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Title: M01D03-B: Temperature tolerance of lionfish in Indonesia
Keywords: Adaptation; abiotic; biotic; climate change; coefficient of variation; coral; environmental impact; error bars; ecosystem; homeostasis; invasive (alien) species; physiology; statistics; temperature control; sampling.
Skills: Graphs and analysis, means, longer answer using continuous prose.
___________________________________________________________________________ 

This research looks at how lionfish adapt to different seawater temperatures. This physiological experiment compared how 20 lionfish adapt to increasing water temperatures by being placed in specially designed water tanks. Lionfish are significant predators on coral reefs their range is expanding as a result of their ability to adapt to rising sea surface temperatures. Currently, they pose a significant threat to Caribbean reef ecosystems because they are a non-native invasive species. 







20 lionfish were caught from local reefs and divided into four groups of five. Each of these groups was placed in a separate holding tank maintained at a temperature of approximately 26°C in order to enable them to acclimatise to life in an artificial laboratory environment. Once individuals began to feed the temperatures of the tanks were altered at a rate of 1°C per day until each tank contained water of a different temperature; 20.9°C, 26.7°C, 29.9°C and 32.7°C. Once attained, these target temperatures were maintained for a further 12 days in order to allow the individual lionfish to adjust to their new thermal environment. 

When the main trial was ready to begin, a single individual was placed into a Critical Thermal Temperature (CTM) testing chamber; a specially designed tank in which water temperatures can be raised in increments of 0.25°C/min. As water temperatures were gradually increased the behaviour of the lionfish was carefully observed and the temperature at which the individual was no longer able to maintain its upright position was noted – this is known as loss of equilibrium (LOE). At the end of the trial all individuals were immediately removed and no individuals were harmed during the trials. The CTM of all 20 lionfish was tested using the same procedure. The results were expressed as the critical thermal maximum (CTmax) or, the mean temperature for the 5 replicates, at a particular temperature, when they lost balance.





[bookmark: _GoBack]Results:

	Fish ID
	Acclimation Temperature (°C)
	Loss of Equilibrium (°C) - LOE
	Critical Thermal Maxima (°C) CTmax

	Fish 1
	32.7
	40.8
	

	Fish 2
	32.7
	40.9
	

	Fish 3
	32.7
	40.8
	

	Fish 4
	32.7
	40.9
	

	Fish 5
	32.7
	40.9
	

	

	Fish 6
	29.9
	40.2
	

	Fish 7
	29.9
	40.6
	

	Fish 8
	29.9
	40.2
	

	Fish 9
	29.9
	39.6
	

	Fish 10
	29.9
	40.5
	

	

	Fish 11
	26.7
	39.7
	

	Fish 12
	26.7
	39.9
	

	Fish 13
	26.7
	39.7
	

	Fish 14
	26.7
	40.0
	

	Fish 15
	26.7
	39.7
	

	

	Fish 16
	20.9
	38.6
	

	Fish 17
	20.9
	39.1
	

	Fish 18
	20.9
	39.4
	

	Fish 19
	20.9
	38.8
	

	Fish 20
	20.9
	38.7
	



Tasks and questions:

1. Calculate and fill in the CTmax figures for each temperature trial. 
1. Plot a graph of CTmax against acclimatisation temperature.
1. Summarise the trends that are shown in your graph. 
1. You have had a successful research season and you are pleased with your results.  How might you expand your research next year? You do NOT have an unlimited budget? Give your answer as continuous prose and not more than 100 words. 
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