
Coral reefs and climate change 
research in Kiribati

Simon Donner, Sara Cannon, Heather Summers

University of British Columbia
simondonner.com/kiribati-research/

simon.donner@ubc.ca; secanno@gmail.com; heather.summers@alumni.ubc.ca



February 2005



February 2005



Hard corals are animals, related to jellyfish and 
anemones, that build limestone (calcium 
carbonate) skeletons.

Corals and other reef 
organisms get energy 
from symbiotic algae  
(“zooxanthallae”) that 
live in the animal’s tissue.

Presenter
Presentation Notes
Most ecosystems are dominated by plants which derive theirenergy directly from the sun.Animals get their energy from feeding on plants, or on other animals that have fed on plants.But coral reefs are created, and dominated by, animals – corals How is that possible? Where do corals get their energy? How do they grow and thrive? 



Coral reefs evolved in the low-nutrient waters of 
the tropics

“Healthy” coral reefs support a high diversity and 
biomass of grazing fish and other animals



ht
tp

://
in

so
m

ni
a.

ac
/ja

pa
n/

im
ag

es
/im

ag
in

in
g_

to
ky

o/
im

ag
in

in
g_

to
ky

o_
3.

jp
g

Presenter
Presentation Notes
It is really a city… allows this amazing diversity of life. Every building, every structure is a bit different, creates a different habitat for fish and all sorts of marine species.VIDEO

http://insomnia.ac/japan/images/imagining_tokyo/imagining_tokyo_3.jpg


+1-2°C?

Coral “bleaching”



Bleached
Dead, 
algae 
covered

Partially 
bleached

Bleached

Dead



Our global database has 7437 bleaching reports

Before 1980: 12 reports

Before 1990: 248 reports

Commonly observed effects include: 
i. coral death and declines in coral cover
ii. corals don’t reproduce as well
iii. susceptibility to disease 
iv. shifts to other organisms (fleshy algae, sponges, 

etc.)



NOAA Coral Reef Watch     http://coralreefwatch.noaa.gov

“Degree Heating Week” = one 
week that is 1°C >  usual 
summer maximum

At 0, no bleaching
At 4, Alert Level I 
At 8, Alert Level II 

Predicting bleaching in “real time”

Presenter
Presentation Notes
Adapt for GCMsCarefully review problems posed by coarse spatial and temporal resolution.Determine how frequently bleaching may happenDetermine the level of adaptation which may be necessary
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Extraction vs. Additive



“Ocean acidification”

Presenter
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More long-term…



Possible “adjustment” mechanisms:

“Flexibility of symbiosis”  (Baker, Berkelmens, Van Oppen)

Physiological acclimatization (Middlebrook; Barshis) 

Genetic changes (Coles and Brown; van Woesik)

Changes in which corals dominate reef (Loya; Van Woeseik, etc.)
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Thermal stress metric based on variance in maximum temperatures

Are there places where reefs are more 
naturally resistant to heat stress?

0             0.5            1.0            1.5             2.0            2.5           3.0            3.5             4.0

AVHRR Pathfinder (1985-2000) data

deg C

Donner (2011) Ecol Appl
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Adapt for GCMsCarefully review problems posed by coarse spatial and temporal resolution.Determine how frequently bleaching may happenDetermine the level of adaptation which may be necessary



Inter-annual temperature range / seasonal temperature range

Unique climate variability in Central Pacific

Donner (2011) Ecol Appl

In Kiribati, temperatures vary more from year to year 
than from season to season. That is very rare!!

