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Dedication

This book is dedicated to our students whose earnest curiosity, perpetual energy, and boundless

creativity give us hope for the future of Earth and all carbon-based life forms, wherever they may live.
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Letter to the Readers

Dear Reader,

This book was written by undergraduate students at The Ohio State University (OSU) who
were enrolled in the class Introduction to Environmental Science. The chapters describe some
of Earth’s major environmental challenges and discuss ways that humans are using cutting-edge
science and engineering to provide sustainable solutions to these problems. Topics are as diverse
as the students, who represent virtually every department, school and college at OSU. The
environmental issue that is described in each chapter is particularly important to the author, who
hopes that their story will serve as inspiration to protect Earth for all life.

All of the chapters in this book were written by first-time authors. In writing these chapters,
our students learned a great deal about the publication process. They learned: (1) How to find
information from primary and secondary sources and critically evaluate topics, issues, results and
conclusion. (2) How scientific research is conducted and how results and conclusions are reported
to the public so that people can make more informed decisions in their own lives. (3) That the
peer-review evaluation system is an integral part of the scientific process, which enables scientists
to maintain high quality standards and provides credibility to research and scholarly works. And
(4) that peer reviews are a necessary part of the writing process because it focuses attention on
particular details and considers the input of an actual audience.

We are very proud of the work of our student authors and hope that this book will serve as
encouragement for other first-time authors.

Sincerely,

Biattarrr

Brian H. Lower
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1.1 Climate Change Opens the Door to

more Intense Tropical Storms

Sydney R. Morrison

Planet Earth’s climate is changing and ocean water temperature is warming. Is this change leading to increased intensity of
tropical storms?

Many scientists argue that tropical storms are becoming stronger and more destructive."?>%>8
However, there is debate whether the increase in tropical storm intensity is caused by natural
weather patterns, or if climate change is responsible.® Global warming, an increase in global
surface temperature, has been attributed to anthropogenic greenhouse-gas concentrations.*
Greenhouse gases, such as carbon dioxide (CO2), trap heat on the earth’s surface. This increase
also affects the temperature of sea water, called sea surface temperatures (SSTs). Warmer waters
create ideal conditions for more powerful storms to form, particularly in areas where tropical
storms derive. Tropical storms originating in the Atlantic Ocean are called hurricanes (Figure 1),
whereas tropical storms that form in the Pacific Ocean are called cyclones.’
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Figure 1. Satellite image of Superstorm Sandy which devastated the U.S. East Coast in 2012.
Photo by NASA, 2013. Public Domain.

There is a difference in temperature between the sea and upper air that drives tropical storm
formation (Figure 2). The air closer to the sea is warm, while the upper air is cool. The warm, moist
air on the surface rises into the cooler air, and as this happens, more warm air fills in closer to the
sea to take the previously risen air’s place. The warm air condenses and forms clouds that release
heat. This process of warm air cycling continues until the earth’s rotation gives the whole system
a push, causing the storm to spin.8 Because tropical storms are energized by the difference in
temperature between the sea’s surface and the upper air, an increase in sea surface temperature
means a greater difference between the temperature of the sea and the temperature of the upper
air. This process adds more “fuel” to the storm, causing warm air to rush into the system, making
it larger, faster, and more powerful.8
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Figure 2. Cross Section Diagram of a Hurricane.

The difference in air temperature between the ocean’s surface and in the atmosphere drives storm formation.
The larger the temperature difference, the larger the storm.

Diagram by Kelvinsong, 2012 CC BY 3.0

It is difficult to ascertain if increased storm intensity is the result of human pollution or of natural
causation. It is not possible to know the exact pattern of tropical storms but by utilizing the
historical record a trend emerges. Scientists have created climate models that allow synthetic
weather events to be simulated and observed. These models are used to test the theory of the
correlation between higher SSTs and intensity of tropical storms.?!? In a study conducted by
Mendelsohn et. al. a scenario was created to predict greenhouse gas emissions for the next
century.11 The scenario was applied to several climate models to see how the climate might change
by 2100. Climate and cyclone models are used together which allowed the authors to look at
changes in frequency, intensity, and location of tropical storms. When the study was performed,
the authors observed a set of 17,000 synthetic storms in each climate scenario. Tropical storm
intensity was measured using minimum barometric pressure, and the results of the study
indicated storms are more intense over warmer waters near the equator.!!

