Case Study 9
Detecting Phytoplankton Community Structure
from Ocean Colour
R.J.W. Brewin∗1 , N.J. Hardman-Mountford2 , T. Hirata3

9.1

Background

Phytoplankton play a fundamental role in the biogeochemical cycling of the planet,
with different phytoplankton communities having specific biogeochemical roles (Le
Quéré et al. 2005; Nair et al. 2008). Phytoplankton support marine ecosystems
as the primary carbon source for zooplankton, fish and ultimately higher predators. Furthermore, zooplankton and fish can have selective feeding preferences for
phytoplankton of different sizes and types (Hansen et al. 1994; Scharf et al. 2000;
Jennings et al. 2002). By improving our understanding of the spatial structure of the
different phytoplankton communities, advances in biogeochemical and food-web
models can be made, which may enhance our comprehension of the Earth system
needed to predict future change.
Methods that can identify and quantify different elements of the phytoplankton
community can provide useful information to help understand biogeochemical and
ecological processes. Observing the in situ size structure and taxonomic grouping of
phytoplankton at a global scale is, however, a challenging task. Satellite observation
is currently the only practical method of observing the global ocean synoptically.
With increasing concern as to how climate variation is affecting marine ecosystems,
there is a large expectation of satellite remote sensing to provide global observations of the taxonomic or functional groups of phytoplankton, moving beyond
conventional pigment biomass (i.e. chlorophyll).
Recently, a variety of bio-optical and ecological methods have been established
that use satellite data to identify and differentiate between phytoplankton functional
types (PFTs) or phytoplankton size classes (PSCs) in the surface ocean. These can be
summarised into four main types: spectral-response methods which are based on
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differences in the shape of the light reflectance/absorption spectrum for different
PFTs/PSCs (Sathyendranath et al. 2004; Alvain et al. 2005; Ciotti and Bricaud
2006; Alvain et al. 2008; Brewin et al. 2010a), abundance-based methods which
use information on the magnitude of chlorophyll biomass or light absorption to
distinguish between phytoplankton communities (Devred et al. 2006; Uitz et al.
2006; Hirata et al. 2008a; Brewin et al. 2010b; Hirata et al. 2010), methods that
retrieve the particle size distribution from satellite-derived backscattering signal and
then relate the particle size to the phytoplankton community (Hirata et al. 2008b;
Kostadinov et al. 2009), and ecological-based approaches which use information
on environmental factors, such as temperature and wind stress to supplement
the bio-optical data for investigating specific taxa (Raitsos et al. 2008). Recent
intercomparison studies suggest that abundance-based approaches appear robust
at detecting dominant phytoplankton size classes (Brewin et al. 2008).

9.1.1

Phytoplankton size class model

Here we present a method for determining the fractional contribution of a phytoplankton size class (pico- <2µm, nano- 2-20µm and micro-phytoplankton >20µm)
to the overall chlorophyll concentration (Brewin et al. 2010b). The model is an extension of the Sathyendranath et al. (2001) approach, based on the assumption that
small cells dominate at low chlorophyll concentrations and large cells at high concentrations. The model can be expressed through two simple exponential equations.
In this example the subscripts 1, 2 and 3 refer to pico-, nano- and microphytoplankton, and the total chlorophyll-a concentration is referred to as C (mg m−3 ). Firstly,
the chlorophyll concentration of the combined pico-nanophytoplankton population
(C1,2 ) can be expressed as:
C1,2 = C1,2 m [1 − exp(−S1,2 C)],

(9.1)

where, C1,2 m is the asymptotic maximum value for C1,2 and S1,2 determines the
increase in C1,2 with increasing total chlorophyll (C). Secondly, the chlorophyll
concentration of the picophytoplankton population (C1 ) can be expressed as:
C1 = C1 m [1 − exp(−S1 C)],

(9.2)

where C1 m is the asymptotic maximum value for C1 and S1 determines the increase in C1 with increasing total chlorophyll-a (C). The chlorophyll-a concentration
of nanophytoplankton (C2 ) and microphytoplankton (C3 ) can then be calculated
according to:
C2 = C1,2 − C1 ,

(9.3)

C3 = C − C1,2 .

