and C/N ratios in marine sediments as a tool for discrimi-
nating anthropogenic impact. J Environ Monit 13:3399-3408

Rutllant JA, Rosenbluth B, Hormazabal S (2004) Intraseasonal variability
of wind-forced coastal upwelling off central Chile (30°S). Cont
Shelf Res 24:789-804

Seiderer LJ, Newell RC (1999) Analysis of the relationship between
sediment composition and benthic community structure in coastal

@ Springer

deposits: Implications for marine aggregate dredging. ICES J Mar
Sci 56:757-765

Sellanes J, Quiroga E, Neira C, Gutiérrez D (2007) Changes of macrobenthos
composition under different ENSO cycle conditions on the continental
shelf off central Chile. Cont Shelf Res 27:1002-1016

Sellanes J, Neira C, Quiroga E, Teixido N (2010) Diversity patterns along
and across the Chilean margin: a continental slope encompassing
oxygen gradients and methane seep benthic habitats. Mar Ecol 31:
111-124

Sievers HA, Vega SA (2000) Respuesta fisico-quimica de la bahia de
Valparaiso a la surgencia generada en punta Curaumilla y al
fenomeno El Nifio. Rev de Biol Mar y Oceanografia 35(2):153-168

Silva N, Rojas N, Fedele A (2009) Water masses in the Humboldt Current
System: Properties, distribution, and the nitrate deficit as a chemical
water-mass tracer for Equatorial Subsurface Water off Chile. Deep
Sea Res 11 56(16):1004-1020

Silva N, Vargas CA, Prego R (2011) Land—ocean distribution of allochtho-
nous organic matter in surface sediments of the Chiloé and Aysén
interior seas (Chilean Northern Patagonia). Cont Shelf Res 31:330-339

Smith J, Shackley SE (2006) Effects of the closure of a major sewage
outfall on sublittoral, soft sediment benthic communities. Mar Poll
Bull 52:645-658

Snelgrove PVR, Butman CA (1994) Animal-sediment relationships
revisited: cause versus effect. Ocean Mar Biol Ann Rev 32:111-177

Sprules WG, Munawar M (1986) Plankton size spectra in relation to
ecosystem productivity, size, and perturbation. Can J Fish Aquat
Sci 43:1789-1794

Stephens MP, Kadko DC, Smith CR, Latasa M (1979) Chlorophyll-a and
pheopigments as tracers of labile organic carbon at the central equa-
torial Pacific seafloor. Geochim Cosmochim Acta 61:4605-4619

Stramma L, Johnson GC, Sprintall J, Mohrholz V (2008) Expanding
oxygen-minimum zones in the tropical oceans. Science 320:655—658

Stramma L, Schmidtko S, Levin LA, Johnson GC (2010) Ocean oxygen
minima expansions and their biological impacts. Deep Sea Res 1 57:
587-595

Sumida PY, Yoshinaga MY, Ciotti AM, Gaeta SA (2005) Benthic re-
sponse to upwelling events off the SE Brazilian coast. Mar Ecol
Prog Ser 291:35-42

Tarazona J, Amtz WE, Canahuire E (1996) Impact of two “El Nifio”
events of different intensity on the hypoxic soft bottom
macrobenthos off the central Peruvian coast. Mar Ecol 17:425-446

Teixeira H, Weisberg SB, Borja A, Ranasinghe JA, Cadien DB, Velarde
RG, Lovell LL, Pasko D, Phillips CA, Montagne DE, Ritter KJ,
Salas F & Marques JC (2012) Calibration and validation of the
AZTI’s Marine Biotic Index (AMBI) for Southern California marine
bays. Ecol Indic 12: 84-95

Thrush SE, Dayton PK (2002) Disturbance to marine benthic habitats by
trawling and dredging: implications for marine biodiversity. Ann
Rev Ecol Syst 33:449-473

Tung JWT, Tanner PA (2003) Instrumental determination of organic car-
bon in marine sediments. Mar Chem 80(2-3):161-170

Van Dalfsen JA, Essink K, Toxvig Madsen H, Birklund J, Romero J,
Manzanera M (2000) Differential response of macrozoobenthos to
marine sand extraction in the North Sea and the western
Mediterranean. ICES J Mar Sci 57:1439-1445

Yupanqui W, Quipuzcoa L, Marquina R, Velazco F, Enriquez E, Gutiérrez
D (2007) Composicion y distribucion del macrobentos en la
Ensenada de Sechura, Piura, Pera. Rev Per Biol 14(1):75-85

Zalmon IR, Macedo IM, Rezende CE, Falcdo APC, Almeida TC (2013)
The distribution of macrofauna on the inner continental shelf of
southeastern Brazil: the major influence of an estuarine system.
Est Coast Shelf Sci 130:169-178

Zar JH (1996) Biostatistical analysis, 4th edn. Prentice-Hall, Upper
Saddle River


http://dx.doi.org/10.1111/maec.12176

	Influence...
	Abstract
	Introduction
	Materials and methods
	Study site
	Sampling
	Water column analysis
	Fauna and sediment treatment
	Data analysis

	Results
	Bottom water and sediment conditions
	Faunal composition, abundance and biomass
	Macrofaunal diversity and community structure
	Faunal community and multivariate analysis
	Normalised biomass size spectra
	Faunal relationship with environmental parameters

	Discussion
	Environmental setting
	Macrofaunal standing stock and biodiversity
	Macrofaunal response and biotic and abiotic relationships

	References


