ASSESSING THE PHOTOSYNTHETIC IMPACT OF
INORGANIC CARBON IN SYMBIOTIC
DINOFLAGELLATES IN CULTURE AND IN CORAL
HOST COMPLEXES

LUCY BUXTON
SEPTEMBER

2008

THIS THESIS IS SUBMITTED IN FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY IN SCIENCE

AQUATIC PHOTOSYNTHESIS GROUP
DEPARTMENT OF ENVIRONMENTAL SCIENCE
INSTITUTE FOR WATER AND ENVIRONMENTAL RESOURCE MANAGEMENT
UNIVERSITY OF TECHNOLOGY, SYDNEY

CERTIFICATE OF AUTHORSHIP/ORIGINALITY

I certify that the work in this thesis has not previously been submitted for a degree nor
has it been submitted as part of requirements for a degree except as fully acknowledged
within the text.
I also certify that the thesis has been written by me. Any help that I have received in my
research work and the preparation of the thesis itself has been acknowledged. In
addition, I certify that all information sources and literature used are indicated in the
thesis.

Lucy Buxton

Certificate of Authorship/Originality

11

ACKNOWLEDGEMENTS

I would firstly like to thank my supervisor Associate Professor Peter Ralph. Peter has
provided considerable support and guidance throughout this PhD. He has always been
available for advice and encouragement. He has been a wonderful, patient supervisor
and has helped this work reach fruition.
I would also like to thank my co-supervisor Prof. Kenneth Brown who has always
offered helpful feedback and guidance. His considerable talents in editing have greatly
assisted in the finalization of this work.
Several important collaborations were established during this work, and I would like to
thank Professor Murray Badger, Dr Shunichi Takahashi and Dr Ross Hill for their
technical support and advice.
This work was made possible through considerable financial support by the Hermon
Slade Foundation. Thank you to Barry Filshie and the Committee for their belief in the
project and the vital financial backing, without their help this work would not have been
possible. Additionally I would like to thank the Faculty of Science and the Department
of Environn1ental Science for their financial assistance.
I would like to thank the scientific staff at UTS and the Heron Island Research Station
for all their vital help. My colleagues in the Aquatic Photosynthesis Group have been
great companions and I thank then1 for their friendship and support.
I extend my appreciation to my mother and father for their help in editing this thesis on
a tight deadline. I would like to acknowledge and extend my deepest gratitude to them
both for their unlimited love and support throughout my studies. They have always
championed my pursuit of a career in science. Taking me to lectures on marine bio1ogy
while still at primaty school had a considerable impact on my young mind, and is just
one of many examples of their ceaseless encouragement. Thank you for the all
opportunities you have given me and your unwavering belief in me.
Finally I would like to thank my husband Craig. Without his support I could not have
taken the first steps on this journey. Thank you for all the provisions you have n1ade
throughout my degree. Thank you for your guidance, optimism and love.

Acknowledgements

lll

P UBLICAT IONS

Publication arising directly from this thesis
Buxton. L., Badger. M., Ralph. P. J. (in press) Effects of moderate heat stress and

dissolved inorganic carbon concentration on photosynthesis and respiration of
Symbiodinium sp. in culture and in symbiosis. Journal of Phycology

Buxton. L., Takahashi. S. , Hill. R. and Ralph, P. J. (in review) Differential inhibition of

the dark reactions in Symbiodinium sp. during heat stress. Photosynthesis Research.

Publications

IV

TABLE OF CONTENTS

Certificate of Authorship and Originality

11

Acknowledgements

lli

Publications

IV

Table of Contents

v

List of Figures

X

List of Tables

XVI

Abbreviations

xvn

Abstract
Chapter 1.

