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Previously coral spawning synchronicity wasPreviously coral spawning synchronicity was 
considered unlikely in the tropics

When do corals spawn in the tropics?

van Woesik



Palau

Penland, Kloulechad, Idip, and Van Woesik (2004) Coral Reefs 23: 133-140
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Kenya

SingaporeSingapore

Guest et al 2005. Coral reefs 24: 112-

Mangubhai & Harrison 2008. MEPS 360: 85-96



QuestionsQuestions

• Why does the coral spawning season vary regionally? y p g y g y

• Is the duration of the spawning season driven by an 
environmental factor? 

• Is an extended spawning season the default system• Is an extended spawning season the default system, 
suggesting that gamete release is subjected to strong selective 
pressures? 



Ultimate cues – Why?Ultimate cues  Why?

• What is the long‐term advantage (adaptiveWhat is the long term advantage (adaptive 
significance) of mass spawning?



Hypothesis: windy seasons are strong filters –
strong selection against spawning outside calm periods 
(i.e., gametes lost from reef during windy conditions)

van Woesik



<6 m s-1

van Woesik



Global analysis – Tropical Microwave Imager (TMI) data, 
randomly selected pixel in reef vicinity, for each month (from 

1999 to 2007)

G t B i R f (l tit d 19oS)• Great Barrier Reef (latitude 19oS)

• Okinawa (26oN)

l ( )• Palau (7oN)

• Kenya (3oS)

• Galápagos (0o)

• Ningaloo (21oS)

• Florida Keys (24oS)



Global analysis
Spawning period = -1.9773+1.4773*x; 0.95 Conf.Int.
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Evolution of the systemEvolution of the system

Selective pressure

Evolve toward synchronizationEvolve toward synchronization
Ancient Most derived

van Woesik (2010) Proc Royal Soc 277: 715-722



Infers high retentionInfers high retention

Synchronization of mass spawning duringSynchronization of mass spawning during 
seasonally calm periods clearly agrees with recent 
genetic evidence of local dispersal (1‐10 km) andgenetic evidence of local dispersal (1 10 km) and 
high local retention 

Ayre & Hughes (2000) Evolution 54(5): 1590‐1605; Ayre & Hughes (2004) Ecology Letters 7: 273‐278













Darwin’s dilemma

How do coral reefs thrive in lowHow do coral reefs thrive in low 
nutrient environments? 
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Symbiosis
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Darwin’s dilemma: how do coral reefs 
thrive in low nutrient environments? 

bi iSymbiosis

vanWoesik



S t i bilit   odel Sustainability – a model 
system with over 245 y

million years 
of successof success

van Woesik



Global Climate Change

Climate change



Global warming is:Global warming is:

… the unusually rapid increase in 
Earth’s average surface g
temperature over the past 
century primarily because of y p y
the release of greenhouse 
gases by people that are g y p p
burning fossil fuels.



Last 20 years –
i faverage increase of 0.5oC

Tropical Atlantic

Tropical Pacific

Webster et al 2005. Science Santer et al 2006. PNAS 103: 13905-139



Symbiotic dysfunctionSymbiotic dysfunction
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Southern Japan, 1998



Acropora –Acropora 
bleaching 

& generally mortality

(14 days)



1 month
1.5 months

Porites lutea

2 months
van Woesik et al (2004)



2 months 3 months

Favia favus

van Woesik R et al. (2004)

5 months

6 months

7 months



Leptastrea ‐ Cyphastrea spp. 

High
(encrusting)
Goniastrea aspera (encrusting ‐
massive)
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Palau July 2005



Recovery –
where human influence is minimal

Old & New Rapid recovery 
Palau, July 2005



2010



New experimental 
product called the Enhanced 50km DHW product or E50 (partial pixels)product called the Enhanced 50km DHW product, or E50 (partial pixels)



Lukes Reef, Palau (August 5, 2010)





Rising atmospheric CO2 
concentrations over the past 
two centuries have led to 
greater CO2 uptake by the greater CO2 uptake by the 
oceans.



pH of seawater pH versus 
atmospheric CO2



calcification

growth

Kroeker et al (2010) Ecology Letters



Kroeker et al (2010) Ecology Letters
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CO2 ‐ rate of change !CO2 rate of change !

