
Criti
al turbulen
e revisitedThe impa
t of geophysi
al turbulen
e on three-dimensional plankton distribution patternsAnne Willem Omta and Bas KooijmanInstitute for Mole
ular Cell Biology, Vrije Universiteit, De Boelelaan 1081,1081 HV Amsterdam, The Netherlandsanne.willem.omta�falw.vu.nlHenk DijkstraInstitute for Marine and Atmospheri
 Resear
h Utre
ht (IMAU), Universityof Utre
ht, The NetherlandsIntrodu
tionSpatial heterogeneity or `pat
hiness' in phytoplankton distri-butions is ubiquitous in the marine biosphere. Until re
ently,the fo
us was on the e�e
t of horizontal stirring and mix-ing on plankton pat
hiness [1℄. Verti
al transports, however,play a 
ru
ial role by supplying nutrients (that are ne
essaryfor plankton growth) from the deep o
ean. To investigatethe relationship between su
h verti
al transports and plank-ton distributions, we simulated a phytoplankton populationin a submesos
ale eddy in whi
h strong verti
al transportsare generated through baro
lini
 instability [2℄ (see Fig.1).
x (km)

y 
(k

m
)

 

 

0 5 10 15 20 25 30
0

5

10

15

20

25

30

−20

−10

0

10

20

x (km)

y 
(k

m
)

 

 

0 5 10 15 20 25 30
0

5

10

15

20

25

30

−20

−10

0

10

20

Fig.1 Horizontal 
ross-se
tions of the verti
al velo
ity 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 lo
al biomassgrowth rate depends on the nutrient 
on
entration and thelight intensity a

ording to SU-kineti
s [3℄. Be
ause no main-tenan
e and reserves are in
luded, the model 
an be 
ountedas one of the Monod-family of models.
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Fig.2 Horizontal 
ross-se
tions of the density at 20 m depth after12 days, with a surfa
e 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 lo
al verti
al 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 
riti
al turbulen
e 
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 verti
al mixing leads to alow growth. Nevertheless, su
h verti
al mixing does bring upnutrients that di�use into the areas adja
ent to the regionof high mixing. Here, the 
onditions for plankton growthare optimal: a high nutrient 
on
entration and a low verti
almixing.
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Fig.3 Surfa
e biomass 
on
entrations from a two-dimensional (depth-horizontal) model with verti
al mixing K in `eddy region': K=0.01m2s�1 (left panel), K=1.0 m2s�1 (right panel)Referen
es[1℄ Martin, Phytoplankton pat
hiness: the role of lateral stirring and mixing, Progress in O
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