1 An Introduction to Harmful Algae

E. GRANELI and J.T. TURNER

Harmful algae have been the subjects of scientific and societal interest for
centuries. Because blooms of toxic dinoflagellates were known to occasionally
discolor water red or brownish red, they were, and still are known as “red
tides.” Water discoloration was noted for the lower Nile in the Bible (Exodus
7:20-21), and Darwin made microscopic observations of discolored water
from an apparent dinoflagellate bloom off Chile during the voyage of the
HMS Beagle (“Some of the water placed in a glass was of a pale reddish tint
and, examined under a microscope, was seen to swarm with minute animalcu-
lae darting about and often exploding. Their shape is oval and contracted in
the middle by a ring of vibrating curved ciliae.”) (Galtsoff 1949, 1954).

In this book, the term “harmful algae” (HA) is used in a broad sense, refer-
ring to algae that can cause a variety of deleterious effects on aquatic ecosys-
tems, including negative aesthetic effects such as beach fouling, oxygen defi-
ciency, clogging of fish gills, or poisoning of various organisms. A direct effect
of some HA blooms can be oxygen deficiency in deep waters, which in turn,
causes mass mortality of benthic animals and fish kills (Granéli et al. 1989).

Some red-tide dinoflagellates and other harmful algae produce powerful
toxins that can cause fish kills or shellfish poisoning. Included are PSP (para-
lytic shellfish poisoning), DSP (diarrhetic shellfish poisoning), ASP (amnesic
shellfish poisoning), and NSP (neurotoxic shellfish poisoning), as well as
other yet-uncharacterized toxins (see Turner and Tester 1997; Wright and
Cembella 1998; Cembella 2003). Such toxicity can cause shellfish intoxication,
leading to human fatalities, as well as vectorial intoxication whereby toxins
are accumulated and transported through pelagic food webs by feeding inter-
actions, leading to mortality of fish, seabirds, or marine mammals. In some
cases, toxic blooms of flagellates of the genera Chrysochromulina or Prymne-
sium can disrupt entire ecosystems (Edvardsen and Paasche 1998).

In addition to toxicity, there are other adverse effects prompting the recent
use of the more inclusive term “harmful algae.” Such additional effects include
organic loading leading to anoxia, such as in the 1976 bloom of Ceratium tri-
pos oftf New York or the 1987-88 Ceratium spp. blooms in the Kattegat, beach
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fouling associated with massive blooms of Phaeocystis spp. off northern
Europe, irritation of fish gills leading to suffocation by spines of Chaetoceros
spp., or disruption of ecosystems by brown tides in Narragansett Bay, Long
Island embayments, or the Laguna Madre of Texas. The economic impact of
such blooms can be substantial.

Are harmful algae unique, compared to other phytoplankton? They cer-
tainly are in terms of the above-mentioned adverse effects that are of interest
to humans, but other than producing toxins or other noxious chemicals, are
they substantially different from other phytoplankters? Possibly they are not.
Harmful algae (HA) as well as other species of phytoplankton and other
organisms are all following their own autecological agendas, which together
comprise community synecological dramas. Further, HA phytoplankton com-
prise only a small proportion of all phytoplankton species. Of the known
5,000 named living phytoplankton species (Sournia et al. 1991), known HAB
species comprise some 300 species that can cause water discoloration, and
only some 80 species that produce toxins that can cause human shellfish poi-
soning (Hallegraeff 2003).

Why are some phytoplankton toxic? It is often assumed that production of
these toxins evolved to deter grazers. However, if such toxins poison primar-
ily consumers of shellfish, or other upper-level consumers such as seabirds,
marine mammals, and humans, rather than primary grazers of phytoplank-
ton, such as bivalves and zooplankton (Turner et al. 1998), can these toxins be
considered effective grazing deterrents? Other HA toxins appear to be
involved primarily in allelopathy, being released in the dissolved state into
seawater and causing deleterious effects on other competitor phytoplankton
species (Fistarol et al. 2003, 2004; Legrand et al. 2003). HA toxins may be sec-
ondary metabolites that are only coincidentally toxic, being primarily associ-
ated with other processes such as nitrogen storage, nucleic acid biosynthesis,
bioluminescence, chromosomal structural organization, ion channel trans-
port across membranes, bacterial endosymbiosis, or pheromones inducing
sexuality during bloom decline, rather than serving as grazer deterrents
(Cembella 1998).

HA taxa seem to possess various attributes that enable them to form mas-
sive blooms that can dominate their ecosystems for extended periods of time.
What are these attributes? Do toxins serve as deterrents that poison zooplank-
ton grazers that might otherwise control HA blooms? Do toxins act as
allelopathogens to wage chemical warfare upon other phytoplankton species
that are competitors of HA species for light and nutrients? Why are toxins
produced by scores of species from various microalgal groups, including
dinoflagellates, diatoms, cyanobacteria, raphidophytes, pelagophytes, hapto-
phytes, chrysophytes, and prymnesiophytes? Are HA blooms primarily due to
meteorological or physical oceanographic anomalies that sporadically cause
unusually high concentrations of HA species that are otherwise compara-
tively rare? Are HA blooms in response to anthropogenic nutrient loading
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from agriculture or sewage? Questions such as these, together with sugges-
tions that HA blooms are possibly increasing in frequency and geographic
extent in response to anthropogenic activities, have prompted increased inter-
est in HA bloom ecology over the last decade. This increased interest in HA is
not just confined to the scientific community, but also extends to the general
public and governments that support scientists.

