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The size structure of upper ocean plankton assemblages appears to play an impor-
tant role in determining the efficiency of the biological carbon pump and the result-
ing magnitude of biologically-mediated carbon export to the deep sea.  To evaluate 
temporal dynamics in the size structure of plankton populations in the upper ocean 
of the Pacific Ocean, we have examined time series measurements on size fraction-
ated chlorophyll at Station ALOHA in the oligotrophic subtropical North Pacific 
Ocean.  Based on these monthly observations, photoautotrophic biomass in the 
upper ocean waters at Station ALOHA appear to be consistently dominated by pico-
plankton (<2 µm in diameter).  Overall, the contribution of nanoplankton (2-10 µm di-
ameter)  and microplankton (>10 µm diameter) to photoautotrophic biomass was 
relatively low, but demonstrated considerable temporal variability.                                  

To evaluate spatial variability in upper ocean plankton size structure, measurements 
of size fractionated chlorophyll and ATP concentrations were assessed during a tran-
sect cruise from American Samoa to Honolulu, Hawaii in May 2005.  Sampling for this 
study spanned several biogeochemical provinces including the oligotrophic South 
Pacific subtropical gyre, the relatively nutrient-enriched Equatorial upwelling regions, 
and the oligotrophic North Pacific subtropical gyre.  In general, the contribution of 
larger plankton size classes increased along nutrient gradients, with smaller plankton 
assemblages dominating the oligotrophic open ocean ecosystems.  Such results fur-
ther support the hypothesis that larger, presumably eukaryotic plankton populations 
are regulated by nutrient availability and thereby constitute an important source of 
carbon export in open ocean ecosystems.    
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METHODS:
Sampling was conducted from the R/V Kilo Moana during BEACH-BASH 
(Biogeochemical and Ecological Analysis of Complex Habitats – Between Ameri-
can Samoa and Hawaii),  a transect cruise from Pago Pago,  American Samoa to 
Honolulu,  Hawaii (April 29- May 9, 2005).  A total of 28 stations were occupied 
during the transect (Figure 1).  The stations were spaced at approximately equi-
distant intervals, 1-2° apart starting at 12°41.4’S, 
170°26.5’W.  The last station occupied during the 
transect coincided with the Hawaii Ocean Time-
series (HOT) Station ALOHA (22°45’ N, 158° W), 
cruise number 169 and is indicated in figures by 
the stars (   ).

Water samples were collected from the near sur-
face (~5m depth) ocean.  Chlorophyll,  ATP,  ortho-
phosphate,  and flow cytometry samples were col-
lected,  stored and processed following HOT protocols.  Water samples for taxo-
nomic identification by FlowCAM® were analyzed immediately at sea.  Chloro-
phyll and ATP samples were size fractionated using 20 µm, 10 µm, 2 µm, and 0.2 
µm polycarbonate filters.  ATP samples were processed using the Firefly Biolumi-
nescence Reaction.  Chlorophyll a, b and c were measured by fluorometric 
analysis on a Turner TD-700®.  Orthophosphate concentrations were measured 
using MAGnesium-Induced Coprecipitation (MAGIC).  Picoplankton were enu-
merated by flow cytometry.

SUMMARY:

• Increased chlorophyll and ATP concentration in the Equatorial 
      Provinces (PEQD and PNEC) compared to SPSG and NPTG

• Surface chlorophyll concentrations appear greater in the SPSG 
      compared to the NPTG

• Chlorophyll a, b, and c concentrations are dominated by organisms of 0.2 - 2 µm 

• ATP biomass of the 0.2 -2 µm size fraction in the SPSG seems to be dominated by non-chlorophyll containing 
      organisms

• ATP concentrations at the Equatorial Provinces (PEQD and PNEC) was dominated by organisms > 20 µm
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                    Provinces                                           Acronym    Location  Stations Sampled

South Pacific Subtropical Gyre    SPSG  35˚S - 5˚S   N = 6
Pacific Equatorial Divergence     PEQD  5˚S - 5˚N   N = 12 
Pacific North Equatorial Countercurrent  PNEC  5˚N - 10˚N   N = 4 
North Pacific Tropical Gyre     NPTG  10˚N - 34˚N  N = 5

Biogeochemical & Ecological Analysis of Complex Habitats - Between American Samoa & Hawaii (BEACH-BASH)

Figure 5.  Regionalized % total surface chlorophyll a (a),  b (b), 
and c (c).

Figure 4.  Latitudinal distribution of surface size fractionated 
chlorophyll a (a), b (b), and c (c).

Figure 6.  Regionalized surface size fractionated chlorophyll a 
(a) >20 µm, (b) 10-20 µm, (c) 2-10 µm,  and (d) 0.2-2 µm.

Figure 8.  Regionalized % total surface ATP. 

Figure 7.  Latitudinal distribution of surface size-fractionated ATP.

Figure 9.  Regionalized surface size fractionated ATP (a) > 20 µm, 
(b) 10-20 µm, (c) 2-10 µm,  and (d) < 2 µm.

Figure 11.   Latitudinal distribution of surface flow cytometry values                   
(a) Heterotrophs, (b) Prochlorococcus, (c) Synechococcus, and (d) Picoeukaryotes

Figure 2.   Latitudinal distribution of surface phosphorus.

Figure 3. Latitudinal distribution of surface chlorophyll a,  b, and c.
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Turner Designs TD-700® Fluorometer used to  
determine chlorophyll a, b, and c concentrations

Turner Biosystems 20/20
 used to determine ATP concnetrations
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Figure 1.   MODIS satellite derived sea surface chlorophyll distributions and 
concentrations along BEACH-BASH transect cruise track (April 29 - May 9, 2005).
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Figure 10.  FlowCAM® values (a) Matrix plot of >10 chlorophyll containing cells (ml    ),   
1-10 µm in diameter,  (b) Latitudinal distribution of total cells (1-10 µm) by volume.

Cytopeia® Flow Cytometer used 
for picoplankton enumeration

FlowCAM® used for taxonomic identification
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            Surface Flow Cytometry
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