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increase in abundance and geographic expansion of 

these species in the Mediterranean Sea (Vila et al. 

2001b; Lugliè et al. 2003; Collos et al. 2004; Penna 

et al. 2005; Turki and Balti 2007).

• Among the noxious species, A. taylori produces 

and maintains elevated biomasses (105 cells L-1) 

and causes green-brown discoloration in marine 

coastal areas with the consequent water deteriora-

tion for recreational uses and beaches. Usually, the 

local authorities are alerted to the presence of the 

blooms because the seawater acquires a sewage 

polluted aspect. A. taylori blooms recurrently dur-

ing the summer at highly frequented beaches along 

the Mediterranean Sea (Garcés et al. 1999; Baster-

retxea et al. 2007; Giacobbe et al. 2007).

• Several Gymnodinium species, as G. impudicum, 

G. litoralis or G. instriatum also produce high bio-

mass blooms (>105 cell L-1) in the Western Mediter-
ranean Sea, affecting harbors, beaches and lagoons. 

Such proliferations usually appear during summer 

months, altering the water coloration and produc-

ing mucilages (Fraga et al. 1995; Vila et al. 2001a; 

Reñé et al. 2011).

Depending on atmospheric and oceanographic con-

ditions, as well as on biological constrains, the high 

biomass proliferations produce water discoloration for 

time scales typically spanning from few days to weeks, 

although exceptionally prolonged episodes of up to 

two months have been observed. With some interan-

nual variations, the number of HAB episodes in beach-

es and natural areas has remained relatively constant 

during the last decade in this region, however, in har-

bors and port areas the events are seemingly increasing. 

In the case of some dinoflagellates species, recurrence 
at these sites is been related to dormant cyst accumu-

lation in the sediments and to bottom boundary resus-

pension processes (Anglès et al. 2010), an example of 

the importance of understanding species life strategies 

to explain bloom dynamics. 

Blooms in the Western Mediterranean occur as small 
scale patches of increased biological activity in coastal 

and nearshore areas. This is, nevertheless, not unique 

to the Mediterranean Sea. Studies based on detailed 

surveys and high frequency measurements have shown 

that innershelf and nearshore regions often contain well 

differentiated ecosystems spatially structured as cross-

shore, and often vertically thin gradients that present 

enhanced biological response. The existence of these 

ecotones of elevated diversity and productivity in coast-

al waters has been recently postulated by Ribalet et al. 

(2010). Some singularities distinguish the functioning 

of inner-shelf from open water systems. Principally, 

(1) the terrestrial influence (either natural or anthro-

pogenic) is here a major driver (2) the benthic-pelagic 
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Extended abstract

The paradigm of blue oligotrophic Mediterranean wa-

ters with modest increase in productivity as a response 

to seasonal enrichment produced by water column 

mixing or to mesoscale structures, such as fronts and 

gyres, is not widely applicable. The inner-shelf waters 

are relatively uncoupled from open ocean processes 

representing a well differentiated niche, where nutrient 

levels are relatively high and high-biomass microalgal 

blooms tend to occur (Flo et al. 2011). Several factors 

define this singularity including strong seasonal stratifi-

cation, generally weak and variable currents, and a mi-

crotidal regime. The biogeochemical contrast between 

the culturally enriched inner-shelf waters and the oli-

gotrophic conditions prevailing further offshore is par-

ticularly notable during summer, when surface oceanic 

waters are nutrient depleted and when nearshore waters 

in many coastal areas are particularly poorly renewed. 

Under these conditions, some harmful bloom species 

have a competitive advantage and indeed blooms are 

frequent and recurrent (Garcés and Camp 2012). 

Monitoring data shows that nearshore blooms in the 

Western Mediterranean Sea are compositionally di-

verse, highly localized, and either recur annually or 

emerge in a seemingly arbitrary manner. Even though 

this variability, the diversity of the species causing 

harmful algal blooms in the area can be reduced to 

two main categories, the harmful algal blooms due to 

toxic or potentially toxic algae (e.g. Alexandrium, Di-
nophysis, and Pseudo-nitzschia), which can cause toxic 

symptoms in the marine fauna and humans, and high-

biomass blooms producers (e.g. Alexandrium, Gymno-
dinium), which cause problems mainly because of the 

high biomass itself (cell abundances higher than 105-

106 cells l-1 and the production of organic matter. Be-

cause of their relevance in this region, several species 

deserve mentioning: 

• Among the toxic speciesof the genus Alexandrium, 

the most widespread species in the Mediterranean 

basin are the PSP producers A. minutum and A. 
catenella. Both are frequently reported in harbours, 

beaches and lagoons. Monitoring data suggest an 
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exchanges acquire more weight in the water column 

budgets, and (3) the geochemical (i.e. terrestrial and 

benthic nutrients) and biological factors are major regu-

lators of bloom dynamics since physical processes (i.e. 

advection and diffusion) are attenuated. The delivery 

of terrestrial nutrient as diffuse groundwater discharges 

along the coast and the release of interstitial nutrients 

from the sediments have revealed as important factors 

in fueling microalgal blooms in areas with permeable 

sediments (Basterretxea et al. 2010; Basterretxea et al. 

