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Accumulation of Argopecten purpuratus shells often occurs after El Niño events in shallow waters of
Independencia Bay (14°17′S–76°10′W; Pisco, Peru). Here we experimentally investigate the effects of their
shell accumulation on macrobenthos assemblages in soft bottom, shallow areas of the bay. A field experiment
(from May 2006 to May 2007), including four treatments with different coverage levels of empty shells of
A. purpuratus, were randomly arranged in: (1) areas devoid of shells (“Empty” treatment: experimental control),
(2) 50% of the plot area covered with shells haphazardly distributed over the bottom (“medium” treatment),
(3) 100% of the plot area coveredwith shells, forming a 10 cm valve layer (“full” treatment) and (4) “natural con-
trol”. We found a total of 124 taxa throughout the experiment. Polychaetes, crustaceans and mollusks were the
most abundant groups in “natural controls”, dominated by the gastropod Nassarius gayi and the polychaetes
Prionospio peruana, Platynereis bicanaliculata and Mediomastus branchiferus. The abundance of individuals
(N) and the species richness (S) were higher in the “medium” treatment, but only in one month under positive
sea bottom thermal anomalies. Similarity analysis (Bray–Curtis) showed that “natural control”, “empty” and
“full” treatments were more similar among them than the “medium” treatment. Multidimensional analysis
showed no clear species association among treatments and a higher grouping among the samplings of Jun-06,
Aug-06 and Nov-06. Our results also showed that the commercial crab Romaleon polyodon and the
polyplacophora Tonicia elegans were positively affected by shell accumulations (“medium” treatment), while
the limpet Fissurella crassa was negatively affected. Our study shows that directly by changing habitat structure
or indirectly by changing sediment characteristics, the addition of scallop shells to the soft bottom canmodify the
macrobenthic assemblage; however, the seasonal oceanographic variability (e.g. upwelling, El Niño) could have
stronger effects controlling this system than the presence of the shells itself.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

One of the forces controlling the structure of communities is the cre-
ation ormodification of habitats by other organisms, a process known as
ecosystem engineering (sensu Jones et al., 1994). For example, valve
production canmodify the complexity and heterogeneity of the habitat,
changing the availability of resources to other organisms (e.g. Guay and
Himmelman, 2004; Gutiérrez et al., 2003). Shells of bivalves can alter
IIMyC, CC 573 Correo Central,

y).
uera Almirante Storni, Escuela
omahue—Consejo Nacional de
nio Oeste, Río Negro, Argentina.
ros, Instituto de Investigaciones
gaciones Científicas y Técnicas
DP), Argentina.
the supply of settling substrate for hard bottom epibenthic organisms,
refuge against predators or stressing abiotic factors, and particle and sol-
ute transportation by changing the flux andwater infiltration, ultimate-
ly modifying the survival and distribution of many species (Gutiérrez
et al., 2003; Stewart et al., 1998; Wright and Jones, 2006). Thus, shell
availability in soft bottom areas where their presence is uncommon
could extensively modify the community structure.

The Peruvian scallop Argopecten purpuratus is distributed from
northern Peru (Paita, 5°S, 81°W) to central Chile (Tongoy, 37°S, 71°W;
Marincovich, 1973) and is one of the major commercial resources in
shallow waters of Peru (Argüelles and Castillo, 2001). In Peru, the
Independencia Bay (14°17′S–76°10′W) sustains one of themost impor-
tant scallop fisheries, and is also one of the most productive areas of
benthic invertebrates in the region (Mendo and Wolff, 2003; Tarazona
et al., 2007; Wolff et al., 2007). This area is influenced by the upwelling
system of the Humboldt Current, which is also affected by the El Niño
Southern Oscillation cycle (ENSO; Arntz, 1990; Tarazona et al., 2003).
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Fig. 2. Sea bottom temperature (SBT) anomalies in Independencia Bay at 20 m depth.
‘Cool’ and ‘Warm’ refer to negative and positive thermal anomalies, respectively, relative
to the neutral phase (zero in y axis) of the ENSO.
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Important natural stockfluctuations of A. purpuratus are a commonphe-
nomenon positively correlated with the El Niño (EN) events (warm
phase of ENSO). During strong EN events, such as those occurring in
1983–1984 and 1997–1998 with the occurrence of higher than average
sea surface temperatures during summer, the habitat conditions for the
Peruvian scallops improve (Mendo and Wolff, 2003; Arntz et al., 1985;
Wolff et al., 2007), generating an increase in population size, production
and larval supply (Mendo et al., 1987; Tarazona et al., 2007; Wolff
and Mendo, 2000). Shell beds of dead animals and new habitats are
colonized by scallops during these periods, followed by an important
mortality after the EN events (Wolff andMendo, 2000), with the conse-
quent new shell accumulation on the sea bottom. Therefore, by provid-
ing a new, potentially structurally complex habitat, A. purpuratus could
be acting as an ecosystem engineer, modifying the local benthic com-
munity. If so, shell accumulation could also be used as a tool to improve
recruitment of other commercially important species (e.g. crabs,
limpets and snails; Aguilar et al., 2002). In this regard, the objective of
this work is to evaluate the effect of the accumulation of A. purpuratus
shells on the total abundance of individuals, species richness and
diversity of themacrobenthic assemblage and on the settlement of com-
mercially important species.
2. Materials and methods

2.1. Study area and sampling of macrobenthic assemblage

To evaluate the specific composition and relative abundance of
the subtidal macrobenthic organisms, bimonthly samplings were
conducted from May 2006 to May 2007 in the soft bottom (~12 m
depth) of Independencia Bay (La Vieja island, 14°17′14.38″ S–
76°10′40.48″W, Fig. 1), by scuba diving. The sea bottom temperature
(SBT) was registered at 22 m depth with a CTD brand Sea Bird at a
close fixed station (less than 100 m from the sampling sites) from
three years starting on January 2006. The sea bottom thermal anom-
alies relative to the neutral phase of the ENSO were determined for
Fig. 1. Map indicating the study area in La
this period. The 150 km2 bay is affected by one of the strongest
upwelling centers of Peru (Punta San Juan, south of the bay; Graco
et al., 2013; Zuta and Guillén, 1970) and is part of the Peruvian coast-
al (or Humboldt) upwelling system (Tarazona et al., 2003). Coastal
waters in the bay are relatively cold during the neutral phase of
ENSO and La Niña conditions, fluctuating between 13 °C in winter
and 23 °C in summer (Arntz et al., 1991; Belapatiño Candela, 2007),
mostly as a result of sub-surface Equatorial waters (Morón et al.,
1988; Quispe et al., 2010). During EN conditions, the temperature of
coastal water elevates as a result of the incursion of Subtropical surface
waters (Morón et al., 1988; Quispe et al., 2010). Salinity only decreases
significantly during EN when oceanic waters approach the coast
(Tarazona et al., 1985).
Vieja island, Independencia Bay, Peru.



