0 THE OFFICIAL MAGAZINE OF THE OCEANOGRAPHY SOCIETY !

CITATION

Gravinese, P.M., LT. Toth, C.J. Randall, and R.B. Aronson. 2018. How do upwelling and El Nifio
impact coral reef growth? A guided, inquiry-based lesson. Oceanography 31(4):184-188,
https://doi.org/10.5670/oceanog.2018.424.

DOI
https://doi.org/10.5670/oceanog.2018.424

PERMISSIONS

Oceanography (ISSN 1042-8275) is published by The Oceanography Society, 1 Research Court,
Suite 450, Rockville, MD 20850 USA. ©2018 The Oceanography Society, Inc. Permission is
granted for individuals to read, download, copy, distribute, print, search, and link to the full texts of
Oceanography articles. Figures, tables, and short quotes from the magazine may be republished
in scientific books and journals, on websites, and in PhD dissertations at no charge, but the materi-
als must be cited appropriately (e.g., authors, Oceanography, volume number, issue number, page
number(s], figure number[s], and DOI for the article).

Republication, systemic reproduction, or collective redistribution of any material in
Oceanography is permitted only with the approval of The Oceanography Society. Please contact
Jennifer Ramarui at info@tos.org.

Permission is granted to authors to post their final pdfs, provided by Oceanography, on their
personal or institutional websites, to deposit those files in their institutional archives, and to share
the pdfs on open-access research sharing sites such as ResearchGate and Academia.edu.

DOWNLOADED FROM HTTPS://TOS.ORG/OCEANOGRAPHY


https://doi.org/10.5670/oceanog.2018.424
https://doi.org/10.5670/oceanog.2018.424
https://tos.org/oceanography

> HANDS-ON OCEANOGRAPHY

How Do Upwelling and El Nino Impact
Coral Reef Growth? a cuiDED, INQUIRY-BASED LESSON

By Philip M. Gravinese, Lauren T. Toth, Carly J. Randall, and Richard B. Aronson

PURPOSE OF ACTIVITY

This lesson uses real-world data to guide students toward under-
standing how climate and ocean variables impact coral reef
growth. To begin this activity, students hypothesize how changes
in environmental conditions could affect coral reef growth. They
then compare metrics for reef growth (linear growth and percent
coral cover) between two reefs in Pacific Panama that are located
in oceanographically and environmentally different embay-
ments, or gulfs. A discussion following the first two activities
allows the students to explore possible reasons for the observed
differences between the reefs. Students then use their data to cal-
culate a carbonate budget to estimate the rate of reef growth in
each gulf. The purpose of calculating a carbonate budget is to
provide students with an opportunity to estimate how variables
such as coral growth rates, percent coral cover, and bioerosion
contribute to the long-term potential for accretion or deteriora-
tion of coral reefs.

AUDIENCE
The lesson is designed for high school and undergraduate biol-
ogy, marine biology, and oceanography courses.

BACKGROUND
Coral Reef Growth
Scientists can estimate the net rate of upward coral reef growth,
known as vertical reef accretion, using three metrics: (1) the
percentage of the reef composed of living corals, (2) the rate of
linear extension of individual coral colonies (i.e., their vertical
growth), and (3) the subtractive processes of reef erosion. The
percent cover of living corals is the most common metric used
to determine reef condition (Kuftner and Toth, 2016). Although
percent coral cover and coral growth rates can be used to deter-
mine the potential for positive reef growth, net reef growth also
takes into account the negative influence of erosive processes
(Perry et al., 2012). Bioerosion, which occurs on all healthy
reefs, is the removal of material by living organisms that phys-
ically or chemically degrade the coral skeleton (Glynn, 1997).
Bioerosion is a natural process that breaks down dead coral and
creates space for new corals to settle.