With Earth’s population growing, pollution and greenhouse gas emissions are increasing. SSTs
also continue to rise, which may result in stronger storms. There is a greater concentration of
the global population in coastal areas and these areas are more sensitive to storm destruction.!!
Thus, a greater population leads to more pollution, which can lead to stronger storms, and then
the stronger storms lead to more damage. These growing coastal areas have increasingly valuable
infrastructure that can be damaged. With higher populations and more expensive infrastructures,
greater economic damage occurs from strong tropical storms. Tropical storm intensity is
increasing and repairing infrastructure damage from storms is becoming more expensive.
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Figure 3. In 2005, Hurricane Katrina caused over S100 billion in property damage, leaving thousands without
homes.

In 2012, Hurricane Sandy affected many U.S. states and demonstrated the destruction of
increasingly strong tropical storms® (Figure 1). According to a New York Times article by Justin
Gillis, scientists cannot agree on whether this storm was intensified by climate change, however
climatologists interviewed after the storm said that the surface temperatures of water in the
Atlantic Ocean were higher than normal before the storm occurred.® This does not necessarily
mean that climate change was to blame for the storm’s power. However, it does support the
theory that warmer waters cause stronger storms. Although it is uncertain if Hurricane Sandy was
caused by climate change, future studies may determine climate change is the primary cause of
increased tropical storm intensity. SSTs can be increased by heat trapped from greenhouse gases
and warmer waters cause stronger storms. So, are higher SST’s caused by climate change? There
is no definite answer to this, but hopefully future research can answer this question.
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1.2 History of Drought in California Paints
Troublesome Outlook

Jaymes T. StClair

A lack of winter precipitation in California, alongside a previously dry environment, threatens a recurrence of the 1970s drought
conditions and subsequent water restrictions. What is causing the prolonged series of droughts? Do recent drought events foretell

the future of water supply management in California?

Taking steps to
conserve water

o — 5 * during the droughy,
3n : S e ——— ‘.....h
M‘:_” - £ T - e

Figure 1. During drought conditions, many properties, including California’s state house in Sacramento, conserve
water by foregoing non-essential practices.
Photograph by Kevin Cortopassi, 2014. CC BY-ND 2.0.

California has always had a water problem. The aqueduct system that was developed for the city
of Los Angeles was a feat of spectacular engineering. However, a moderately large percentage
of the water that the state uses derives from snowpack in the Sierra Nevada mountain range.
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Many studies have developed models that can predict winter precipitation so California is able to
properly allocate water resources for the dry summer months. In a recent study, Peter Caldwell
questions the reliability of two prominent precipitation models.! These models, namely regional
climate models and general circulation models, have performed poorly in predicting the amount
of precipitation that California will receive.! Results have shown that regional climate models
regularly over predict precipitation totals, while conversely, most general circulation models
underestimate precipitation totals.! Local officials use precipitation models to determine how
much water will need to be purchased and diverted into the many agricultural valleys of the
state. There may be devastating economic and political consequences if these officials rely on
unpredictable models such as regional climate models and general circulation models.

The Drying of CGalifornia

The spread of California’s drought, Dec. 31, 2013 - July 29, 2014
Abnormally Dry Moderate Severe [ Extreme M Exceptional

Dec. 31, 2013

Source: National Drought Mitigation Center

Figure 2. Drought Conditions in California from December 2013 through July 2014.
Courtesy of National Drought Mitigation Center, 2014. Public Domain.
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One location where recent droughts can be clearly witnessed is the Folsom Lake watershed,
which is located near the slopes of the Sierra Nevada mountain range (Figure 3). The current
reservoir level of the lake is so low that the remnant of a ghost town from the Gold Rush
era is visible.? The water districts that rely on water from Folsom Lake have urged consumers
to reduce water usage by at least twenty percent. This is similar to standards implemented
during the drought periods of the 1970s. A hydrologic research study done by Jianzhong Wang
and Konstantine Georgakakos used simulation models to look at the sensitivities of dynamic
precipitation during the winter over the Lake Folsom watershed.® The simulation spanned thirty-
five years and utilized data from sixty-two winter storms. The results suggested that precipitation
prediction models were not as accurate for light and moderate precipitation levels.> This
inaccuracy is similar to the inaccuracies found in the precipitation models previously mentioned,
and can lead to similar problems for local officials trying to control water consumption during dry

suminer Seasorn.