Table 1
Classification according to feeding habits (grazers, suspension-feeders, deposit-feeders, and predators/scavengers) and mobility (sessile and mobile) of all species found.

Taxa Feeding Mobility Reference

Anthozoa Actiniaria sp. Predator Sessile Tarazona et al. (1996)
Platyhelmintes Polycladida sp. Predator Mobile Tarazona et al. (1996)
Polychaeta Aphelochaeta sp. Deposit feeder Mobile Fauchald and Jumars (1979)

Prionospio peruana Deposit feeder Mobile Fauchald and Jumars (1979)
Caulleriella magnaoculata Deposit feeder Mobile Fauchald and Jumars (1979)
Chaetopterus sp. Suspension feeder Sessile Fauchald and Jumars (1979); Tarazona et al. (1996)
Chone sp. Suspension feeder Sessile Fauchald and Jumars (1979); Tarazona et al. (1996)
Diopatra chilensis Predator Mobile Tarazona et al. (1996)
Dodecaceria sp. Deposit feeder Mobile Fauchald and Jumars (1979)
Eumida sp. Predator Mobile Fauchald and Jumars (1979)
Flabelliderma sp. Deposit feeder Mobile Fauchald and Jumars (1979)
Glycera sp. Predator Mobile Fauchald and Jumars (1979)
Goniada sp. Predator Mobile Fauchald and Jumars (1979)
Grubeopolynoe sp. Predator Mobile Fauchald and Jumars (1979)
Harmothoe sp. Predator Mobile Tarazona et al. (1996)
Heteromastus sp. Deposit feeder Mobile Günther (1996)
Leitoscoloplos sp. Deposit feeder Mobile Tarazona et al. (1996)
Lepidonotus sp. Predator Mobile Fauchald and Jumars (1979)
Lumbrineris tetraura Predator, (deposit feeder) Mobile Fauchald and Jumars (1979); Carrasco and Oyarzún (1988);

Tarazona et al. (1996)
Maldane sp. Deposit feeder Mobile Fauchald and Jumars (1979)
Mediomastus branchiferus Deposit feeder Mobile Tarazona et al. (1996)
Neanthes sp. Predator Mobile Fauchald and Jumars (1979)
Nephtys impressa Predator Mobile Tarazona et al.(1996)
Nereis callaona Predator Mobile Fauchald and Jumars (1979)
Odontosyllis lineata Predator Mobile Fauchald and Jumars (1979)
Onuphis sp. Predator Mobile Tarazona et al. (1996)
Ophiodromus sp. Predator Mobile Tarazona et al. (1996)
Opistosyllis sp. Predator Mobile Fauchald and Jumars (1979)
Owenia collaris Suspension feeder Sessile Tarazona et al. (1996)
Owenia sp. Suspension feeder Sessile Tarazona et al. (1996)
Paleonotus sp. Predator Mobile Fauchald and Jumars (1979)
Pectinaria sp. Deposit feeder Mobile Tarazona et al. (1996)
Phragmatopoma virgini Suspension feeder Sessile Tokeshi and Romero (1995)
Phyllochaetopterus sp. Suspension feeder Sessile Fauchald and Jumars (1979)
Platynereis bicaniculata Predator Mobile Fauchald and Jumars (1979)
Polycirrus sp. Suspension feeder Sessile Fauchald and Jumars (1979)
Polydora aggregata Deposit feeder Mobile Tarazona et al. (1996)
Polynoe sp. Predator Mobile Fauchald and Jumars (1979)
Potamilla sp. Suspension feeder Sessile Fauchald and Jumars (1979)
Questa sp. Deposit feeder Mobile
Schistomeringos sp. Predator Mobile Fauchald and Jumars (1979)
Steggoa negra Predator Mobile Fauchald and Jumars (1979)
Sthenelais sp. Predator Mobile Fauchald and Jumars (1979)
Syllis sp. Predator Mobile Fauchald and Jumars (1979)
Thelepus sp. Deposit feeder Mobile Fauchald and Jumars (1979)
Syllis sp. 2 Predator Mobile Fauchald and Jumars (1979)
Unidentified Alciopidae Predator Mobile Fauchald and Jumars (1979)
Unidentified Capitellidae Deposit feeder Mobile Fauchald and Jumars (1979); Tarazona et al. (1996)
Unidentified Dorvilleidae Deposit feeder Mobile Fauchald and Jumars (1979)
Unidentified Hesionidae Deposit feeder, predator Mobile Fauchald and Jumars (1979); Shaffer (1979)
Unidentified Neridae Predator Mobile Fauchald and Jumars (1979)
Unidentified Orbiniidae Deposit feeder Mobile Tarazona et al. (1996)
Unidentified Phyllodocidae Predator Mobile Fauchald and Jumars (1979)
Unidentified Sabellidae Suspension feeder Sessile Fauchald and Jumars (1979)
Unidentified Serpulidae Suspension feeder Sessile Fauchald and Jumars (1979)
Unidentified Syllidae Predator Mobile Fauchald and Jumars (1979)
Unidentified Terebellidae Suspension feeder Sessile Fauchald and Jumars (1979)

Oligochaeta Unidentified Oligochaeta Deposit feeder Mobile Valdivia and Thiel (2006)
Gastropoda Bursa ventricosa Predator Mobile Taylor et al. (2008)

