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Lagoons, including estuaries and wetlands, are important biotopes of the coastal wetland ecosys-
tem of the Ionian Sea (NW Greece) that harbour a variety of marine species including phyto-
plankton. While investigating phytoplankton strains for aquaculture applications, the diversity
of potentially harmful microalgae in six coastal lagoons of the Epirus region (Ionian Sea) was
appraised. Results show that there is a great variety of potentially harmful species, mainly of the
class Dinophyceae (Prorocentrum, Dinophysis, Protoperidinium, Amphidinium, Alexandrium,
Scrippsiella, Gyrodinium and Gymnodinium) and the harmful Prymnesium parvum of the class
Prymnesiophyceae. These results stress the need for maintenance of the ecological balance of
these biotopes and for their protection from eutrophication which can cause extensive blooming

of harmful species.
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INTRODUCTION

Lagoons, estuaries and wetlands are important bioto-
pes of the coastal wetland ecosystems. These bioto-
pes act as “reservoirs” and natural nurseries for a va-
riety of marine species including phytoplankton, and
are therefore physically and biologically exploited by
fisheries and aquaculture worldwide (Costanza et al.,
1997; Beck et al., 2001; Gillanders et al., 2003; Mar-
ques et al., 2004; Able, 2005; de Groot et al., 2006).
Phytoplankton species in lagoons, which are poten-
tially harmful due to their capability to bloom or pro-
duce toxins, pose a threat not only to fisheries and
aquaculture but also to other marine species that are
part of the ecological web (Luttenberg et al., 2000;
Anderson et al., 2001; GEOHAB, 2001). Potentially
harmful microalgae in Greek coastal waters have
been reported in several areas of the Aegean Sea and
only in the closed embayment of the Amvrakikos
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Gulf in the Ionian Sea. Most frequently, species that
cause harmful incidents are those of the genera Dino-
physis, Gymnodinium, Alexandrium and Prorocentrum
(Moncheva et al., 2001; Nikolaidis et al., 2005).
While investigating phytoplankton strains for a-
quaculture applications, the diversity of potentially
harmful microalgae that could pose problems in six
coastal lagoons of the Ionian Sea in Epirus region
(NW Greece) was appraised. These lagoons are ex-
ploited by local fisheries and are considered as sites
of ecological significance by the Natura 2000 Net-
work and the Ramsar Convention on Wetlands.

MATERIALS AND METHODS

The investigated lagoons were Alykes (39°36" N
20°11" E), Vodas (39°34' N 20°09" E), Kalaga (39°31"
N 20°10" E), Vatatsa (39°31' N 20°11" E), Rhodia
(39°05" N 20°49' E) and Tsoukalio (39°04' N 20°50’
E). Alykes, Vodas, Kalaga and Vatatsa are semi-closed
coastal lagoons of the Kalamas river delta system on
the Ionian Sea, whereas the closed lagoons Rhodia
and Tsoukalio are part of the Louros river delta in
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the Amvrakikos Gulf (Ionian Sea) and are intercon-
nected with a narrow opening about 4 m deep.

Monthly water sampling was carried out from O-
ctober 2005 until December 2006 using a Hydro-Bios
1L Ruttner type flask (Kiel, Germany) with water
temperature, salinity, dissolved oxygen (DO) and pH
also being measured using a YSI 550 instrument
(Yellow Springs, Ohio). The biotic samples taken at
a 1 m depth were fixed with Lugol solution and trans-
ported to the lab for phytoplankton identification and
imaging using a Zeiss (Gottingen, Germany) optical
microscope (at 100-1000x) and a Sony CCD Hyper
Had camera (Minato, Japan). Cell densities were e-
stimated using 25 ml Kolkwitz settling chambers and
a Zeiss inverted microscope (at 400x). Identification
of harmful phytoplankton species was based on works
by Tomas (1997), Zingone et al. (1998) and Hallegra-
eff et al. (2003).

