
Critial turbulene revisitedThe impat of geophysial turbulene on three-dimensional plankton distribution patternsAnne Willem Omta and Bas KooijmanInstitute for Moleular Cell Biology, Vrije Universiteit, De Boelelaan 1081,1081 HV Amsterdam, The Netherlandsanne.willem.omta�falw.vu.nlHenk DijkstraInstitute for Marine and Atmospheri Researh Utreht (IMAU), Universityof Utreht, The NetherlandsIntrodutionSpatial heterogeneity or `pathiness' in phytoplankton distri-butions is ubiquitous in the marine biosphere. Until reently,the fous was on the e�et of horizontal stirring and mix-ing on plankton pathiness [1℄. Vertial transports, however,play a ruial role by supplying nutrients (that are neessaryfor plankton growth) from the deep oean. To investigatethe relationship between suh vertial transports and plank-ton distributions, we simulated a phytoplankton populationin a submesosale eddy in whih strong vertial transportsare generated through barolini instability [2℄ (see Fig.1).
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Fig.1 Horizontal ross-setions of the vertial veloity at 20 m depthafter 3.6 days (left panel), 12 days (right panel).Coupled modelWe make use of a plankton model oupled to a high-resolution three-dimensional nonhydrostati ow model. Inthe plankton model, there are three state variables: livingbiomass, biomass detritus, and nutrient. The loal biomassgrowth rate depends on the nutrient onentration and thelight intensity aording to SU-kinetis [3℄. Beause no main-tenane and reserves are inluded, the model an be ountedas one of the Monod-family of models.
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Fig.2 Horizontal ross-setions of the density at 20 m depth after12 days, with a surfae light ux of 50 mol/(m2d) (left panel), 2mol/(m2d) (right panel).The simulated plankton distributions turn out to dependstrongly on the light intensity and loal vertial transport(see Fig.2). With simpler two- and one-dimensional mod-els (see Fig.3), we found out that these two regimes an beunderstood using an extension of the ritial turbulene on-ept [4℄. If the plankton is nutrient limited, then the growthis highest in regions with strong mixing, but if the planktonis more light limited, then strong vertial mixing leads to alow growth. Nevertheless, suh vertial mixing does bring upnutrients that di�use into the areas adjaent to the regionof high mixing. Here, the onditions for plankton growthare optimal: a high nutrient onentration and a low vertialmixing.
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Fig.3 Surfae biomass onentrations from a two-dimensional (depth-horizontal) model with vertial mixing K in `eddy region': K=0.01m2s�1 (left panel), K=1.0 m2s�1 (right panel)Referenes[1℄ Martin, Phytoplankton pathiness: the role of lateral stirring and mixing, Progress in Oeanography,57: 125{174 (2003)[2℄ Omta et al., The inuene of (sub-)mesosale eddies on the soft-tissue arbon pump, Journal ofGeophysial Researh - Oeans, in press[3℄ Kooijman, Dynami energy and mass budgets in biologial systems, 2nd edition (2000), CambridgeUniversity Press[4℄ Huisman et al., Critial depth and ritial turbulene: two di�erent mehanisms for the developmentof phytoplankton blooms, Limnology & Oeanography 44: 1781{1787 (1999)This work is �nanially supported by the Netherlands Organisation for Sienti� Researh (NWO) under grant number 635.100.009.