(9.4)
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The percentage of each phytoplankton size class to the total chlorophyll concentration (C) can then be calculated by dividing the size-specific chlorophyll concentrations (C1 , C2 and C3 ) by the total chlorophyll concentration (C) and multiplying by
100, such that
P1 = (C1 /C) × 100,

(9.5)

P2 = (C2 /C) × 100,

(9.6)

P3 = (C3 /C) × 100,

(9.7)

where P1 , P2 and P3 represent the percentages of pico-, nano- and microphytoplankton to the total chlorophyll concentration (C). Parameter values for C1,2 m , C1 m , S1,2
and S1 were taken from Table 1 in Brewin et al. (2010b), and set to 1.06, 0.11, 0.85
and 6.80, respectively. When using these parameters, the model performed well
when applied to satellite chlorophyll data and compared with in situ measurements
(see section 4.3 in Brewin et al. 2010b).
Figure 9.1 shows the results from applying the model of Brewin et al. (2010b) to
SeaWiFS satellite data for January and July 2006. The model was applied to daily
total chlorophyll (C) images from each month and then averaged to produce the two
monthly composite images. The results show clearly that very small phytoplankton
cells (picophytoplankton, <2µm) dominate in the low-production, subtropical gyres,
medium-sized cells (nanophytoplankton, 2-20 µm) predominate in the equatorial
upwelling area and in higher latitude regions depending on the boreal or austral
summer. Relatively large cells (microphytoplankton, >20µm) dominate in coastal
areas and during highly productive events, such as high-latitude spring/summer
blooms. Furthermore, the size fractionation shows that nanophytoplankton tend to
maintain a background population of between 20-50% of the standing stock in most
regions, whereas pico- and microphytoplankton have larger spatial variability.

9.1.2

Equatorial Pacific

The equatorial Pacific is a unique region of our oceans. It can act as a large source of
CO2 to the atmosphere through the upwelling of CO2 -rich waters along the equator
and advection of CO2 -rich waters from the South-American coast (Etcheto et al. 1999;
Feely et al. 1999), and also a sink though primary production and export (Takahashi
et al. 2002). It is one of only three open-ocean areas that, despite having high nitrate
and phosphate concentrations, display moderately-low phytoplankton biomass
(Martin 1991; Behrenfeld et al. 1996) and are referred to as exhibiting High Nutrient,
Low Chlorophyll characteristics (HNLC, Thomas 1979). This enigma has been linked
to either the lack of iron that limits the growth of the phytoplankton (Martin and
Fitzwater 1988; Behrenfeld et al. 1996; Coale et al. 1996) or to a large amount
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Figure 9.1 The percentage of total chlorophyll-a attributed to each of three
phytoplankton size classes calculated according to the model of Brewin et al.
(2010b), for the months of January and July 2006. The model was applied to
daily Level 3 SeaWiFS composite images from each month and then averaged to
produce monthly composites. Light grey pixels represent unidentified pixels
due to cloud coverage or high sun zenith angles and dark grey pixels represent
land.