RESULTS

Identification of phytoplankton species

Sampling revealed a variety of potentially harmful di-
noflagellates belonging to different orders of Dino-
phyceae (Gymnodiniales, Prorocentrales, Peridinia-
les, Gonyaulacales). The species Prymnesium parvum
Carter of the Prymnesiophyceae (identified via cell
shape, golden-yellow colour and the 2.5-3.0 um long
haptonema being on average 0.3-0.4 times the cell
length) was also present in the lagoons (Fig. 1). The
frequently occurring taxa are listed in Table 1. From
the data it appears that there are differences concern-
ing the occurrence of taxa between lagoons of the dif-
ferent systems. In the two closed and interconnected
coastal lagoons of the Amvrakikos Gulf (Rhodia,
Tsoukalio) four to five potentially harmful species ap-
pear at detectable densities for long periods of time
(4-10 months) while the other harmful species appear
in an erratic manner with a total number of 11 for
Rhodia and 15 for Tsoukalio. These two lagoons ex-
hibited the lowest average salinity and temperature
values with the highest seasonal variation (Table 2)
and the observed persistent taxa were Gymnodinium,
Karenia, Karlodinium and Prorocentrum. In the four
semi-closed lagoons the occurrence of harmful spe-
cies tended to be erratic with one or two species per-
sisting in Vodas, Kalaga and Alykes and three species
persisting in Vatatsa. The total number of harmful
species occurring in these lagoons at detectable den-
sities was 16 and 21 for Kalaga and Vatatsa (Vatatsa
embayment) and 12 and 15 for Alykes and Vodas

(near the Kalamas river mouth), respectively. The
most persistent taxa in these four lagoons were Proro-
centrum, Scrippsiella and Protoperidinium. Overall, the
seasonal fluctuations of microalgal diversity and spe-
cies persistence were observed to be related to salini-
ty and temperature changes within the lagoon waters
(annual mean values of abiotic water conditions are
listed in Table 2).

Populations of these potentially harmful microal-
gae were observed to reach low density levels (< 100
cells 1), except for the abundant planktonic Proro-
centrum species and especially P. minimum (Pavil-
lard) Schiller which was observed to reach ca 1950
cells I'! during early summer in Rhodia and Tsoukalio.

DISCUSSION

Most of the potentially harmful dinoflagellates found
in the investigated lagoons are considered cosmopo-
litan species and are found in the Mediterranean ba-
sin (Gomez, 2003). Accordingly, many of these po-
tentially harmful and/or toxic species have been pre-
viously reported in Greek coastal waters (Ignatiades,
1976; Pagou & Ignatiades, 1990; Moncheva et al.,
2001; Gémez, 2003; Koukaras & Nikolaidis, 2004;
Nikolaidis ez al., 2005; Ignatiades et al., 2007). Like-
wise, the presence of the dinoflagellate species listed
in Table 1 coincides with reports from Italian lagoons
(Alimini, Grande-Ionian Sea, see Vadrucci et al., 2004;
Venice, Adriatic Sea, see Tolomio & Moschin, 1995
and Aubry & Acri, 2004; Fusaro, Tyrrhenian Sea, see
Sarno et al., 1993 and Zingone et al., 1998; Varano,
Adriatic Sea, see Caroppo, 2001). These observations
demonstrate that many of these potentially harmful
species find a favourable environment to thrive within
these unique coastal ecosystems. The marked sea-
sonal fluctuations of salinity and temperature values
in the tested lagoons were accompanied by respective
fluctuations in microalgal diversity and species per-
sistence, in agreement with observations in other sim-
ilar ecosystems (e.g. Fusaro lagoon in the Tyrrhenian
Sea, Sarno et al., 1993).

The toxic haptophyte P. parvum has a wide distri-
bution from temperate to subtropical coastal and
brackish waters (Tomas, 1997; Edvardsen & Imai,
2006) and there are reports on its presence in brack-
ish waters of the Mediterranean, including a lagoon
in the Ebro Delta, Spain (Edvardsen & Paasche, 1998).
In Greece, its presence has been documented by a to-
xic event that caused massive deaths of birds and fish
in the brackish (ca 5%o) Lake Koronia of N. Greece
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FIG. 1. Microscopic images of potentially harmful microalgal species observed in samples collected
monthly during the year 2006 in six lagoons of Epirus (Ionian Sea, NW Greece). (A) Akashiwo sangui-
nea (Hirasaka) G. Hansen et Moestrup, (B) Dinophysis acuminata Claparéde et Lachmann, (C) Dino-
physis sacculus Stein, (D) Ceratium furca (Ehrenberg) Claparéde et Lachmann, (E) Ceratium massilien-
se (Gourret) Jorgensen, (F) Dinophysis cuadata Saville-Kent, (G) Karenia sp., (H) Prorocentrum gracile
Schiitt, (I) Prorocentrum rhathymum Loeblich, Sherley et Schmidt, (J) Prorocentrum minimum (Pavil-
lard) Schiller, (K) Scrippsiella spinifera Honsell et Cabrini, (L) Scrippsiella trochoidea (Stein) Loeblich
11, (M) Protoperidinium oblongum (Aurivillius) Parke et Dodge, (N) Protoperidinium pellucidum Bergh,
(O) Five cells of Prymnesium parvum Carter. Scale bars = 10 um.
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TABLE 1. Frequently occurring harmful microalgae observed during monthly samplings of the year 2006 in six lagoons of