Crepidula sp. Suspension feeder Sessile Valdivia and Thiel (2006)
Crepipatella sp. Grazer Mobile Taylor et al. (2008)
Crucibullum sp. Grazer Mobile Taylor et al. (2008)
Fissurella crassa Grazer Mobile Santelices et al. (1986)
Fissurella peruviana Grazer Mobile Laudien et al. (2007)
Mitrella sp. Grazer Mobile Taylor et al. (2008)
Nassarius dentifer Predator Mobile Taylor et al. (2008); Tarazona et al. (1996)
Nassarius gayi Predator Mobile Taylor et al. (2008); Tarazona et al. (1996)
Phydiana inca Suspension feeder Sessile
Prisogaster niger Grazer Mobile Vásquez and Vega (2004)
Tegula euryomphalus Grazer Mobile Taylor et al. (2008)
Thaisella chocolata Predator Mobile Taylor et al. (2008)
Trophon sp. Predator Mobile Taylor et al. (2008)

Bivalvia Argopecten purpuratus Suspension feeder Sessile Laudien et al. (2007)
Entodesma delicatum Suspension feeder Sessile
Nucula sp. Suspension feeder Sessile Laudien et al. (2007)
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Table 1 (continued)

Taxa Feeding Mobility Reference

Orobitella sp. Suspension feeder Sessile
Pitar sp. Suspension feeder Sessile Tarazona et al. (1996)
Semele solida Suspension feeder Sessile Taylor et al. (2008)
Semimytilus algosus Suspension feeder Sessile Valdivia and Thiel (2006)

Polyplacophora Tonicia elegans Grazer Mobile
Brachiopoda Discinisca lamellosa Suspension feeder Sessile
Decapoda Alpheus inca Predator, deposit feeder Mobile Chícharo et al. (2009); Lomovasky et al. (2011)

Romaleon polyodon Predator Mobile Taylor et al. (2008)
Cycloxanthops sexdecimdentatus Deposit feeder Mobile
Coenobita sp. Predator Mobile
Collodes sp. Predator Mobile
Emerita analoga Suspension feeder Mobile Siegel (1984)
Eurypanopeus transversus Deposit feeder Mobile Taylor et al. (2008)
Pagurus villosus Predator, detritivore Mobile Tarazona et al. (1996); Taylor et al. (2008)
Petrolisthes desmarestii Suspension feeder Mobile Thiel et al. (2003)
Pilumnoides perlatus Deposit feeder Mobile Pardo et al. (2007)
Pinnixa sp. Suspension feeder Mobile, commensal Tarazona et al. (1996)
Pinnotheres sp. Suspension feeder Mobile, commensal Kruczynski (1975)
Taliepus sp. Grazer Mobile Jofré Madariaga et al. (2013)
Unidentified Caridea Predator Mobile Chícharo et al. (2009)
Unidentified megalopa Predator Mobile Valdivia and Thiel (2006)
Unidentified xanthidae Mobile

Amphipoda Oediceroides sp. Grazer, deposit feeder Mobile
Unidentified Caprellidae Grazer Mobile O'Connor and Bruno (2007)
Unidentified Corophiidae Grazer Mobile
Unidentified Gammaridae 1 Grazer Mobile Lomovasky et al. (2011)
Unidentified Gammaridae 2 Grazer Mobile Lomovasky et al. (2011)

Isopoda Unidentified Isopoda Mobile
Cumacea Unidentified Cumacea Suspension feeder, deposit feeder Mobile Pillay et al. (2007)
Leptostraca Nebalia sp. Predator Mobile Lee and Morton (2005)
Ostracoda Unidentified Ostracoda Suspension feeder Mobile
Cirripedia Balanus laevis Suspension feeder Sessile

Verruca sp. Suspension feeder Sessile
Echinodermata Unidentified Ophiuroidea Deposit feeder Mobile Tarazona et al. (1996)
Chordata Unidentified Gobiidae Predator Mobile

17B.J. Lomovasky et al. / Journal of Sea Research 106 (2015) 14–26
Ten core samples of 10 cm in diameter and 25 cm depth were taken
at each sampling date. Samples were sieved through a 500 μm mesh,
and retained organisms were fixed in 10% formalin until processed.
All individuals were identified to the lowest possible taxonomic level
(usually genus or species) and counted. These samples were used as
“natural controls” for the shell addition experiment (see Section 2.2).

2.2. Effects of shell bed on macrobenthic assemblage composition

To assess the effect of the accumulation of A. purpuratus shells on the
benthic assemblage we performed an experiment manipulating shell
densities in the bottom. Shells used in the experiment were empty
valves discarded from industrial processing, left exposed to the air for
one year and then cleaned to remove all organisms adhered on them.
The mean scallop shell length used was 65 ± 3 mm. The experiment
was carried out from May 2006 to May 2007 at a depth of 12 m. For
this, 30 experimental plots (using a metal frame of 50 cm × 50 cm
Table 2
Percentage of the total abundance and number of individuals, in brackets, found for the more r

Taxa

Treatments

Full Medium Em

Polychaetes 50.9 (1922) 38.1 (2741) 44.
Crustaceans 22.4 (847) 44.5 (3205) 22.
Mollusks 16.9 (637) 12.2 (880) 23.
Echinoderms 4.4 (167) 2.6 (189) 4.
Others 5.3 (201) 2.5 (183) 4.
area and 20 cm height, screened with a 10 mm mesh at the lateral
sides and open on the top) were installed on the bottom separated by
more than 5 m from each other. Plots were randomly assigned to the
following treatments (ten replicates per treatment): (1) areas without
shells (“empty” treatment: experimental control), (2) 50% of the
plot area covered with shells haphazardly distributed on the bottom
(“medium” treatment) and (3) 100% of the plot area coveredwith shells
forming a 10 cm valve layer (“full” treatment). Additionally, ten un-
manipulated areas, marked with stakes in the bottom, were used as
“natural control” (see Section 2.1). Total experimental area occupied
~1 ha. Shell densities were periodically maintained in the respective
treatments by removing or adding shells by hand through scuba diving.
Samplings were started after one month (in June 2006) in order to
reduce the disturbance effects of the initial shell manipulation and to
give time to macrofauna to colonize and/or immigrate to the experi-
mental plots. Plots, including the “natural control”, were re-sampled
every other month. At each plot, a core sample (10 cm diameter,
epresentative taxonomic groups in each treatment considering all sampling times.

