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Rationale
HABIT researches the development and dispersion of harmful algal bloom (HAB) populations in 
sub-surface micro-layers.  It focuses on Dinophysis (see fig. 5), a genus that has a serious impact 

on the economic development of the European coastal zone and which frequently occurs in sub-
surface, thin micro-layers.  The negative impact of these blooms can only be prevented through 

resolving fundamental patterns in the occurrences of Dinophysis and quantifying the processes that 
are important in governing their distribution.

Objectives 

• investigate the maintenance and persistence of high density thin layers through studying 
interactions between fine scale physical diffusion and net growth and trophic relationships within 
them.

• investigate the precise role of small scale structures on the coastal shelf as incubators for 
accumulations of Dinophysis.

• utilise physical models to examine the formation and persistence of gyres on the shelf, to predict 
their  transport, and as a consequence HAB events at the coast. 

Fig 2. Mussel lines in (top left) Ria de Vigo, NW Spain, (bottom left) Bantry Bay, 

southwest Ireland and (far right) submerged view. ,

Field studies 

Three regions are identified for field 

studies.  These are the the estuarine 
plume zones of the Atlantic coast of 
France (fig. 1), the Rías de Galicia in 

NW Spain (fig. 2a), and the bays of 
southwest Ireland (fig. 2b). 

All are very important shellfish 

production areas, yet all have a history 
of harvest closures resulting from 
contamination with DSP toxins.  

Oceanographically they are well 
understood, and have the logistic 
support of weekly monitoring reports, 

provided by local or national monitoring 
programmes.  

Physical modelling 

Thin layers of HAB species and other taxa can require retention zones or other small-scale 

structures on the coastal shelf for populations to develop into a high-density (fig 1).  These 
will be investigated as incubators for thin layers of Dinophysis.  Results will be incorporated 

into physical models for the Atlantic shelf area of France (MARS 3D) (fig. 8) and the northern 
Celtic Sea (CEFAS A1225), which have high enough resolution such that the formation, 
persistence and movement of these structures can be predicted.  

In this way, origins of economically devastating HAB events can be identified and essential 

information given to policy makers and managers, as the only mitigation action possible for 
naturally occurring events lies in their prediction.

Figure 8. IFREMER’s MARS 3D model (image ©
IFREMER).

Nutrition, Behaviour and Trophic Relationships 

This proposal investigates the nutrition, behaviour and trophic relationships within thin layers by 

measuring organic compounds in fractions based on molecular weight and investigating their relative 
influence on growth.  This is the first attempt to study this aspect for Dinophysis, a genus for which 
information is non-existent due to our current inability to culture this organism. 

Other questions to be addressed are whether the Dinophysis cells are always imbedded within optically 

detectable layers using spectral optic techniques?  Are they associated with layers of dissolved organic 
matter, as in the case of Pseudo-nitzschia?  Are they usually in the steepest part of the pycnocline?  Do 

they vertically migrate, or change vertical position by swimming behaviour?
Figure 6. D. acuminata planozgyote 

(Image © E. Nezan)

Figure 1. Schematic of Dinophysis distribution and transport in 

the vicinity of the Loire plume, western France (image ©

IFREMER).

.

Biological effects 

The sustainability of a thin layer of cells will ultimately reflect the balance between 
input and loss terms of the cell numbers.  The input term is growth, which will be 

measured in Dinophysis spp (fig. 5) using the post-mitotic index approach (Reguera et 

al. 1996, 2003).  Losses due to grazing and mortality will be added to the physical loss 
term of dispersion estimated from the diffusivities measured above.  

Grazers will be tested for toxin content and mortality within the layers will be estimated 
from both sediment traps and a combination of techniques that allow an estimate of 
cell viability, such as the using fluorescein diacetate (Gentien 1986; Selvin et al. 1988) 

and the frequency of empty thecae.  

Figure 5. (Clockwise) Dinophysis caudata, D. acuta, 

D tripos and D. acuminata (© Robin Raine)
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Figure 2. Mussel lines in a) Ria de Vigo, NW Spain, b) Bantry Bay, southwest 

Ireland and c) an underwater view (images © IEO and CEFAS)

Figure 4. a) High-resolution particle size/CTD/ 
video system and (b) submersible holocamera 

(Images courtsey of IFREMER and JHU ).
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Physical Processes 

One of the principal requirements is an understanding of the mixing processes around the thin layers that occur at many length 
and time scales.  Larger scale processes can be routinely observed with standard instruments and methods.  Recent advances in 

technology (principally microelectronics) have led to affordable high frequency instrumentation suitable for measuring smaller 
scales such as local turbulence.

Measurements of turbulence at small scales will be carried out using ADCPs (fig 7a) to measure shear stress and by the use of 
tracers.  Recent studies in the shallow North Sea using dyes (Fernand et al., 2002) (fig 7b) have measured flows along a 

pycnoline in a high tidal environment.  The instrument used to follow the dye will be Scanfish (fig 7c), a high frequency undulating 
CTD system.

Figure 7. Instrumentation used to measure physical processes a) ADCPs, b) Dye-release frame and c) scanfish (all images © Liam Fernand, CEFAS).
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Measurements of thin layers 

Innovative technology will be applied to observe 
high-density thin layers containing potentially 
harmful phytoplankton.  The IFREMER high-

resolution particle size/CTD/video system (fig. 4a) 
is a profiling instrument that describes the 
hydrography and particle characteristics of the 

water column with a very high precision.  It can 
distinguish between multiple layers even within a 

stepped thermocline.

The JHU submersible digital holocamera (fig. 4b) 
will allow measurements of the small-scale 
physical and biological parameters which impact at 

the level of individual cells.  Conditional statistics 
based on these parameters will enable us to 

characterise/quantify their effect on the behaviour 
of Dinophysis, including swimming (relative 
motion), feeding and clustering.

Figure 3. The IFREMER fine-scale sampler 

(image © IFREMER).
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Figure 4. a) High-resolution particle size/CTD/ 

video system and b) schematic of digital 
holographic recording in the laboratory (Images 

© IFREMER and Ed Malkiel at JHU).
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