• “The rate of change is 100 times faster than 
anything seen in the past hundreds of millennia”anything seen in the past hundreds of millennia  
Nature (2006) 442: 978‐980



Sea-level rise over the next 50 years:

Conservative – 10 cm 
Probably - 20 cm 
At worst – 50 cmAt worst 50 cm 



Photo taken: July 31, 2010

Since 1993, NASA satellites have shown that sea levels 
i i i kl b t 3 illi tare rising quickly, about 3 millimeters per year. 



La NinaLa Nina



Modal coral‐reef growth: 4 kg/m2. yr , or about 5 mm/yr 
of upward growth if all carbonate is retained.

Darwin 1842



Sea-level rise over the next Modal coral-reef growth:
50 years:

Conservative – 10 cm (2 mm/yr)
P b bl 20 (4 / )

Modal coral-reef growth: 

~ 5 mm/yr of upward growth 
Probably - 20 cm (4 mm/yr)
At worst – 50 cm (10 mm/yr)

y p g
if all carbonate is retained.



Degraded 
reefs will not 

Healthy reefs 
should keep up with 

keep up with 
sea-level rise.

p p
sea-level rise.



Therefore, we need to know 
the state of the reefs in the state of the reefs in 

Micronesia. 



First (take home message 1); 

We need a comprehensive monitoring 
program for Micronesiaprogram for Micronesia.



Proposed 

6 sites

6 Sites

6 sites

8 sites



Outer reefs

Back reef

Patch reefs

Fringing reefs





Palau – 22 monitoring sites

Golbuu et al (2007)



Houk and van Woesik (2009)
Marine Ecology 31: 318-329



Even the best monitoring programs 
need an upgrade…



We need to understand We need to understand 
the processesthe processes

Coral cover A Coral cover B



We need to understand We need to understand 
the processesthe processes

Coral cover A
Coral cover B

ConnectivityConnectivity
RecruitmentRecruitment
PostPost--settlement mortalitysettlement mortality
GrowthGrowth
Healing Healing 
FragmentationFragmentationFragmentationFragmentation
MortalityMortality



Population ProcessesPopulation Processes
Partial MortalityRecruitment

P st s ttl m t

Growth

Post-settlement
mortality

Growth
Total Mortality



Vital rates (signs)Vital rates (signs)

Heart rate

Arterial blood pressure (ABP)

Central venous pressure (CVP)Central venous pressure (CVP)

Pulmonary artery pressure (PAP)

Blood oxygen (PLETH)

Respiration rate



Context dependentContext dependent

Herbivory

Coral-population vital rates

Herbivory



HerbivoryHerbivoryHerbivoryHerbivory
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Sesoko Island, JapanSesoko Island, Japan

1995 2010



Context dependentContext dependent

Predation

Herbivory

Predation

Coral-population vital rates

Herbivory



PredationPredationPredationPredation



Birkeland’s nutrient limitation hypothesis (1982)yp ( )
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Fabricius et al (2010) Coral Reefs 29: 593‐605



But, how do we get simultaneous But, how do we get simultaneous 
outbreaks, where rivers are few, and 
climatic factors vary? 



SeaWiFS
Sea-viewing Wide Field-of-view 
SSensor

Houk P, Bograd S, Van Woesik R (2007) J Oceanography 63: 149‐159



Houk P, Bograd S, Van Woesik R (2007) J Oceanography 63: 149‐159



• So Acanthaster is a problem• So Acanthaster is a problem 
throughout Micronesia. 

L t’ th !• Let’s remove them!









Removing Acanthaster, terminates the 
boom and bust cycles and generates a boom and bust cycles – and generates a 
chronic problem. 



Real solutionReal solution

Control terrestrial discharge on coralControl terrestrial discharge on coral 
reefs (from rivers and local sources). 