Figure 3. Lake Folsom is one of California’s reservoirs that is heavily impacted by drought. These before and after
pictures show the water levels in Folsom Lake before and during the 2012-2014 North American Drought.
Photographs by the California Department of Water Resources, 2014. Public Domain.

There are many water reservoirs around the Sierra Nevada Mountains that rely on the winter
snowpack. More than 25 million people and the $44.7 billion agricultural industry of California use
the water from snow that melts off the 650 kilometers (400 mile) mountain range.* In January
2014, the snowpack was just twenty percent of the historical average.2 The visual evidence from
a satellite image of this lessened snowpack is staggering (Figure 4). In a study by Kim et al.,, ten
to thirty percent of cold season precipitation derives from atmospheric river landfalls.> With high
pressure systems diverting nearly all forms of precipitation north, droughts are exacerbated as
expected precipitation is diverted away from the coast.?
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Figure 4. Snowpack on the Sierra Nevada Mountain Range. In the southwestern United States, snowpack from
the Sierra Nevada mountains is an important source of freshwater. Record low snowfall in 2014 prolonged the
already severe drought.

Photographs by NASA /NOAA, 2014. Public Domain.

Studies conducted on the possible impacts of severe and sustained droughts in California are
numerous because bringing water to the many valleys of the state is complex and costly. California
faces the enduring challenge of high evaporation paired with low precipitation. In a historical
study examining a medieval climate Glen MacDonald discovered an anomaly that consisted of
prolonged episodes of arid conditions and severe droughts spanning five hundred years.” These
conditions are linked to the abandonment of the affected regions by local native tribes and to
increased violence between the tribes over precious fertile lands.” MacDonald suggests that a
similar event could occur in the future due to natural or anthropogenic causes.” MacDonald
also looked at the impacts of a “perfect” drought on southern California. The “perfect” drought
consists of a prolonged drought in southern California paired with simultaneous similar conditions
in the Sacramento River basin and upper Colorado River basin.® There is evidence that all these
conditions occurred in the 11th and 12th centuries during this climate anomaly.® Therefore, the
scientists believe California is experiencing prolonged periods of drought caused by climate
change.

California is currently undergoing a series of droughts that could possibly rival the severe
droughts witnessed during the 1970s. The current drought is caused by an unprecedented high
pressure ridge that is just offshore of the west coast. This high pressure ridge is blocking all of
the winter storms needed to provide the necessary precipitation for the dry summer months and
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has been diverting weather systems to the north for the past thirteen months (as of January 2014).
This is an abnormal amount of time for a system like this to remain uninterrupted. Climatologists
say that the longer the system persists, the less likely approaching winter storms will be able to
break through.

Scientists working with the American Meteorological Society are conducting a study to
determine whether this extreme weather event is caused by natural variability or human-caused
climate change. A 2012 study found that a drought from that same year was primarily due to
natural variation. However, the study also indicated that climate change was a factor in the heat
waves that occurred during the spring and summer months.” Scientists are unsure whether to
attribute the drought to natural variation, climate change, or a combination of both for this
weather event. Long term precipitation changes are particularly difficult to predict, especially for
mid-latitude countries such as the United States. One factor that cannot be overlooked is the loss
of the ozone layer over the past century. Another study examined forest mortality by considering
different levels of ozone exposure.10 The study established a correlation between the diminishing
ozone layer and increasing global temperatures, determining that regions exposed to high levels
of ozone were deemed vulnerable to increased droughts and fires.!® These findings should be a
great concern for California officials and to the forests in the state.

Figure 5. Photograph on the shore of Folsom Lake when the reservoir was filled to only 18% capacity.
Photograph by Robert Couse-Baker, 2014. CC BY 2.0.

California officials are employing lessons learned during the 1970s drought to understand how to
conserve the public water supply. One lesson state officials learned is that the general public can
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help in conservation efforts. The coastal community of Goleta was provided with low-flow shower
heads and other water saving devices and reduced water consumption by thirty percent, which
was double the expected reduction.!! California’s total population has increased by 18 million
since the 1970s drought period and many conservation programs from that era will need to be
updated to properly manage the water supply.12 The current mindset of punishing citizens for not
conserving water should be amended to instead reward citizens for conserving water. This will
make water conservation efforts more successful.