Scientists use these three metrics to determine how the addi-
tive and subtractive processes that control reefaccretion—growth
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and erosion—may be impacted by future changes in climate.
Environmental disturbances, including climate change, have
already led to a reduction in live coral cover on a global scale
(Gardner et al., 2003; Bruno and Selig, 2007), which has caused a
reduction in reef accretion in some locations (Perry et al., 2013).
Seawater temperature is a key environmental variable con-
trolling reef accretion (Toth et al., 2018), and in some locations
warming temperatures have caused declines in coral growth and
coral cover (D¢’ath et al., 2009; Cantin et al., 2010; Hughes et al.,
2018). Furthermore, some models suggest that reefs with lower
coral cover will be more susceptible to bioerosion and ocean
acidification, a process that reduces seawater pH and increases
the dissolution of coral skeletons (Boleman et al. 2013; Kennedy
et al,, 2013; Enochs et al., 2015). Reefs that experience higher
rates of bioerosion may become structurally weak, more suscep-
tible to storm surge, and unable to grow at a rate that keeps up
with sea level rise (Glynn, 1997; Perry et al., 2018). Together,
the recent losses of coral cover, declines in coral growth rates,
and the potential for increases in reef erosion suggest that the
impacts of climate change on reef accretion may become more
severe in the future.

Study Sites

Scientists have sought out coral reef ecosystems that can serve
as natural laboratories for exploring the environmental condi-
tions that may influence the response of reef accretion to cli-
mate change. Two research sites were selected on the Pacific
coast of Panama for this study based on their unique, natural
oceanographic gradients, which influence the development of
coral reefs in the region (Figure 1). One site is in the Gulf of
Panamd and the other is in the Gulf of Chiriqui. Strong seasonal
upwelling in the Gulf of Panama results in cooler, more nutri-
ent rich, and more turbid seawater conditions during three to
four months each year. Upwelling does not occur in the adja-
cent Gulf of Chiriqui, so the waters are on average warmer and
more nutrient-limited than in the Gulf of Panam4 during the
upwelling season (Figure 1; Glynn and Macintyre, 1977). The
naturally occurring colder water in the Gulf of Panama may,
therefore, serve as a refuge for corals as sea surface temperatures
(SSTs) continue to increase due to anthropogenic climate change
(Glynn et al., 2001).



10° N

Saboga Contadora
9°N
a‘ 1
%

S,

&
A Pedro
Gonzalez

Canales

 de Tierra [Azueroly ’
; 8 Peninsulaiise

8°N

Uva,
A

[ [TELE]

7°N

6°N

82°wW 81°wW 80° W 79°W 78°W

The EI Nifio—Southern Oscillation

The reefs along the Pacific coast of Panama are ideal for study-
ing the interaction between temperature and upwelling on coral
reef development because they are strongly affected by changes
associated with the El Nifo-Southern Oscillation (ENSO).
Warming that occurs during the warm phase of ENSO, known as
El Nifio, is similar to what is expected under anthropogenic cli-
mate change (Collins et al., 2010). Thus, scientists have used the
response of these reefs to El Nifio events to gain insights into how
reef ecosystems might respond to future climate change. During
“non-El Nifo” years, the trade winds in the Pacific Ocean move
from east to west, isolating warmer water in the western Pacific.
During El Nifio, in contrast, the trade winds weaken. Warm
water flows eastward, resulting in warmer SSTs in the eastern
tropical Pacific, including in Pacific Panamd. These anomalously
warm SSTs can lead to coral bleaching, which occurs when high
temperatures cause a breakdown in the symbiotic relationship
between the corals and the algae that live within their tissues and
nourish the coral animals. Because corals rely on photosynthesis
by their symbiotic algae for up to 90% of their energetic needs,
prolonged or intensive coral bleaching often leads to coral mor-
tality (e.g., Glynn, 1993; Aronson et al., 2000; Lesser and Farrell,
2004; Anthony et al., 2007). Repeated El Nifio events over the
last several decades have had significant, negative impacts on the
growth and abundance of corals throughout the eastern Pacific
(Manzello, 2010; Glynn et al., 2017). El Nino effects have been
less extreme where seasonal upwelling can keep temperatures
from getting too high (Glynn et al., 2001). Scientists have sug-
gested that an increase in the frequency and/or intensity of ENSO
events caused Panamanian reefs to stop accreting for a period of
~2,500 years, beginning around 4,200 years ago (Toth et al., 2012,
2015). The 2,500-year hiatus in reef growth highlights the fact that
climate has been a primary control on coral reef development for

