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M. pyrifera juvenile sporophytes (5 mm) were obtained under controlled environmental conditions 
from sporophylls collected in Metri in southern Chile (41o48´S). Two experiments were conducted to 
determine the ability of regeneration of juvenile fronds of M. pyrifera sporophytes:  

INTRODUCTION MATERIAL & METHODS

RESULTS 

• M. pyrifera juvenile sporophytes can regenerate only to some extent after a period of nutrient’ deprivation and therefore have storage 
capabilities. 

• Information on the factors that enhance nutrient uptake, tissue storage and productivity of kelps is crucial to increase the efficiency of their 
aquaculture and biomitigation capacity. 

• Understanding the storage capacity of this kelp population is essential for further studies on aquaculture approaches [10] in southern Chile 
for biomass production. 

Discussion & 
Conclusions 
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E1. Effect ≠ nitrogen availability on the growth of M. pyrifera acclimated in 
natural sea water with PES

Fig. 1. Effect of ≠ nitrogen availability on the growth of M. pyrifera acclimated in natural seawater with 
PES. (A) length (in cm). (B) growth rates (% fw day-1) (mean±SD, n=4).   

Fig. 2. Effect of ≠ nitrogen availability on the growth of M. pyrifera 
acclimated in natural sea water with PES. Kelp fronds at day 1 (A) and 
at day 37 (B, C, D). 

E2. Effect of ≠ nitrogen availability on the growth of M. pyrifera 
acclimated in artificial seawater with PES without nitrogen source 

Fig. 3. Effect of ≠ nitrogen availability on the growth of M. pyrifera acclimated in artificial seawater with 
PES without nitrogen source. (A) length (in cm). (B) growth rates (% fw day-1) (mean±SD, n=4). 

Fig. 4 Figure 4. Effect of ≠nitrogen availability on the growth of M. 
pyrifera acclimated in artificial seawater with PES without nitrogen 
source. Kelp fronds at day 1 (A) and at day 37 (B, C, D)..  

Experiments (E) Conditions 
E1. Acclimation in natural seawater with Provasoli 

medium effects 
• 9 days acclimation with AMN +N* 
• 3 treatments (AMA -N, AMA +N, AMN +N)* 

E2. Acclimation in artificial seawater with Provasoli 
medium without nitrogen source effects 

• 17 days acclimation with AMA –N* 
• 4 treatments (AMA -N, AMA +N, AMN - N, AMN +N)* 

Calculations 

Mean and standard deviation (SD) | one-way ANOVA: ≠ among treatments | Student Newman Keuls: 
multiple posthoc comparisons among means | H0 rejected 5% significance level | Software GMAV v5 

Data analysis  

Relative Growth Rates (RGR) and Yield were calculated according to [13].
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The experimental conditions  for both experiments were: 

*AMA -N, artificial sea water [11] plus Provasoli’s Enrichment Solution (PES) [12] without nitrogen |  AMA +N, artificial sea 
water plus PES | AMN -N, natural sea water plus PES without nitrogen | AMN +N, natural sea water plus  PES. 

Kelp forests represent some of the most conspicuous coastal 
habitats and today we recognize only one giant kelp species 
(Macrocystis pyrifera) distributed globally [1, 2]. M. pyrifera is 
recognized as a perennial kelp species with a low capacity of 
energy storage, whereas its high productivity is associated the 
availability of nitrogen from the water column [3]. The relation 
between M. pyrifera growth and biomass production results 
from a plastic response of the sporophytes to temporal and 
spatial variability in nitrogen availability [4, 5]. However, the low 
storage capacity of giant kelp [6, 7] is clearly disadvantageous 
during periods of suboptimal environmental conditions; as 
those that occur seasonally in California and the inland waters 
of southern Chile. Due to an increased demand for kelp biomass 
in Chile for the world alginate industry and abalone farming in 
Chile [8, 9] there is an increased demand of raw material and 
interest for developing kelp aquaculture technologies [10]. 

The present study evaluates the effect of different nitrogen 
availability on the growth and regeneration of juvenile fronds of 
M. pyrifera sporophytes from southern Chile and explore its 
consequences for the development of seeding strategies of kelp 
farming in southern Chile. 

• Kelp fronds that grew in natural seawater with PES 
had the best response after 30 days reaching a size 
of 6.78±0.73 cm (Fig. 1A and Fig 2d). 

• Best RGR (13.68±2.98, P<0.05) with AMN +N 
between days 6-9 (Fig. 1B).  