The recent flowering of interest in HA blooms has prompted a renaissance
in the study of phytoplankton ecology. Because it is important to know
whether an algal bloom is caused by an environmentally benign species or
one that can poison or kill humans or other organisms of interest to them,
such as fish, seabirds, or marine mammals, the importance of “species” has
returned to the study of phytoplankton. This is after several decades of ban-
ishment of taxonomy from a field that largely viewed phytoplankton cells as
no more than chlorophyll containers, uptakers of radioisotopes, or as “parti-
cles” that served as food for zooplankters. Indeed, many phytoplankton ecol-
ogists appear to have recovered from the seduction in the 1960s and 70s by
fluorometers, liquid scintillators, and electronic particle counters, and
returned to microscopes and flow cytometers in attempts to better quantify
and identify the taxa we study. Because (as students often complain), under
the microscope, many different things “all look alike,” HA phytoplankton ecol-
ogy has been at the forefront of prompting all phytoplankton ecology to join
the recent revolution in molecular biology in order to better identify and
study phytoplankton species of interest. We now know much more about not
only HA phytoplankton, but all phytoplankton then we did a few short years
ago.

The recent growth in HA phytoplankton ecology as a scientific discipline is
evidenced by the increasing frequency and size of its international meetings.
The first international conference on harmful algae was held in Boston, Mass-
achusetts, USA in 1974, with approximately 100 coauthors of less than 50
papers listed in the table of contents. Since then, at subsequent conferences
(2nd, Miami, Florida, USA, 1978), (3rd, St. Andrews, New Brunswick, Canada,
1985), (4th, Lund, Sweden, 1989), (5th, Newport, Rhode Island, USA, 1991),
(6th, Nantes, France, 1993), (7th, Sendai, Japan, 1995), (8th, Vigo, Spain, 1997),
(9th, Hobart, Tasmania, Australia, 2000), (10th, St. Petersburg, Florida, USA,
2002), (11th, Cape Town, South Africa, 2005), participation has steadily grown
to a maximum (in St. Petersburg) of 629 published abstracts of talks or
posters in the conference program with participants from 48 countries. In
addition, other notable international meetings addressing HA blooms
included (to name a few) the International Symposium on Red Tides in Taka-
matsu, Japan (1987), the “Novel Phytoplankton Blooms” meeting on Long
Island, New York, USA (1988), the “Physiological Ecology of Harmful Algal
Blooms” meeting in Bermuda (1996), two symposia on harmful marine algae
in the United States in Woods Hole, Massachusetts, USA (2000 and 2003), nine
Canadian workshops on harmful marine algae (up through 2005), the Harm-
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ful Algae Management and Mitigation Conference in Subic Bay, Philippines
(1999), several Gordon Conferences, at least six conferences on toxic
cyanobacteria (up through 2004), and special sessions at meetings of ASLO
(American Society of Limnology & Oceanography) and/or AGU (American
Geophysical Union) or TOS (The Oceanography Society), EUROHAB work-
shops (1998 Kalmar, Sweden, 2003, Amsterdam, Netherlands), the GEOHAB
Open Science Meeting on HABs and Eutrophication (Baltimore, Maryland,
USA, 2005), and others. There is also a new journal, Harmful Algae, which
began publishing in 2002. Further evidence for the growth of this discipline is
the increased research funding that is being invested by governments
throughout the world for the study of harmful algae.

Despite this increased activity, the last major organized published synthe-
sis of HA ecology was the volume from the Bermuda meeting in 1996 (Ander-
son et al. 1998). This volume addressed most major areas of HA science,
through a combination of organism-based reviews (for example, Alexan-
drium complex and related species, fish-killing taxa such as Chattonella spp.,
Heterosigma akashiwo, Gymnodinium breve, Pfiesteria piscicida, Prymnesium
spp. and Chrysochromulina spp., and other taxa, including species of Phaeo-
cystis, Dinophysis, Pseudo-nitzschia, and Noctiluca). Other reviews focused on
subjects that applied to various HAB species such as genetic variation, chem-
istry and physiology of various toxins, phagotrophy, and interactions of vari-
ous HAB taxa with grazers, parasites, nutrients, trace elements, turbulence,
and bacteria.

Although the reviews in the volume from the Bermuda meeting were excel-
lent and comprehensive for the time, they are now almost a decade old and
somewhat dated by recent developments. Accordingly, we were approached by
Springer-Verlag with a request to compile an updated synthesis of HA ecol-
ogy, organized primarily around processes and questions, rather than organ-
isms. Thus, we invited a global assemblage of active HA researchers to con-
tribute to the chapters in this volume, and many of these same specialists had
also contributed to the previous Bermuda meeting volume. All chapters in
this volume were peer-reviewed, by 1-3 reviewers in addition to the editors.
We hope that this volume will complement other recent reviews and synthe-
ses in Harmful Algae and other journals and in international HA meeting vol-
umes to identify gaps in our present understanding of HA ecology and to sug-
gest areas for additional research.
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