of grazing from higher trophic levels that limits phytoplankton growth (Walsh
1976; Cullen 1991). Despite exhibiting moderately-low phytoplankton biomass,
changes in the phytoplankton composition and sporadic large-scale accumulations
of phytoplankton biomass have been found to occur (Chavez et al. 1990; Ryan
et al. 2002), making the equatorial Pacific an ideal site to monitor variations in
phytoplankton composition from satellite.
The model of Brewin et al. (2010b) was developed using an extensive dataset
from the Atlantic Ocean, and validated using data with wider geographical coverage.
However, the model of Brewin et al. (2010b) has not been validated in the equatorial Pacific. In light of this, 32 High Performance Liquid Chromatography (HPLC)
pigment measurements (depth <10m) were downloaded from the NASA SeaBASS
dataset (Werdell and Bailey 2002). Using diagnostic pigment analysis (Vidussi et
al. 2001; Uitz et al. 2006; Brewin et al. 2010b) the in situ size-specific chlorophyll
concentrations (C1 , C2 and C3 ) and size-specific percentage contributions to the total
chlorophyll concentration (P1 , P2 and P3 ) were calculated for each sample. Then the
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model of Brewin et al. (2010b) was applied to the in situ chlorophyll concentration
to estimate C1 , C2 , C3 , P1 , P2 and P3 (Equations 9.1 – 9.7). Figure 9.2 shows the
location of the 32 pigment measurements and a comparison between the diagnostic
pigment-derived values and the values derived using the model. The two agreed well
with an absolute root mean square error (RMSE) of 0.006 to 0.010 mg m−3 for the
size-specific chlorophyll concentrations, and between 4.4 to 9.4 % for the percentage
contributions to the total chlorophyll concentration, supporting the application of
the Brewin et al. (2010b) model to the equatorial Pacific.

Figure 9.2 Location of the 32 HPLC pigment measurements used to validate
the model of Brewin et al. (2010b) for use in the equatorial Pacific. The biomebased system of Hardman-Mountford et al. (2008) is superimposed on the globe
with dark grey to light grey areas representing a transition from biomes with
very low chlorophyll-a to biomes with very high chlorophyll-a . Results of the
validation are shown to the left (C1 , C2 and C3 ) and right (P1 , P2 and P3 ) of the
globe.

In this case study we apply the model of Brewin et al. (2010b) to daily, Level 3,
SeaWiFS chlorophyll composites to produce two 8-day composites of the percentage
contribution of the three size classes to total chlorophyll (P1 , P2 and P3 ), for 28
July – 4 August 1998 and 2003. We also produce two images of SST derived from
the Advanced Very High Resolution Radiometer (AVHRR) sensor, for the same
time periods. Differences in SST and the community composition of the three size
classes, for the same seasonal week in the two contrasting years, are mapped in the
equatorial Pacific.
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Data and Methods

Sixteen daily Level 3 mapped SeaWiFS chlorophyll composites were downloaded
from the NASA ocean colour website (http://oceancolor.gsfc.nasa.gov/), encompassing two eight-day periods.
- Week 1 (28 July – 4 August 1998)
- Week 2 (28 July – 4 August 2003)
All SeaWiFS data were extracted from the zipped format. Two SST AVHRR global
composites for the same 8-day periods (week 1 and 2) were downloaded from the
NASA Jet Propulsion Laboratory Physical Oceanography Distributed Active Archive
Centre (ftp://podaac.jpl.nasa.gov/). Night time AVHRR Pathfinder (Version 5)
8-day means of sea surface temperature (SST) at 4 x 4 km2 resolution were used.
Night time SST products were used so that the solar radiation bias (the diurnal
fluctuation in SST) that can occur from surface heating during daytime could be
avoided. We used global, equal-angle, best SST. Information on the data used in this
study is outlined in Table 9.1.
The software used in this study was IDL Version 6.3, Microsoft Windows (Win32
x86 m32). All IDL code developed for this study is available at http://www.ioccg.
org/handbook/Brewin/. The procedure below has been developed into an IDL program (Handbook_RS_PSC_code.pro) to allow the reader to reproduce this example
(see section 1.4 Training below).
The first step involves loading the sixteen daily Level 3 mapped SeaWiFS chl-a
composites into the IDL program. All sixteen daily SeaWiFS composites are loaded
into IDL using code developed by the Ocean Color Discipline Processing Group
(readl3smi.pro). This code is designed to simplify the reading of SeaWiFS standard L3
mapped images, and converts the digital numbers (DN) of the image to chlorophyll-a
values (mg m−3 ). Once these images are loaded, the Brewin et al. (2010b) algorithm
(Equations 9.1 – 9.7) is applied to each daily image on a pixel-by-pixel basis to derive
P1 , P2 and P3 (the percentages of pico-, nano- and microphytoplankton to the total
chlorophyll-a concentration (C)).
The daily composites from week 1 are then averaged to create 8-day composites
of P1 , P2 and P3 , and the same averaging is applied to the eight daily composites
from week 2. Note that we applied the Brewin et al. (2010b) algorithm to daily
images then averaged to produce an 8-day composite, as opposed to applying the
algorithm directly to 8-day SeaWiFS chlorophyll-a composites, as the nonlinearity of
equations 1 and 2 could introduce errors when applying the model directly to 8-day
SeaWiFS chlorophyll-a composites.
The two SST images are then loaded into IDL using IDL code developed by
the National Oceanographic Data Centre (pathfinder_v5_hdf_read.pro). Once these
images are loaded, the data is converted to SST values (◦ C) from digital numbers
(DN) according to:
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(9.8)