• RGR decreased from days 9-16 towards the end of 
the experiment at all conditions (Fig. 1B).  

• Juvenile fronds that grew in natural seawater with 
full PES and without nitrogen were able to recover 
and reach after 37 days a size of 3.73±0.37 and 
3.74±0.51 cm, respectively (Fig. 2A and Fig. 3C-D).   

• Juvenile fronds that where maintained in artificial 
seawater plus PES (with and without nitrogen) were 
unable to recover after 30 days (Fig. 4A and Fig. 3B) 

• Best RGR (5.50±3.71, P<0.05) with AMN +N 
between days 23-30 (Fig. 3B).  
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Themes 
The Mares Conference aims to address the main issues of marine ecosystems health and conservation. Six 
thematic subjects will be developed, these six themes are the ones developed by the MARES doctoral 
candidates : 

1. Future Oceans : temperature changes - hypoxia - acidification 
Temperature rise, ocean acidification and expanding hypoxic zones, related to anthropogenic release of 
carbon dioxide and climate changes, impact significantly marine ecosystems health. Marine organisms 
responses towards climate change can be various and drastic (e.g. changes in distribution range, regime shifts, 
etc.), and could propagate through the entire marine food chain. 

2. Understanding biodiversity effects on the functioning of marine ecosystems 
The current biodiversity decline, primarily caused by human activities, has serious consequences on the goods 
and services provided by the marine ecosystems. There is a real need to understand the mechanisms that 
underlie the observed relationships between biodiversity and ecosystem functioning. 

3. Biological invasions 
Due to globalization, intentional or non-intentional introductions of marine species have contributed to the 
outbreak of invasive alien species having adverse effects on the receiving ecosystems. A new systematic 
approach is required to assess the key descriptors of biological invasions and to identify effective management 
actions. 

4. Natural Resources : overexploitation, fisheries and aquaculture 
The steady increase of world fish catches leads to the overexploitation of the majority of marine stocks and 
affects drastically marine ecosystem resilience. To meet the growing demand for marine commercial products, 
aquaculture practices have intensified and often cause destructive effects on the surrounding marine 
environment. In order to implement efficient management measures, a good understanding of fisheries and 
aquaculture interactions with the environment is needed. 

5. Ocean noise pollution 
Due to expansion of underwater human activities, anthropogenic sources of noise are increasing. Noise 
pollution can induce chronic and acute impacts on marine organisms. Bioacoustics methods appear to be 
valuable tools in impact assessment and conservation management. 

6. Habitat loss, urban development, coastal infrastructures and Marine Spatial Planning 
Coastal seas are altered and shoreline habitats are converted for urban development as a result of pressure 
from growing human populations. Even if urban ecology has not been as much a focus of marine science and 
management, there is now a rising interest in Marine Spatial Planning as a tool to manage the uses of marine 
systems. 

 

4. Natural Resources : overexploitation, fisheries and aquaculture
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Kelp forests represent some of the most conspicuous coastal habitats and today we recognize only one giant 
kelp species (Macrocystis pyrifera) distributed globally. The relation between M. pyrifera growth and biomass 
production results from a plastic response of the sporophytes to temporal and spatial variability in nitrogen 
availability. But, the low storage capability of giant kelp is clearly disadvantageous during periods of 
suboptimal environmental conditions. This study provides experimental evidence on the ability of 
regeneration of juvenile fronds of M. pyrifera juvenile sporophytes (5 mm) obtained under controlled 
environmental conditions from sporophylls collected in Metri in southern Chile (41o48´S). Under controlled 
conditions, the experimental design considered 4 treatments (with 4 replicates) with different nitrogen 
availability. After 9 days of acclimatization in a nitrogen rich medium the kelp fronds that grew on natural 
seawater with full Provasoli medium had the best response after 30 days reaching a size of 6.78±0.73 cm. A 
second experiment tested the ability M. pyrifera to recover from a 17 days acclimation on artificial seawater 
with Provasoli medium without nitrogen. Juvenile fronds that where maintain on artificial seawater (with and 
without nitrogen) were unable to recover after 30 days. Juvenile fronds that grew on natural seawater with full 
Provasoli medium and without nitrogen were able to recover and reach after 37 days a size of 3.73±0.37 and 
3.74±0.51 cm, respectively. We can conclude that M. pyrifera juvenile sporophytes can in only in some extent 
regenerate after a period of nutrients deprivation and therefore have some storage capabilities. 

Keywords: Giant kelp, Macrocystis, Physiological adaptations, Sporophyte growth. 