FIGURE 1. Map of Pacific Panamé show-
ing the island locations of study reefs in
relation to upwelling regimes. The col-
oration of the ocean shows sea-sur-
face temperature (SST) at the peak of
the 2009 upwelling season in March.
Created from MODIS Aqua/SST data
(http://poet.jpl.nasa.gov). Gray-scale on
the isthmus indicates elevation.
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thousands of years or more (Toth et al., 2017).

In 2016-2017, the authors and colleagues completed an expe-
dition to evaluate coral reefs in the two Panamanian gulfs. Their
objectives were to determine if there were differences in (1) coral
growth over a one-year interval, and (2) percent coral cover
between the Gulf of Chiriqui (non-upwelling) and the Gulf of
Panamd (upwelling).

RESEARCH QUESTIONS AND HYPOTHESES

For this lab, students will answer the following research ques-
tions: (1) How do upwelling and El Nifio impact coral growth
(Activity 1)? and (2) how do they impact percent coral cover
(Activity 2)? Students will formulate hypotheses about how coral
growth and percent coral cover might differ between gulfs and
over time, and what environmental variables might be respon-
sible for those differences. Students will test their predictions by
measuring the growth of experimental corals using before-and-
after images taken one year apart in each gulf, and by compar-
ing percent coral cover between the two gulfs using photographs
taken of permanent quadrats.

Students will then use their data to calculate a carbonate bud-
get (Activity 3) for each reef to answer the following research
question: How might upwelling and El Nifio impact the poten-
tial for long-term reef accretion in Pacific Panama? Students
should use their data from the first two activities to hypothe-
size how changes in environmental factors may affect reef accre-
tion. To ensure that students have a general understanding of
the biology and ecology of coral reefs, we encourage teachers
to provide additional information prior to completing the les-
son, through discussion or a student-led, online scavenger hunt
(e.g., https://oceanservice.noaa.gov/education/tutorial_corals/).
A glossary of the terms students will need to know is included at
the end of the online Activity Sheet.
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MATERIALS
Materials for each pair of students:

Activity 1

« Online Handout S1and Handout S2
(see online Notes for the Instructor)

« Online Activity Sheet Table S2

o Metric ruler

« Calculator

Activity 2

« Online Handout S3 and Handout S4
(see online Notes for the Instructor)

o Online Activity Sheet Tables S4 and S5

o Envelope with random numbers 1-36

« Two dry-erase pens and one dry eraser

o Calculator

ACTIVITIES

Pre-Lab Activity

The instructor should provide students with an opportunity to
compare the environmental conditions between the two gulfs in
Pacific Panama to help guide them toward formulating explana-
tions for the differences they may observe in coral growth and
percent cover between the gulfs in Activities 1 and 2. This pre-
lab activity can be completed as a homework assignment or as
an introduction to the lesson at the beginning of class. Table S1
in the online Activity Sheet can be used for this pre-lab activity
and also includes discussion questions.

Pre-Lab Discussion Questions

1. What are some similarities and differences in the environ-
mental conditions between the two gulfs?

2. What environmental changes occur in each gulf during an
El Nifio event?

Activity 1. Determining Coral Growth in Upwelling

and Non-Upwelling Environments

Suggested Class Time: Approximately 45 Minutes

During this activity, pairs of students will measure the lengths of

five independent experimental colonies of the cauliflower coral,

Pocillopora damicornis (Handout S1and Handout S2). The paired

images were taken one-year apart, in 2016 and 2017, during a

non-El Nifio period. The difference in the lengths of the coral col-

onies between these two time points will provide students with
an annual linear extension rate.

