
 Codium fragile, a worldwide-common invasive macroalgae, per-
sists across wide temperature ranges using thermal physiological 
plasticity (TPP). The adaptation on seasonal fluctuations may allow 
them to spread wider geographical distribution with their ecologi-
cally advantageous growth strategy. This study investigated the 
physiological responses of C. fragile under thermal stress with high 
and low light intensity. The study shows that the physiological re-
sponses were mostly affected by temperature, with a minor influ-
ence from light intensity. While understanding TPP of C. fragile, 
the distribution of the seaweed invasion can be more predictable. 
This opens up to the study of genetic explanation of successful in-
vasion occurred in C. fragile.   
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Fig. 1. Wet biomass and length changes (% day-1) of C. fragile in 6 treatments after 8 days.  

Field collection, gradual laboratory acclimation to temperature 
and light (1 week), experiments 1 week: 

•  Natural fluctuation of environmental temperature is a major 

challenge for the survival of most marine organisms. 

•  TPP is the adaptive trait of species, allowing them to colonize in 

wider geographical distribution with seasonal trends 

•  Highly invasive C. fragile can cope with various environmental 

stresses3 (e.g. stressful thermal and saline conditions)  

•  Interaction between environmental factors (e.g. light, salinity, 

nutrients) with temperature may explain the temporal and spatial 

dynamic changes of C. fragile4,6. 

•  Since C. fragile contains chlorophyll, factor of light is crucial in 

energy production, irradiance level can constrain vertical and 

latitudinal dynamics for C. fragile, influencing survival, growth 

and photosynthesis. 

•  Limited studies on physiological mechanisms by which light in-

teracts and modulates TPP, thermal tolerance and successful in-

vasion C. fragile. 
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•  Temperature is the influencing factor on C. fragile growth2, affecting most  

   physiological responses (growth, NPP, respiration and photosynthetic yield) 

•  Light did not stimulate TPP in the experiment, thus no increased in the tolerance to thermal 

stress under accelerated light intensity 

•  However, light also influences the adaptation of C. fragile on thermal dynamics1,4,5 

•  Low intensity of light would stimulate photosynthetic efficiency of C. fragile 

•  Photosynthesis is the major physiological response impacting other responses (e.g. NPP)   
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Fig. 2. Photosynthetic yield (μmol quanta m-2 s-1) 
of C. fragile after 8 days of experiment. 

Increasing light intensity would provide higher growth rate & 
photosynthetic performance to C. fragile as a result of increased 
tolerance to thermal stress. 

Hypothesis 

Fig. 3. Net primary productivity (μmol L-1) of C. 
fragile after 8 days of experiment.  

Fig. 4A. Photosynthetic response of treatments after 8 days of experiment. α represents the initial 
slope of curve, rETRmax indicates potential maximum electron transport efficiency, and Ik is 
the light saturation point, reflecting the ability of light tolerance. 4B. ETR curves of the 6 
treatments under the increasing scale of photosynthetically active radiation (PAR). 

A B 

Temperature (°C) Total sample size = 120 
individuals 17 21 25 

Light  
intensity 

(µmol m
-2

 s
-1

 ) 

Low (60) n=10 n=10 n=10 n=10 n=10 n=10 

High (120) n=10 n=10 n=10 n=10 n=10 n=10 

Relative Growth Rate (RGR) 

Photosynthesis 

Respiration 

Net Primary 
Productivity 
(NPP) 

Pigment content 