where the value 0.075 represents the slope and -3.0 the y-intercept. This results in
six, 8-day, 9 x 9 km2 resolution composites (arrays of [4320, 2160]) of P1 , P2 , P3 for
both week 1 and 2, and two 8-day 4 x 4 km2 resolution composites (arrays of [8192,
4096]) of SST for both week 1 and 2. The differences between the two contrasting
weeks are then calculated according to:
P1,D = P1 (week1) − P1 (week2),

(9.9)

P2,D = P2 (week1) − P2 (week2),

(9.10)

P3,D = P3 (week1) − P3 (week2),

(9.11)

SSTD = SST(week1) − SST(week2),

(9.12)

where, P1,D , P2,D , P3,D and SSTD refer to the difference between the three size
classes and SST of the two contrasting weeks. This results in 12 images to be used
for analysis: P1 (week1), P2 (week1), P3 (week1), SST(week1), P1 (week2), P2 (week2),
P3 (week2), SST(week2), P1,D , P2,D , P3,D and SSTD . All 12 images are then rescaled to
36 x 36 km2 resolution, to reduce computational requirements when plotting the
images.
A plotting procedure is then set up to plot each of these 12 images and reproject them using an orthographic projection. The corresponding latitude and
longitude values were calculated for each pixel. Values of each pixel in the image
are binned into 256 ranges, and each range is assigned a colour depending on the
colour scheme chosen. These 256 bins are then plotted onto an image of 1080
by 540 pixels, with each pixel representing 36 x 36 km2 resolution. All pixels
with no values (either due to cloud coverage or high sun zenith angles) are binned
and assigned a light grey colour before being plotted. Using the SeaWiFS entire
mission chlorophyll-a composite, a land mask has been developed (see "Land_mask",
http://www.ioccg.org/handbook/Brewin/Data/) and the land is assigned a dark
grey colour before being plotted onto the image.
Each image is then re-projected to an orthographic projection using the IDL
functions "map_set.pro" and "map_proj_image.pro". Here we took the latitude of
the point on the Earth’s surface to be mapped to the centre of the projection plane
to be 0◦ , and the longitude of the point on the Earth’s surface to be mapped to the
centre of the map projection to be -130◦ , to focus our attention to the equatorial
Pacific. All 12 images are then projected onto the same image montage for analysis,
and the respective colour bars for each image are also plotted (Figure 9.3).
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Table 9.1 Satellite data used in the study (also available at http://www.
ioccg.org/handbook/Brewin/Data/), including a land mask.
Date

