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How warming, ocean acidification and body size interact to affect the physiological responses of marine organisms remains
uncertain. We examined the metabolic response of the Australian sea urchin Heliocidaris erythrogramma to warming and low
pH across a large body size range. All three strongly influenced metabolism, but their effects were completely partitioned and
independent. This urchin was not able to compensate for increases in energetic demand by increased feeding rate, suggesting
this dominant rocky reef grazer may be under substantial energetic shortfalls in the near future ocean.
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Summary

Our results show that warming, low pH and body size are highly partitioned
and independent in their effects on metabolic rate.

Near-future climate change will come with a substantial energetic cost to
Heliocidaris erythrogramma, and an apparent inability to modulate
feeding rate means that this cost may not be met.

Methodology: Urchins (n=94, Fig. 1a) of 0.04-9.87g (ash-free dry
mass, AFDM) were acclimated to 18 and 23°C, and pH 7.5 and
8.0 (4 treatments). Closed-chamber respirometry (Fig 1b)
determined metabolic rate (R, mgO2 h-1) at 8 and 11 weeks.
Feeding rate (rF, g day-1, Fig. 1c) was determined in week 10 over
five days using algal powder embedded in agar.

Feeding	Rate	- rF
1) rF was	strongly	affected	by	body-size,	scaling	with	mass	with	

exponents	0.50	to	0.59

2) rF was	unaffected	by	either	temperature (ANCOVA,	P=0.15)	or	pH	
(P=0.74)

3) rF was	unaffected	even	in	the	combined	treatment,	where	R
increased	by	44%

4) However	- an	interaction	between	body	size	and	temperature	
(P=0.04)	indicated smaller individuals (<1g	AFDM) were able to	
increase rF with	warming,	but	not	in	response	to	low	pH

Metabolic	Rate	- R

1) R was	equal	in	weeks	8	and	11	(two- tailed	
paired	t-test;	t93=1.06,	P=0.29)	indicating	
physiological	acclimation

2) Body	size affected	R	identically	in	all	
treatments;	scaling	exponent	b	=	0.70-0.72	

3) +5°C	and	-0.5	pH both increased R by	equal
amounts;	20%	(±7.3)	and	19%	(±6.4),	

4) Combined	effects	were	additive;	+44%	(±14.5)	

5) None	of	the	3	factors	interacted	or	modulated	

the	effects	of	the	others

Fig	3:	Changes	to	rFwith	body-size
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Fig	1:	a)	H.	erythrogramma	size	range,	b)	respirometry,	c)	feeding	trial
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Fig	2:	a)	Changes	to	R	with	body-size	in	all	four	treatments.	b)	Changes	to	R	(expressed	as	mass-specific	
MO2)	at	a	log-midpoint	AFDM	(0.62g),	as	values	(left	axis)	and	%	change	above	control	(right	axis)

a. b.


