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HIGHLIGHTS

* The effects of contaminants need to be assessed in more natural relevant scenarios.

* We assessed the effects of bleach and permethrin on intertidal assemblages in situ.

* No effects on the structure of assemblages were observed.

* Bleach decreased the number of limpets, which can have great ecological consequence.
» Experiments in situ are needed for relevant information to be used in future ERAs.
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on the type and age of organisms, the habitat being studied and the complex interactions occurring in the
systems. Most impact analyses of contaminants are however still done with limited number of selected organ-
isms under laboratory conditions. Manipulative experiments done in situ are important to measure ecologically
relevant responses of contaminant effects on marine systems. Ecological approaches on contamination studies,
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accounting for interactions among species and the environment are essential to understand how such distur-

Keywords: bances affect systems. We evaluated the effects of bleach and permethrin, two common and pervasive contam-

Pollution inants, on intertidal benthic assemblages in two different successional stages, mature and young. There were no

Rocky shores impacts on the overall structure of assemblages, regardless of their age. The lack of effects on the structure of

Pesticide assemblages might be due to the intrinsic characteristic of the habitat studied, which provide few sinks for

llifeeriigthr'n contaminants, as well as the inherent features of the organisms themselves. Bleach did cause, however, a
1

decrease in the abundance of limpets, which can have further consequences to these systems. This study
shows the importance of studies on chemical disturbances done under relevant natural scenarios and that
efficient management policies of natural systems will only achieve successful responses with properly designed
experiments under natural conditions.

Sodium hypochlorite
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1. Introduction

Chemical contaminants can be found in most systems worldwide
and can alter ecosystem structure and functioning, having serious dele-
terious consequences for natural systems (Rohr et al., 2006). Important-
ly, there has been an increasing concern of researchers and government
agencies to accurately describe the consequences of contamination to
ecosystems. Although recent efforts have been made to achieve these
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objectives and to improve the predictive power of ecotoxicology
(Beketov and Liess, 2012; Vighi and Villa, 2013), much still needs to
be done to truly include the ‘eco’ into ‘ecotoxicology’ (Chapman, 2002;
Van Straalen, 2003). The main goal of determining and predicting the
effects of disturbances caused by such toxicants on the diversity and
functioning of systems remains therefore a challenging task. The major-
ity of ecological risk assessments and impact analyses of chemical
contaminants are still done considering a limited number of selected
organisms under laboratory conditions. Ecological approaches on stud-
ies with contaminants, taking into account the interactions among spe-
cies and the environment are essential to have a holistic understanding
of how disturbances by contaminants affect organisms, populations
and, consequently, natural systems (e.g. Chapman, 2002; Van Straalen,
2003).
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Rocky shores are the most common coastal habitats, constituting
exposed and sheltered coastlines worldwide (Thompson et al., 2002).
These systems provide important services and goods for humans, such
as food, tourism and natural costal defence (Menge and Branch, 2001;
Costanza et al., 2014). They are, however, constantly threatened by
anthropogenic activities, including contamination by chemical toxi-
cants. Industrial and domestic run-offs, including off-site transport of
agricultural or non-cultivated land via storm-water runoff, and releases
of irrigation tail-water, spray drift and accidental spills are some of the
pathways by which contaminants such as biocides and pesticides
enter coastal systems (Jones, 2005; Moreira et al., 2010; Carballeira
et al., 2012).

Sodium hypochlorite, commonly known as bleach, is a particular
pervasive type of biocide. Bleach is one of the most common disinfec-
tant worldwide and is usually found in runoff close to urban centres
(Zoller and Sosis, 2005). It has been used for more than 100 years as a
biocide in households, hospitals and marine aquaculture industries
(e.g. Sano et al., 2004; Roberts et al., 2010; Grabsch et al., 2012).
Bleach is also commonly used as an antifoulant at industrial seawater
cooling systems, affecting both micro- and macro-organisms
(e.g. Lopez-Galindo et al., 2010; Moreira et al., 2010; Piola et al.,
2010). Only in Australia, more than 13,000 tonnes per year of bleach
is used by industries in the different areas of water and wastewater
utility business (Alvarez-Gaitan et al., 2011). Globally, industrial and
residential applications for bleach are forecast to grow in the next few
years due to necessity of clean water and proper sanitation practices
(IHS, 2012), increasing the threat that this contaminant may pose to
natural coastal systems.

