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ABSTRACT
Photosystem II (PSII) herbicides are persistent in marine water with half-lives in excess of 100 days in
simulated experiments. These herbicides also persist in tropical coastal systems year-round, raising
the possibility that coastal habitats may also be chronically exposed to herbicide degradation
products. Despite this likelihood, there is little understanding of the toxicity of PSII herbicide
degradation products, which may be more toxic than their parent compounds and/or contribute to
the overall toxicity of the coastal water.
To assess the toxicity of the PSII herbicides diuron and hexazinone including their degradation
products, the symbiotic benthic jellyfish Cassiopea maremetens was exposed to either fresh or
degraded herbicides for six days. The exposure effects on photosynthetic efficiency (effective
quantum yield) of symbionts, symbiont density, and jellyfish growth were assessed.
There were contrasting effects on both the symbiont and host following exposure to the fresh and
degraded herbicides. Photosynthetic efficiency of the symbionts was significantly decreased by
exposure to all herbicide products; however, there were contrasting effects on yield between fresh
and degraded diuron compared to fresh and degraded hexazinone exposure. Aged diuron (EC50=0.49
µg/L) affected photosynthetic efficiency more than fresh diuron (EC50=1.35 µg/L). The difference in
toxicity between aged and fresh hexazinone was not as pronounced with the EC50 for fresh
hexazinone 18.7 µg/L and aged hexazinone 24.3 µg/L. The effects of herbicide exposure on the host
jellyfish growth were more equivocal but could potentially be explained by their capacity to switch the
balance between phototrophic and heterotrophic energy sources in the presence of herbicides.
The outcomes of this study suggest there is the potential for degradation products from some PSII
herbicides to be more toxic to marine biota than the parent compound. Accordingly, it may be
necessary to consider the contribution of degradation products along with the parent herbicide
compounds when setting protection criteria for high value marine systems.