Presenter
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Adapt for GCMsCarefully review problems posed by coarse spatial and temporal resolution.Determine how frequently bleaching may happenDetermine the level of adaptation which may be necessary



El Niño and Kiribati

El Niño conditions: 

Winds and current weaken (or reverse), 
moving the warm water pool to the east

Kiribati experiences more rain, more 
clouds and warmer waters

Normal conditions along equator: 

Easterly winds and currents produce 
a warm water pool in the west

Clouds and rain in west Pacific



“Central Pacific” El Niño and heat stress

November 2002

November 2004

December 2009
NOAA Coral Reef Watch

Yellow and purple ≈ 
severe bleaching and 
morality (high heat stress)



Heat stress history: Majuro



Heat stress history: Tarawa



Tarawa

Butaritari

Abaiang

ArnoMajuro

Mili

GILBERT
ISLANDS

MARSHALL
ISLANDS

Study
Region

  

Climate Variability 

Low           High       

Arno Butaritari N Tarawa, 
Abaiang

Majuro S Tarawa

Climate and human disturbance ‘matrix’

Equator

3.5 °N
Human

disturbance

Low

High     

Comparing how different coral reefs 
in the northern Gilberts (and the 
RMI) respond to heat stress can help 
us understand what might make 
coral reefs resilient to climate 
change. 
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Presentation Notes
Research visits in2005 (four weeks)2007 (six weeks)*2009 (six weeks) 2010 (~eight weeks) Long semi-structured interviews with government officials, foreign-based consultants, and local representatives identified via “snowballing”Review of project documents



Coral reef field research in Kiribati

4) Collected coral samples to examine composition of zooxanthellae 
(2009); analysis done by Stephen Manley and Andrew Baker

2) Measured coral size and benthic cover every two years (since 2005)

3) Coral cores (in 2010) to reconstruct coral bleaching history and 
climate variability, with scientist Jessica Carilli

1) Worked with the KAP (2007) on a coral reef monitoring protocol

6) Conducted interviews about climate change adaptation and sea-
level rise, with former student Sophie Webber

5) Installed temperature loggers (analysis underway)



Coral 
reefs



Comparing heat stress events

2004 2009



Growth rates of massive 
Porites spp. coral cores 
estimated via X-ray
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2004/5 
event2004/5 event:

Lower extension rates 
in lower variability 
reefs (Butaritari), 
despite less heat stress

No disturbance effect



Carilli et al. 2012 

2009/10 Bleaching Event:

Tissues were thinner and concentration of easily 
metabolized lipids were reduced in the lower variability 
reefs, again despite lower heat stress. 



Donner et al. (2010) ARB; Donner and Carilli, in prep
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Disturbed sites actually did well. The “tough” survive. Dominated by P rus.
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increase in less bleaching-sensitive Heliopora coerulea and massive Porites Loss of Pocilliopora



We surveyed more 
sites in 2010 than 
previous years, 
including sites in 
Butaritari. 

We also had videos 
from Tamana and 
Tabiteuea (thanks 
to MFMRD).

Here, I examined 
the drivers of 
bleaching severity. 

Environmental variable (from remote sensing)

2009/10 
event

Maximum heat stress
Maximum temperature
Weeks with heat stress >4
Weeks with heat stress >8
Chlorophyll a
Incoming light

Past climate

Average maximum temperature
Weekly temperature variability
Average # weeks with heat stress > 4
Average # weeks with heat stress > 4
Percent of years of heat stress > 4
Percent of years with heat stress > 8

Other 
variables

Depth*
Chlorophyll a (average)
Exposure to waves*
Wave height*
Porites corals*

What predicts the severity of bleaching?



The major driver of the pattern coral community composition is the 
human population, but also the past temperature experience.

What corals are most dominant? (2012 data)



Resilience of high variability, disturbed sites

South Tarawa outer 
reefs – high variability, 
high pollution, 
sedimentation – are 
dominated by a resilient, 
weedy species



Is this good news? 

Resilient sites in South Tarawa are 
less diverse, raising questions about 
habitat for other reef species.

The past matters! 

Sites exposed to frequent heat 
stress seem to be more bleaching 
resistant and/or more resilient.

Presenter
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Manifested vis local events… erosion 
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About Sara

Worked with communities 
on fisheries management 
and coral reef conservation 
in Outer Islands of Yap from 
2012 – 2015 

 Conducted research and 
internship in the RMI 
summer 2016 for MSc at 
UBC

 Now starting my PhD work 
in Kiribati at UBC

Presenter
Presentation Notes
Very excited to be working here in Kiribati for my PhD!