Mean ± SD abundance by taxapty Control

8 (1750) 49.8 (2123) 45.9 ± 5.84
7 (887) 20.8 (888) 27.6 ± 11.30
3 (908) 19.1 (813) 17.88 ± 4.62
6 (178) 5.1 (219) 4.18 ± 1.09
7 (183) 5.2 (220) 4.43 ± 1.31



Fig. 3. The total abundance (N) of macrofaunal assemblages among “natural control”, “empty”, “medium” and “full” treatments, and throughout the year. Different letters denote signif-
icant differences in ascendant order.
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25 cm depth) was collected from the central area, avoiding repeat the
same area between successive samplings. Organisms settled on the
shells were removed by scraping the shell and included in the analysis.
Samples were processed as described in Section 2.1.

Each sample was evaluated for the same attributes of community
characteristics, including total individual abundance (N), species
richness (S), and diversity (both the Shannon–Wiener diversity
index—using Ln; H′—and the Simpson index—λ—were used). Repeated
measures two-way ANOVAs were used to evaluate differences in the
Fig. 4. Species richness (S) of macrofaunal assemblages among “natural control”, “empty”, “me
differences in ascendant order.
values among treatments and sampling dates. As the assumption of
sphericitywas violated, a Huynh–Feldt correctionwas done (Zar, 1999).

To compare species assemblages among treatments and sampling
dates, we performed both multivariate and univariate analyses. Bray–
Curtis similarity matrices, using fourth root-transformed data, were cal-
culated and non-metric Multidimensional Scaling (nMDS) ordinations
were used to provide visual representations of sample similarities
(Clarke, 2001). We used the permutational multivariate analysis of
variance (repeated measures PERMANOVA) to test for differences
dium” and “full” treatments, and throughout the year. Different letters denote significant



Fig. 5. The Shannon–Wiener diversity index (H’) ofmacrofaunal assemblages among “natural control”, “empty”, “medium” and “full” treatments, and throughout the year. Different letters
denote significant differences in ascendant order.
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among treatments and sampling dates (PRIMER 6 software; Clarke and
Gorley, 2006). All permutation tests relied on 999 permutations of re-
siduals under a reduced model to obtain p-values. This permutation
method is the more appropriate because it provides the best statistical
power and the most accurate Type I error (Anderson et al., 2008).
Since assumptions of homogeneity of dispersions (by PERMDISP)
between dates were not found (see Results), we only analyzed the dif-
ference among treatments for each date with one-way PERMANOVA.
When significant at the 0.05 level, the treatments were compared
through a posteriori pair-wise comparisons using 999 random permu-
tations to obtain p-values. The percentage contribution of each
Fig. 6. Simpson index of macrofaunal assemblages among “natural control”, “empty”, “medium
ences in ascendant order.
taxon to patterns of dissimilarity among treatments and sampling
dates were calculated (SIMPER, Clarke, 1993). This method compares
average abundances and examines the contribution of each species to
similarities within a given group, or dissimilarities between groups
(Clarke, 2001); the taxa contributing to at least 5% of dissimilarity
were identified, and those contributing to more than 10% were consid-
ered important differentiators (Bulleri, 2005). The null hypothesis of
no difference in the abundance of these taxa was then analyzed by
Kruskal–Wallis non-parametric analyses among treatments and sam-
pling dates because assumptions for parametric tests were not met
(Zar, 1999).
” and “full” treatments, and throughout the year. Different letters denote significant differ-



Table 3
Summaryof the PERMANOVAmain tests to assess differences in the structure of thewhole
assemblage between treatments (natural control, empty, medium, and full) among sam-
pling dates.

Source of variation df SS MS Pseudo-F p-Value Perms

JUN-06
Treatment 3 6478.8 2159.6 2.203 0.001 998
Residuals 36 35,290 980.28
Total 39 41,769

AUG-06
Treatment 3 6136.6 2045.5 1.8454 0.001 997
Residuals 36 39,905 1108.5
Total 39 46,042

NOV-06
Treatment 3 11,098 3699.4 4.4379 0.001 998
Residuals 36 30,009 833.58
Total 39 41,107

JAN-07
Treatment 3 15,002 5000.6 2.965 0.001 997
Residuals 35 59,029 1686.5
Total 38 74,031

MAR-07
Treatment 3 20,508 6835.9 3.7014 0.001 997
Residuals 34 62,793 1846.9
Total 37 83,301

MAY-07
Treatment 3 11,555 3851.8 4.4782 0.001 998
Residuals 36 30,964 860.12
Total 39 42,520

Fig. 7. Non-metric Multidimensional Scaling (nMDS) plots of data comparing
(a) macrofaunal abundance among “natural control”, “empty”, “medium” and “full” treat-
ments, and (b) throughout the year.
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2.3. Commercial species

Commercial important species were identified (following Aguilar
et al., 2002, see Section 3.3) in the different treatments throughout the
year and the null hypothesis of no difference in the abundance among
treatments and dates were evaluated by repeated measures two-way
ANOVA (Zar, 1999).

2.4. Functional groups

Additionally, organisms were also classified according to their feed-
ing habit (grazers, suspension-feeders, deposit-feeders, and predators/
scavengers) andmobility (sessile ormobile) in order to analyze possible
changes in the relations among functional groups in the community
among treatments. Organisms were classified based on their morpho-
logical characteristics and the available literature (see Valdivia
and Thiel, 2006). Separated Kruskal–Wallis tests, followed by non-
parametric Tukey-type tests (Zar, 1999), were performed to evaluate
the null hypothesis of no difference in the abundance of feeding guilds
among treatments and across the year, given that parametric assump-
tions were not met.

3. Results

3.1. Sea bottom thermal anomalies and macrobenthic community
assemblage

The sea bottom thermal anomalies relative to the neutral phase of
ENSO showed positive values from Jul-06 to the beginning of Dec-06,
with a neutral value at the end of Dec-06, and negative anomalies
starting in Mar-07 up to May-07 (Fig. 2).