1. Measure each coral from the point of attachment at the base
(lower dashed line in Figure 2) to the furthest branch tip
(upper based line in Figure 2) using string, rulers, or cali-
pers. Do not include the epoxy base (purple in Figure 2) in
the measurement. The furthest branch for each coral may not
be perpendicular to the base.
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2. Measure the initial length of each of the corals (2016) and
record their data in the online Activity Sheet Table S2. Then
measure the final lengths of the same corals (2017) and
record the data. The photographs are labeled to identify the
individual corals.

3. After measuring each coral, calculate total linear extension
over a one-year period by subtracting the initial length from
the final length.

4. Calculate the average yearly growth rate for all corals (cm yr!)
from each gulf. Also calculate the standard deviation and
standard error.

5. Create a bar graph with standard error bars to compare the
average annual growth rate for each gulf.

Discussion Questions for Activity 1

1. What differences did you observe in the average linear exten-
sion between the two gulfs?

2. Did one gulf have more variable growth than the other?

3. What might be some reasons for the differences in linear
extension? What evidence from the pre-lab activity supports
your hypothesis?

4. How do you think sea surface temperature affects coral linear
extension?

5. Hypothesize how other factors like increased turbidity might
impact coral linear extension. Explain.

Activity 2. Determining Percent Coral Cover

in Each Gulf

Suggested Class Time: Approximately 1-1.5 Hours

1. Familiarize yourselves with the benthic-coverkey (HandoutS3)
and the practice quadrat (Activity Sheet Table S3), which
classify the different types of seafloor components you may
encounter, including the identification of live coral (which can
have white tips) and coral overgrown with algae.
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FIGURE 2. An example of an individual coral colony.
Linear measurements should be taken from the base to
the furthest tip. The ruler is to provide scale.
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2. Each reef image is gridded to randomize the areas that each
student pair will quantify. Use dry erase pens and number the
grids on each image 1-36 (Handout S4).

3. Number pieces of paper 1-36 and place in envelope. Use the
numbered papers to randomly select fifteen grid cells per
image. Estimate and record the percent coral cover that makes
up each randomly selected grid cell in Activity Sheet Table S4.

4. After estimating the total percent coral cover for all
15 selected grid cells, convert your measurements into
percentages of coral cover for each image. For exam-
ple, if image 1 resulted in 4 grid cells with 100% live coral,
1 grid cell with 50% live coral, and 10 grids with 0% live
coral, then you would calculate and record coral cover as:

41'—5 x 100 = 30% coral cover,

Repeat this procedure for each gulf. If time is limited, the
instructor can use her/his discretion to reduce the number of
randomly selected grid cells per image.

5. Upon completing your analyses, calculate the average percent
coral cover in each gulf during each time period by averaging
the measurements from the three images per gulf. Also, cal-
culate the standard deviation and standard error for each gulf.

6. Create a bar graph of the average percent coral cover with
standard error bars to compare the two gulfs. Data tables
are provided in the supplementary materials (Activity Sheet
Table S5).

Discussion Questions for Activity 2

1. What differences did you observe in the average percent coral
cover between the two gulfs? Did both gulfs show the same
level of variability among quadrats?

2. What might be some reasons for the difference in percent
cover in each gulf? What evidence from the pre-lab activity
supports your hypotheses?

3. What are some sources of error and variability in the data that
might have caused differences in the measurements among
student pairs? How might those differences have been caused?

4. How could you minimize those errors if you were conducting
the study for real?

5. If Panamanian reefs were hit by a strong El Nifio in the future,
how would you expect coral cover to change in each gulf?
Discuss what this may mean for the future of coral reefs.

