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Abstract Coral larvae represent the ideal model with 
which to test many aspects of the relationship between 
symbiotic zooxanthellae and the wral host because this 
is the only stage iu the life history of the organism 
where it is easy to produce both symbiotic and non- 
symbiotic individuals for cornpaison. We wed this 
larval model to investigate the effect of the presence of 
tbe svmbiont on the thermal tolerance of wral larvae. 

pmlonged, the colony will die (Glynn andD'Cn 1990). 
Many aspects of the bleaching phenomenon remain 

puzzling from a physiological perspective @ r o w  and 
Ogden 1993). In many coral species, the relationship 
breaks down a! as little as I" C above long term summer 
averege temperatures (Goreau and Hayes 1994). The 
absolute temperatures that induce the breakdown in 
svmbiosis are not that hieb with bleaching tvoicallv - .  ~ ~~ , . ~ ~ ~ ~ ,  

We exposed symbiotic and non-symbiotic lmae  of occwring bmvccn 28 and 32O C, depending on thc thermal 
Acroporo mwicaa to 3 lempcmmres undcr a mildly history of the location (Coles and Brown 2003). Few other 
stres&~I level of light (125-150 pE rn-' s-') for a 7-day animals are affected by these thermal anomali& (at least in 
period. Many larvae survived well at 28 and 32- C. In the inilial stages of the event) and nor would they be 
con- all larvae died witbin 40 h at 36O C. predicted to be affffited because cellular processes, such as 
Interestinelv. there was no maior difference in the denanuin~ of oroteins. are affected below 37' C. -. . 
survivorship between symbiotic A d  non-symbiotic Similnrly, few-free-living al& bleach during these events. 
lmac 31 any temperature indialing thu *e symbionts Furthcrmo~ zcoxanthcllar: isolated from wrd hosls can 
hd iinlc influence on larval mscc~tibililv to heat and be maintained in culmrcs for long ~criods at 37' C Wcter 
lighr However, thc density of &hiongin the larvae 
%,hen the cxpcrimcnts were initiated wus low and 
therefore, unlikely to affect the physiology ofthc host 
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Introduction 
Reef corals form obligate symbiotic associations 

with dinoflagellates wmmonly known as 
woxanthellne. Under stress, such as high sea water 
temperature, this assncation can break down with 
wnscquent loss of the pigmented algal symbionts. This 
process is known as coral bleaching. Zooxantheliae 
provide 30 % o f  the total nitrogen and 91 %of carbon 
needs of the wral host (Bythell 1988). Consequently, 
when the density of 7aoxanthellae is reduced following 
bleaching the coral loses an important source of energy 
porter et al. 1989) with a subsequent reduction in 
colony growth andlor reproduction (Baird and Marshall 
2002). If the loss of symbionts is very high, or 

Ralph pers corn.), and many 'of the zooxan&ellae 
recovered from wrals following bleaching are healthy 
Ralvh et al. 2001). Most theories assume. therefore. that it 
is thc con!munir'ilion befwccn tllc host i d  the symbiont 
that is being dirmpted However, it is also possible that tht. 
c o d  host is unusually susceptible to temperature stress. 

Coral larvae are the ideal model with which to test 
many aspects of the relationship between symbiont and 
host in many broadcast spawning coral species gametes 
do not contain woxanthellae (Harrison and Wallace 1990), 
however, larvae can readily be infected with different 
strains of woxanthellae under experimental conditions 
(Sehwarz et al. 1999; van Oppen 2001). Consequently, it is 
possible to compare symbiotic and nou-symbiotic 
individuals of the same species, and furthermore, readily 
confro1 the identity of both the host and the symbiont This 
control over the make up of the association is not possible 
in adults, because even completely bleached adults still 
contain residual densities of svmbionts (Hoeeh-Guldbere 
and Smith 1989), and it is not &own ,vhc;her ;hey can rak; 
up 5ymbi;~nt: kern the environment (Iloegh-Guldherg ct 21. 
2002). Funhermore. coral lmae  are non-fredinr 
padiallah 1983) with &I extraordinary capacity to delay 