General Introduction

1. 1. Ocean acidification
1.1.1 . Carbon dioxide and the ocean
1.2. Coral reefs

4

5
5

7

1.2.1. Coral biology

7

1.2.:2 . Coral bleaching

8

1.3 . Photosynthetic Functionality

9

1.3 .1. Light reactions

9

1.3.2. Calvin cycle

12

1.3 .3. Carbon concentrating mechanisms

12

1.4. Chlorophyll a fluorescence

14

1.4.1. Analysis of Chlorophyll a fluorescence signal

15

1.4.2. Fluorescence parameters

16

1.5. Impacts of ocean acidification

18

1.5.1. Impacts of acidification at the community level

18

1.5.2. Cellular impacts of pH change

19

Table of Contents

v

19

1. 5.3. Potential for photosynthetic dysfunction

21

1.6. Research objectives and thesis outline

Chapter 2.

23

Materials and Methods

2. 1. Corals samples

24

2.2. Coral species

25

2.2.1. Pocillopora damicornis (Linnaeus)

25

2.2.2. Stylophora pistillata (Esper)

26
26

2.3. Algal cultures
2.3.1. Culturing and growth conditions

27

28

2.4. Chlorophyll a and c 2 analysis
Chapter 3.

Effects of Moderate Heat Stress and Dissolved Inorganic Carbon

Concentration on Photosynthesis and Respiration of Symbiodinium sp. in
culture and in symbiosis

29

3 .1. Introduction

30

3 .2. Materials and n1ethods

32

3 .2.1. Coral and Symbiodinium sp. growth conditions

32

3.2.2. Measuren1ent of gas exchange

33

3.2.3. Analysis of photosynthetic pigments

35

3.2.4. Statistical analysis

35

3. 3. Results

36

3 .4. Discussion

43

Chapter 4.

Measuring Calvin Cycle Inhibition- Method Development

and Optimisation
4.1. Introduction

48
49

4.1.1. Symbiodiniwn sp. Rubisco

50

4.1.2. Measuring Calvin cycle intennediates

51

4.2. Method development and results

52

4.2.1 . Symbiodinium sp. growth

52

4.2.2. Preparation of cells

53

4.2 .3. Isolating Rubisco

54

4.2.4. Quenching cell preparations

54

Table of Contents

VI

4.2.5. Celllysis

55

4.2.6. Concentrating metabolites

57

4.2.7. Spectrophotometric assay

58

4.3. Discussion
Chapter 5.

59

Differential inhibition of the Calvin cycle reactions in

Symbiodinium sp. during heat stress

63

5 .1. Introduction

64

5.1.1. The Calvin cycle as a target for heat stress

64

5.1.2. Measuring down-stream inhibition

65

5.2. Materials and Methods

67

5.2.1. Coral and Symbiodinium sp. growth conditions

67

5.2.2. Fluorescence measurements

68

5.2.3. Optimising use of methyl viologen with Symbiodinium sp.

68

5 .2.3 .l.Methyl viologen and glycolaldehyde

68

5.2.3.2.0ptimal concentration of methyl viologen

69

5.2.3.3.Length of methyl viologen exposure

69

5.2.3.4.Temperature interaction with methyl viologen

69

5.2.4. Investigating inhibition of the dark reactions in Symbiodinium sp. 70
5.2.5. Chlorophyll analysis

70

5.2.6. Statistical analysis

70

5.3. Results

71

5.4. Discussion

79

5 .4.1. Primary sites of thermal damage in Symbiodinium within corals

80

5.4.2. Difference in primary sites of thermal damage between cultured
and in hospite Syrnbiodinium sp.

81

5.4.3. Difference in primary sites of them1al damage among
Syrnbiodiniurn sp.

81

5.4.4. How does heat stress accelerate photoinhibition in
Symbiodinium?

5.4.5. Conclusion
Chapter 6.

Seasonal variabili ty of the effect of pH on coral photosynthesis

6. 1. Introduction
Table of Contents

82
83
84
85
Vll

6.2. Materials and methods

86

6.2.1. Coral collection

86

6.2.2. pH measurements

86

6.2 .3. Chlorophyll a fluorescence measurements

88

6.2.4. Statistical analysis

88

6.3. Results

89

6.3.1. Summer response

89

6.3.2. Winter response

94

6.3.3. Recovery of effective quantum yield

98

6.4. Discussion

99

6.4.1 . The effect of pH on coral photosynthesis

99

6.4.2. Seasonal susceptibility

100

6.4.3 . Possible mechanism of acid-base imbalance in corals

103

6.4.4. Surmnary

105

Chapter 7.