References

1. Caldwell, P. (2010). California Wintertime Precipitation Bias in Regional and Global Climate
Models. Journal of Applied Meteorology and Climatology, 49: 2147-2158.

2. Onishi, N. & Wollan, M. (2014 January 17). Severe Drought Grows Worse in California. The
New York Times.

3. Wang J. & Georgakakos, K.P. (2004). Validation and Sensitivities of Dynamic Precipitation
Simulation for Winter Events over the Folsom Lake Watershed: 1964-99. Monthly Weather
Review, 133: 3-19.

4. Goodale G. (2014 January 21). California drought: Scientists puzzled by persistence of
blocking “ridge.” The Christian Science Monitor.

5. Kim, J. et. al. (2012). Effects of atmospheric river landfalls on the cold season precipitation in
California. Climate Dynamics, 40: 465-474.

6. Martin, K. (2014 January 12). The California Drought Finally Explained With Both Upper and
Lower Levels of Atmosphere to Blame. BeforeltsNews.com

7. MacDonald, G.M. (2007). Severe and sustained drought in southern California and the West.
Quaternary International, 173-174: 87-100.

8. MacDonald, G.M. et. al. (2008). Southern California and the perfect drought. Quaternary
International, 188: 11-23.

9. Lochhead, C. (2014 January 22). California drought: Scientists to probe cause. The San
Francisco Chronicle.

10. Panek, J. et. al. (2013). Ozone distribution in remote ecologically vulnerable terrain of the
southern Sierra Nevada, CA. Environmental Pollution, 180: 343-356.

11. Warren, J. (1991 February 19). Lessons of the 1970s Shape Water Rationing Plans. Los Angeles
Times.

12. Fimrite, P. (2014 January 19). California drought: Water officials look to rules of "70s. The San
Francisco Chronicle.

13. Cortopassi, Kevin. (2014). Sacramento Capital During the Drought. [Photograph]. Retrieved
from FlickrCommons. CC BY-ND 2.0.

14. National Drought Mitigation Center. (2014). Progression of the 2012-2014 historic California
drought, from December 2013 to July 2014. [Animation]. Retrieved from Wikimedia Commons.
Public Domain.

15. California Department of Water Resources. (2014). [Photograph of Lake Folsom Before and

12 | Environmental ScienceBites


https://ohiostate.pressbooks.pub/sciencebites/back-matter/glossary/#conservation
https://ohiostate.pressbooks.pub/sciencebites/back-matter/glossary/#population
https://www.flickr.com/photos/kevincortopassi/14628294152/in/photolist-5DR5ms-7CzMSt-n3oCvW-6gRkf2-axC8sY-npr6ss-p9j8cK-owuBrU-pXrbFN-nkU4MS-a3Myb9-mibhzg-82dioP-eK4TT-86sG19-kiniso-arxPqT-e3nbea-midhHN-6aYB5D-ohDQd9-q6NSnC-qs4P5U-rrkyFT-o4QuhC-jCCd5H-nCbjok-ruUXAZ-amD5qM-6P7vsW-f2ZuAG-jnLk2c-pFdqoe-64b2Ej-qZG2jk-9tU7ce-9vAdPD-mHhQdZ-7XeRXt-nr8UhW-jtSnYu-p15zKe-jMM6wm-jMJR5k-keK7Ac-jMKCL8-6MUhzN-pDDsSx-hK6tNW-oA17R9
https://creativecommons.org/licenses/by-nd/2.0/
http://commons.wikimedia.org/wiki/File:Progression_of_the_2012-2014_historic_California_drought,_from_December_2013_to_July_2014.gif
http://www.apple.com/

16.

17.

During the 2012-14 North American Drought]. Retrieved from http: //www.nasa.gov/jpl/
multimedia/california-drought-20140225 /# .VRLyq5PF_7W. Public Domain.

NASA/NOAA. (2014). [Photograph from space comparing the Sierra Nevada snowpack in 2013
and 2014]. Retrieved from http: //www.nnvl.noaa.gov/
MediaDetail2.php?MedialD=1483&MediaTypelD=1. Public Domain.