The macrobenthic assemblage was represented by 124 taxa
(Table 1). Polychaetes, crustaceans and mollusks were the most
abundant groups representing 49.8%, 20.8% and 19.1% of the total, re-
spectively (“natural control”, Table 2). The less represented groups
were echinoderms, nemerteans, phoronids, brachiopods, actinias, oligo-
chaetes and fishes. The total number of individuals analyzed in natural
control plots was 4263. The most abundant species were the gastropod
Nassarius gayi (12% of the total) and the polychaetes Prionospio peruana
(8.7%), followed by Platynereis bicanaliculata (4.5%) and Mediomastus
branchiferus (4.3%).
3.2. Effects of shell bed on macrobenthic assemblage composition

The experiment manipulating scallop shell densities over the
bottom showed that the total abundance of individuals (N), pooled
throughout all sampling dates, was twice higher in the “medium treat-
ment” than in the others (Table 2). Furthermore, the dominant groups
also changed in “medium treatments” respect to the others, being
there dominated by crustaceans (44.5%), followed by polychaetes
(38.1%) and mollusks (12.2%); additionally, the presence of echino-
derms was reduced (2.6%). No differences were observed among
“natural control”, “full” and “empty” treatments (Table 2). The abun-
dance (N) across the year differed between months and treatments
(Interaction F(15, 216) = 10.38, p b 0.001, Fig. 3), with higher values
in “medium” treatment in Nov-06 and minimum values in “empty”
treatment in Jan-07 and in “empty” and “medium” treatments in
Mar-07 (Tukey HSD test, p b 0.05).

Along the whole study we identified 96 species (S) in “natural
control”, 90 in “full” treatment and 88 in “medium” and “empty” treat-
ments. These values differed between months and treatments (Interac-
tion F(15, 216) = 12.99, p b 0.0001; Fig. 4), with minimum values in
Jan-07 and Mar-07 in “empty” and “medium” treatments respect to
the others. The maximum mean values were found in “medium treat-
ments” in Nov-06, and in “empty”, “medium” and “full” treatments in



Table 4
SIMPER results showing the benthic species that contributed most to the dissimilarity between “natural” control (NAT), “empty” (EMP), “medium” (MED) and “Full” treatments pooled
data for the whole year.

% dissimilarity

NAT–EMP NAT–MED NAT–FULL EMP–FULL EMP–MED MED–FULL

Infaunal species
Prionospio peruana 6.41 8.34 6.61 – 5.51 6.14
Mediomastus sp. 5.38 6.99 6.51 6.86 5.89 7.82
Platynereis bicaniculata 6.38 – 5.31 – – –

Epifaunal species
Nassarius gayi 11.60 8.61 9.40 12.15 11.40 8.37
Caprellidae – 9.62 – – 8.63 8.60

Cumulative contribution of dissimilarity 29.77 33.56 27.83 19.01 31.44 30.93
Average dissimilarity 65.33 67.44 64.97 62.82 60.16 62.32
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May-07 in relation to the “natural control”, except for the first sampling
date (Jun-06) where no difference were found with “natural control”.

The Shannon–Wiener diversity index (H’) varied from 0.57 to 3.29
(high diversity with values higher than 3). The observed differences
were in general related with sampling dates, with minimum values
in Jan-07 in all treatments and in Mar-07 in “empty”, “medium”
and “full” treatments (Interaction “treatment” × “sampling date”
F(15, 216) = 8.31, p b 0.001; Tukey HSD test, p b 0.05; Fig. 5).

The Simpson index (λ) also differed among months and treatments
(F(15, 216) = 4.49, p b 0.001), with a minimum value of 0.32 and the
maximum close to 1 (higher values, less diversity). The differences ob-
served were in general related with sampling dates with minimum
values in Mar-07 in “empty” treatment in relation to the “natural con-
trol” (Tukey HSD test, p b 0.05; see Fig. 6).

Regarding the abundance data, the assumptions of homogeneity of
dispersions (by PERMDISP) showed no differences between treatments
(F(3, 233) = 1.25; p (perm) = 0.41) but there are differences between
dates (F(5, 231) = 30.93; p (perm) = 0.001). Thus, we only analyzed
the difference between treatments for each date (see Section 2.2.). The
structure of the assemblage showed a significant treatments effect in
all sampling dates (PERMANOVA; Table 3). The nMSD ordinations
showed a higher grouping among Jun-06, Aug-06 and Nov-06
(see Fig. 7a, 7b). A posteriori test showed that almost all treatments in
all sampling dates were different among them (all ps b 0.05, pairwise
tests) with the exception of “full” vs. “empty” in Jun-06, “full” vs. “natu-
ral control” and “medium” in Aug-06, “empty” vs. “natural control” in
Nov-06, and “empty” vs. “medium” in Jan-07 and Mar-07.

SIMPER analysis showed that the taxa accounting for the 5% of
dissimilarity among treatments were the polychaetes P. peruana,
Mediomastus sp. and Platynereis bicaniculata among the infaunal organ-
isms, and the gastropod N. gayi and the Amphipoda Caprellidae among
the epifaunal organisms (Table 4). These dissimilarities were due to in-
creased abundances of all the species involved in “medium” treatment
respect to “natural control”, “empty” and “full” treatments; an increase
in Mediomastus sp. and a decrease of the other species in “full” treat-
ment respect to the “natural control” and “empty” treatment, and an in-
crease in N. gayi and Mediomastus sp. in “empty” treatment respect to
“natural control”. In addition, taxa accounting for 5% of dissimilarity
among sampling dates were the polychaetes P. peruana, Caulleriella
oculata, Glycera sp.,Mediomastus sp., Nereis callaona, and P. bicaniculata
among the infaunal specie s; and among the epifaunal species, the
phoronid Phoronis sp., the gastropod N. gayi, and the Caprellidae and
Corophiidae amphipods, the decapod Pinnixa sp. and an Ophiuridae
(Table 5). These dissimilarities were given by an increase in abundance
of N. gayi and Caprellidae in Nov-06, N. gayi in Jan-07, P. peruana in
May-07 and Phoronis sp. in Jun-06 respect to all other sampling
dates. The low cumulative contribution to dissimilarity of each
pairwise test (Tables 4 and 5) represented by the above species indi-
cates that other benthic species also contributed to the dissimilarities
among treatments and sampling dates, but this was less than 5%.
The abundance of N. gayi was higher in Nov-06 (H5, 237 = 20.46,
p b 0.05, Fig. 8)with respect to othermonths and in the “medium” treat-
ment than in the others (H3, 237 = 7.65, p = 0.049). The Caprellidae
showed higher abundance in Nov-06 (H5, 237 = 49.91, p b 0.05, Fig. 8)
with respect to other months and higher abundance in “medium” and
“natural control” treatment than in the others (H3, 237 = 6.55, p b

0.05). The phoronid Phoronis sp. showed the higher abundance in
Jun-06 following by Aug-06 and Nov-06 showing a decrease across
the year (H5, 237= 135.91, p b 0.05, Fig. 8); no differencewas found be-
tween treatments (H3, 237 = 1.64, p N 0.05). P. peruana showed a de-
crease of the abundance from Jun-06 to Mar-07 with a posterior
maximum in May-07 (H5, 237 = 111.55, p b 0.05, Fig. 8); the “natural
control” treatment showed higher abundance than “empty” treatment
(H3, 237 = 11.46, p b 0.05).