Characterising pH-drift of the cultured symbiotic dinoflagellate

Symbiodinium sp.

107

7 .1. Introduction

108

7 .2. Materials and Methods

110

7.2.1. Symbiodinium sp. growth

110

7.2 .2. Experimental growth conditions

110

7.2.3. Measurement of dissolved inorganic carbon

110

7.2.4. Cell counts

111

7.2.5. Nutrient analysis

111

7.2.6. F luorescence measurements

Ill

7.2.7. Statistical analysis

112

7.3. Results

112

7 .4. Discuss ion

117

Chapter 8.

General Discussion

122

8.1 . The effec ts of inorganic carbon concentration on Symbiodinium sp.
photosynthesis

123

8.1.1. Inorganic carbon enrichment

123

8.1.2. Inorga nic carbon limitation

124

Table of Contents

Vlll

8.2. Thermal inhibition and impacts on carbon sequestration of
Symbiodinium sp.

125

8.3. Disparity of Symbiodinium sp. responses observed in vivo and in vitro

126

8.3.1. Carbon acquisition of Symbiodinium sp. in vivo and in vitro

127

8.3.2. pH tolerance of Sy mbiodinium sp. in vivo and in vitro

128

8.4. Summary of key findings

132

8.5. Environmental significance

132

8.6. Future research

133

References

136

Appendix

156

Appendix 1

157

Appendix 2

158

Appendix 3

160

Table of Contents

IX

LIST OF FIGURES

Figure 1.1 Z-scheme of photosynthesis (adapted by L. Buxton and C. Pinney from
original drawing by Taiz and Zeiger (2002)). Blue line shows the passage of electrons,
while the red line indicated the movement of protons (H+).

11

Figure 1.2 Diagrammatic representation of the Calvin cycle (adapted by L. Buxton and
C. Pinney from original drawing by Price (2001)).

13

Figure 1.3 The potential fate of light entering the reaction center (RC) of the
Photosystem II light harvesting complex (LHC).

15

Figure 1.4 Fluorescence kinetics of light- and dark-adapted plant sample (adapted from
Schreiber and Bilger 1993).

17

Figure 2.1. Position of Heron Island (adapted from Microsoft MapQuest 2008).

24

Figure 2.2. Pocillopora damicornis (© Directsealife.con1)

25

Figure 2.3. Stylophora pistillata (© Directsealife.com).

26

Figure 3.1 Effect of temperature and Ci concentration on net oxygen production in the
whole coral P.damicornis at 26 °C and 30 °C. Data show means (n=5), error bars
represent standard error. Dotted vertical line at 2.2 1nM inorganic carbon represents
concentration of seawater. The dashed horizontal line represents 0 2 uptk in the dark (3.04 ± 0.63 and -2.67 ± 0.33 nmol 0 2 )lg Chl a mL min, at 26 °C and 30 °C
respectively).

38

Figure 3.2 Effect of temperature and Ci concentration on photosynthetic efficiency and
non photochemical quenching (NPQ) in the whole coral P. damicornis at 26 °C and 30
°C. Data show means (n=5), error bars represent standard error. Dotted ve1iical line at
2.2 mM inorganic carbon represents concentration of seawater.

List of Figures

39

X

Figure 3.3 A and B Rate of PSII electron flow as a function of oxygen evolution in the
whole coral P. damicornis and cultured Symbiodinium sp. respectively at 26 and 30 °C.
Data shows mean (n=5), error bars represent standard error.