Robert Couse-Baker. (2014). Dry Folsom. [Photograph] Retrieved from FlickrCommons. CC BY
2.0.
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1.3 The Effects of Climate Change on the
Syrian Uprising

Levi J. Cramer

The Middle Eastern country of Syria has been in a state of civil war since 2o11. One factor influencing the current situation is
climate change. Climate change is responsible for desertification in the region, which is leading to increased dissent among the
citizens of Syria.

Since March of 2011, a small Middle Eastern country named Syria (Figure 2) has been combating an
uprising that has been a central focus of international news to this day. The people are rebelling
because they are upset with the regime of Bashar al-Assad, the president of Syria (Figure 1). More
than seventy-five thousand people have been killed since the inception of the uprising. Casualties
have come from citizens either defending the country, or rebelling against it. To understand the
frustrations of the Syrian people, one needs to look to the root cause of the uprising.
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Figure 1. Demonstration in Kafranbel, Idlib against the Assad Regime.
Photograph by Freedom House, 2013. CC BY 2.0.
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There are many reasons for the conflict in Syria. First, the people were upset that the Assad
regime refused to yield any of its power and hold a democratic election. Second, the Assad regime
was arresting large sums of people for protesting against its rule, including school children. The
third and often overlooked reason for the conflict is that climate change has caused large losses
for the Syrian agricultural industry, and the government was unwilling to help. Climate change
is occurring in Syria by means of depleting water supply and advancing desertification, both of
which are closely linked. These effects of climate change are expected to continue through 2050.
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Figure 2. Syria is located in the East Mediterranean within the Middle East. Its capital, Damascus, is located in
the southwest near the Lebanon boarder.
Mayp data ©2015 Google. Public Domain.

Click Here to Explore Damascus, Syria in Google Maps
The Figeh Spring is an important source of water for Syria and is located near its capital
city Damascus.! Researchers found that between 1961 and 1990, precipitation during the winter
had dropped by approximately 11%, and by approximately 8% during the spring.1 This drop in
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precipitation is expected to continue, and between 2070 and 2099 the rate will likely be 22%,
with an annual mean temperature increase of 4°C.! Syria is not the only country in the region
experiencing a decrease in precipitation, however its decrease is the largest.2 Between 2007 and
2008, precipitation dropped by 50% in some areas of the country (Figure 3). This is troubling
because the region is dependent on precipitation to provide the water needed to grow food.
The loss of precipitation becomes dire when run-off from countries north of Syria is also down.
Substantial changes in the regional climate are likely to increase the challenges placed on the
physical and biological components of riverine ecosystems.3

Figure 3. Comparison of rainfall in Syria to the normal season average (%).
Courtesy of the USDA Foreign Agricultural Service, 2008. Public Domain.

The decrease in precipitation has also triggered lasting droughts.4 The effects of drought and
desertification are further conflated considering that the population of Syria has increased by 50%
in the past few years. Increased land use is needed to support this growing population, which
contributes to erosion and makes much of the land unusable.”

Desertification is directly correlated with the decrease in precipitation. Since the 1940’s,
desertification has been increasing in Syria. Desertification is also affecting regions such as the
Khabur River in northeastern Syria. The Khabur River is on the opposite side of the country from
Damascus, demonstrating the widespread effects of desertification.’
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Figure 4. The desert in Syria is expanding due to desertification and the lack of precipitation.
Photograph by Marc Veraart, 2010. CC BY-ND 2.0.

How do the effects of climate change contribute to the insurrection that is occurring? Droughts
are making crops more difficult to grow and causing food prices to rise dramatically. Rise in food
prices is leading to impoverished people going hungry, fueling the uprising against the Bashar
al-Assad government, and adding to the numbers of refuges and rebels.” Tragically, the drought
has impacted more than 1.3 million people and 160 villages had to be abandoned due to crop
failure.® There has also been a loss of 85% of the livestock.® These displaced people migrated to the
major cities in Syria, including Damascus, and were quickly inundated by rebel propaganda. This
propaganda added to the already high levels of dissent that farmers felt for the Assad government.
Fueling this preexistent hatred, the farmers subsequently joined the rebels.’

