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Outline

Arabian SeaArabian Sea
Reconcile the observations that Reconcile the observations that 

Phytoplankton biomass variations existPhytoplankton biomass variations exist
Grazing regulation would smooth biomass variationsGrazing regulation would smooth biomass variations

Hypothesis: Mixing produces dilution, af Hypothesis: Mixing produces dilution, af phytosphytos and and 
grazers alike, producing a temporal misgrazers alike, producing a temporal mis--matchmatch

Indonesian Indonesian ThroughflowThroughflow: Island Effects: Island Effects

LeeuwinLeeuwin Current: LongCurrent: Long--Lived AntiLived Anti--Cyclonic EddiesCyclonic Eddies



Temporal Variability in Productivity, 
Phytoplankton, and Mixed Layer Depths

Mooring Location: 15°30’N, 61°30’E

C-assim

Chl-a
1994 ->1995->



Temporal Variability of Areal Chl-a with 
Temperature

~ 4 mmols C m-2 d-1



Effects of Irradiance: 
Variability in the Critical Depth

Phytoplankton are unlikely to be mixed 
to deeper than the critical depth

Calculate Ec from a range 
of Zcr, E(0-), and a high-
average k (0.1 m-1).
For an Ec of 1.6 mols m-2

d-1 (high!), Zcr varies from 
65-150 m at minimum.

65-150 m



Phytoplankton have a very high Phytoplankton have a very high 
affinity for NHaffinity for NH44 and NOand NO33 both in both in 
terms of uptake and growth (Ks terms of uptake and growth (Ks 
values = 0.1 values = 0.1 mmolmmol kgkg--11))
Arabian Sea sometimes qualifies as a Arabian Sea sometimes qualifies as a 
“High“High--Nutrient, LowNutrient, Low--Chlorophyll” Chlorophyll” 
regime.regime.

Effects of Nutrients



The situation thus far…
1.1. Neither irradiance nor nutrients Neither irradiance nor nutrients are likely are likely 

to slow phytoplankton growth over the to slow phytoplankton growth over the 
observed range of mixed layer depthsobserved range of mixed layer depths

2.2. Mixed  layer depths varyMixed  layer depths vary as a as a conseconse--
quencequence of the monsoons and of the monsoons and mesoscalemesoscale
processesprocesses

3.3. In situ In situ increases in increases in ChlChl--aa are much, much are much, much 
slowerslower than would be predicted from than would be predicted from 
physiology or from C assimilationphysiology or from C assimilation

4.4. ZP ingestion rates match phytoplankton ZP ingestion rates match phytoplankton 
growth ratesgrowth rates



Critical Depth

Time

The Dilution Hypothesis*

*Marra and Barber, 2005

MLD

MLD



Dilution hypothesis true? (Still bottom up)Dilution hypothesis true? (Still bottom up)
MicroMicro--nutrient regulation (i.e., iron?)nutrient regulation (i.e., iron?)
Phytoplankton community structure?Phytoplankton community structure?
MesozooplanktonMesozooplankton??
Spatial variability? Spatial variability? 

Questions for the Future: 
“Top-Down” or Bottom-Up Regulation?



The Eastern Boundary of the 
Indian Ocean

Indonesian Indonesian ThroughflowThroughflow into the into the 
Indian Ocean: Island EffectsIndian Ocean: Island Effects
The The LeeuwinLeeuwin Current near AustraliaCurrent near Australia



The Indonesian Throughflow

Susanto ,Moore, and Marra, 2006, G3



Ocean Color Distributions During 
the SE Monsoon

Moore and Marra, 2002, G3

Asanuma et al., 2003, JGR

Susanto ,Moore and Marra, 2006, G3



An attempt to relate 
color variability to 

sea-surface height…

…and SST
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Leeuwin Current Eddies



From Moore et al., in press, 2006, DSR II

Anti-cyclonic eddy
We then compared the pigment 
composition of coastal water and that 
in the eddy….



Pigment analysis of coastal (Sta 52) and eddy 
(Sta 62) samples

Total quantity of pigment is the sameTotal quantity of pigment is the same
Pigment composition nearly the same (addition of Pigment composition nearly the same (addition of 
alloxanthinalloxanthin, , fucoxanthinfucoxanthin, loss of , loss of ChlChl c1+c2)c1+c2)

Coastal Offshore eddy, 3 months later

From Moore et al., 2006
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