What we’re studying

 Monitoring coral reefs for certain life forms can 
give us an idea about how healthy they are

 Can also see how health has changed over time

 Ultimately will compare to RMI to get an idea of 
how past climate affects coral reefs and coral 
bleaching
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 Reef complexity

 Coral cover & diversity

 Crustose coralline algae

 Turf algae

 Macroalgae

 Cyanobacteria

What we’re looking for



Methods

Presenter
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Porites rus

Presenter
Presentation Notes
Porites rus grows where there is a lot of sediment and nutrients in the water. Better than no corals at all, but not ideal. Sites in south Tarawa have a high percentage of overall coral cover, but there is less diversity. Reefs are generally more resilient when there is more different types of coral because if something happens to that one coral, a disease or a bleaching event for example, there are other types that can still survive. In a case like this, the reefs are more vulnerable because if something happens to P. rus, there would be no more coral. Also, p. rus doesn’t provide a lot of protection from erosion like the big branching corals would because it’s not very complex and it breaks very easily. By working with fisheries to monitor this we can tell if the P. rus is spreading.



Presenter
Presentation Notes
Now I want to switch gears and talk about one of the things I’m doing for my PhD work. Many of you may know this already, but just so we’re all starting on the same page, I very briefly want to go over what a coral actually is. They’re animals made up of tiny polyps like this one that actually create a skeleton, which builds the coral reefs. The animals have tiny algae called zooxanthellae that live in their tissues and that can photosynthesize like plants. 



Photosynthetic rates

 Gives idea of how healthy corals are (more 
photosynthesis = more healthy)

 Expect faster growing corals (like P. rus) to have 
higher photosynthetic rates

 Can compare across sites to get an idea of 
which are more productive / healthier

Presenter
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Methods

Presenter
Presentation Notes
Collect samples of 4 of the most common corals at each site. 5 samples from each coral and 5 samples for each type, for a total of 20 samples per site. Also write down the depth (because deeper corals get less light)



Methods

Presenter
Presentation Notes
Can’t do this under water because the light has to be the same (same time of day, no clouds) – so we do it in the dark, after the corals have stayed in a cooler for most of the day and are not photosynthesizing. Machine then shoots a bright light at it to excite the electrons that start photosynthesis, and then can measure how much the corals (or their zooxanthellae) photosynthesize.



Corals may be able to adapt to changing 
climatic conditions
My journey to studying coral reefs in graduate 
school
 Research Assistant in Cuba (2015)

 Thesis Student in the Bahamas (2016)

 Reef Ecology Lecturer in Honduras (2017)

 MSc Student at UBC (2017 – 2019)

Presenter
Presentation Notes
Hi my name is Heather and I am a Masters student in Simon’s lab. I was first introduced to coral reef research when I volunteered as a research assistant on a four-week expedition with Operation Wallacea in Cuba. That is where I learned first-hand about marine biodiversity and conservation management strategies. The following summer I collected data for my undergraduate thesis at the Cape Eleuthera Institute in the Bahamas. My thesis involved conducting multivariate analyses from the physical and biological data that I collected in order to better document and understand the state of coral health (in particular the Acropora species) around Eleuthera and determine environmental conditions suitable for coral nurseries. Last summer I worked as a Coral Reef Ecology Lecturer at Operation Wallacea’s Utila, Honduras marine site. In this role I delivered lectures and in-water “practicals” for the high school level reef ecology course. I would be more than happy to share any information I have regarding any of my previous experiences. All of these experiences have lead me to my current position researching coral reef ecology and sea-level rise.