Context dependentContext dependent

Oceanography

Predation

g p y

Herbivory

Predation

Coral-population vital rates

Herbivory



Seawater temperature changes (models)Seawater temperature changes (models)
2030-2039

Donner et al (2005) Global Change Biol 11: 2251-2265



Massive corals: historical archives of 
shallow-water tropical ecosystemsp y



Massive corals: historical archives of 
shallow-water tropical ecosystems

SST (source: HadISST1.1)SST (source: HadISST1.1)

1°x 1°(1870-2006)

δ18O data, from 1519 to 2000 

32ºN to 28ºS and 173ºE to 162ºW



lowlow--frequency mode (> 54 year component)frequency mode (> 54 year component)

Thompson & van Woesik (2009) Proc Royal Soc 276: 2893-2901



High‐frequency mode (5.7 years)

Thompson & van Woesik (2009) Proc Royal Soc 276: 2893-2901





ReefBase Bleaching Recordsg
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Thompson & van Woesik (2009) Proc Royal Soc 276: 2893-2901



Thompson & van Woesik (2009) Proc Royal Soc 276: 2893-2901



Corals at sites with historically high‐frequency 
temperature anomalies will be less likely to bleach 
during contemporary thermal stress events.

Thompson & van Woesik (2009) Proc Royal Soc 276: 2893 2901Thompson & van Woesik (2009) Proc Royal Soc 276: 2893-2901





N th  S th   Winds of change Northern 
hemisphere

Southern  
hemisphere

… a weakening of the Asian 
i l isummer monsoon circulations 

as the temperature contrast 
between the continent and 
ocean decreases.



Winds of change

wind speeds across the USA have decreased by

Winds of change

…wind speeds across the USA have decreased by 
an average of .5 percent to 1 percent per year 
since 1973since 1973

Pryor (2008) Journal of Geophysical Research – Atmospheres  113 

doi:10.1029/2008JD010251.



Climate change and 
l icoral spawning

Selective pressure

Away from synchronization



How will cloud cover change?How will cloud cover change?

• Recent study fewer low dense clouds formed over aRecent study, fewer low, dense clouds formed over a 
region in the Pacific Ocean when temperatures 
warmed.  

Lau & Wu 2003. Geophysical Res letters 30: 2290



More bleaching?



The degree to which global warming changes life on Earth depends 
on our decisions
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What can we do here, now? 



What can we do here, now? 

1. We need a comprehensive monitoring program 
for Micronesia.



• Immediate Action Item:

Generate Micronesian Fellowship program … 
(intern positions, undergraduate & graduate 

)fellowships), short courses are not enough… 
need a long‐term commitment.



What can we do here, now? 

1. We need a comprehensive monitoring program 
for Micronesia.

2. Establish and strictly enforce networks of 
Marine Protected Areas that include No-TakeMarine Protected Areas that include No-Take 
Areas. 



• Local connectivity suggests that local 
protection and management will lead to local 
benefits.  

• Local action and protection also buys time forLocal action and protection also buys time for 
adaptation.  



Most recruitment by corals and fishes is local 
(1‐10 km), but enough larvae are widely ( ), g y
dispersed to ensure effective panmictic  

populations (100s km)p p ( )

Treml et al (2008) Landscape Ecol 23: 19-36



What can we do here, now? 

1. We need a comprehensive monitoring program 
for Micronesia.

2. Establish and strictly enforce networks of 
M i P t t d A th t i l d N T kMarine Protected Areas that include No-Take 
Areas. 

3. Control terrestrial discharge on coral reefs 
(from rivers and local sources). ( )



What can we do here, now? 

1. We need a comprehensive monitoring program 
for Micronesia.

2. Establish and strictly enforce networks of 
M i P t t d A th t i l d N T kMarine Protected Areas that include No-Take 
Areas. 

3. Control terrestrial discharge on coral reefs 
(from rivers and local sources). ( )

4. Need regional and global action to reduce 
ff t f li t heffects of climate change.



ConclusionsConclusions

• Projected changes in climate is set to drive 
temperature and seawater chemistry to levels 
outside the envelope of modern reef experience.outside the envelope of modern reef experience.

• Some reef organisms will adapt to climate change 
more than others  – some will be winners, while 
others will be losers.

• Local connectivity suggests that local protection 
and management will lead to local benefits.  Action 
and protection also buys time for adaptationand protection also buys time for adaptation.
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