Permethrin is a widely used pesticide for agricultural, industrial and
domestic control of insects. It has also been used as a marine antifoulant
agent (Feng et al., 2009). According to the Environmental Protection
Agency of the United States of America (EPA), approximately
900 tonnes of permethrin are applied annually to agricultural, residen-
tial and public health use sites (EPA, 2006). Although this compound is
toxic to many freshwater and marine organisms (e.g. Sanchez-Fortun
and Barahona, 2005), the application of permethrin in the United
State is increasing as this pesticide is being used to replace other
types of pesticides, considered more toxic (DeLorenzo and Fulton,
2012). Understanding the effects that these chemicals, i.e. bleach
and permethrin, have on coastal organisms and/or assemblages is
therefore pivotal for the devise of efficient management and remedia-
tion policies.

Although the effects of biocides and pesticides, in general, on single
or multiple species at micro and mesocosm experiments are well
described in the literature (e.g. Cripe, 1994; Boone et al., 2004;
Emmanuel et al., 2004; Relyea and Diecks, 2008; Tlili et al., 2011), the
effects of such toxicants on community structure level are rarely
assessed (Beketov and Liess, 2012) (but see e.g. Rohr and
Crumrine, 2005; Schaefer et al., 2007), despite numerous pleas for
a shift in this approach (e.g. Chapman, 2002; Relyea et al., 2005;
Relyea and Hoverman, 2006; Rohr et al., 2006). Permethrin, for in-
stance, has been shown to inhibit barnacle settlement (Feng et al.,
2009) and exposure to bleach at concentrations of 0.7 mg L™ ! (resid-
ual chlorine) has caused 100% mortality of mussels of 3-4 cm size
(Masilamoni et al., 2002). Furthermore, some algal species of the
genus Ectocarpus, such as Ectocarpus variabilis and Ectocarpus
siliculosus have been reported to be extremely sensitive to bleach
(Rosemarin et al., 1994). In fact, this toxicant has caused mortality
of many species of brown algae (of the genera Fucus, Chorda and
Pilayella) (Rosemarin et al., 1994; van Wijk et al., 1998; Carballeira
et al., 2011). Such effects do not, however, take into consideration
the complex conditions of natural systems and how these can influ-
ence the impacts of contaminants.

The severity of impacts caused by contaminants on natural systems
depends on the type of contaminant, their intensity and frequency of
exposure, on the interaction with physical and chemical parameters/

Table 1
Multivariate analyses of variance (PERMANOVA) of the mature assemblages.

Source df Mature assemblages

MS F
Sites (Si) 1 3463 1.68 ns
Treatments (Tr) 3 1797 0.87 ns
Si x Tr 3 Pooled
Residual 23 2032
Pooled 26 821

Sites (Si) were random with 2 levels. Treatment (Tr) was fixed with 4 levels. n = 4;
ns = not significant.

conditions naturally found on the environment; on the vulnerability of
the organisms being disturbed; and on the prevalent type of competi-
tive relationships occurring in the system (see e.g. Sousa, 2001;
Fleeger et al., 2003). It is also generally thought that organisms and/or
assemblages in early stages of development are more susceptible to
effects of disturbances, in general, than those in later or ‘mature’ stages
(Sousa, 1980; Altman and Whitlatch, 2007; Markey et al., 2007). These
myriads of factors and their interactions make the effects of contamina-
tion on diversity and ecosystem functioning hard to predict (McMahon
etal,, 2012). Furthermore, such effects are frequently confounded by the
natural spatial and temporal variability of the biological realm (see e.g.
Underwood, 1996). Assessing the effects of contaminants in an ecolog-
ical relevant context is therefore essential to have more accurate results,
including possible indirect effects of such toxicants, and consequently
improve our ability to make more accurate and precise predictions
(e.g. Rohr and Crumrine, 2005). Hence, manipulative experiments,
primarily in situ conditions, where relevant natural scenarios and
biological interactions are considered, are an important tool to properly
evaluate the effects of disturbances by chemical contaminants on
natural systems.

In this study, we evaluated the effects of bleach and the pesticide
permethrin on natural assemblages at intertidal rocky shores. Using
manipulative experiments in the field, we tested: (i) whether different
intertidal species would be affected differently by the two types of
contaminants: bleach and permethrin; which would then lead to differ-
ent assemblages after the disturbance; and to test (ii) whether intertidal
assemblages in different stages of development would respond
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Fig. 1. nMDS of mature intertidal assemblages exposed to algicide (black); pesticide (light
grey); fresh-water control (dark grey) and control treatments (white) at site 1 (circle)
and site 2 (square) at Cape Banks.
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