Epirus (Ionian Sea, NW Greece)

Species Alykes | Kalaga Vatatsa Vodas | Rhodia |Tsoukalio
DINOPHYCEAE
Akashiwo sanguinea (Hirasaka) S Oct Sen. Oct
G. Hansen et Moestrup - B P ¢ - P, ¢
Alexandrium spp. Halim Feb, Nov | May, Nov - Oct Apr -
Oxytoxum sp. Stein - - May, Sep Feb - -
Amphidinium carterae Hulburt - - Apr, Nov - - Jun, Oct
Amphidinium spp. Claparede et Lachmann - Dec Sep, Dec - - Dec
Ceratium spp. Schrank - - Jun, Dec Dec - -
Dinop hy Sts acuminata - Oct, Dec | Aug, Dec Oct Oct | Sep, Dec
Claparede et Lachmann
Dinophysis caudata Saville-Kent - - Jul-Sep Oct - -
Dinophysis sacculus Stein Apr |Apr, Aug, Apr, Oct | Sep, Oct |Sep, Oct
Sep Aug-Oct
Gonyaulax spinifera (Claparede P
et Lachmann) Diesing B B un B B -
Gymnodinium spp. Stein Jan, Oct-Dec | Apr-Aug, |Nov, Dec| Apr-Oct| Jan-Oct
Apr-Jun Dec
Gyrodinium sp. Kofoid et Swezy B Nov - B Jul, Aug, | Jul, Aug,
Nov Nov
Karenia sp. G. Hansen & Moestrup Mar-Apr Dec  |Mar-Jul, Dec - Mar-Aug| Mar-Aug
Karlodinium sp. J. Larsen Mar-May | Mar May-Aug - Jul-Oct | Mar,
Jul-Oct
Prorocentrum gracile Schiitt Feb Oct, Dec |Feb, Sep-Dec| Dec - Oct, Dec
Prorocentrum minimum (Pavillard) Schiller| Apr, Jun Jun  |Apr,Jun,Jul| Jun |May-Dec|Apr- Dec
Prorocentrum nanum Schiller Feb Apr Jun - - -
Prorocentrum rhathymum D D
Loeblich Sherley et Schmidt - ee ee - - -
Prorocentrum triestinum Schiller Jun, Oct Jun Jun Aug - -
Prorocentrum spp. Ehrenberg Feb-Apr, - Apr-Jun, Oct, |Aug, Oct,| Mar-Jul,
(benthic & planktonic) Sep-Dec Sep-Dec Dec Dec | Oct-Dec
Protoperidinium spp. Bergh Apr-Jun | Apr, Jun, | Mar-Nov |Sep-Dec - Sep-Oct
Oct
Scrippsiella spp. Balech ex Loeblich 11T Feb-Jul | Feb-Jul, | Apr-Jun, |[Jun,Jul,| Aug Jul
Dec Dec Nov
PRYMNESIOPHYCEAE
Prymnesium parvum Carter - Nov, Dec | Jan-Mar Mar Mar |Apr, Dec,

Feb
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TABLE 2. Mean values and standard deviations (s.d.) of water temperature (T), salinity (Sal.), dissolved oxygen (DO) and
pH (at 1 m depth) during the period of study (Oct 2005 - Dec 2006) in the sampling stations of the six investigated coastal la-

goons of the Epirus region

Rodia Tsoukalio Alykes Vodas Kalaga Vatatsa
mean  s.d. mean  s.d. mean  s.d. mean  s.d. mean  s.d. mean s.d.
T (°C) 19.3 7.3 194 7.2 20.3 5.3 20.3 5.4 202 55 202 55
Sal. (%o) 14.1 8.4 14.9 7.7 36.3 2.7 354 3.4 363 36 36.6 26
DO (mgl!) 83 3.1 9.4 6.8 9.1 3.0 8.2 1.3 8.2 1.4 8.2 17
pH 7.8 0.3 7.7 0.7 7.9 0.4 7.9 0.3 8.0 0.3 7.9 0.3

(Moustaka-Gouni et al., 2004).

