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Figure 3  The timescale of competitive exclusion for a range of 
nutrient source timescales, varying from half a day to one year.  The 
timescale of competitive exclusion is the amount of time it takes 
for one species to account for 90% of the total biomass.  At short 
(days) and long (annual) nutrient source timescales, species coexist 
for a long time.  For long timescales of competitive exclusion, other 
processes (e.g., transport, climate change, speciation, extinction, 
mutation) may be signi�cant.   At seasonal timescales, competitive 
exclusion occurs quickly and diversity is low. 

TIMESCALES OF VARIABILITY  Environmental variability occurs on a range of timescales in 
the ocean.  We use the idealized model to examine how the competitive exclusion timescale de-
pends on the period of environmental variation.

SUMMARY  

An ecosystem model3 shows an equator-to-pole de-
crease in phytoplankton diversity (Fig. 1)

We hypothesize that this pattern is governed by the ti-
mescales of environmental variability in the ocean:
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Timescale of Competitive ExclusionFigure 1  Global map of the diversity of modeled phytoplankton species types (left), de�ned as the number of species com-
prising greater than 0.1% of the total biomass at that location. The diversity includes species that are present at any point during 
the year.  The right panel shows the zonal mean of the �gure on the left.   There are local diversity hotspots in energetic regions 
of the ocean such as the Gulf Stream, but here we focus on the hemispheric-scale pattern seen in the zonal mean plot on the 
right.  These data are the average of ten unique model runs.
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HEMISPHERE-SCALE DIVERSITY GRADIENTS  We interpret the hemisphere-scale di-
versity gradients by using numerical experiments with an idealized, zero-dimensional model of 
phytoplankton growth with one nutrient4:

where Pj is the concentration of phytoplankton j, N is the nutrient concentration, SN(t) is the 
time varying source of nutrients (idealized as a sine function), µj is the growth rate of phyto-
plankton j, kj is the half saturation constant for phytoplankton j, and mj is the mortality for phy-
toplankton j.

In the global model we note that the dominant species in lower latitudes tend also to have the 
lowest R* values.  R* is the nutrient concentration at which growth equals mortality: 
 

We conduct a series of numerical experiments where all phytoplankton have equal R* values in 
order to understand the diversity patterns.

*Contact 
adbarton@mit.edu for 

more information
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Figure 2  Species with equal R* can coexist in a stable environment (left).  When the environment varies (here, on an annual 
cycle), the species with the highest growth rate outcompetes the rest, leading to a state of competitive exclusion (right).

INTRODUCTION  Many terrestrial and marine taxa show a pronounced equator-to-pole in-
crease in biodiversity1,2.  It is unknown if this pattern exists in marine phytoplankton.  We present 
here the results of a global ecosystem model3, which represents many tens of potential phyto-
plankton types, that shows an equator-to-pole increase in phytoplankton diversity.  Using re-
source competition theory, we hypothesize that the spatial diversity gradients are linked closely 
to the timescales of environmental variability in the ocean. 

   In a steady environment, arbitrarily many species can coexist if all R* values are equal (Fig. 2)

   Environmental variability ultimately leads to competitive exclusion and lower diversity (Fig. 2) 

   Higher diversity can occur in regions where the exclusion timescale is long (at short or long   
   periods of environmental variability; Fig. 3)
     
   At these long exclusion timescales, other processes (e.g., transport, climate change, specia-  
    tion, extinction, mutation) may counteract exclusionary processes
 
   Lower diversity occurs when the time scale of resource supply is intermediate (seasonal     
   timescales; Fig. 3), such as in the subpolar oceans