Data

Filename

Location

Use

28/07/98

chl-a

S1998209.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

29/07/98

chl-a

S1998210.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

30/07/98

chl-a

S1998211.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

31/07/98

chl-a

S1998212.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

01/08/98

chl-a

S1998213.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

02/08/98

chl-a

S1998214.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

03/08/98

chl-a

S1998215.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

04/08/98

chl-a

S1998216.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

28/07/03

chl-a

S2003209.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

29/07/03

chl-a

S2003210.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

30/07/03

chl-a

S2003211.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

31/07/03

chl-a

S2003212.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

01/08/03

chl-a

S2003213.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

02/08/03

chl-a

S2003214.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

03/08/03

chl-a

S2003215.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

04/08/03

chl-a

S2003216.L3m_DAY
_CHL_chlor_a_9km.bz2

http://oceancolor.gsfc.nasa.gov/
cgi/l3

8-day
PSC

28/07/98
04/08/98

SST

1998209-1998216.
s0481pfv50-bsst-16b

ftp://podaac.jpl.nasa.gov/pub/

8-day
SST

28/07/03
04/08/03

SST

2003209-2003216.
s0484pfv50-bsst

ftp://podaac.jpl.nasa.gov/pub/

8-day
SST
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Demonstration Section

Figure 9.3 shows a plot of the 12 images developed in the previous section where
(a), (d), (g) and (j) are from week 1, (b), (e), (h) and (k) are from week 2, and (c), (f), (i),
and (l) show the differences between the two weeks. The percentage of chlorophylla attributed to microphytoplankton is shown in the top three images (a-c), that
attributed to nanophytoplankton in the next three (d-f), then picophytoplankton
(g-i). The bottom three images represent SST (◦ C, j-l).
When analysing the microphytoplankton images (Figure 9.3a-c), one notices a
higher proportion of microphytoplankton in the equatorial region during week
1 compared with week 2. This is highlighted in Figure 9.3c which shows the
differences between the two microphytoplankton images and indicates 20% higher
microphytoplankton % chlorophyll-a in the equatorial Pacific during week 1, with
differences as high as 50% in the centre of this bloom, when compared with week 2.
When analysing the nanophytoplankton images (Figure 9.3d-f), one also notes
slightly higher nanophytoplankton % chlorophyll-a in the equatorial region and
slightly lower % chlorophyll-a just south-east of the equator during week 1 when
compared with week 2 (Figure 9.3f). In contrast to the microphytoplankton, there
is a significantly lower picophytoplankton % chlorophyll-a in the equatorial region
during week 1 when compared with week 2 (Figure 9.3i). Furthermore, in contrast to
nanophytoplankton, higher picophytoplankton % chlorophyll-a can be observed just
south-east of the equator during week 1, compared with week 2 (Figure 9.3i).
Turning our attention to the SST images (Figure 9.3j-l), significant differences
are noted between the two weeks. During week 1, lower SST values are seen in the
central equatorial Pacific and slightly higher SST values in the south-east equatorial
Pacific when compared with week 2.

9.4

Training

To help interpret the case study, we will now go through each of the steps to generate
Figure 9.3. An IDL program (Handbook_RS_PSC_code.pro) was developed to allow
the reader to reproduce this example.

v Step 1: Download all the files needed for the case study (Table 1) from http:
//www.ioccg.org/handbook/Brewin/Data/ and save them to an appropriate
folder on your desktop. Extract all the SeaWiFS files with the extension ".bz2"
from their zipped format.
v Step 2: Download all the IDL code needed for the case study from http:
//www.ioccg.org/handbook/Brewin/IDL%20Code/ and save it to your IDL path
directory.
v Step 3: Open IDL and type "handbook_RS_PSC_code" into the command
prompt. A dialog box will appear titled "Browse for folder". Locate the folder
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Figure 9.3 Plot of the 12 images developed in the case study. Figures (a), (d),
(g) and (j) are from week 1, (b), (e), (h) and (k) from week 2, and (c), (f), (i), and (l)
show the differences between the two weeks. Microphytoplankton % chlorophylla is shown in the top three images (a-c), followed by nanophytoplankton (d-f),
then picophytoplankton (g-i), and at the bottom are the three SST images (j-l) in
◦
C.

where you saved the input data in step 1 and press "OK".
v Step 4: The code will then run through the methodology described in section
9.2 (Data and Methods) and save Figure 9.3 to the directory where the files
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were downloaded in step 1.
v NOTE: This program was run on Windows, using an Intel(R) Core(TM) 2 CPU
6320 @ 1.86GHz with 1.97GB of RAM. Using this computer, the code takes
about 8 minutes to run. The code may take longer/shorter to run on other
machines, may need to be manipulated for a UNIX/LINUX environment, and
may need to be manipulated for other version of IDL (currently developed for
IDL Version 6.3).