40

Figure 3.4 Effect of tetnperature and Ci concentration on net oxygen production (02
02

uptk)

evoJ,

in cultured Symbiodinium CS-156 at 26 °C and 30 °C. Data show means (n=5),

error bars represent standard error. Dotted vertical line at 2.2 mM inorganic carbon
represents concentration of seawater. The dashed horizontal line represents 0 2uptk in the
dark (-19.51 ± 8.79 and -9.90 ± 0.84 nmol 0 2 ~g Chl a mL min, at 26 °C and 30 °C
respectively).

41

Figure 3.5 Effect of temperature and Ci concentration on photosynthetic efficiency and
non photochemical quenching (NPQ) in cultured Symbiodinium CS-156 at 26 °C and 30
°C. Data show means (n=5), error bars represent standard error. Dotted vertical line at
2.2 mM inorganic carbon represents concentration of seawater.

42

Figure 4.1 Detail of Calvin cycle metabolic intermediates.

51

Figure 4.2 Effective quantum yield (<l>rs 11 ) of CS-73 exposed to 32 °C. Enor bars
represent± standard error (n=4).

53

Figure 4.3 A sample spectrophotometric trace showing the expected time course of
absorbance change (Abs 340 1m1) during NADPH oxidation coupled to ADP formation.
Arrow A indicates 21 nmol of ADP added, arrow B indicates 21 nmol Rubisco added .
Vertical bar C represents the expected decrease in absorbance due to the consumption of
NADPH .

59

Figure 5.1 Diagram shown the site of action of the competitive electron acceptor
methyl viologen at Photosystem I.

66

Figure 5.2 The effect of methyl viologen on the effective quantum yield of whole corals
and cultured Symbiodinium sp. Graph shows the results from a range of concentrations
of methyl viologen, and the effects of temperature. Enor bars represent± standard error
(n = 5).

List of Figures

73
Xl

Figure 5.3 The effect of glycolaldehyde on the effective quantum yield of whole corals
and cultured Symbiodinium sp. at 26°C. Error bars represent± standard error (n = 5).
74
Figure 5.4 Graph showing effective reversal of photosynthetic inhibition by methyl
viologen following incubation with glycolaldehyde for Pocillopora damicornis at 26 °C.
Error bars represent ± standard error (n = 5).

74

Figure 5.5 Graph showing the effect of 20 mM methyl viologen on FviFm. Error bars
represent± standard error (n = 5). Asterisks denote significant effect of MV compared
to the control (-MV) at a given temperature (significance level of 0.05).

75

Figure 5.6 The effect of temperature on <l>psn at 26, 32 and 34 °C in the presence (crosshatched bars) and absence (solid bars) of methyl viologen. Those bars marked with*
denote results that show a significant difference in <l>psiJ following the addition of
methyl viologen at a given temperature (significance level of 0.05). Significant
differences between the control (26°C) and te1nperature treatments (32 and 34°C) are
denoted by capital letters (comparing incubations- MV) or lowercase letters
(comparing incubations + MY) (significance level of 0.05). Error bars represent ±
standard error (n = 5).

72

Figure 5.7 The effect of temperature on non-photochemical quenching at 26, 32 and 34
°C in the presence (cross-hatched bars) and absence (solid bars) of methyl viologen.
Those bars marked with

* denote results that show a significant difference in <l>ps 11

following the addition of methyl viologen at a given temperature (significance level of
0.05). Significant differences between the control (26°C) and temperature treatments
(32 and 34°C) are denoted by capital letters (comparing incubations - MV) or lowercase
letters (con1paring incubations+ MV) (significance level of 0.05). Error bars represent
± standard error (n = 5).