2011). Experimental evidence shows that even small 

discharges from unpolluted aquifers can induce notable 

changes in nearshore microbial communities (Garcés 

et al. 2011). Also, evidence shows that shorter scales 

of variability (often episodic) are here more important 

than in offshore waters due to the absence of significant 
tides. Comprehension of the mechanisms that regulate 

these processes has evident implications to the under-

standing of the onset and subsequent development of 

algal blooms but it is also a prerequisite for building 

reliable scenarios and predictions for future changes in 

drivers and pressures. 

To conclude, the great effort posed into research and 

monitoring programs has yielded good results to the 

understanding of some process of these outbreaks 

such as recurrence, intensity and composition. How-

ever, while some aspects of these blooms seem solidly 

founded, wide gaps persist in the comprehension of the 

mechanisms that underpin their occurrence and that 

regulate their fate.
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Extended abstract

The estimation of species-specific in situ growth rates 
(µ) is one of the fundamental parameters to understand 
population dynamics. The in situ growth rate is determi-
ned by intrinsic genetic factors, as well as by environ-
mental conditions (e.g. light, turbulence, temperature, 
salinity). In the particular case of species involved in 
harmful events, such understanding is aimed to impro-
ve predictive capabilities to optimize management of 
the affected areas. Laboratory experiments have con-
tributed in part to provide estimations on pure cultures 
under controlled conditions, but laboratory conditions 
can hardly mimic nature. Furthermore, some organisms 
of interest, like Dinophysis, had not been successfully 
maintained in cultures until recently. At present there 
is neither a universal nor a perfect method to estimate 
in situ µ. This presentation reviewed some commonly 
available techniques, proven useful to estimate µ for 
certain harmful species as well as for phytoplankton in 
general, and indicated their advantages and limitations.

The mitotic index proposed by McDuff & Chisholm 

(1982) and subsequently modified by Carpenter & 
Chang (1988) has proven to be useful for the estima-

tion of the species-specific in situ µ of several species, 

in particular when they represent a small fraction of 

the microplankton community. It is based on the es-

timation of the frequency of cells under the so-called 

“terminal events” within the cell cycle—e.g. nuclear 
division (s), cytokinesis (c) and regeneration of sulcal 

list/spines (r)—and their time duration (T):

For some HAB species, e.g. Dinophysis spp., cells un-

dergoing these terminal events can be morphologically 

recognized by microscopic observation (e.g. Reguera 

et al. 2003 and references therein) (Figure 1). However, 

such morphological recognition is not so easy in most 

phytoplankton species. In certain scenarios, when the 

blooms are almost monospecific or the targeted species 
can be clearly differentiated from the rest of the assem-

blage, the analysis of the cellular DNA content stained 

with specific fluorochromes (in combination with flow 
cytometry or microfluorimetry) has allowed also the 
application of the mitotic index approach. That was the 

case estimating µ for Karlodinium spp. and Alexandri-
um spp. (Garcés et al. 1999) in Alfacs Bay (NW Med-

iterranean). In any case, for accurate estimations of µ, 

the mitotic index based method requires intensive sam-

plings over 24 hours at very high temporal resolution 

with a minimum requirement of cell densities (e.g. Ve-

lo-Suárez et al. 2009). This poses severe limitations for 

its application using conventional sampling strategies 

and it often requires previous concentration of the sam-

ples. Recently, the autonomous FlowCytoBot sampler 

(Campbell et al. 2010), that combines video and flow-

cytometry technologies, has provided a high resolution 

time series of both Dinophysis cell abundances and fre-

quencies of cells undergoin mitosis during a bloom at 

the Port Aransas ship channel (Mission-Aransas, Gulf 

of Mexico).

Some promising technical advances have appeared 
over the last years, although they still require detailed 
tests for their application. Examples include, the esti-
mation of the RNA/DNA ratio combining oligonucle-
otide and antibody probes (Anderson et al. 1999) or 
species-specific fluorescent staining of silicate uptake 
in diatom cells (Leblanc and Hutchings 2005).

For the estimation of the in situ µ of the whole phyto-
plankton community or of some functional groups, the 
dilution technique (Landry and Hasett 1982; Landry et 
al. 1995) is most commonly used. This method, based 
on in situ incubations at fixed depths allows the simul-
taneous estimation of grazing by microzooplankton on 
phytoplankton, another key parameter in the popula-
tion dynamics equation. The main sources of errors of 
the method arise from the artifacts associated to sam-
ple manipulations and from the fact that incubations 
at fixed depths entrain photoacclimation problems that 
can rate estimates based on changes of chlorophyll 
(pigments) concentrations (e.g. Gutiérrez et al. 2009; 
Ross et al. 2011).