3.3. Commercial species

The commercial species identified throughout the experiment were
the crabs Romaleon polyodon and Emerita analoga; the gastropods
Fissurella crassa, Bursa ventricosa, Crepidula sp., Crepipatella sp., Fissurella
peruviana and Thaisella chocolata; the polyplacophora Tonicia elegans;
and the bivalves A. purpuratus and Semele sp. (see Table 1). Only
R. polyodon, F. crassa and T. eleganswere found in high enough number
to be analyzed statistically. The abundance of the crab R. polyodon was
higher in Nov-06 at “medium” than at “empty” and “full” treatments,
presented inter-medium values in the “natural control”, and showed
lower abundance in the rest of the months and treatments (Interaction
“treatment” × “sampling date”; F(15, 213) = 2.12, p b 0.05). The abun-
dance of the gastropod F. crassa was higher in “empty” treatment
in May-07; presented inter-medium values in “natural control” in
Jun-06, in “empty” treatment in Aug-06 and in “medium” treatment
in May-07; and showed lower values in the rest of themonths (Inter-
action “treatment” × “sampling date”; F(15, 213) = 2.13, p b 0.05). The
abundance of the polyplacophora T. elegans was lower in “full” treat-
ment in all months analyzed and in “empty” treatments in Aug-06,
Jan-07 and Mar-07; showed inter-medium values in “medium” treat-
ment in Nov-06 and Mar-07 and in “natural control” in Aug-06 and
May-07; and showed higher values in “natural control” in the rest of
the months, in “medium” treatment in Jun-06 and May-07, and in
“empty” treatment in Nov-06 and May-07 (Interaction “treatment” ×
“sampling date”; F(15, 213) = 2.48, p b 0.05).

3.4. Functional groups

Almost all groups were more abundant in Nov-06 than in all other
months (Fig. 9). The deposit feeders showed higher abundance in the
“medium” treatment in Nov-06 and May-07 than in others treatments
(H3, 40 = 25.88 and H = 18.86; p b 0.05 respectively). In Jan-07,
“full” treatment showed a higher abundance than “empty” treatment
(H3, 39 = 9.69, p = 0.021), and in Mar-07 “medium” and “empty”
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treatments showed lower abundances than “natural control” (H3, 38 =
24.24, p b 0.001). The grazers showed higher abundance in the “medi-
um” than the other treatments in Nov-06 (H3, 40 = 23.40, p b 0.001)
and in “natural control” than in “medium” and “empty” treatments in
Jan-07 andMar-07, respectively (p b 0.05); in May-07 the “natural con-
trol” showed the lowest value (H3, 40 = 15.08, p b 0.05). The abundance
of predators was higher in “medium” than in “full” treatment and “nat-
ural control” in Nov-06, and higher than in “empty” treatment in May-
07, with no difference in the other months.

Suspension-feeders represented the functional group with the
highest overall abundance, and also showed greater abundance in “me-
dium” than in “full” treatment and “natural control” in Nov-06 andMay-
07 (H3, 40= 29.86 andH=25.05 respectively; p b 0.05), and in “natural
control” and “full” treatment than in “empty” treatment in Jan-07 and
Mar-07 (p b 0.05). The scavengers only showed differences in Nov-06
with higher abundance in “medium” treatment than in “natural control”
and “full” treatment (H3, 40 = 13.45, p b 0.05), and in May-07 with
lower abundance in “natural control” than in “empty” treatment (H3,

40 = 9.02, p b 0.05). The omnivorous showed the same pattern with
higher abundance in “medium” than other treatments in Nov-06 (H3,

40 = 21.25, p b 0.05) and in “medium” and “empty” treatments than
“natural control” inMay-07 (H3, 40= 19.96, p b 0.05); inMar-07, higher
abundancewas observed in “natural control” than in “empty” treatment
(H3, 38 = 15.36, p b 0.05). These three later functional groups showed
higher abundance in “natural controls” than in the other treatments at
the beginning of the experimental period (Jun-06; p b 0.05).

4. Discussion

Our results show great temporal variability both in the composition
of the soft bottom macrobenthic assemblage as well as in the
effects of the accumulation of A. purpuratus shells on it. Additionally,
commercially important species such as the crab R. polyodon and the
polyplacophora T. elegans were positively affected by shell accumula-
tion, and the limpet F. crassawas negatively affected.

Themacrozoobenthic assemblage of Independencia Baywas charac-
terized by its variability along time, being dominated by polychaetes
(such as P. peruana), and followed by mollusks (such as N. gayi) and
the phoronid Phoronis sp. We found a maximum of 124 species, which
is higher than a previous study in the area reporting 91 species, also
with polychaetes as the most abundant group for similar depth
(Tarazona et al., 1991). The influence of upwellingwaters with high nu-
trient supply (during non-EN years, average primary production in the
area is around 1 kg C m−2 y−1, the highest in the global ocean;
Tarazona et al., 2003) can determine the presence of a high number of
individuals and higher species richness (Lanari and Coutinho, 2014),
but low diversity index (Arntz et al., 1991; Tarazona et al., 1991, 2003;
Taylor et al., 2008), as found in our study (see Arntz et al., 1991). The de-
crease in the Shannon–Wiener and Simpson indexes in the last part of
this study could be related with the increase in the upwelling intensity
in winter by the influence of strongwinds (Tarazona et al., 2003; Taylor
et al., 2008). Several studies in the same area showed that seasonal var-
iation of plankton biomass and primary productivity are decoupledwith
the variation in the upwelling intensity (Tarazona et al., 2003). Howev-
er, under strong EN conditions, diversity increases by the incorporation
of non-native species when warm waters reach the coast (Arntz et al.,
1985; Tarazona et al., 1988b, 1998, 2003; Taylor et al., 2008); thus, the
positive thermal anomalies in the sea bottom observed from Jul-06 to
the beginning of Dec-06, with a neutral value at the end of Dec-06,
and negative anomalies starting in Mar-07 up to May-07 could explain
the variability in the temporal pattern found in diversity; additionally,
the abundance of the small gastropod N. gayi, which is an opportunistic
species linked to EN and post-EN events (Tarazona et al., 1988a, 1996),
increased in the positive thermal anomalies period and was favored
with the accumulation of shells (see below). The negative peaks in sea
bottom temperature (SBT) coincide with a decrease in S–W and
Simpson diversity indexes and the generally high variability in all data
analyzed. This is probably a response to an increasedmortality of native
and non-native benthic invertebrates incorporated in the community
when warm waters, but not completely developed EN event, reach the
coast in the first period of this study (our data and Hidalgo et al.,
2011). Therefore, both upwelling and EN could be influencing the struc-
ture of this assemblage at the end of the study period, the upwelling by
increasing productivity and thus favoring some dominant species
(Lanari and Coutinho, 2014), and EN by affecting the mortality rate of
other species through thermal stress (Sorte et al., 2011; Thatje et al.,
2008)..