73

.F igure 6.1 Effect of pH on maximum quantum yield (F)Fm), effective quantum yield
(<l>psJJ) and non-photochemical quenching (NPQ) of P. damicornis at ambient seawater
temperature (27 °C) and following exposure to elevated temperature (31 °C) during
List of Figures

Xll

summer. Open bars represent 0 h, and shaded bars represent 6 h. Asterisk(*) denotes
significant differences within treatment (0 to 6 h). Upper case letters denote significant
differences between temperature treatments at given pH at 0 hours of exposure (27 °C
and 31 °C at 0 h). Letters denote significant differences between temperature treatments
according to Boniferroni post hoc comparison at given pH at 0 hours (uppercase) or 6
hours (lowercase) of exposure (27 °C and 31 °C at 6 h). Error bars signify standard error
(n=5).

91

Figure 6.2 Effect of pH on maximum quantum yield (FviFm), effective quantum yield
(<Dpsu) and non-photochemical quenching (NPQ) of S. pistillata at ambient seawater
temperature (27 °C) and following exposure to elevated temperature (31 °C) during
summer. Asterisk(*) denotes significant differences within treatment (0 to 6 hours).
Upper case letters denote significant differences between temperature treatments at
given pH at 0 hours of exposure (27 °C and 31 °C at 0 h). Lower case letters denote
significant differences between temperature treatments according to Boniferroni post

hoc comparison at given pH at 6 hours of exposure (27 °C and 31 °C at 6 h). Error bars
signify standard error (n=5).

93

Figure 6.3 Effect of pH on maximum quantum yield (Fv/F 111 ), effective quantum yield
(<DPsii) and non-photochemical quenching (NPQ) of S. pistil/ala at ambient seawater
temperature (21 °C) and following exposure to elevated temperature (26 °C) during
winter. Asterisk(*) denotes significant differences within treatn1ent (0 to 6 hours).
Upper case letters denote significant differences between temperature treatments at
given pH at 0 hours of exposure (27 °C and 3] °C at 0 h) . Lower case letters denote
significant differences between tem perature treatn1ents according to Boniferroni post

hoc comparison at given pH at 6 hours of exposure (27 °C and 31 °C at 6 h). Error bars
signify standard error (n=5) .

96

Figure 6.4 Effec t of pH on maximum quantum yield (F) F 111 ), effective quantum yield
(<D rsll) and non-photochemical quenching (NPQ) of S. pistillata at ambient seawater
temperature (21 °C) and fo ll owing exposure to elevated temperature (26 °C) during
winter. Asteri sk( *) de notes significant differences within treatment (0 to 6 hours).
Upper case letters denote significant differences between temperature treatn1ents at
given pH at 0 hours of exposure (27 °C and 3 1 °C at 0 h). Lower case letters denote
List of Figures

X Ill

significant differences between temperature treatments according to Boniferroni post
hoc comparison at given pH at 6 hours of exposure (27 °C and 31 °C at 6 h). Error bars
signify standard error (n=5) .

97

Figure 6.5 Graphs showing recovery of effective quantum yield (Cl>rsll) of seasonal
corals at pH 8.2 (.A), 7.8 (• ) and 7.2 (• ). Filled symbols are measurements at ambient
seawater temperature for each season (27 °C in summer and 21 °C in winter), open
symbols are measurements at experimental temperature (31 °C in summer and 26 °C in
winter). Error bars represent± standard error (n = 5).

98

Figure 7.1 pH drift experiment of Symbiodinium sp. in culture. Left panels show cell
concentration, pH and total dissolved inorganic carbon for 3 Symbiodinium sp. clades A,
B and C 1. Right panels depict changes in the DIC species HC03- and C02

(aq)

during

growth of Symbiodinium sp. clades A, B and C 1. Error bars represent± standard error
114

(n=4).

