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Summary

Human activities are modifying coasts on an unprecedented global scale. While recent focus has
shifted to the consequences of increasing temperature and CO: levels, there is a multiplicity of
indirect factors that can cause major change to ecosystems and the services they provide. Coastal
development can alter the structure of coastlines (e.g., shoreline hardening) and coastal water quality
(e.g., nutrients and sediments) with unpredictable effects on benthic communities. We used intertidal
hermit crabs as a model to test the consequences of a number of indirect impacts in a subtropical bay.
Our findings suggest that (a) the expansion of hard-bottom habitats can increase predation risk, (b)
increased sedimentation can have implications for the successful emergence from accidental burial,
and (c) land-to-sea inputs can drive strong trophic coupling between sewage, crabs and other benthic
fauna. The outcomes expand our understanding of the mechanisms that drive changes to benthic
communities in heavily-used coastal areas. The work refocuses attention on the need to consider the
indirect as well as direct consequences of global environmental changes for coastal ecosystems and
their inhabitants.

Introduction

While studies of the predicted consequences of climate change for global temperature and CO: levels
are now areas of intense focus (e.g., Portner et al. 2005), there remains a need to consider the
multitude of indirect factors that can have major effects on marine and coastal ecosystems (Keller et
al. 2009). Shoreline hardening (to protect infrastructure from increasingly frequent and intense
storms), increased sedimentation and land-to-sea inputs of human generated wastes (e.g., sewage and
other pollution) can have profound consequences for benthic flora and fauna (e.g., Airoldi 2003;
Gorman et al. 2009). Understanding how indirect factors interact and are likely to form synergies with
the pressures of increased temperature and CO: will become increasingly important to maintain our
ability to forecast ecological resistance and resilience.

Materials and methods

This study was done in Araca Bay, south-eastern Brazil, an area that has undergone substantial
change over the past century (i.e., land reclamation, sewage inputs and population growth) and now
represents an excellent local to test the impact of multiple stressors on benthic communities (i.e.,
shoreline hardening, sedimentation and terrestrial inputs). The study included different intertidal
hermit crab species (Pagurus criniticornis, Clibanarius antillensis and C. vittatus) that coexist and exhibit
partial resource competition for the shells of the gastropod Cerithium atratum. Hermit crabs offer an
excellent opportunity to test hypotheses as they are common, easy to manipulate and inhabit
dynamic coastal environments increasingly affected by storms, floods and continued coastal
development.

We firstly examined the effect of shoreline type (rocky interface vs. mud) on the predation outcomes
for tethered hermit crabs. We then tested the effects of sediment burial depth (typical vs. predicted)
and sediment type (mud vs. sand) on rates of successful emergence by different species to provide an
indication of future susceptibility. Lastly, we tested the degree of trophic coupling between sewage,
algae and hermit crabs by assessing spatial patterns of nitrogen uptake using stable isotopes (0°N).
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Results and Discussion
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In summary, we show that some of the indirect effects of climate change can alter the survival rates
and community dynamics of hermit crabs and other benthic organisms. The findings reemphasize the
need to consider local-scale phenomenon (e.g., shoreline modification and terrestrial inputs) that can
act in synergy with larger-scale phenomenon to magnify the consequences of global environmental
change on the resilience, structure and function of marine and coastal systems.
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