CHLOROPHYLL BLOOM IN THE WESTERN EQUATORIAL PACIFIC
1998 EL NINO / LA NINA TRANSITION: THE ROLE OF KIRI

DURING THE
BATI ISLANDS AS SEEN

FROM SATELLITE, IN-SITU DATA, AND A HIGH-RESOLUTION  SIMULATION

Monique Messié? , Marie-Héléne Radenal” , Jérome Lefévré?

@ | EGOS, 18 avenue Edouard Belin, 31401 Toulousexc@dFrance
@ Centre IRD de Nouméa, BP A5, 98848 NOUMEA Cedew, Galedonia

ABSTRACT

An uncommon bloom occurred in the western
equatorial Pacific near 170°E, during the transitio
between El Nifio and La Nifia conditions in 1998.
Previous studies attributed this bloom to largdesca
wind-driven upwelling and vertical mixing, but thelp
not explain its particular location that coincideith the
presence of small coral atolls: Gilbert Islandsptdic
of Kiribati. In this study combining satellite armat-situ

data with a regional physical model, we assess the

impact of Kiribati Islands on the different bloorhgses.
We show how the islands disrupted the dynamics and
the nutrient fields in this region, in such a wdatt
bloom-favorable conditions could be created [1].

1. INTRODUCTION

During the 1998 ElI Nifio / La Nifia transition, ocean
color observations from the recently launched S&&Wi
sensor showed a dramatic chlorophyll bloom thagagbr
between 160°E and 175°E in the equatorial Pacific.
Surface chlorophyll concentrations notably increase

from March to June 1998, and reached more than 0.8

mg m?® in May, in a region where chlorophyll
concentrations are usually low. Just prior to tent,

the thermocline and the nutrient pool were shallow
across the equatorial Pacific, and the ecosystem wa
nitrate-limited [2]. In such environmental condit&
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previous studies attributed the 170°E bloom to adwi
driven upwelling and to the shoaling of the irochri
Equatorial UnderCurrent (EUC), which brought both
nitrate and iron to the surface waters ([3], [4]){
However, nutricline and EUC shoaling took placehie
whole equatorial Pacific, while strongest easteniere
rather observed near the dateline. So a questinains:
why did the bloom occur at this particular locafion
Looking more carefully at ocean color images (Hia),

we observe chlorophyll-rich waters originating from
small islands east of the bloom, especially duting
bloom generation. The same islands are visibleem s
level anomalies (SLA, Fig. 1b) and sea surface
temperatures (SST, Fig. 1c) data. These are Gilbert
Islands, Republic of Kiribati, small coral atollsat drop
steeply down into the sea and form an obstacle tooth
the surface westward flowing South Equatorial Cutrre
(SEC) and the subsurface eastward flowing EUC. The
aim of this study is thus to assess whether tlands
played any role in the bloom generation and
development. In the context of a strongly uplifted
nutrient pool on the equatorial basin scale, we
investigated possible dynamical perturbations ieduc
by the islands that could favor the phytoplankton
growth. We used an integrated approach, combining
satellite andin-situ data with a modeling system, to
examine possible pathways of nitrate-rich and iioh-
waters, analyze why the chlorophyll bloom was
confined west of the Kiribati islands and infer thde
they played in the different bloom phases.
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Figure 1. SeaWiFS chlorophyll, mgta), Topex/Poseidon — ERS SLA, cm (b) and TMI SST,
°C (c) in the ROMS domain: March 22 to 28 1998 ager White stars indicate TAO buoys.
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Figure 2. 0°N-2°N longitude-time plots of a) SeaWifhlorophyll concentration (mg ) b)
Topex/Poseidon-ERS SLA (cm); and ¢) TMI SST {FiI@d.bloom domain and bloom peak are overlaid
on b) and c) as white lines. The purple arrows d¢até the islands position. Colored arrows show the
three phases of the bloom: 1- bloom generationdigye2- bloom peak (red), 3- bloom demise (blue)

2. DATA AND MODEL

In addition to SeaWiFS chlorophyll data (1/10° 8-
day composites), we used satellite anesitu data to
assess the physical context of the bloom. Variatioh
altimetric SLA are mainly the result of vertical tioms

of the thermocline. Therefore, altimetry is usefal
gather information about the variations of the Hept
the nutrient pool. We used Topex/Poseidon — ERS
combined product delivered by Space Oceanography
Division, CLS (1/3° weekly maps). SST were TMI 1/4°
weekly data. Data from the TAO moorings at 165°H an
180° (Fig. 1, white stars) provided temperaturefifesy
current profiles were also available at the 165°E
equatorial mooring. Then, we modeled the event with
the Regional Oceanic Modeling System (ROMS, [6])
with 1/6° horizontal resolution (160°E-182°E, 6°S-
11°N) and 30 vertical levels. We used two different
grids, one including the bathymetry (run K), ane th
other one without the islands (run NK). The model
reproduced the spatial patterns and temporal egalut
of SST and SLA, as well as the vertical structufe o
temperature and velocity. More details about thizda,

as well as about the model configuration and its
validation, can be found in [1].

3. BLOOM EVOLUTION

The bloom evolution as seen from satellite data
clearly shows a sharp step near the islands lotéfig.

2). Similarities in chlorophyll, SST and SLA evabrs
(Fig. 1 and 2) suggest a strong physical/biological
coupling at the time of the bloom. We separate the
bloom evolution into three different phases (Fig. 2

1- the bloom generation (January-April), when
chlorophyll concentrations increased slowly and SLA
was very low. We propose it may be due to an island
mass effect (8§3.1).