Figure 7.2 Growth rate as a function of (left) external pH and (tight) DIC concentration
for 3 Symbiodiniurn sp. clades A, B, Cl. Error bars represent ± standard error (n=4).
115

Figure 7.3 Photosynthetic parameters of Symbiodinium sp. measured dming growth. A
shows maximum quantum yield (F/F 111 ), clade A (•) clade B (• ) and subclade C1 (o ).
B shows the quantum yield of photochemical quenching, qP (A) at 50 llmol photons m2 s- 1 , shading for clades as before. C shows the quantum yield of non-regulated nonphotochemical Joss in PSII (Y No) at 50 )Jmol photons m- 2 s-1( • ) and 500

)111101

photons

m-2 s- 1 (0), shading of symbols as before. Graph D shows electron transport rate of PSII
50 11mol photons m- 2 s- 1 ( •

)

and 500 11mol photons m-2 s- 1 (0), shading of symbols as

before. In all cases error bars indicated ± standard error (n=4 ).

116

Figure 8.1 Conceptual model showing possible modes of acid-base compensation in
corals. Note that this diagram is hypothetical with regards to some details. Acid-base
compensation mechani sms depicted here are based on those identified from other
marine organisms as desctibed in the text (Portner et al., 1984; Wood, 1991; Heisler,
1993; Wood and Marshall, 1994; Kurihara et al., 2007). Figure A shows possible
modes of H+ extrusion, HC0 3- buffering, and ionic compensation mechanism s on the
List of Figures

XlV

coral host membranes, B shows those that may be present in Symbiodinium sp.
membranes, while C shows potential targets of acid-base imbalance on the thylakoid
membrane.

130

Figure 8.2 Flow diagram showing hypothetical pathways of pH imbalance in the coral
symbiosis. Green boxes highlight results from this thesis, blue are theoretical modes of
impact as described in the text, orange are known effects of intracellular pH imbalance
identified from a range of marine organisms.

131

Figure A2.1 Effects of the buffers CHES and BTP on effective quantum yield of S.
pistillata and P. damicornis in the summer (A) and winter (B). Error bars represent
standard error (n=5) .

159

Figure A3.1 Graph showing nutrient concentrations of Symbiodinium sp. clade A, B
and C1 during pH drift experiments. Error bars represent± standard error (n = 4) 160

List of Figures

XV

LIST OF TABLES

Table 4.1 Effect ofF/2 salinity on A 340 ±standard error (n = 4), P values shown

compared to control (0 ppm).

55

Table 4.2 Complete cell lysis achieved by different homogenization techniques±

standard error (n = 4), P values shown compared to control (no homogenization or
acidification).

56

Table 5.1 Summary of significant changes in <l>psn and in the presence of methyl

viologen at 26, 32 and 34 °C

79

Table 6.1 Water chemistry recorded during summer treatments. pH, 0 2 saturation,

salinity and temperature are means (± standard error, n=5) over the treatment period.
Carbon chemistry is calculated from known parameters (Mehrbach et al., 1973; Roy et
al., 1993).

90

Table 6.2 C01nbined effects of pH and temperature on P. damicornis in the sununer (±

standard deviation).

92

Table 6.3 Combined efiects of pH and temperature on S. pistilfata in the sun1mer (±

standard deviation)

92

Table 6.4 Water chemistry recorded dming winter treatments. pH, 0 2 saturation,

salinity and temperature are means(± standard error) over the treatment period. Carbon
chen1istry is calculated from known parameters.

94

Table A2.1 Vo lume ofBTP and CHES buffers used in combination (n = 4).

158

List of Tables

XVI

ABBREVI ATIONS

A

Absorbance

Ao

Photosystem I primary electron acceptor

A,

Photosystem I secondary electron acceptor

ANOVA

Analysis of variance

ASW

Artificial seawater

b6f

Cytochrome b6f

Chi

Chlorophyll
Electron
Dark-adapted maximum fluorescence
Light-adapted maximum fluorescence