Climate change has led to the increasing number of rebels in Syria. The Syrian crisis is an issue
that must be addressed through international systems, as the effects of climate change are likely
to increase. Analysts are in agreement that the current effects of climate change in the Middle
East are alarming. Nine of the world’s top importers of grain are located in North Africa and the
Middle East, and expanding desertification will make growing crops increasingly more difficult.°
The uprising in Syria may be first of many conflicts to arise in the Middle East as a result of climate
change.
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1.4 Hawaii Votes - Yes or No to G.M.O.s?

Alyssa Marie Jones

In 2013, Hawaii passed a bill banning the use of genetically modified organisms (GMOs). However, research on GMOs is
inconclusive. Do GMOs put Hawaiians at risk of adverse health effects? What does the passage of a GMO ban in Hawaii signify
for the future of food production in the United States?

Figure 1. Protesters on the Hawaiian island of Maui demonstrate against Monsanto and the use of
genetically modified organisms on the island. Monsanto is an agricultural biotechnology company
and a world leader in the production of genetically engineered crops.

Photograph by Alexis Baden-Mayer, 2010. CC BY 2.0.

The controversial debate regarding the role of genetically modified organisms (GMOs) in Hawaii
has ended. A bill to ban GMOs was introduced in May, 2013 by Margaret Wille, the chairwoman
of the Council’s Agricultural Committee of Hawaii. This ban was originally proposed to the nine-
member Hawaii County Council.! The bill bans growing any genetically engineered crop on the
island, with the exception of the two already grown there: corn and papaya. Field tests to study
new GMOs are also be banned and violations result in fines as high as $1,000 per day.
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GMOs continue to be heavily debated throughout the United States. In response to a warming
world and a growing global population, the food industry is under pressure to grow healthy food
more efficiently. As a result, several companies have started using GMOs. The use of GMOs has led
to increasing concerns among the public. According to a poll conducted by the New York Times, 3
out of 4 Americans surveyed are concerned about the health risks associated with GMOs in their
food.! Approximately 20 states have proposed bills that would require food that contains GMOs to
be labeled.! For instance, Whole Foods Markets, a national grocery store chain, has stated that it
will label or replace foods that contain GMOs by 2018.!

. >85% commercialized use |

74 <95% commercialized use ."_
a 4

@ Only experimental crops

Figure 2a. While many countries are taking a precautionary approach to GMO’s, only planting experimental
crops, other countries, like the United States, have embraced GMO production. Data as of 2005.Map by Pixeltoo,
2005. Public Domain.

Allowed

Banned

No Data

Figure 2b. Laws regarding GMO production are diverse. Green indicates that some form of GMO use is allowed.
Red indicates that the country has fully prohibited the use of GMO’s or GMOs can only be used for scientific
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purposes. Map by Zhitelew, 2009. Public Domain.

GMOs have been commercially grown for the past two decades. In 2010, approximately 10% of
crops planted worldwide were GMOs. Thirty countries are growing GMOs, while increasingly
more countries are performing field trials. The four primary types of GMOs are soybean, maize,
cotton, and rapeseed. GMOs are usually handled under high scrutiny.2 In the European Union
(E.U.), goods and feed containing as little as 0.9% modification must be labeled as a GMO. Food is
tested by Polymerase Chain Reaction (PCR) to determine which contain GMOs and then it is
labeled accordingly.® The E.U. has a zero-tolerance policy in which non-authorized GMOs cannot
be placed on the market. In the United States, there is no standard for labeling GMOs. However,
there is an organization called the Non-GMO Project, which tests individual ingredients for GMOs
by using a third party testing facility. Many GMO-free foods display the Non-GMO Project verified
seal on their label.®

In 1998, the papaya was among the first genetically modified (GM) fruits to be approved by the
Food and Drug Administration (FDA). It was created in response to the papaya ringspot virus
(PRSV) that was infecting and ultimately destroying papaya production6 (Figure 3). The papaya
ringspot virus would have decimated papaya production worldwide were it not for scientific
engineering. The GM papaya serves as the impetus for further GMOs (Figure 4). As of 2012, the
FDA has approved over 40 seeds and plants for genetic modification.’