The potentially harmful microalgal populations of
this study were found at low density levels during
sampling; however, certain toxic species such as Pro-
rocentrum minimum (Pavillard) Schiller were present
in high numbers along with other Prorocentrum spe-
cies. The negative impact that Prorocentrum species
can have on fisheries and aquaculture has already
been demonstrated (Hallegraeft ez al., 2003; Wikfors,
2005; Ajuzie, 2008). Furthermore, potentially harm-
ful microalgal species are generally prone to bloom-
ing and/or production of toxins under favourable
conditions, especially eutrophication (Hallegraeff et
al., 2003; Zingone & Wyatt, 2004; Glibert & Burk-
holder, 2006; Granéli & Flynn, 2006), which results in
an increase of bloom incidents and associated impacts.
Eutrophication in the investigated lagoons from in-
tensive aquaculture, industrial, sewage and land-farm-
ing runoff has already been reported and increasingly
observed (Kormas et al., 2001; Sylaios & Theocharis,
2002; Lekka et al., 2004). The ecological balance of
these biotopes has apparently already been disturbed
due to toxic algal blooms and water pollution, espe-
cially in the Amvrakikos Gulf, with new impacts on
the local fishery and aquaculture activities. Ultimate-
ly such environmental degradation also affects human
health and the tourism industry as well.

Our preliminary data and other scientific investi-
gations imply the need for environmental protection
of the broader lagoon areas of the Epirus region al-
ready referred to as “sites of ecological significance”
by the Natura 2000 Network (European Union’s Coun-
cil Decision 2006/613/EC pursuant to Council Direc-
tive 92/43/EEC) and the Ramsar Convention on
Wetlands (Frazier, 1999). The maintenance of the e-
cological balance of these biotopes is imperative in
order to maintain a healthy phytoplankton popula-
tion structure and avoid the establishment of harm-
ful, adaptive and dominant microalgal species (Hal-

legraeff, 1993; Legrand et al., 2003; Zingone & Wyatt,
2004; Granéli & Hansen, 2006; Turner, 2006).

ACKNOWLEDGEMENTS

We would like to thank Dr. Ioannis Kladas and Dr.
Panagiotis Dendrinos (TEI Epirus) for their help
with sampling, and Dimitrios Anastasiadis (TEI Epi-
rus) for his help with digital imaging. This project was
funded by European Social Fund (EU) and by Greek
National Resources (PYTHAGORAS - EPEAEK
II).

REFERENCES

Able KW, 2005. A re-examination of fish estuarine depen-
dence: evidence for connectivity between estuarine
and ocean habitats. Estuarine coastal and shelf sci-
ence, 64: 5-17.

Ajuzie CC, 2008. Toxic Prorocentrum lima induces abnor-
mal behaviour in juvenile sea bass. Journal of applied
phycology, 20: 19-27.

Anderson DM, Andersen P, Bricelj VM, Cullen JJ, Rensel
JE, 2001. Monitoring and management strategies for
harmful algal blooms in coastal waters. APEC #201-
MR-01.1, Asia Pacific Economic Program, Singa-
pore, and Intergovernmental Oceanographic Com-
mission Technical Series No. 59, Paris.

Aubry FB, Acri F, 2004. Phytoplankton seasonality and
exchange at the inlets of the Lagoon of Venice (July
2001-June 2002). Journal of marine systems, 51: 65-76.

Beck MW, Heck KL, Able K, Childers DL, Eggleston DB,
Gillanders BM, Halpern B, Hays CG, Hoshino
K, Minello TJ, Orth RJ, Sheridan PF, Weinstein MP,
2001. The identification, conservation, and manage-
ment of estuarine and marine nurseries for fish and
invertebrates. Bioscience, 51: 633-641.

Caroppo C, 2001. Autoecology and morphological vari-
ability of Dinophysis sacculus (Dinophyceae: Dino-
physiaceae) in a Mediterranean lagoon. Journal of the
marine biological association of the United Kingdom,
81: 11-21.