FNR

Ferredoxin-NADP+reductase

Fo

Dark-adapted minimum fluorescence

FSW

Filtered seawater

Ft

Steady-state fluorescence

GA

Glycolaldehyde

IC

Induction curve

LHC

Light harvesting complex

MV

Methyl viologen

NADP+

Nicotinamide adenine dinucleotide phosphate

NADPH

Reduced form ofNADP+

NPQ

Non-photochen1ical quench ing

OEC

Oxygen evo lving complex

P680

Photosystem II reaction center

P700

Photosystem I reaction center

PAM

Pulse amplitude n1odulated

PAR

Photosynthetically active radiation

Phaeo

Phaeophytin

PQ

Plastaquinone

PSI

Photosystem I

PSil

Photosystem II

QA

PSI! prima ry electron acceptor

Qs

PSli secondary electron acceptor

Abbreviations

XVll

qP

Photochemical quenching

qN

Non-photochemical quenching

rmANOVA

Repeated measures analysis of variance

ROS

Reactive oxygen species

~pH

Transthylakoid pH gradient

<Drs II

Effective quantum yield of Photo system II

Abbreviations

XVlll

ABSTRACT

ABSTRACT

Increased atmospheric carbon dioxide concentrations are causing warming of the
Earth's atmosphere and having significant effects on the chemistry of the oceans.
Disruption to seawater biochemistry is causing associated pH change known as ocean
acidification and increased concentrations of dissolved inorganic carbon. Coral reefs
are already at risk from increased seawater temperatures; however the impact of ocean
acidification will be in addition to that of temperature change alone. The major
objectives of this thesis were to provide insight into the effects of temperature, dissolved
inorganic carbon concentration and seawater pH on the photosynthesis of the symbiotic
algae Symbiodinium sp. both in vitro and in hospite.
While it has been speculated that increased carbon dioxide may stimulate primary
production, results presented here for short-term incubations show that Symbiodinium
sp. photosynthesis is saturated at present concentrations (2 mM). However,
photosynthesis in hospite can become significantly litnited if DIC falls below 2 mM.
This highlights the significant role of host inorganic carbon transport mechanisms for
the n1aintenance in a healthy symbiosis.
Symbiodinium sp. in culture however, show significant photosynthetic plasticity over a
range of inorganic carbon concentrations (0.1 - 10 mM), and exhibit no photosynthetic
inhibition at inorganic carbon concentrations well below ambient levels (0.4- 2 mM).
This suggests that Symhiodiniwn sp. have well developed carbon concentrating
mechanisms and may be able to

ad~pt

to changes in inorganic carbon availability,

whereas the same algae in hospite requi res a higher DIC supply.
Exposure to elevated temperature is known to cause photosynthetic inhibition in the
coral symbiont Symbiodinium sp. Models of photophysiologcial thermal damage in
corals can be generally divided into two broad groups; those that take place at the site of
the light reactions and those that occur in the Calvin cycle. Results presented here have
identified species- and cladal-specific heterogeneity in thermal inhibition of the dark
reactions in the whole corals Stylophora pistillata and Pocillopora damicornis, and
amongst Symbiodinium clades A, Band Cl. Furthermore, these patterns are not
consistent when observed in vivo and in vitro.
Abstract
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pH-drift experiments of Symbiodinium sp. grown in culture have identified significant
cladal-specific pH ranges of clades A, B and subclade C 1. Results show that
Symbiodinium sp. are well adapted for living in rapidly changing pH and dissolved

inorganic carbon environments. However, when measured in hospite in the C !harbouring corals S. pistillata and P. damicornis, photosynthesis became significantly
inhibited at pH 7.2 and 7.8 over short-term incubations. Furthermore, the thermal
history of corals measured in the field had a significant effect on pH-susceptibility
between summer and winter seasons. Results revealed an synergistic affect of elevated
temperature and low pH on photosynthesis.
The disparity between results observed in vivo and in vitro suggest that the cnidarian
host may be considered the more vulnerable partner to changes in pH leading to
photosynthetic inhibition and symbiotic dysfunction. Possible targets of pH stress in
both the host and algal symbiont are discussed.
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