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Thick, prickly jungles line both sides of 
the 80-mile stretch of highway that 
extends south of Cancun through the 
world-famous Riviera Maya. Signs along 
the highway mark exits to resorts and 
adventure parks known for their 
turquoise waters and verdant sea floor 
landscapes. Snorkeling and scuba diving 
along the Mesoamerican Barrier Reef 
System, the second largest coral reef in 
the world, attract thousands of tourists 
each season.

YUCATAN’S UNDERWATER CAVERNS HOLD 
CLUES FOR CORAL REEF PROTECTION

Connecting Caves  
to Coral Reefs

Patricia Beddows records her location in one of the 
Yucatan Peninsula’s many limestone quarries. She 
samples different sedimentary layers for phosphorous 
and iron content to determine if those elements are 
leaching into the ocean.
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The same water that makes the Yucatan Peninsula a 
coveted tourist location drew hydrogeologist Patricia 

Beddows, Earth and planetary sciences, to the 
region 20 years ago. She comes back every year to 
study—and help reverse—the growing threat to the 
entire coral reef.

Driving down the highway toward a field site in a 
white, boxy Nissan Tsuru, Beddows points out what 
sparked her interest in the region: the lack of visible 
water inland from the coast. Unlike the surface 
waters we’re accustomed to seeing in the Midwest,  
all of the Yucatan’s groundwater supply flows beneath 
the surface, through an extensive network of 
interconnected caves. 

“All the action happens underground,” says Beddows. 
The explanation for that phenomenon lies in the 
region’s geology. The Yucatan Peninsula is composed 
of calcium carbonate rock, which originated from the 
sedimentation of the miniscule grains and shells of 
ocean organisms, with the occasional piece of coral. 
We know calcium carbonate as limestone, a highly 
porous rock. 

“If you have the pleasure of being here during a  
big rainstorm, even within minutes after it finishes 
raining, there is no standing water left on the 
surface,” says Beddows. “It all filters down.”

The same water that flows through layers of  
limestone shapes the caves below them. When rain 
slips through the pores in limestone, it dissolves the 
rock, carving pathways for water to flow. When  
these countless pathways begin to connect, water  
can flow freely, and turbulently, through them.  
This interconnected network of caves formed by  
the dissolution of rock is called a karst system,  
similar to those found in Florida, Kentucky, and  
the Bahamas. The system in the Yucatan, however,  
is still largely unmapped.

The Quintana Roo Speleological Survey database 
reports more than 4.5 million feet (774 miles) of 

underwater caves in the region. Although engineers and cave divers, including 
Beddows herself, are constantly exploring and mapping the cave systems, new 
discoveries are made every day. And that’s part of what drew Beddows to the 
area—the sense of going where no one has gone before.

But it’s more than a question of how much cave exists. Beddows has dedicated her 
career to understanding how water, and anything it carries with it, flows through 
the caves and discharges into the ocean.

Once underground, freshwater will settle on top of saltwater because it is the less 
dense of the two. As sea level rises and drops, the resulting motion of the water, 
along with coastal pumping, helps circulate the water underground, eventually 
pushing it out into the ocean. This discharge of fresh and salt water into the ocean 
has the potential to disturb coastal ecosystems when it carries any additional 
chemicals with it, especially those produced by humans. 

In the Yucatan Peninsula humans interact with the 
groundwater supply intimately. Relying on a dual-use 
aquifer, humans extract drinking water from freshwater 
reserves and pump nutrient-rich wastewater into the 
salt-water reserves, where it travels out to the ocean.  
But as Beddows points out, this isn’t the only way that 
humans interact with groundwater.

“A lot of human activities on the surface, such as 
putting in a golf course and fertilizing it or making 
changes to the ecosystem by cutting down forests—all 
of these tend to allow more nutrients to flow through  
the system.”

This is problematic for coastal ecosystems, such as the Yucatan’s coral reef, that  
are naturally nutrient-poor when they are at their healthiest. Beddows puts this 
flux of nutrients into perspective: “With global climate change, and global rising 
sea levels, we may be finding that many coastal ecosystems are highly stressed  
even to the point of death.”

