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DIVERGING RESPONSES IN ARCTIC SEAWEEDS TO CO2  |	45	

Increased CO2 modifies the carbon balance and the photosynthetic yield of two 

common Arctic brown seaweeds: Desmarestia aculeata and Alaria esculenta  

Concepción Iñiguez, Raquel Carmona, M. Rosario Lorenzo, F. Xavier Niell, 

Christian Wiencke, Francisco J. L. Gordillo 

Polar Biology (2015) doi: 10.1007/s00300-015-1724-x 

Abstract 

Ocean acidification affects with special intensity Arctic ecosystems, being marine 

photosynthetic organisms a primary target, although the consequences of this 

process in the carbon fluxes of Arctic algae are still unknown. The alteration of the 

cellular carbon balance due to physiological acclimation to an increased CO2 

concentration (1300 ppm) in the common Arctic brown seaweeds Desmarestia 

aculeata and Alaria esculenta from Kongsfjorden (Svalbard) was analysed. Growth 

rate of D. aculeata was negatively affected by CO2 enrichment while A. esculenta 

was positively affected, as a result of a different reorganization of the cellular 

carbon budget in both species. Desmarestia aculeata showed increased 

respiration, enhanced accumulation of storage biomolecules and elevated release 

of dissolved organic carbon, whereas A. esculenta showed decreased respiration 

and lower accumulation of storage biomolecules. Gross photosynthesis 

(measured both as O2-evolution and 14C-fixation) was not affected in any of them, 

suggesting that photosynthesis was already saturated at normal CO2 conditions 

and did not participate in the acclimation response. However, electron transport 

rate changed in both species in opposite directions, indicating different energy 

requirements between treatments and species-specificity. High CO2 levels also 

affected the N-metabolism, and 13C isotopic discrimination values from algal tissue 

pointed to a deactivation of carbon concentrating mechanisms. Since increased 

CO2 has the potential to modify physiological mechanisms in different ways in the 

species studied, it is expected that this may lead to changes in the Arctic seaweed 

community, which may propagate to the rest of the food web. 
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INCREASED CO2 AND TEMPERATURE IN TWO ARTIC KELPS |	71	

Increased temperature, rather than elevated CO2, modulates the carbon 

assimilation of the Arctic kelps Saccharina latissima and Laminaria solidungula  

Concepción Iñiguez, Raquel Carmona, M. Rosario Lorenzo, F. Xavier Niell, 

Christian Wiencke, Francisco J. L. Gordillo 

Marine biology (2016) 163: 248, doi:10.1007/s00227-016-3024-6 

 Abstract 

Ocean acidification and warming are affecting with special intensity the Arctic 

Ocean. Arctic coastal ecosystems are dominated by kelp forests with a high 

biomass production, which are expected to be directly affected by the increases 

in CO2 and temperature. This study presents the different physiological responses 

of the Arctic kelps Saccharina latissima and Laminaria solidungula from 

Kongsfjorden (Svalbard) cultured at 4 and 9°C in combination with current (390 

ppm) and increased (1200 ppm) levels of atmospheric CO2. Both species were 

largely unaffected by increased CO2 conditions. Carbon fixation was not 

influenced by CO2, indicating that photosynthesis was C-saturated at present 

levels, and 13C isotopic discrimination values from algal tissue suggested no 

deactivation of carbon concentrating mechanisms at increased CO2 levels. 

Inhibition of photosynthesis by carbonic anhydrases (CAs) inhibitors highlighted 

the important role of external CAs in inorganic carbon acquisition in Arctic kelps. 