Activity 3. Estimating a Carbonate Budget

for Panamanian Reefs

Suggested Class Time: Approximately 1-1.5 Hours
Estimating carbonate budgets for coral reefs gives researchers a
measure of the potential for long-term reef growth and identi-
fies where a particular reef falls on the spectrum from net accre-
tion to net erosion. The carbonate production of a reef can be
estimated using percent coral cover and linear growth rates
(in cm yr!) of corals on a reef. Perry et al. (2012) developed

an equation that students can use in simplified form to esti-
mate yearly production (in kg m= yr 1) of calcium carbonate, or
CaCO,, for each reef explored in this lesson. The formula below
has been modified to assume that rugosity, a measure of the
topographical complexity of the reef, is similar between the two
reefs. Total carbonate production (TCP) can be estimated as:

1% x [(D x G x 10,000) + 1,000]|,

TCPeor =
where x is the average percent cover estimated from the images
(Activity 2), D is a skeletal density constant, assumed to be
2.0 g CaCO; cm™ for both reefs (from Manzello, 2010), and G
is the annual linear growth rate (in cm yr!) of Pocillopora dami-
cornis (Activity 1). In this activity, the students should:

1. Calculate the total annual CaCO, production (TCP) for both
gulfs.

2. Subtract an assumed rate of bioerosion (B) for each gulf to
calculate the “net” carbonate production (NCP):

NCP TCP

year — year

B.

Manzello et al. (2008) estimated the rate of bioerosion (B)
as 26.1 kg CaCO; m™? yr! for the Gulf of Panamé and
13.6 kg CaCO; m2 yr'! for the Gulf of Chiriqui. A positive value
for net carbonate production indicates net accretion, whereas
negative values indicate net erosion. Students should record the
values for NCP in Activity Sheet Table S6.

Additional Analyses

1. Assume a 10% decline in coral growth and/or coral cover
in only the Gulf of Chiriqui to see how bleaching during an
El Nifio event might influence carbonate production and reef
accretion. Calculate the percent difference from the average
annual accretion rate and record your data in Activity Sheet
Table S6. Note that this lesson does not account for horizon-
tal, or “lateral,” coral growth, which is also an important com-
ponent of reef accretion.

2. Attempt a sensitivity analysis by comparing how a decline of
20% or 30% in coral growth or percent cover and/or a 10%,
20%, or 30% increase in bioerosion in the Gulf of Chiriqui
might affect the reef’s overall carbonate production. Note
that the calculations for varying levels of bioerosion do not
include physical processes, such as wave energy, that contrib-
ute to reef erosion. Calculate the percent difference from the
original annual accretion rate that you calculated for the Gulf
of Chiriqui and record your data in Activity Sheet Table S6.

Discussion Questions for Activity 3

1. What is the percent change in net carbonate production in the
Gulf of Chiriqui due to a 10% change in coral cover? A 10%
change in coral growth? Both?

2. Which factor, linear growth or percent cover, has a greater
impact on net carbonate production in the Gulf of Chiriqui?
Explain.
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3. How might more intense and frequent El Nifio events impact
net carbonate production (and therefore reef accretion) in the
Gulf of Chiriqui? Compare your sensitivity analyses to the
estimates of net carbonate production for the Gulf of Panama.

4. How do increases in bioerosion compare with decreases in
percent coral cover or linear growth?

INTERNET RESOURCES

« Marine Paleoecology Laboratory
http://research fit.edu/marine-paleolab/
Summarizes research in the eastern tropical Pacific being conducted by
investigators at the Florida Institute of Technology.

« NOAA — El Nifio & La Nifia (El Nifio—Southern Oscillation)
https://www.climate.gov/enso
US government website describing the climatic changes that occur during
El Nifio events.

« University of Exeter — ReefBudget
http://geography.exeter.ac.uk/reefbudget/
Reef budget website provides additional resources and description of
methods used to calculate carbonate production in coral reefs.

+«  NOAA — What is Coral Bleaching?
https://oceanservice.noaa.gov/facts/coral_bleach.html
US government website explaining coral bleaching.

SUPPLEMENTARY MATERIALS
The handouts, student activity sheet, answer key, and notes for the instructor are
available online at https://doi.org/10.5670/oceanog.2018.424.
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