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            Abstract
Marine dissolved organic matter (DOM) contains more carbon than the combined stocks of Earthâ€™s biota. Organisms in the ocean continuously release a myriad of molecules that become food for microheterotrophs, but, for unknown reasons, a residual fraction persists as DOM for millennia. In this Perspective, we discuss and compare two concepts that could explain this persistence. The long-standing â€˜intrinsic recalcitranceâ€™ paradigm attributes DOM stability to inherent molecular properties. In the â€˜emergent recalcitranceâ€™ concept, DOM is continuously transformed by marine microheterotrophs, with recalcitrance emerging on an ecosystems level. Both concepts are consistent with observations in the modern ocean, but they imply very different responses of the DOM pool to climate-related changes. To better understand DOM persistence, we propose a new overarching research strategy â€” the ecology of molecules â€” that integrates the concepts of intrinsic and emergent recalcitrance with the ecological and environmental context.
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                    Fig. 1: Small-scale processes drive global patterns of dissolved organic matter.[image: ]


Fig. 2: Formation and degradation of dissolved organic matter across spatial and temporal scales.[image: ]


Fig. 3: Two central concepts of dissolved organic matter persistence in the ocean.[image: ]


Fig. 4: Mathematical modelling approaches based on the intrinsic and emergent recalcitrance concepts.[image: ]


Fig. 5: The challenge of upscaling kinetic constants at low substrate concentrations.[image: ]


Fig. 6: Molecular diversification through enzymatic reactions in the ocean.[image: ]
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