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ABSTRACT 
The cumulative effects of multiple stressors have the potential to erode ecological resilience making 
ecosystems prone to threshold responses and tipping points. Demonstrating empirically and at scale 
how stressors interact to alter biodiversity and ecological functioning in complex systems with high 
environmental variability is challenging but such evidence is needed to underpin management, including 
consenting. As part of the National Science Challenge Sustainable Seas we investigated the cumulative 
effects of two important stressors in the coastal zone (land derived nutrients and sediments) on 
biodiversity and ecosystem functioning. A large-scale field experiment was conducted manipulating 
sediment nutrient concentrations (a proxy for enrichment) at 24 sites in 15 estuaries spanning a gradient 
in turbidity (sediment inputs from land). Results from an ecological interaction network analysis 
highlight how turbidity diminishes the important role key shellfish species play in processing nutrients, 
leaving estuarine ecosystems more vulnerable to eutrophication. Moreover, biodiversity-ecosystem 
functioning relationships changed markedly as turbidity increased. In clear estuaries nutrient stress 
induced reductions in biodiversity did not result in a loss of ecosystem multifunctionality whereas in 
more turbid estuaries biodiversity loss was associated with a decreased functional performance and 
thus ecological integrity. Our results have important implications - maintaining or increasing ecological 
integrity requires management of multiple stressors and national limit setting for stressors without 
consideration of interactions may make ecosystems vulnerable to tipping points.
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