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Preface

Harmful algal blooms in stratified systems

The economic and public health issues related to harmful algal
blooms (HABs) in the sea mean that our need for understanding
these phenomena is as pressing as ever. Even though the debate
continues as to whether the increasing number of reported
harmful events is due to increased observation activity or a real
increase in their occurrence, the problems caused by HABs are
growing worldwide. There are three general features of harmful
algal blooms in stratified systems that must be emphasised. The
first, and most important of these is that they are naturally
occurring phenomena. They do not arise from anthropogenic
influences, although they can sometimes be enhanced by anthro-
pogenic practices. Second, they are caused by species that do not
numerically dominate the plankton either over broad regional
scales (10–100 km), and in many cases at length scales much
smaller. Finally they are not visible from the surface, and some
species not be easily observed with conventional oceanographic
instrumentation. There will always be the occasional exception to
these generalities, notably infrequent but visible ‘red tides', which
are mainly associated with stratified waters.

To further our understanding of HABs we need an intimate
knowledge of the ecophysiological behaviour of a relatively small
number of marine phytoplankton species out of the several
thousand that exist; only a few dozen species contain potent
toxins that get into the food chain via filter-feeding shellfish. There
is also the need to characterise the physical dynamics of the
coastal environment where these blooms impact, and to gain
insight into the important interactions between the physico-
chemical environment and the HAB organism that influence its
ecology.

There has been a change in approach to the study of HABs
over the past two decades in that it now often involves inter-
institutional or international co-operative research projects. The
Global Ecology and Oceanography of Harmful Algal Blooms (GEO-
HAB) programme commenced in 2000, with a key aim of fostering
international co-operative research on HABs across a multiplicity
of ecosystems and enviroments (GEOHAB, 2001; 2003). Its imple-
mentation included four core research projects (CRPs) on HABs: in
upwelling systems (GEOHAB, 2005), eutrophic systems (GEOHAB,
2006), stratified systems (GEOHAB, 2008), and coastal bays and
fjords (GEOHAB, 2010a). A fifth project on HABs in benthic systems
commenced in 2010 (GEOHAB, 2012). The core research project on
HABs in Stratified Systems started with an Open Science Meeting
(OSM) held in Paris, 2005, where our current understanding of the
topic was outlined and key questions that need to be addressed
were identified. This volume comprises a set of papers describing a
wide range of research on HABs in stratified systems that has been
carried out subsequent to this meeting. Also included are results of

relevant modeling work performed since the GEOHAB modeling
workshop in Galway, 2009 (GEOHAB, 2011) and also research from
the GEOHAB Asia regional programme which commenced in 2008
(GEOHAB, 2010b).

There has been an historical link between HABs and stratified
systems. Until the late 1980's HABs were associated with dino-
flagellates and other marine flagellates which have an observed
preference for stratified environments. A case in point has
been described for Karlodinium by Dai et al. who note that cell
abundances of Karlodinium veneficum appear closely related to
water-column stratification in the East China Sea. The general
observational connection between flagellates and stratification is
reviewed by Wyatt who investigates Margalef's historic mandala
in the light of bloom strategies. The identification of toxin produ-
cing species in the diatom genus Pseudo-nitzschia spp. in the late
1980s altered several conceptual ideas of HAB ecology. Since
the 1987 domoic acid episode in Prince Edward Island, several
examples of stratified systems where blooms of Pseudo-nitzschia
have been observed have been identified. These are summarised
by Timmerman et al. who also describe the interplay between
nutrients and Pseudo-nitzschia blooms in Monterey Bay.

Harmful blooms in stratified systems occur over a wide range of
length scales. These are reviewed by Raine who describes the
range of scales that impinge on HABs that occur around Ireland.
Raine's review also demonstrates the cross-cutting nature of the
HABs in stratified systems, as he demonstrates their occurrence in
an upwelling situation and in coastal bays, two of the other
GEOHAB CRPs. An important length scale in stratified systems is
the vertical decimetre scale of the water-column density structure
in which we find sub-surface thin layers. These are thin under-
water ‘clouds' of phytoplankton occurring in very high cell density,
and there are records of virtually all groups of HAB species
occurring in these structures (see Table 1 in GEOHAB, 2008). We
now recognise that thin layers are important in the initiation and
development of HABs, as populations develop inside retentive
physical structures that are then transported towards the coast
where the HAB causes damage. The topic of thin layers was
a main issue discussed at a recent GEOHAB workshop held at
MBARI, California in August 2012, entitled Advances and chal-
lenges for understanding physical-biological interactions in HABs
in Stratified Systems. A summary of the workshop, which details
what we currently understand about HABs in stratified systems
including thin layers and lists remaining questions, can be found
in Berdalet et al. This article is supplemented in this issue by
papers that cover physical, biological and modelling considera-
tions of the phenomenon of HABs in thin layers. Doubell et al.
use state of the art sampling equipment to show that chlorophyll
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fluorescence measurements, which we routinely use as an indi-
cator of phytoplankton biomass, transition from representing a
continuum, or Gaussian process, to representing a discrete variable
or point process. Doubell et al. conclude that the scale at which
phytoplankton distributions are estimated by chlorophyll fluores-
cence is critical to the interpretation of microscale phytoplankton
spatial patterns. Farrell et al. describe the vertical and horizontal
controls determining the dimensions of a thin layer of a potentially
harmful haptophyte in the Bay of Biscay. They show the impor-
tance of shear in controlling the layer thickness and derive
horizontal diffusion from the geographic extent of the bloom.
Using a different approach, Jenkinson and Sun investigate the
relationship between exopolymerase substances produced by phy-
toplankton and rheological properties of the environment in the
form of drag resistance, a feature highly relevant to thin-layer
environments. In terms of biology, the existence of high density
populations as a strategy for reproduction is teased out by Wyatt
and Zingone, who develop the view that the phenomenon of
high density aggregations of dinoflagellates, in this instance with
the example of red tides, owes less to phases of massive vegetative
growth and more to programmed sexual or presexual swarming.
Farrell et al. describe the rate of cell division of a harmful dino-
flagellate, Dinophysis, within thin layers and indicate that the in situ
growth rates are high at 0.45–0.6 day�1 for those problematic
species Dinophysis acuta and Dinophysis acuminata. Finally, on the
subject of thin layers, Yamazaki et al. use a modelling approach
to investigate the significance of phototaxis within thin layers.
They show the importance of mixing caused by surface winds in
preventing the development of thin layers and set a threshold wind
speed above which thin layers do not develop in coastal waters.