Figure 3. A Hawaiian Papaya infected with ringspot virus (PRSV).
Photograph by Scot Nelson, 2014. CC BY 2.0.
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The focus of the GMO debate in Hawaii involves the people’s desire to live in a GMO free state,
versus the aspirations of farmers to grow virus free crops. Distrust of GMO seed-producing
companies like Monsanto helped inspire the bill. The people of Hawaii are worried that their
island will be overtaken by large agricultural companies, in which profit is often valued more than
sustainability and public safety. Hawaiian residents have the added challenge of deciding what
to believe regarding information on GMOs. Stories of mice developing tumors after consuming
GM corn have been publicized, although one week later, scientists denounced these articles as
false. Butterflies were also rumored to be disappearing due to GMOs. However, it was discovered
that butterfly disappearances were not directly caused GMOs, but by the herbicides used in
conjunction with the GMOs.! These accounts of GMOs causing harm in organisms have damaged
the public image of the product.

Hawaiian farmers are concerned that the ban will create a negative perception of GMOs and
their crop sales will decline. Supporting farmers’ concerns is Dr. Suzie, who suggests that humans
have bred crops of the same species to produce desired traits for millenniums. Through
technological advances it has become possible to borrow features not found within a crop family
and input these features within an organism.1 For example, rice can be modified to have vitamin A.
This type of rice is called Golden Rice, and is used to aid the world’s poor populations, which are
often deficient in this crucial vitamin. The scientists that created Golden Rice argue that GMOs
have had an exemplary safety record since their introduction into commercial production over 17
years ago. These scientists believe that GMOs benefit farmers, the environment, and consumers.
GM crops have been adopted faster than any other agricultural advance in humanity’s history.8

In attempt to address the prevailing uncertainty with GMOs, scientists have conducted various
research projects. Six thousand five hundred (6500) members of the Ecological Society of America
conducted research on GMOs. Results suggest that assessing the ecological risk of GMOs is
complex because many factors are involved. Such factors include the organism that is being
modified, the engineered gene, and the environment in which the organism will be placed. Due
to these factors, GMOs need to be carefully handled and monitored. The scientists also cautioned
that GMOs will be less fit than their parents and that natural selection would act on GMOs as it
does with other organisms. If a GMO does not perform as intended or malfunctions, it will take
many generations for the GMO to dissipate from the environment. GMOs will not fully replace
their predecessors and the scientists express that utmost carefulness must be exercised with
these organisms.9
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Figure 4. A healthy papaya plantation on Kuma Farms in Hoolehua, Hawaii.
Photograph by J. Shyun, 2010. CC BY-NC-ND 2.0.

Following the cautionary advice of the Ecological Society of America, Hawaii has implemented a
ban on GMOs. The bill was signed December 5th, 2013 postponing the use of GMOs in Hawaii..
It remains uncertain how the rest of the United States will respond to GMOs. Debate over GMOs
will likely continue and further research is needed to determine the short and long term effects of
these manufactured organisms.
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1.5 Warming Oceans Cause Coral Reef
Bleaching

Brittany L. Sulainis

Coral reefs are important to the survival of many ocean dwelling organisms and the tourism industry of certain coastal regions.
Algae and coral reefs share an important relationship. What will happen if this symbiotic relationship is disrupted due to coral
bleaching? Will the remaining organisms in this ecosystem survive without living coral?

Figure 1. A colony of the soft coral known as the “bent sea rod” stands bleached on a reef off of Islamorada,
Florida.
Photograph by Kelsey Roberts, 2014. CC BY 2.0.

Coral reef communities have helped shape the dominate ecosystems of the oceans for over 200
million years. They contain a collection of biological communities and make up one of the most
diverse ecosystems in the world. Coral are classified as cnidarians, and they are sessile aquatic
animals that can only catch small prey (fish and planktonic animals) by using their tentacles.!
Individual polyps live in colonies that form coral reefs and are able to retract inside their skeleton
for protection when predators approach. The reefs are composed of hard calcium carbonate
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skeletons that coral secrete over time and the growth rate of these structures depends upon the
specific coral species alongside other environmental conditions. Coral reefs are critical to the
survival of a large amount of ocean dwelling organisms because they provide a food source and
shelter.?

