








Figure 5 Photographs of post experiment exclusion cages. Experimental cages after the additional
two-month deployment following the primary six-week experiment. Biofouling on cages with copper-
based paints remained low (A) while turf algae tended to cover those treated with ecofriendly paints (B).
Left unattended, continued settlement to and growth on tiles filled the exclusion cages treated with 21%
Cu2O (C) and 40% Cu2O paints (D).
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Figure 6 Settlement tile percent cover as a function of treatment and day. Total percent cover (mean±
1 SE) on settlement tiles measured weekly for six weeks across the six experimental treatments.

unsuitable for short-term settlement experiments. The ecofriendly paint composition
includes chemicals such as titanium dioxide, zinc oxide, and zinc pyrithione.

Titanium dioxide (Sharma, 2009) and zinc pyrithione (Kobayashi & Okamura, 2002;
Karlsson & Eklund, 2004) have been shown to be toxic to a variety of marine organisms.
Zinc oxide is typically used in conjunction with copper because it increases the toxicity of
copper by 200-fold (Watermann et al., 2005). By itself, zinc oxide has a weak antifouling
performance, but there is concern that its presence in paints may cause future water quality
issues (Watermann et al., 2005; Holman et al., 2011). Although these chemicals are present
in the ecofriendly paint we used, the current study cannot determine whether any of them
elicited the observed effects on biomass and macro-community composition.

In addition to the differences in biomass and macro-community composition of
settlement to the tiles, the paints tested had varying success in product performance on
the cages. The copper-based painted cages performed well and retained negligible levels of
biofouling throughout the experiment and additional deployment times. Conversely, the
performance of the ecofriendly paint was relatively poor overall during the experiment.
Specifically, during the additional two-month deployment, the ecofriendly painted cages
became partially covered with turf algae dense enough on some parts of the cage to mask
the blue paint color.

Although there is continued support and funding going into the development
of ecofriendly and alternative paints, the compounds EconeaTM, cappasicin, and
medetomidine, which are collectively referred to as ‘‘emerging’’ biocides, remain relatively
unstudied (Thomas & Brooks, 2010; Guardiola et al., 2012; Gee et al., 2013). Assuming
that a reduction in biomass and a shift in macro-community composition is indicative
of detrimental effects to the local environment, the results of this study justify further
investigation into the ecological ramifications of EconeaTM and other copper-free biocides.
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The lack of local effects from the copper paints presented in this study contradicts
previous research. For example, increased exposure to heavy metal pollution
(i.e., International R© Micron Extra 25–50% cuprous oxide) has been shown to alter
macro-community composition and decrease native species densities, permitting the
dominance of more tolerant, non-indigenous ones (Piola & Johnston 2008). Canning-Clode
et al. (2011) found that as exposure to antifouling paint increased, community composition
changed and the densities decreased for both native and non-indigenous species. However,
it should be noted that Canning-Clode et al. (2011) used paint with much higher copper
concentrations (i.e., Interlux R© Ultra-Kote 76% cuprous oxide) than what was used in
the present study. It is possible that the decreased levels of copper in the present study
did not surpass organismal tolerances, thus the observed lack of local negative effects.
Furthermore, Canning-Clode et al. (2011) exposed the marine communities to various
copper concentrations by painting borders with different loads of antifouling paint around
the biofouling communities. This direct contact, versus the 5 cm buffer used here, may
also explain why macro-community compositions of the copper paint treatments did not
differ from the scrubbed-cage treatment. It is also possible that disparity in deployment
time may account for the differences between previous studies and the present study, since
that by Piola & Johnston (2008) lasted seven months and Canning-Clode et al. (2011) lasted
nine weeks.

The copper-based ablative paints were manufactured to last for approximately 12
months and require physical abrasion by water in high vessel velocities or manual removal
by methods such as power washing for paint layers to ablate. It is likely that due to the short
duration of the study and the location of the experiment (i.e., protected waters in a harbor),
the paints did not experience forces strong enough to consistently ablate, thus the observed
lack of an effect on the tile within the cage. However, small specs of the copper-based paints
were occasionally observed on the tiles, yet the direct contact with the paint particulates did
not affect the biomass and composition of the communities on tiles in the reduced-copper
painted cages. Further studies can expand on the present study’s focus (i.e., short-term
settlement patterns and trends) to test the effects of reduced-copper paints on biological
and/or ecological process beyond settlement. Although it was not tested in the present
study, the potential of bioaccumulation of heavy metals may pose serious problems to
studies that measure growth, survival, or other biological and ecological processes over
longer periods of time that those measured here (Bao et al., 2010; Qi et al., 2015).

The observed effects on tiles in the no-cage and no-scrub treatments were expected.
The distinct macro-community, biomass, and percent cover observed in the no-cage
treatment can be attributed to the signs of grazing from local predators such as the
common Sheepshead (Archosargus probatocephalus; JJWalbaum). Additionally, the distinct
macro-community and decreasing rate of biomass accumulation in the no-scrub treatment
was likely due to biofouling buildup on the cage that subsequently obstructed water flow
and settlement on the tile within it. While the no-cage treatment was intended to reflect
a common experimental design used to separate pre- and post-settlement processes,
the no-scrub treatment illustrated the importance of accounting for biofouling of cage
materials. Addressing biofouling using the traditional approach of frequentmanual removal
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will likely continue to be the primary method employed by field scientists, but doing so
is not always logistically feasible. The newly developed reduced-copper antifouling paint
compositions, such as those used here, have the potential to act as a viable alternative for
manual maintenance of infrastructures, such as cages.
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