Coral reefs protect shorelines

 Coral reefs reduce up to 97% of wave energy

Wave energy dissipation is likely to diminish under projected 
climate change scenarios

High structural complexity Low structural complexity

(Sheppard, et al., 2005)

Presenter
Presentation Notes
And that wave energy would otherwise erode shorelinesWave energy dissipation is likely to diminish under projected climate change scenarios due to reduced coral reef structural complexity with an expected reduced coastline protection



Wave processes across coral reefs

(Gourlay, 1996a; Kench and Brander, 2006)

Beach
Reef flat

Reef 
crest Fore reef

 The energy of a wave is driven by the wave setup created 
by the breaking waves on the seaward side of the reef

Wave setup increases with increasing wave height and 
decreases with increasing water depth over the reef

Presenter
Presentation Notes
Wave transformation and energy dissipation across a reef have been studied over the years but the work to date adopts a simple two-dimensional treatment of reef platforms. Unfortunately the simplified models have little to no consideration of significant topographic features. And this can be problematic in that reefs seldom meet these idealized forms, rather they show morphologic variability between and within reefs.



Wave processes across coral reefs

(Gourlay, 1996a; Kench and Brander, 2006)

 The energy of a wave is driven by the wave setup created 
by the breaking waves on the seaward side of the reef

Wave setup increases with increasing wave height and 
decreases with increasing water depth over the reef

 Wave energy dissipation is controlled by:
• morphology of the reef structure
• relative water depth
• reef roughness

Presenter
Presentation Notes
Wave transformation and energy dissipation across a reef have been studied over the years but the work to date adopts a simple two-dimensional treatment of reef platforms. Unfortunately the simplified models have little to no consideration of significant topographic features. And this can be problematic in that reefs seldom meet these idealized forms, rather they show morphologic variability between and within reefs.



Reef Energy Window Index

d = mean reef flat water depth (m)
Rw = reef width (m)

(Kench and Brander, 2006)

Presenter
Presentation Notes
The interaction between reef width and water depth and their control on reef top wave processes can be characterized by the reef energy window index (Ψ). Low values of Ψ (psi) indicate wide or high-elevation reef flats (i.e. low water depth) that are able to dissipate wave energy. High values of Ψ (psi) reflect narrow or low-elevation reef flats (i.e. high water depth) that allow for the propagation of wave energy across a reef which means there will be increased shoreline erosion



Bottom friction in wave attenuation…

Sand Coral colonies
(Nelson, 1996; Massel and Gourlay, 2000; Gourlay and Colleter, 2005; Spalding, et al., 2014; Kroeker, et al., 2016; Rogers, et al., 2016)

 Is negligible for dissipating wave energy for reefs having a 
steep slope 

 Is a significant factor in reducing wave energy for relatively 
flat reefs 

Presenter
Presentation Notes
Surface roughness plays an important role in creating frictional drag as the waves and currents pass over the reef, significantly dampening wave action. The relative importance of friction on the reef flat is dependent upon the seaward reef slope.Coral reef roughness is correlated to substrate type with substrates such as sand offering very little friction compared to large, 3D coral colonies that create large frictional forces important for wave attenuation. Unfortunately we don’t know how different species of coral might influence the frictional forces. Maintaining a healthy, functioning coral reef ecosystem is important for maximizing the effectiveness of reefs and reducing the vulnerability of coastal communities to climate-induced processes such as sea-level rise.



Sea-level rise “drowning” coral reefs

 Increasing water depth  Increases wave height  Higher 
wave energy

When rate of coral erosion > growth  reef formation stops 
leads to reduced structural complexity

(Hoegh-Guldberg, et al., 2010; Sheppard, et al., 2005)

Beach 
erosion

Eroded reef 
surface

Increased 
water depth

Reef flat
Reef 
crest

Presenter
Presentation Notes
Corals are failing to thrive under rising sea level. Increased sea-level coupled with slow or nonexistent reef accretion may lead to “drowned” reefs in which the corals will fail to keep up with rising sea-level. Sea-level rise is expected to raise mean water depths on reef flats thereby allowing higher wave energy to propagate onto reef surfaces resulting in increased erosion of coastal shorelines. In addition, it is predicted that the loss of reef structural complexity due to storms and erosion, greatly decreases wave attenuation thereby increasing the vulnerability of shorelines to erosion and flooding.Increasing wave depth then results in Rate of erosion > rate of growth and recruitment = reef formation stops thus resulting in reduced structural complexity and decreased drag on wavesSea level rise diagram (present and sea-level rise): http://www.nature.com/articles/nclimate2274Alternative image:Sea-level signs on beach image: https://www.google.ca/search?biw=824&bih=894&tbm=isch&sa=1&ei=5GQcWsbtFpHAjwPJ4pCoBQ&q=coral+and+sea-level+rise+keep+up+state&oq=coral+and+sea-level+rise+keep+up+state&gs_l=psy-ab.3...4337.4337.0.4662.1.1.0.0.0.0.63.63.1.1.0....0...1c.1.64.psy-ab..0.0.0....0.aJKk4FZN_tY#imgrc=mBtw1IpQGpp5BM:&spf=1511810297527