Coral has an important symbiotic relationship with algae. A symbiotic relationship is one that
is considered mutually beneficial to both of the organisms involved. Algae lives inside of the coral
polyps and produces food through the process of photosynthesis, which it then shares with the
coral. This relationship works well since coral reefs are located in water that is shallow and clear,
which allows large amounts of sunlight to reach the algae. Sunlight is needed for algae to produce
food for both species.3

A phenomenon that has become a large global concern is known as coral bleaching. Coral
bleaching occurs when the symbiosis between algae and the coral is disrupted due to the algae
being expelled from the polyp. When this occurs, coral loses its color as the white calcium
carbonate skeletons of the coral colony are exposed (Figure 1 and 2). Coral reef communities are
sensitive to changes within the ecosystem, especially to water quality.4 These communities can
only endure a small range of temperatures and other chemical characteristics, thus scientists use
coral reefs as indicators for when something may be wrong in the environment. Mass bleaching
events are causing large coral mortality, which is endangering the ecosystem.4

Dead coral covered in
turfing algae

Healthy coral Bleached coral

Figure 2. A comparison of coral in various states of health. Coral is visually
distinct depending on its state of health.

Used by permission from the Commonwealth of Australia, Great Barrier Reef
Marine Park Authority, 2011. CC BY-ND-NC 2.0.
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In 2009, eighty three coral species were petitioned to be listed under the U.S. Endangered Species
Act.’ There was great concern that these coral species were going to become functionally extinct,
followed quickly by absolute extinction. At the time, eighty two of the eighty three species were
given a pending status due to the necessity of proof of their endangerment. In each case, climate
and ocean change was cited as the cause of species decline.® Mass bleaching events have shown
a positive correlation with the increase in average seawater temperature. Approximately 25%
of the carbon dioxide produced by human activity has been absorbed by the oceans.” This CO
absorption creates changes in seawater chemistry called ocean acidification.’ Not only are ocean
acidification and rising sea temperature causing corals to bleach, these changes also have negative
effects on the developmental stages of larval coral and the adult coral’s ability to reproduce.7 The
effects on coral are immediate and if they do not cause mortality, they reduce coral growth and
cause several other harmful long term effects.®

Figure 3. Location of coral reefs around the world.
Courtesy of NASA, 2006. Public Domain.

Naturally, conservationists find themselves concerned about the loss of coral reefs as coral
bleaching continues to increase. Several reefs around the world are immensely degraded and
studies have yet to uncover whether they have the ability to regenerate. Scientists fear that coral
species will not survive the end of this century.8

The loss of coral reefs assures grim consequences because they attract great amounts of tourists
that constitute a large portion of income for coastal areas. The Caribbean has lost nearly 90% of
its reefs, which attract up to one hundred million tourists each year. With the loss of its coral reefs,
the Caribbean will experience a decrease in revenue from the tourism industry.9 Coral reefs also
play a key role in protecting coastlines from flooding, erosion, and storm damage. Without this
protection, repair costs would total hundreds of billions of dollars each year.3

In the journal article, Incorporating Climate and Ocean Change into Extinction Risk Assessments
for 82 Coral Species, the authors collected and analyzed data to determine whether the most
prominent coral species were at risk of extinction.” The conclusions of the study were derived
from analyzing other in-depth studies and looking at predictions of future climate conditions.
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The Coral Biological Review Team determined that the biggest threats to coral were disease,
ocean warming, and ocean acidification. The team then estimated the importance of each threat
relative to extinction risk, and ocean warming was ranked as the highest (Figure 4). The team
concluded that there was insufficient evidence to show that corals can adapt to this new climate,
especially considering the rate ocean temperature is expected to increase over the next century.5
The scientists found that corals do not possess effective adaption mechanisms for these new
conditions.> 1

Importance
Global Ocean warming High
Local Disease High
Global Ocean acidification Medium-high
Local Reef fishing - trophic effects Medium
Local Sedimentation Low-medium
Local Nutrients Low-medium
Global Sea-level rise Low-medium
Local Toxins Low

Figure 4. Coral communities are affected by many threats. When considering a coral species’ vulnerability to
extinction, various factors need to be taken into consideration.
Modified from Brainard et al., 2005.

The fate of coral reefs is still uncertain. It is nearly impossible to predict what will happen in
the long term since the two largest threats to coral extinction are caused by climate change, a
science that’s consequences are not fully understood. Human activity is inflicting terrible damage
to our planet and it is unknown how long it will take the oceans to return to their prior average
temperature once CO2 emissions are reduced. It is also unclear whether coral reef communities
can reestablish themselves after ocean temperatures stabilize or if other organisms can fill coral
reef’s vital role as a diverse ecosystem.
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