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Global warming and the vertical migration of microalgae  
 
The photosynthetic microalgae play important roles in marine ecosystems. These 
organisms are at the base of the food chain in such environments, or in other words, all 
the other life forms depend on them directly or indirectly as source of food. Microalgae 
are also able to fix carbon dioxide, decreasing the amount of green house gases in the 
atmosphere. The present study investigates the effects of unusually stronger seawater 
stratification on the vertical migration of a group of microalgae called dinoflagellates. 
The study simulates one of the effects of global warming, which is increased water 
stratification, to verify the behavior of the studied species in a laboratory environment. 
Such changes in the seawater stratification are already been observed in the field. 
 
Dinoflagellates, which are microalgae capable of migrate through the water column, 
distinguished from other microalgae species for their ability to move through the aquatic 
surroundings using their flagella. This feature gives them the capacity to perform vertical 
migration which is a crucial strategy used for many aquatic organisms to increase their 
reproduction and survival rates. This migrating behavior can be affected by global warming, 
once it is known that global warming increases the temperature of the oceans, enhancing 
water stratification and decreasing the rate of seawater’s nutrients circulation. In addition, it is 
known that temperature is one important physical variable influencing the distribution of 
marine communities. Consequently, any changes on temperature can represent significant 
impacts on microalgae and other life forms ecologically connected to them.  
 
Experiment and findings 
To investigate the dinoflagellates behavior under similar conditions of a future global 
warming scenario predicted for the Swedish west coast, the present study investigates the 
vertical migration of two bloom forming dinoflagellates, Heterocapsa triquetra and 
Prorocentrum minimum. These species were exposed to two situations where water thermo 
stratified (10 °C and 17 °C of difference between surface and bottom seawater), nutrient 
depleted surface seawater was present. Also, cells concentration during the experiments and 
swimming velocities at 8 ˚C, 18 ˚C and 25 ˚C were measured.  
The results show that H. triquetra was not able to perform vertical migration at the strongest 
thermocline (17 °C difference), causing the mortality of this experimental population in a rate 
of around 50 percent per day in the first 2 days, remaining in the last day just around 14 
percent of the total amount of cells sampled in the first day. H. triquetra did perform vertical 
migration in the experiment with 10 °C difference between surface and bottom water, as the 
quantity of cells at the surface water during day samples was around double the cells in night 
samples. P. minimum presented a more pronounced vertical migration in the presence of the 
stronger thermocline in comparison to the experiment with 10°C difference between surface 
and bottom waters. This study shows that the dinoflagellates vertical migration behaviour can 
be disturbed or ceased by increased water stratification, and the consequent impacts of such 
physical barrier will depend on the strength of the thermocline and the dinoflagellate species 
involved. 
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Diel vertical migration of the dinoflagellates Prorocentrum 
minimum and Heterocapsa triquetra at different thermocline 

strength: a laboratory study addressing climate change 

 

The photosynthetic dinoflagellates play critical roles in marine ecosystems (Hackett, 
2004). As primary producers these organisms are at the base of the food chain in such 
environments and they are able to fix CO2, decreasing the amount of green house gases 
in the atmosphere. Dinoflagellates are distinguished from other phytoplanktonic species 
for their ability to move through the aquatic surroundings using their flagella (Olsson 
and Granéli, 1991), and this feature gives them the capacity to perform diel vertical 
migration (DVM) which is a crucial strategy used for many planktonic organisms to 
increase their reproduction and survival rates. This migrating behavior can be affected 
by global warming (Richardson, 2008), once it is known that global warming increases 
the temperature of the oceans (IPCC, 2007), enhancing water stratification and 
decreasing the rate of nutrients circulation (Doney, 2006).  

 

To investigate the dinoflagellates behavior under similar conditions of a future global 
warming scenario, the present study investigates the DVM of two bloom forming 
dinoflagellates, Heterocapsa triquetra and Prorocentrum minimum. These species were 
exposed to thermoclines of different strength (10 °C and 17 °C of difference between 
surface and bottom water) and nutrient depleted surface water in a laboratory 
environment. In addition, cells concentration during the experiments and swimming 
velocities at 8 ˚C, 18 ˚C and 25 ˚C were measured. 

 

 The results show that H. triquetra was not able to perform DVM at the strongest 
thermocline (17 °C difference), causing the mortality of this experimental population in 
a rate of around 50 % per day in the first 2 days, remaining in the last day just around 14 
% of the total amount of cells sampled in the first day. H. triquetra did perform vertical 
migration in the experiment with 10 °C difference between surface and bottom water, as 
the quantity of cells at the surface water during day samples was around double the cells 
present in night samples. In the presence of a thermocline of 10 °C difference around 
82.3 % of the total H. triquetra cells were sampled above the thermocline during day 
samples, while 74 % of the cells were found at the same position in night samples. P. 



minimum presented a more pronounced vertical migration in the presence of the 
stronger thermocline in comparison to the experiment with 10 °C difference between 
surface and bottom waters, since 23 % of the total cells sampled were found above the 
thermocline during day samples while only 5.6 % of the cells were found in the same 
position in night samples. This study shows that dinoflagellates DVM behaviour can be 
disturbed or ceased by increased water stratification, and the consequent impact of such 
physical barrier will depend on the strength of the thermocline and the dinoflagellate 
species involved. 
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