The crosscutting nature of the HABs in Stratified Systems
project is demonstrated by the inclusion of papers describing
research in both upwelling systems and coastal bays. Lucas et al.
present an interesting data set using Wirewalker wave-powered
profilers deployed in the coastal shelf off Eland’s Bay, South Africa,
in the Benguela upwelling system. This approach has produced
some high-resolution data on subsurface biology and on the
physics driving the biological structure. The authors show a
diurnal-inertial resonance-driven mechanism for mixing-driven
nutrient flux, embedded within a low-frequency advective vertical
flux forced by Ekman dynamics. This enhances the efficiency of
wind forced upwelling in producing high phytoplankton produc-
tion. A different effect is that of wind stress curl on the uplift of
nutrients into the sea surface. Wang and Tang show how curl can
force patchiness in the chlorophyll distribution at the sea surface
off the east coast of Vietnam. Nearby, off southeastern Vietnam,
Smith et al. describe the phenomenon of giantism in the harmful
alga Phaeocystis globosa. The sudden appearance of this organism
represents a serious problem in the region as it affects aquaculture
and coastal ecology, mainly due to high biomass and oxygen
depletion. This organism produces giant colonies, some 3 cm in
diameter, and knowledge of the causes of giantism may help
mitigate the more deleterious impacts of the species. The authors
present initial results on the ecology of these giant colonies.

Water circulation patterns cause exchanges between bays and
the coastal shelf across a variety of scales. Boundary layers are
discussed by Ryan et al. who show multiple transitions in local
HAB phytoplankton communities, involving diatoms, dinoflagel-
lates, and raphidophytes through instrument deployments inside
and outside Monterey Bay. Their results show that transitions
were related to environmental changes that resulted from a
variety of processes occurring at or beyond the bay’s geographic
boundary. These were responses of oceanic circulation to wind
forcing, influxes of different water types that originated outside
the bay, and the emergence of strongly stratified nearshore waters
into the bay. Artigas et al. show how the physical modulation of

estuarine circulation determines the accumulation of phytoplank-
ton, including harmful organisms, within Alfacs Bay, a microtidal
estuary in the NW Mediterranean.

Upwelling along the Iberian coast impacts the rias of northwestern
Spain. Transport of water and plankton into and out of the bays occurs
with upwelling-downwelling cycles. Diaz et al. link the presence of
Pseudo-nitzschia in the Ria de Pontevedra to the water exchanges
that occurred during an upwelling-downwelling in 2007. Velo Suarez
et al. demonstrate how a population of Dinophysis can survive once
imported into the same ria, again during a downwelling event.

Two further papers describe vertical heterogeneity in the distribu-
tion of HABs in estuarine systems. The distribution of Dinophysis
and Protoceratium reticulatum in Reloncaví fjord, southern Chile, is
described by Alves et al. who linked the presence of yessotoxins in
shellfish with the occurrence of P. reticulatum. The relationship
between Dinophysis and DTX toxins in shellfish was not, however, so
straightforward. O’Boyle & McDermott describe an intense thin layer
of Akashiwo sanguinea in the upper reaches of Cork Harbour in Ireland.

It is evident that the topic of HABs in Stratified Systems is broad,
and observations of HABS in stratified systems cover a near-global
extent. This volume contains only a glimpse of the spectrum of
aspects of HABs in these environments. There are, of course, many
questions remaining. However, now that the end of the GEOHAB
programme is near, it is timely to document what we know. A more
detailed description of our current understanding and what is still to
be researched regarding HABs in stratified systems in general and
specific aspects on thin layers can be found in the report on the 2013
GEOHAB workshop at MBARI (www.geohab.info). A positive aspect is
that technological advances, many of which are described in this issue
and in the report, have expanded and facilitated our capabilities for
observing HABs in the sea considerably. The combination of research
and monitoring has assisted in overcoming the wide range of space
and time scales involved in tracking HABs, and modelling of HABs is
producing promising results increasing our ability to understand and
predict them.

1. Dedication

Patrick Gentien was a senior research scientist based at IFREMER,
Brest. His work was dedicated to advancing scientific research on
HABs. He served as chair of the ICES-IOC working group on HAB
dynamics (1996–1998), and was the French delegate to the Inter-
governmental Panel on Harmful Algal Blooms (IPHAB). He was
centrally involved in the inception of the GEOHAB programme
in 1999, serving as the first chairman of the Scientific Steering
Committee until 2003. He was the chair of the GEOHAB CRP HABs
in Stratified Systems project from its inception. His research ranged
from developing new technology, studying ecosysems, through to
experiments with cultures of individual HAB species. He helped
create ongoing links and bridging gaps between HAB biologists,
physicists and modellers worldwide.

His untimely death in 2010 shocked and saddened us all. The
HAB research community lost a sharp mind, a warm personality
and a generous, inspiring spirit. Those of us who knew him and
worked with him remember him with respect and affection. This
volume is dedicated to Patrick.
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