9.5

Questions

Q1: What phenomena may be causing the high microplankton % chlorophyll-a
(Figure 9.3a) and the low SST values (Figure 9.3j) in the central equatorial Pacific
during week 1?
Q2: Considering that the two 8-day composites are taken at the same seasonal time
period, why are there such large differences in both SST and the phytoplankton
community composition in Figure 9.3c, f, i and l?
Q3: How do the higher SST values south-east of the equatorial Pacific in week 1 (Figure 9.3j and l) appear to be influencing the phytoplankton community composition?

9.6

Answers

A1: The phenomena causing the high microplankton % chlorophyll-a (Figure 9.3a)
and the low SST values (Figure 9.3j) in week 1, in the central equatorial Pacific, is
the 1997-1999 El Niño/La Niña event. The periodic occurrence of El Niño and La
Niña episodes has a strong effect on the physical forcing in the equatorial Pacific.
Under non-El Niño conditions, easterly trade winds create a channel of cold surface
water along the equator, referred to as the Eastern Equatorial Undercurrent (EUC).
The EUC flows eastward across the equator at a depth of 20 to 200 m (Toggweiler
and Carson 1995). During an El Niño event, a weakening or reversal of the trade
winds occurs, which weakens the EUC and hence subdues the upwelling of cold
nutrient rich waters and deepens the thermocline. Surface waters become warmer
and nutrient poor. During a La Niña event, there is a strengthening of the trade
winds, which strengthens the EUC, enhancing the upwelling of cold nutrient rich
waters and raising the thermocline.
The 1997-1999 El Niño/La Niña event was the strongest of the 20th century
(Kerr 1998; McPhaden 1999). During July/August 1998 (week 1) a large La Niña
event occurred which strengthened the trade winds resulting in upwelling of cold
nutrient rich waters close to the surface (McPhaden 1999). This is clearly seen in
Figure 9.3l by the lower SST values during week 1 when compared with week 2 in the
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central equatorial Pacific (note that week 2 was during a non- El Niño/La Niña year).
This injection of cold nutrient rich waters during July/August 1998 ignited a huge
surface phytoplankton bloom, with a 40-fold increase in chlorophyll-a (Chavez et al.
1999). This phytoplankton bloom is the largest phytoplankton bloom observed in
the equatorial Pacific to date. This bloom, driven by the EUC, migrated from east to
west at a speed of 105 km day−1 and its shape was distorted by Tropical Instability
Waves (TIWs) (Chavez et al. 1999; Ryan et al. 2002) due to the meridional transport
linked to the propagation of TIWs (notice the wave like shape of the bloom in Figure
9.3c).
A2: Despite the two 8-day composites being at the same seasonal time period,
large differences in both SST and the phytoplankton community composition in
Figure 9.3c, f, i and l are related to the fact that week 1 was during a large La Niña
event (July/August 1998) and week 2 during non- El Niño/La Niña conditions. The
inter-decadal occurrence of the El Niño/La Niña phenomena appears to be related to
these differences.
Studies in the equatorial Pacific have suggested that diatoms do not contribute
more than 20% of phytoplankton biomass (Blanchot et al. 2001; Kobayashi and
Takahashi 2002; Dandonneau et al. 2004). Assuming diatoms comprise the majority
of the microphytoplankton in the Equatorial Pacific, this value compliments our
estimates of microphytoplankton % chlorophyll-a in non- El Niño/La Niña conditions
(week 2, Figure 9.3b). However, blooms of diatoms have been reported in this area
(Bender and McPhaden 1990; Chavez et al. 1990; Archer et al. 1997), particularly
under La Niña events (Chavez et al. 1999; Strutton and Chavez 2000; Ryan et al.
2002; Alvain et al. 2008). Under such conditions, and using the algorithm of Brewin
et al. (2010b), microphytoplankton appear to contribute as much as 70% of the
phytoplankton biomass (Figure 9.3a).
Iron limitation is especially important for diatoms (Boyd, 2002) and when nutrients and iron are abundant in the photic layer, diatoms grow rapidly and dominate
the phytoplankton population. Using in situ measurements, Chavez et al. (1999)
linked the elevated levels of macronutrients and enhanced supply of iron associated
with the La Niña event, to an increase in the concentration of diatoms (Table 1,
Chavez et al. 1999), supporting the results shown in Figure 9.3a-c.
Differences in nanophytoplankton between the two weeks are less pronounced
with slight increases in nanophytoplankton % chlorophyll-a at the periphery of the
microphytoplankton bloom in week 1 (Figure 9.3f). In contrast to microphytoplankton, picophytoplankton are seen to have much lower % chlorophyll-a across the
equatorial Pacific in week 1 when compared with week 2 (Figure 9.3i).
A3: The higher SST values seen in the south-east equatorial Pacific during week 1
(Figure 9.3j and l) appear to correspond to changes in the composition of nano- and
picophytoplankton. While much of this area is masked by cloud coverage in Figure
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9.3c, f and i, there is a slightly higher % chlorophyll-a of picophytoplankton in week
1 when compared with week 2 (Figure 9.3i) in the south-east equatorial Pacific. The
inverse is seen for nanophytoplankton (Figure 9.3f).
Since picophytoplankton are smaller in size, they have a higher surface-to-volume
ratio than nanophytoplankton, and hence can absorb nutrients with high efficiency
under nutrient limited conditions (Raven 1998). Therefore, in stratified, nutrient
depleted areas, such as the southern Pacific subtropical gyre, picophytoplankton are
expected to dominate (Chisholm 1992; Dandonneau et al. 2004; Ras et al. 2008).
When comparing Figure 9.3g with Figure 9.3h, the southern subtropical gyre
(indexed by the high levels of picophytoplankton >60 % chlorophyll-a south of the
equator) appears further north and east in Figure 9.3g when compared with Figure
9.3h, possibly causing these discrepancies. This may be linked to changes in physical
forcing during a La Niña event.