94 Nicolas P. Dolapsakis et al. — Potentially harmful microalgae from lagoons of the NW Ionian Sea

Costanza R, d’Arge R, de Groot R, Farber S, Grasso M,
Hannon B, Limburg K, Naeem S, O’Neill RV, Paru-
elo J, Raskin RG, Sutton P, van den Belt M, 1997.
The value of the world’s ecosystem services and nat-
ural capital. Nature, 387: 253-260.

de Groot R, Stuip M, Finlayson M, Davidson N, 2006. Va-
luing wetlands: guidance for valuing the benefits derived
from wetland ecosystem services. Ramsar Technical
Report No. 3, CBD Technical Series No. 27, Ramsar
Convention Secretariat, Gland, Switzerland.

Edvardsen B, Paasche E, 1998. Bloom dynamics and phys-
iology of Prymnesium and Chrysochromulina. In: An-
derson DM, Cembella AD, Hallegraeff GM, eds. Phy-
siological ecology of harmful algal blooms. NATO ASI
Series G: Ecological Sciences Vol. 41, Springer-Ver-
lag, Berlin: 193-208.

Edvardsen B, Imai I, 2006. The ecology of harmful flagel-
lates within Prymnesiophyceae and Raphidophyceae.
In: Granéli E, Turner JT, eds. Ecology of harmful al-
gae. Ecological studies, Vol. 189, Springer-Verlag,
Berlin: 67-79.

Frazier S, 1999. Ramsar sites overview. Wetlands Internatio-
nal, The Works, Newbury, Berkshire.

GEOHAB, 2001. Global ecology and oceanography of harm-
ful algal blooms. SCOR and 10C, Baltimore.

Gillanders BM, Able KW, Brown JA, Eggleston DB, Sheri-
dan PF, 2003. Evidence of connectivity between juve-
nile and adult habitats for mobile marine fauna: an
important component of nurseries. Marine ecology
progress series, 247: 281-295.

Glibert PM, Burkholder JM, 2006. The complex relation-
ships between increases in fertilization of the earth,
coastal eutrophication and proliferation of harmful
algal blooms. In: Granéli E, Turner JT, eds. Ecology
of harmful algae. Ecological studies, Vol. 189, Sprin-
ger-Verlag, Berlin: 341-354.

Goémez F, 2003. Checklist of Mediterranean free-living di-
noflagellates. Botanica marina, 46: 215-242.

Granéli E, Flynn K, 2006. Chemical and physical factors in-
fluencing toxin content. In: Granéli E, Turner JT,
eds. Ecology of harmful algae. Ecological studies, Vol.
189, Springer-Verlag, Berlin: 229-241.

Granéli E, Hansen PJ, 2006. Allelopathy in harmful algae:
a mechanism to compete for resources? In: Granéli
E, Turner JT, eds. Ecology of harmful algae. Ecologi-
cal studies, Vol. 189, Springer-Verlag, Berlin: 189-201.

Hallegraeff G, 1993. A review of harmful algal blooms and
their apparent global increase. Phycologia, 32: 79-99.

Hallegraeff GM, Anderson DM, Cembella AD, 2003. Ma-
nual on harmful marine microalgae. Monographs on
Oceanographic Methodology, Vol. 11, UNESCO Pu-
blishing, Paris.

Ignatiades L, 1976. The standing stock of diatoms and di-
noflagellates in the oligotrophic waters of southern
Aegean Sea. Internationale revue der gésamten hydro-

biologie, 61: 193-199.

Ignatiades L, Gotsis-Skretas O, Metaxatos A, 2007. Field
and culture studies on the ecophysiology of the toxic
dinoflagellate Alexandrium minutum (Halim) present
in Greek coastal waters. Harmful algae, 6: 153-165.

Kormas KA, Nicolaidou A, Reizopoulou S, 2001. Tempo-
ral variations of nutrients, chlorophyll a and particu-
late matter in three coastal lagoons of Amvrakikos
Gulf (Ionian Sea, Greece). Marine ecology: pubblica-
zioni della stazione zoologica di Napoli, 22: 201-213.

Koukaras K, Nikolaidis G, 2004. Dinophysis blooms in
Greek coastal waters (Thermaikos Gulf, NW Aegean
Sea). Journal of plankton research, 26: 445-457.

