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•  The	
  moderate	
  biomass	
  variability	
  in	
  the	
  Arabian	
  Sea	
  is	
  governed	
  by	
  verScal	
  mixing	
  and	
  zooplankton	
  grazing	
  (the	
  “DiluSon	
  Hypothesis”)	
  
•  VerScal	
  mixing	
  in	
  the	
  Arabian	
  Sea	
  never	
  exceeds	
  the	
  criScal	
  depth	
  
•  Grazing	
  a	
  strong	
  regulator	
  of	
  autotrophic	
  biomass	
  in	
  the	
  Arabian	
  Sea;	
  mixed	
  layer	
  depth	
  affects	
  grazers	
  more	
  than	
  phytoplankton!	
  

Conclusions:	
  

•  Grazing	
  is	
  the	
  dominant	
  regulator	
  of	
  phytoplankton	
  biomass;	
  Mixed	
  layer	
  depth	
  
affects	
  grazers	
  more	
  than	
  phytoplankton.	
  

•  “The	
  mixed	
  layer	
  varia'ons	
  act	
  as	
  a	
  natural	
  ‘dilu'on	
  experiment’	
  allowing	
  temporal	
  
mismatches	
  between	
  autotrophic	
  produc'on	
  and	
  grazing”	
  (Marra	
  and	
  Barber,	
  2005).	
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Integrated	
  Chl-­‐a	
  from	
  the	
  mooring	
  (white	
  
circles)	
  and	
  process	
  cruises	
  (black	
  circles)	
  
on	
  temperature.Blooms	
  occurred	
  during	
  
the	
  NE	
  (Feb-­‐Mar)	
  and	
  SW	
  (Aug-­‐Sept)	
  
monsoons,	
  and	
  associated	
  with	
  
mesoscale	
  eddies.	
  

White	
  line	
  is	
  mixed	
  layer	
  depth.	
  

•  Seasonal	
  cycle	
  dominated	
  by	
  monsoons	
  (NE,	
  SW),	
  with	
  within-­‐season	
  mesoscale	
  
eddy	
  effects.	
  

•  Primary	
  produc'on	
  (C-­‐assimila'on)	
  far	
  exceeds	
  	
  changes	
  in	
  Chl-­‐a	
  biomass,	
  
seasonally.	
  

•  Mixed	
  layer	
  depths	
  (MLDs)	
  regulated	
  by	
  monsoons;	
  never	
  exceed	
  es'mates	
  of	
  
the	
  cri'cal	
  depth.	
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Chlorophyll	
  biomass	
  (small	
  circles)	
  and	
  modeled	
  primary	
  
producSon	
  (line)	
  from	
  moored	
  observaSons.	
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ObservaSons	
   InterpretaSon	
  

Cartoon	
  showing	
  the	
  
interrelaSonships	
  among	
  mixed	
  layer	
  
(ML)	
  depth,	
  phytoplankton	
  (small	
  
circles),	
  and	
  grazers	
  (larger	
  circles).	
  
VerScal	
  mixing	
  never	
  exceeds	
  the	
  
criScal	
  depth.	
  A	
  deepening	
  ML	
  will	
  
dilute	
  phytoplankton	
  and	
  grazers	
  
equally,	
  but	
  phytoplankton	
  respond	
  
more	
  quickly.	
  See	
  Marra	
  and	
  Barber	
  
(2005).	
  

Zcr
1! expðk # ZcrÞ ¼

Eð0!Þ
Ec # k ; ð2Þ

where E(0!) is the irradiance just beneath the surface [roughly 90% of E(0+)], Ec is the compensation irra-
diance (where photosynthesis is balanced by community respiration), and k is the vertical attenuation coef-
ficient (m!1). The best way to evaluate the critical depth is to assume a value for Ec, the compensation
irradiance, and plot that against a range of critical depth values and surface irradiances for the measured
vertical attenuation coefficient, k, which averages 0.07 m!1, and never exceeds 0.1 m!1 (C. Trees, unpub-
lished data; J. Marra, unpublished data). On seasonal time scales, the mixed layer depth ranges between
0 and 100 m. Recent estimates of the compensation irradiance are between 0.3 (Marra, 2004) and 1.6 (Sie-
gel, Doney, & Yoder, 2002) mol photons m!2 d!1.

Fig. 6 shows a plot of the compensation irradiance over a typical range of surface irradiances (12–30 mol
photons m!2 d!1) and critical depths (60–200 m), assuming that k = 0.1 m!1. A compensation irradiance of
1.6 is drawn on the plot, and therefore, the corresponding critical depths can be considered the minimum
that might be observed in the Arabian Sea. The critical depth, as calculated here, is unlikely to be shallower
than 65 m, for the lowest reasonable value of surface irradiance, or deeper than 175 m for the highest value
of surface irradiance. Although mixed layer depths at the mooring site exceed 60 m during the NE Mon-
soon (Marra et al., 1998; Fig. 2), these are times when surface irradiance is about 25 mol photons m!2 d!1.
It is possible that the minimum critical depth is exceeded for short periods during the SW Monsoon, when
surface irradiances are at their minimum and mixing has deepened the mixed layer. But we conclude that
phytoplankton should always have the capability to grow and accumulate under the irradiance and mixing
regimes of the Arabian Sea, all else being equal.

Barber et al. (2001) note that primary production is largely unaffected by mixed layer depth, and con-
clude that limitation through a critical depth criterion could not be supported. On the other hand, Wiggert
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Fig. 6. The plane in the figure describes the relationship between the critical depth (60–200 m) (along the x-axis), surface irradiance
[E(0!), 12–30 mols photons m!2 d!1] along the y-axis, and the compensation irradiance on the z-axis (mols photons m!2 d!1), using
Equation (2) in the text. The line in the plane corresponds to a compensation irradiance of 1.6 mols photons m!2 d!1. For this value of
the compensation irradiance, the critical depth is about 70 m for the lowest surface irradiance and about 175 m for the highest surface
irradiance.
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