Saccharina latissima showed a significantly higher growth rate at 9°C than at 4°C, 

probably due to the decrease in the dark respiration rate observed. Growth rate of 

L. solidungula was not affected by temperature or CO2, and increases in 

photosynthesis at 9°C could be partially related to a higher dissolved organic 

carbon release rate. The photochemical performance of both species was not 

altered by any of the treatments. These results suggest that S. latissima might be 

more benefited than L. solidungula in a future warmer Arctic, while both 

populations seem to be resilient to higher CO2 concentrations. 
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BIOCHEMICAL COMPOSITION OF ARCTIC VS. ATLANTIC SACCHARINA LATISSIMA  |	107	

Biochemical composition of temperate and Arctic populations of Saccharina 

latissima after exposure to increased pCO2�and temperature reveals ecotypic 

variation  

Mark Olischläger, Concepción Iñiguez, Francisco J. L. Gordillo, Christian Wiencke 

Planta (2014) 240: 1213, doi:10.1007/s00425-014-2143-x 

Abstract 

Previous research suggested that the polar and temperate populations of the 

kelp Saccharina latissima represent different ecotypes. The ecotypic 

differentiation might also be reflected in their biochemical composition (BC) 

under changing temperatures and pCO2. Accordingly, it was tested if the BC of 

Arctic (Spitsbergen) and temperate S. latissima (Helgoland) is different and if they 

are differently affected by changes in temperature and pCO2. Thalli from 

Helgoland grown at 17°C and 10°C and from Spitsbergen at 10°C and 4°C, were 

all tested at either 380, 800 or 1500 µatm pCO2, and total C-, total N-, protein 

soluble carbohydrate and lipid contents, as well as C:N ratio were measured. At 

10°C, the Arctic population had a higher content of total C, soluble 

carbohydrates and lipids, whereas the N- and protein content was lower. At the 

lower tested temperature, the Arctic ecotype had particularly higher contents of 

lipids, while content of soluble carbohydrates increased in the Helgoland 

population only. In Helgoland-thalli, elevated pCO2 caused an increase in the 

content of soluble carbohydrates at 17°C, but at 10°C, it lowered the content of 

N and lipids and increased the C:N ratio. Elevated pCO2 alone did not affect the 

BC of the Spitsbergen population. Conclusively, the Arctic ecotype was more 

resilient to increased pCO2 than the temperate one, and both ecotypes differed 

in their response pattern to temperature. This differential pattern is discussed in 

the context of the adaptation of the Arctic ecotype to low temperature and the 

polar night. 
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PHYSIOLOGICAL PERFORMANCE OF ARTIC VS. ATLANTIC SACCHARINA LATISSIMA  |	131	

Increased pCO2 and temperature reveal ecotypic differences in growth and 

photosynthetic performance of temperate�and Arctic populations of 

Saccharina latissima  

Mark Olischläger, Concepción Iñiguez, Kristina Koch, Christian Wiencke, 

Francisco J. L. Gordillo 

Planta (2016) doi:10.1007/s00425-016-2594-3 

Abstract 

Previous research demonstrated that warming and ocean acidification (OA) 

affect the biochemical composition of Arctic (Spitsbergen; SP) and cold-

temperate (Helgoland; HL) Saccharina latissima differently, suggesting ecotypic 

differentiation. The present study analyses the responses to different pCO2 (380, 

800, 1500 µatm pCO2) and temperature levels (SP population: 4°C, 10°C; HL 

population: 10°C, 17°C) on the photophysiology (O2 production, pigment 

composition, D1-protein content) and carbon assimilation (Rubisco content, 

carbon concentrating mechanisms (CCMs), growth rate) of both ecotypes. 

Elevated temperatures stimulated photosynthetic O2 production in both 

populations, and also led to an increase in pigment content and a deactivation of 

CCMs, as indicated by 13C isotopic discrimination of algal biomass (εp) in the HL 

population, which was not observed in SP thalli. Generally, pCO2 effects were 

less pronounced than temperature effects. High pCO2 deactivated CCMs in both 

populations and produced a decrease in the Rubisco content of HL thalli while it 

was unaltered in the SP population. As a result, the growth rate of the Arctic 

ecotype increased at elevated pCO2 and higher temperatures and it remained 

unchanged in the HL population. Ecotypic differentiation was revealed by a 

significantly higher O2 production rate and an increase in Chl a, Rubisco and D1 

protein content in SP thalli, but a lower growth rate, in comparison to the HL 

population. We conclude that both populations differ in their sensitivity to 

changing temperatures and OA and that the Arctic population is more likely to 

benefit from the upcoming environmental scenario than its Atlantic counterpart. 
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