Simulation models of coral reefs and wave 
attenuation

Sea level rise + ↑ [CO2]atm + ↑ Temperature = Decrease the 
health and biodiversity of coral reefs 

(Van Woesik, et al., 2011; Schoepf, et al., 2015)

Presenter
Presentation Notes
Sea level rise coupled with increasing atmospheric CO2 concentration and increasing temperature results in decreased overall health and biodiversity of corals, as few coral species may be able to adapt.Current simulation models of how coral reefs dissipate wave energy take into account these physical factors but the assumptions made are that corals can’ t undergo adaptive changes that will make them more fit under these adverse conditions.



Corals may be able to adapt to changing 
climatic conditions

 Some coral species may be able to adapt fast enough to keep 
up with the rate of environmental change

 Reefs are shifting to smaller coral colonies and coral species 
that are morphologically less structurally complex

(Van Woesik, et al., 2011; Schoepf, et al., 2015)

Presenter
Presentation Notes
However, there is some evidence that some corals species can adapt fast enough to keep up with the rate of environmental change – Porites rus is an example. However, reefs are shifting to smaller coral colonies and coral species that are morphologically less structurally complex. In this cartoon below there are many morphological coral formations , however this biodiversity is predicted to decline to only encrusting and massive morphologies. We do not yet know whether surviving corals will be able to provide the structural complexity necessary to reduce wave energy and protect shorelines from erosion and flooding.



Primary research goal

Test whether there is a trade-off between 
resilience to disturbance and shoreline protection.

 Hypothesis: Healthy coral in a high biodiversity reef will 
have the structural complexity necessary to reduce 
wave energy.

Presenter
Presentation Notes
The long-term research objective is to test … The overarching hypothesis is that only healthy … 



Photomosaic for structural complexity

(Edwards, et al., 2017; Burns, et al., 2015; Leon, et al., 2015)

START

END

 Capture approximately 
1000 – 2000 individual 
images within each 
100 m2 plot

 Individual images are then 
combined using structure-from-
motion software to create detailed 
3D models of the benthos

Presenter
Presentation Notes
There is no standard method to characterize structural complexity however a 3-dimensional approach can better quantify the topography of coral reef communities. Structure-from-motion (SfM) is a low-cost photogrammetric method for high-resolution 3D topographic reconstruction, simply put, it involves the process of generating 3D models and orthophoto mosaics from 2D images.Within each 100m2 plot approximately 1000 – 2000 individual images are captured and then combined using structure-from-motion software (Agisoft PhotoScan) to create detailed 3D models of the benthos. While collecting the images I will be using a lawnmower pattern in order to get between 60 – 80% overlap between images. 



3D model of the benthos

Site: TRW13



3D model of the benthos

Site: TRW13



3D model of the benthos

Site: TRW13



Wave energy reaching shorelines

(Sheppard, et al., 2005)

Measure the following parameters:
 Slope of the wave breaking zone
 Water depth over the reef flat and fore reef
 Mean surface roughness of the reef flat and fore reef
 Width of the reef flat

Beach
Reef flat

Reef 
crest Fore reef

Presenter
Presentation Notes
Width of the reef flat will be measured using satellite imagery and an optical rangefinder. 



Collecting reef flat measurements

Presenter
Presentation Notes
The kids from the different villages were very curious and interested in watching and helping us out during our reef flat measurements.



Questions?
Kam raba!
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