9.7

Summary

In this example we have highlighted the strong link between the community composition of the phytoplankton in the equatorial Pacific and the inter-decadal physical
forcing (in this case the El Niño/La Niña phenomena). Changes in the community
structure of phytoplankton appear to reflect changes in temperature in the equatorial Pacific. Larger phytoplankton cell sizes are associated with dynamic systems
where fresh nutrients are available, and smaller size classes are associated with
stratified, nutrient depleted regions. This tight coupling between the biology and
physics in the equatorial Pacific supports the idea that all the components of a
system, physical, biological and chemical, are intertwined, and that each component
of the system is intrinsically linked with another (Lovelock 1992).
Remote sensing makes it possible to collect data in dangerous or inaccessible
areas. It can also compliment costly and slow data collection in situ, ensuring that
areas or particles are not disturbed, and it offers repeat viewing and can be used
to monitor wide areas synoptically, not possible by conventional ground sampling
methods. However, the true capabilities of remote sensing can only come to fruition
when it is used in conjunction with in situ based measurements, for calibration
and validation purposes. With more optical and biological in situ measurements,
quantitative development and validation of the satellite PFT algorithms can continue. Furthermore, the synergistic benefits of using these observational techniques
in conjunction allow for well-constrained, accurate biological and geophysical parameters that can then be assimilated into mathematical models to improve their
parameterisation and our understanding needed to predict future change.
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