Independencia Bay is an area influenced by strong winds and cur-
rents, upwelling cycles (Quispe et al., 2010; Tarazona et al., 1991;
Taylor et al., 2008) and also by the addition of organic matter and shells
of the scallop A. purpuratus, which increases its population size during
EN events (Mendo et al., 1987; Tarazona et al., 2007; Taylor et al.,
2008; Wolff and Mendo, 2000). Thus, the area is controlled mainly by
physical forces (Tarazona et al., 1991). The experimental addition of
scallop shells to the soft bottom resulted in an increase in the total abun-
dance (N), and species richness (S) of the macrobenthos in Nov-06.
Similar responses occurred with the addition of Iceland scallop Chlamys
islandica shells to sandy and rocky bottoms in the Gulf of St. Lawrence,
Canada (50°12′N, 63°30′W; Guay and Himmelman, 2004); with the ad-
dition of barnacle shells to benthic communities in Florida, USA
(27,97°N, 82,53°W; Bros, 1987); and with the addition of empty native
(Anodonta anatina, Unio tumidus) and invasive (Corbicula fluminea,
Sinanodonta woodiana) bivalve shells to the Danube at Göd river,
Hungary (1669 km river, 47°40′N, 19°07′E; Bódis et al., 2014), all of
which increased the abundance, species richness and diversity of ben-
thic invertebrates. Shells and shell aggregations introduce complexity
and heterogeneity into benthic environments (Bódis et al., 2014;
Gutiérrez et al., 2003), control the availability of settling substrata for
fouling organisms (Albrecht and Reise, 1994; Buschbaum, 2000) and
refuges from predators (Brock, 1979; Gotceitas and Colgan, 1989;
Guay andHimmelman, 2004), and the transport of particles and solutes
in the benthic environment (see Gutiérrez et al., 2003). Habitat het-
erogeneity can increase diversity (Chapman and Underwood, 1994;
Menge et al., 1985) as a result of new settlement and/or immigration
of motile species (Bros, 1987; Guay and Himmelman, 2004). The
modified habitat could thus affect the population dynamics of some
species and community level processes (e.g. Gutiérrez and Iribarne,
1999, Lenihan et al., 2001), finally influencing the assemblage
composition as observed in the present study. Although data on the
abiotic conditions in the experimental plots were not available, several
works evidence the effects of bivalve shells on the alteration of the
community structure (Gutiérrez and Iribarne, 1999; Gutiérrez et al.,
2003; Guay and Himmelman, 2004; Sousa et al., 2009; Bódis et al.,
2014), supporting our results.

The degree of shell aggregation could determine the magnitude of
the effects on the community (Gutiérrez et al., 2003). As showed in
our field experiment, the individual abundance and species richness
increase when shells cover half of the bottom surface (“medium” treat-
ment) in Nov-06, while 10 cm of shell layer on the bottom (“full” treat-
ment) showed negative or not effect on the assemblage. Similar results
were found with the addition of Iceland scallop (C. islandica) shells to
sandy bottoms of the Gulf of St. Lawrence, showing that species diversi-
ty rapidly increased with shell abundance and leveled off when shells
covered half of the bottom, whereas species richness leveled off when
shells almost completely covered the bottom (Guay and Himmelman,
2004). The degree in which shells are aggregated influences both the
provision of refuges by shell cavities and interstices (Bódis et al., 2014;
Firstater et al., 2011), the surfaces available for colonization (by surface
superposition; Guay and Himmelman, 2004) and the characteristics of
hydraulic flow over the bed, altering sedimentation rates (Eckman
and Nowell, 1984; Nowell, and Jumars, 1984; Gutiérrez et al., 2003).
Thus, the accumulation of high shell densities can differently affect the



Table 5
SIMPER results showing the benthic species that contributed most to the dissimilarity between sampling dates.

% dissimilarity

Jun06–Aug06 Aug06–Jan07 Jun06–Jan07 Aug06–Mar07 Jan07–Mar07 Jun06–Mar07 Aug06–May07 Jan07–May07

Infaunal species
Prionospio peruana – – – – – – 20.96 22.53
Mediomastus sp. 6.92 9.04 5.39 8.39 7.97 – 5.73 6.99
Platynereis bicaniculata – – – 5.92 8.49 – – –
Nereis callaona 5.80 7.92 – 8.11 – – – –
Caulleriella oculata 5.10 6.41 – 6.70 – – – –
Glycera sp. 5.40 5.85 6.20 6.33 – 6.81 – –

Epifaunal species
Nassarius gayi 7.41 10.45 7.91 8.35 16.05 8.06 5.66 7.32

Caprellidae – – – – – – – –
Corophiidae – – – – – – – 5.19
Phoronis sp. 8.56 – 9.67 – – 9.93 – –

Pinnixa sp. – – – – – – – –
Ophiurida 6.55 5.44 7.80 5.33 – 7.84 – –

Cumulative contribution of dissimilarity 45.74 45.11 36.97 49.14 32.51 32.64 32.35 42.04
Average dissimilarity 62.73 72.25 74.63 76.07 68.85 76.93 67.97 74.19
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community, as happened in the present study. However, several theo-
ries have predicted the effect of disturbance (Connell, 1978) and
productivity (Grime, 1973) and a combination of both (i.e. dynamic
equilibrium model; Huston, 1979) on communities. For instance, the
dynamic equilibrium model assumes that the diversity represents a
balance between growth rates (productivity/organic enrichment)
and disturbance, with maximum diversity observed when the as-
semblage receives intermediate levels of both productivity and dis-
turbance. In our study, shells covering half of the bottom surface
(“medium” treatment) could represent an intermediate level of distur-
bance, being thus supported by the intermediate disturbance hypothe-
ses (Connell, 1978), although the several criticisms, misinterpretation
and misrepresentations on this hypotheses (see Fox, 2013; Sheil and
Burslem, 2013) suggest that it should not be considered without
additional information.