2- the bloom peak (April-May), when chlorophyll
concentrations reached 0.7 mg3nin a 0°N-2°N
average in less than two weeks by the end of Agnit
remained exceptionally high during several weeks.
Since the bloom peak was in phase with EUC shoaling
we propose that a sudden input of iron from the EUC
explained the amazing chlorophyll increase and the
bloom peak (83.2).

3- the bloom demise (June), when both chlorophyll
concentrations and SLA came back to their normal
levels. At the same time, an eastward advectiothef
bloom suggests that horizontal advection of chlbydp
poor waters from the west may have been responsible
for the bloom demise (83.3).
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Figure 3. Topex/Poseidon — ERS SLA (Apjl11998)



Figure 4. Passive tracer diagnostics’fsaveraged in
the 50 m upper layer and the 0°N-2°N latitude band
during a) the bloom generation (24 February — 2GiAp
1998) and b) the bloom demise (June): chlorophyll
changes (red), vertical advection (blue), horizénta
advection (green) and vertical mixing (purple).

3.1. Bloom generation

An island mass effect is defined as an increase of
chlorophyll concentrations and biological produitiiv
downstream of an oceanic island ([7]). Two main
mechanisms can drive an island mass effect: nttrien
input from land drainage, and upwelling/mixing el
eddies formed by the flow disturbance. Since Kiiiba
Islands are low coral atolls, land drainage iskalii to
bring nutrients into the surface waters, so herdogas
on the second mechanism.

A theoretical study of the Tarawa/Abaiang group of
islands (1.5°N) during the bloom generation (westlv
surface current) suggests that a vortex streeddies
occurred downstream of the islands at that time [1]
SLA data show negative spots in the wake of thaniks
(Fig. 3), which may be the signature of eddies. SLA
data suggest that flow past the islands was very
perturbed at that time, which should increase ngixin
and consequently nitrate inputs into the euphatyel.

The occurrence of an island mass effect during the
bloom generation is confirmed by the study of model
outputs [1]. We used a passive tracer to mimic the
behavior of nitrate-rich water masses during theoi.
Passive tracer evolution is in phase with chlordiphy
concentration evolution except during the bloomkpea
[1], which suggests that nitrate inputs were pdgsib
responsible for the bloom generation and demis¢, bu
not for the bloom peak.

We assess the processes at work during the bloom
generation by studying the passive tracer diagee$ti
the 50 m upper layer (Fig. 4a). A strong vertical
advection occurred near the islands, bringing tesive
tracer into the surface waters, while horizontal
advection removed it from this location. In the difo
area, both vertical mixing and vertical advectioarev
responsible for the passive tracer increase, anioapty
in the same manner for nitrate increase in the etiph
zone.

3.2. Bloom peak

The bloom peak coincided with a reversal of the
TAO currents at 40 m depth (Fig. 5), so the islarabs
effect weakened at this time and cannot explairh suc
high chlorophyll concentrations. However, this ewmtr
reversal is due to the shoaling of the EUC, whgchaid
to be the major source of iron for the equatoriatific
[8]. So there was probably a strong input of irotoithe
euphotic zone at that time.

In order to check this hypothesis, we injected
virtual lagrangian floats into the core of the EWEthe
western boundary of both grid K and NK. Resultsveho
that more floats reached the upper layer in ruraid
that the islands forced their location west of tHémn
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Figure 5. Zonal currents (cm'scolor and white line)
and temperature (°C, black contours) profiles frim
165°E equatorial TAO mooring. Purple (blue) lines

highlight the bloom peak (demise).



3.3. Bloom demise [4] Wilson C. and Adamec DJournal of Geophysical
Research106, 31175-31188, 2001.

The bloom demise in June coincided with the [5] RyanJ.P. et alProgress in Oceanograph$5, 263-

shallowest EUC (Fig. 5), which probably indicate a 285, 2002-_ -

reversal of the surface currents. In run K, surface [6] Shchepetkin A.F. and McWiliams J.COcean
currents reversed in June. At that time, the stafly Modelling 9, 347-404, 2005. _
passive tracer diagnostics shows that horizontal [7] Doty M.S. and Ogury M.Journal du Conseil
advection was responsible for the chlorophyll dasee International pour I'Exploration de la Me22, 33-
(Fig. 4b). So horizontal advection of chlorophytigw 37, 1956. _

waters from the west explained the bloom demisd, an [8] Gordon R.M. et al.Limnology Oceanography+2
its advection towards the east. (3), 419-431, 1997.

4. CONCLUSION

In the very specific context of the end of the sgo
1997 EIl Nifio event, the presence of Kiribati Islend
drove the chlorophyll bloom as follows. During the
bloom generation, an island mass effect initiated a
strong nitrate input in the euphotic zone, by the
combined effect of vertical advection and mixingoin
eddies formed by the flow disturbance. As a
consequence, the ecosystem probably shifted from
nitrate-limited to iron-limited. Then the shoaling the
EUC induced a sudden input of iron in the uppeetay
that lead to the dramatic chlorophyll increase oles
by the end of April. Chlorophyll concentrations
remained exceptionally high through May, until sigd
current reversal induced an eastward advection of
chlorophyll-poor waters from the west and the bloom
demise.

A coupled physical/biological model would be
useful to study nutrient (at least nitrate/iron)
colimitations and the succession of phytoplanktad a
zooplankton species to fully understand the bloom
mechanisms.

This study shows that Kiribati Islands had a strong
influence on the bloom generation and developmniant,
disturbing the dynamics and the nutrient fieldsuch a
way that they were directly responsible for thesgth
and location of both nitrate and iron inputs. Tibisom
has not been observed again until now, even ththegh
dynamical perturbation is probably always present.
Indeed, in “usual” conditions both nitrate and ifmools
are too deep to initiate such a bloom.
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