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Abstract 

The coral Pocillopora damicornis hosts genetically distinct and novel types of dinoflagellate symbionts at the 
high-latitude site of Lord Howe Island (LHI), yet why these novel types exist at this marginal site is unknown. In 
this study, it was detennined whether one of the novel Symbiodinium types at LHI is phy~iologically adapted for 
this high-latitude site, where water temperatures annually range from 18°C to 26°e. Low and high short-tenn 
thennal bleaching thresholds of the coral-symbiont partnership were measured as 14°C and 30°e. PhotochEmical 
sensitivity to temperature (15°C and 29°C) and light treatments (100% and 40% of sunlight), measured as effective_ 
quantum yie1d and fast induction curves, were detennined over a 72-h period. A greater effect on the 
photochemical reactions of LHI P. damicornis symbionts was recorded in response to a 3°e temperature increase 
from annual maxima than a 3°e temperature decrease from annual minima. Corals did not bleach when 
temperature was reduced to 15°e for 72 h; in contrast, a 92% decline in photochemical efficiency was recorded in 
the 29°C treatment (AF: F~ < 0.05), compared to 35% loss in the control (20°C). For the first time, a Pulse 
Efficiency Analyser fluorometer was used to assess the effect of reduced temperature on symbionts, showing a 
reduced rate of QA reduction, further enhanced by high light levels. This type of Symbiodinium at LHI may be 
specialized for cooler and more variable temperatures, so contributing to the success of corals at this marginal 
location. 

The success of coral reefs results from the symbiotic 
relationship between scleractinian corals and dinoflagel
lates of the genus Symbiodinium. The host relies on the 
dinoflagellate symbionts for survival, because they release 
substantial amounts of photosynthate to the host, and aid 
the recycling and conservation of nitrogen (Muscatine 
1990). In return, the symbionts reside within the host tissue 
and the host provides carbon dioxide for the photosyn
thetic reaction and substrates (e.g., nitrogen and phos
phorus) required for synthesis of cellular constituents, 
including the photosynthetic apparatus. 

Symbionts exposed to stress (e.g., high or low temper
ature outside of the optimal range) can sustain photosyn
thetic damage when light capture exceeds the rate of light 
utilization (Jones et a1. 1998; Saxby et a1. 2003). In response 
to increased temperatures, excess absorbed light energy 
leads to the production of reactive oxygen species, which 
can disrupt cellular components and induce physiological 
malfunction, and lead to expulsion of the symbiont from 
the host (reviewed in Weis 2008). Excessive irradiance or 
thermal stress can lead to permanent damage, due to 
inhibition of the photosystem II (PSII) reaction centers 
(degradation of the Dl protein [Warner et a1. 1999; Hill 
and Ralph 2006]) and associated light-harvesting complex-
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es (Takahashi et a1. 2008), energetic uncoupling in the 
thylakoid membranes (Tchemov et a1. 2004; Hill et a1. 
2009) or inhibition of the dark reactions (Jones et a1. 1998). 
However, few studies have characterized the effect of cold 
temperature stress on ·PSII of Symbiodinium. On the 
southern Great Barrier Reef (GBR), loss of photochemical 
efficiency was recorded after 12 h exposure to 12°C (Saxby 
et a1. 2003) and bleaching at \3.3°C was observed in situ 
(Hoegh-Guldberg et a1. 2005), with winter water temper
atures usually averaging 21°C (Ulstrup et a1. 2006). 

A common technique used to characterize the photo
synthetic condition of coral symbionts during bleaching 
events is the measure of chlorophyll a fluorescence. Pulse 
Amplitude Modulated (PAM) fluDrometry is the most 
common (Jones et a1. 1998; Warner et a1. 1999; Jones and 
Hoegh-Guldberg 2001), although measures of fast induc
tion curves (FICs) using other fluorometers (such as Plant 
Efficiency Analysers and Double Modulation Fluorome
ters) are becoming more widespread (Hill et a1. 2004a; 
Ulstrup et al. 2005; Hill and Ralph 2006). These 
instruments allow for nondestructive and rapid measures 
of photosynthetic condition on the same sample over time 
in both laboratory and field settings (Beer et a1. 1998; 
Ralph et a1. 1999; Hill and Ralph 2005). While PAM 
fluorometers provide information on the photosynthetic 
efficiency of PSII, FIC measurements provide a detailed 
insight into the movement of electrons from the donor-side 
to the acceptor-side of PSII (Govindjee 1995; Strasser et a1. 
1995; Hill et al. 2004a). Changes in the amplitude of steps 
and shape of FlCs have been used to identify the site in 
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