The impact of adding shells on the community may differ according
to the invertebrate species involved and respond to the habitat charac-
teristics where initially lived, their trophic position in the foodweb, and
their ability to adapt to the new habitat (Bódis et al., 2014). The natural
community in the area was dominated by polychaetes; however, the
addition of scallop shells covering half of the bottom surface (“medium”
treatment) increased the abundance of epifaunal species such as the
gastropod N. gayi and amphipod Caprellidae, being important
differentiators in this assemblage. This difference could be due to the in-
crease of hard substrate for new settlement and/or due to increased ref-
uge; thus, they may have moved into shell plots to feed or to avoid
predators (Tallmark, 1980), given that algal debris often accumulate
on shell patches on sandy bottoms. Similar results were found with
the addition of empty native and invasive bivalve shells to the Danube
River (Bódis et al., 2014). However, the important species differentiators
(more than 10% dissimilarity) among “full”, “empty” and “natural con-
trol” treatments were N. gayi and the increase or decrease of different
polychaete species; this is probably a consequence of sediment accumu-
lation in interstices among shells in the “full” treatment (Tsuchiya and
Nishihira, 1986), favoring habitat conditions for the polychaetes (i.e.
Mediomastus sp.), as happen in the natural assemblages.

Two of the commercial species identified in our experiments were
positively affected in treatments with shells covering half of the bottom
surface, and one negative affected; however, they did not contribute to
explain differences among treatments in the assemblage composition.
The crab R. polyodon showed an increment in abundance in the “medi-
um” treatment, specifically in Nov-06 when the number of individuals
of all species were increased too. This mobile predator crab (Taylor
et al., 2008) possibly moves into this area because of an increase in
the abundance of their prey. The addition of oyster shells to a muddy
bottom in Grays Harbor Estuary, WA, USA (47°N, 124′W) increased
the mortality of the infaunal bivalve Macoma balthica due to increased
predation by the Dungeness crabs Cancer magister (Iribarne et al.,
1995). However, we did not find a decrease of other functional groups
in thismonth (Nov). The suspension feeders, scavengers and omnivores
decreased in all treatments except in the ambient sediment (“natural
control”) at the start of the experiment time is possibly related with
the initial impact of adding empty shell and plots to the soft bottom be-
fore the succession process starts. Then, the decrease in the abundance
of all the functional groups in the following month after Nov-06 was
possibly related to a seasonal effect on the community rather than a
top-down control. However, under normal upwelling periods, a
top-down process was suggested as the principal force structuring
the community in a trophic model for Independencia Bay system
(Taylor et al., 2008). The limpet F. crassa was negatively affected by
the presence of scallop shells (“medium” and “full” treatments).
For this grazer that normally lives with their ventral foot firmly
attached to hard rock surfaces and mainly in intertidal habitats
(Oliva and Castilla, 1986; Paredes, 1986), the addition of shells
might limit their movement and even create barriers. A similar ex-
planationmay apply to the polyplacophora T. elegans, which is associat-
ed to rocky shores (Paredes et al., 1999) in intertidal and subtidal areas
and showed a higher abundance in “medium” treatments andwas neg-
atively affected in “full” treatments.

In conclusion, our data show that the addition of scallop shells to the
sea bottom increases the total abundance and species richness of most
epibenthic and infaunal invertebrate species only under positive ther-
mal anomalies in the sea bottom relative to the neutral phase of the
ENSO. Although the process involved in this pattern cannot be definitely
determined, there is no doubt that these are directly (by changing the
habitat structure) or indirectly (by changing the sediment characteris-
tics) mediated by the scallop shells modifying the assemblage composi-
tion under these conditions. However, in areas where upwelling
influence and ENSO cycles are common, the seasonality can have stron-
ger effects than the presence of the shells itself and thus, the shells of
scallops do not seem to be a useful tool for restoringmacrobenthic com-
munities in these systems.

Acknowledgments

We thank P. Gallegos and C. Paredes from UNMSM for collaborating
in species identification, D. Alemany from IIMyC for collaborating in sta-
tistical analyses and two anonymous referees who provided valuable



Table 5
SIMPER results showing the benthic species that contributed most to the dissimilarity between sampling dates.

% dissimilarity

Jun06–May07 Mar07–May07 Aug06–Nov06 Jan07–Nov06 Jun06–Nov06 Mar07–Nov06 May07–Nov06

17.25 22.35 – – – – 16.59
– 6.49 5.48 5.85 – – –
– 7.23 – – – 5.13 –
– – – – – – –
– – – – – – –
– – – – – – –

– 6.15 9.45 11.48 8.71 11.17 7.57
– – 11.64 12.36 11.44 9.70 10.26
– 5.66 – – – – –
7.12 – – – 6.75 – –
– – 5.85 6.61 5.05 6.91 –
5.35 – – – 5.57 – –
29.72 47.88 32.42 36.31 37.51 32.91 34.43
71.04 77.36 66.63 73.60 68.19 76.88 67.38

24 B.J. Lomovasky et al. / Journal of Sea Research 106 (2015) 14–26
suggestions that largely improved the manuscript. This study was con-
ducted and financed in the framework of the EU-project “Climate vari-
ability and El Niño Southern Oscillation: Implications for natural
resources and management, CENSOR” (contract 511071).
Fig. 8.Median abundance of themost important differentiators of themacrofauna at Independen
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Fig. 9.Median abundance of the functional groups of the macrofauna among “natural control”, “empty”, “medium” and “full” treatments and throughout the year at Independencia Bay.
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