Legrand C, Rengefors K, Fistarol GO, Granéli E, 2003.
Allelopathy in phytoplankton — biochemical, ecolog-
ical and evolutionary aspects. Phycologia, 42: 406-419.

Lekka E, Kagalou I, Lazaridou-Dimitriadou M, Albanis T,
Dakos V, Lambropoulou D, Sakkas V, 2004. Assess-
ment of the water and habitat quality of a Mediter-
ranean river (Kalamas, Epirus, Hellas), in accordan-
ce with the EU Water Framework Directive. Acta hy-
drochimica et hydrobiologica, 32: 175-188.

Luttenberg D, Anderson D, Sellner K, Turgeon D, 2000.
National assessment of harmful algal blooms in US wa-
ters. National Science and Technology Council Com-
mittee on Environment and Natural Resources, Wa-
shington, DC.

Marques M, da Costa MF, Mayorga MID, Pinheiro PRC,
2004. Water environments: anthropogenic pressures
and ecosystem changes in the Atlantic drainage ba-
sins of Brazil. Ambio, 33: 68-77.

Moncheva S, Gotsis-Skretas O, Pagou K, Krastev A, 2001.
Phytoplankton blooms in Black Sea and Mediter-
ranean coastal ecosystems subjected to anthropoge-
nic eutrophication: Similarities and differences. Estu-
arine coastal and shelf science, 53: 281-295.

Moustaka-Gouni M, Cook CM, Gkelis S, Michaloudi E,
Pantlelidakis K, Pyrovetsi M, Lanaras T, 2004. The
coincidence of a Prymnesium parvum bloom and the
mass kill of birds and fish in Lake Koronia. Harmful
algae news, 26: 1-2.

Nikolaidis G, Koukaras K, Aligizaki K, Heracleous A, Ka-
lopesa E, Moschandreou K, Tsolaki E, Mantoudis A,
2005. Harmful microalgal episodes in Greek coastal
waters. Journal of biological research-Thessaloniki, 3:
77-85.

Pagou K, Ignatiades L, 1990. The periodicity of Gymno-
dinium breve (Davis) in Saronikos Gulf, Aegean Sea.
In: Granéli E, Sundstrom B, Edler L, Anderson DM,
eds. Toxic marine phytoplankton. Elsevier, New York:
206-208.

Sarno D, Zingone A, Saggiomo V, Carrada GC, 1993. Phy-
toplankton biomass and species composition in a
Mediterranean coastal lagoon. Hydrobiologia, 271:
27-40.



Nicolas P. Dolapsakis et al. — Potentially harmful microalgae from lagoons of the NW Ionian Sea 95

Sylaios G, Theocharis V, 2002. Hydrology and nutrient en-
richment at two coastal lagoon systems in northern
Greece. Water resources management, 16: 171-196.

Tolomio C, Moschin E, 1995. Are there harmful microal-
gae in the Venice Lagoon? (Survey period: 1988-1993).
Marine life, Marseille, 5: 3-9.

Tomas CR, 1997. Identifying marine phytoplankton. Acade-
mic Press, San Diego.

Turner JT, 2006. Harmful algae interactions with marine
planktonic grazers. In: Granéli E, Turner JT, eds.
Ecology of harmful algae. Ecological studies, Vol. 189,
Springer-Verlag, Berlin: 259-270.

Vadrucci MR, Semeraro A, Zaccarelli N, Basset A, 2004.
Nutrient loading and spatial-temporal dynamics of
phytoplankton guilds in a southern Italian coastal la-
goon (lake Alimini Grande, Otranto, Italy). Chem-

istry and ecology, 20: S285-S301.

Wikfors GH, 2005. A review and new analysis of trophic
interactions between Prorocentrum minimum and
clams, scallops, and oysters. Harmful algae, 4: 585-
592.

Zingone A, Montresor M, Marino D, 1998. Morphological
variability of the potentially toxic dinoflagellate Dino-
physis sacculus (Dinophyceae) and its taxonomic re-
lationships with D. pavillardii and D. acuminata. Eu-
ropean journal of phycology, 33: 259-273.

Zingone A, Wyatt T, 2004. Harmful algal blooms: keys to
the understanding of phytoplankton ecology. In: Ro-
binson AR, McCarthy J, Rothschild BJ, eds. The sea,
volume 13, the global coastal ocean: multiscale inter-
disciplinary processes. Harvard University Press, Har-
vard: 867-926.