Motivated by a combination of expertise in the region and awareness of global 
trends in sea level rise, Beddows set out to test whether additional nutrients, 
specifically phosphorous and iron found in limestone, could leach into coastal 
waters—further jeopardizing the health of the coral reef and the long-term  
future of the Yucatan Peninsula’s tourist industry.

The Bottom of a Quarry
Standing at the bottom of a quarry 10 miles off the coast of the Yucatan Peninsula, 
Beddows holds a compass, a rock hammer, and a camera with additional GPS 
capabilities. She’s been to two dry caves already, and this is the first of two 
quarries she plans to visit.

Beddows poses at the entrance to a cave. She has studied 
the Yucatan's intricate underground cave system for more 
than 20 years.

"WITH GLOBAL CLIMATE 

CHANGE, AND GLOBAL 

RISING SEA LEVELS, WE MAY 

BE FINDING THAT COASTAL 

ECOSYSTEMS ARE HIGHLY 

STRESSED EVEN TO THE 

POINT OF DEATH FOR MANY 

SYSTEMS GLOBALLY.”

Photo by Monika Wnuk
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She carefully analyzes the rock layers before her and 
jots down the geologic history she sees. Then, picking 
a spot, she gives her rock hammer a sharp swing and 
picks up a chunk of rock the size of her fist. What she 
holds in her hand could be a previously unforeseen 
contributor to the damage already endured by the 
coral reef and to future damage as well. She’ll seal 
the sample in a plastic bag, label it, and toss it into  
a suitcase for comparison with other samples she’s 
collected that day from dry caves and quarries, each 
from the same stratigraphic layer.

In 2012 Beddows was awarded a grant from  
the Institute for Sustainability and Energy at 
Northwestern (ISEN) to explore a hypothesis  
she developed with one of her geochemistry PhD 
students, Emiliano Monroy-Rios. They theorized  
that in addition to the human-driven nutrient flux 
that was discharging into the ocean, global sea level 
rise would raise the groundwater level, dissolve  
some of this newly flooded limestone, and leach  
more phosphorous and iron into the groundwater 
system and out into the ocean.

“Even if we limit the activities here, global sea level 
rise may be playing an important role in releasing  
a vast supply of phosphorous and iron from the rock, 
discharging them through the cave system and 
affecting the coastal waters,” says Beddows. The 
impact of these additional nutrients is commonly 
seen in many modern coral reef systems as a 
destructive side effect of global warming.  

Any rise in nutrients such as phosphorous and iron  
in an ecosystem that is not nutrient-rich will drive 
eutrophication—a process characterized by a bloom 
in phytoplankton, which may float on the water 
surface or grow in blankets smothering the coral 
underneath. This blanket of vegetation blocks 
necessary sunlight from reaching the coral and its 
zooxanthellae, the associated algae that live inside  
its tissues. Without that vital energy source, both 
algae and coral will die.

Damage to or loss of the coral reef ecosystem could 
have detrimental effects on the survival of organisms 
dependent on it. Losing an ecosystem could have 
economic impacts as well, especially in a region that 

is highly dependent on an attractive coast to draw 
tourism. Coral reefs are also crucial protectors of 
coasts during a hurricane; according to the National 
Oceanic and Atmospheric Association, up to  
90 percent of the energy from wind-generated  
waves is absorbed by reefs. Healthy reefs can help  
mitigate costly damage to coastal ecosystems and 
infrastructure and provide long-term protection  
from coastal erosion.

In the Lab
Born in Mexico City, Emiliano Monroy-Rios 
received a bachelor’s in chemistry and a master’s in 
chemical oceanography from the National Autonomous 
University of Mexico. He went on to work as a research 
assistant in the Unit of Water Science at the Yucatan 
Center for Scientific Research, where he met 
Beddows through cave diving.

In the Integrated Laboratories for Earth and Planetary 
Sciences, Monroy-Rios opens a sample bag labeled 
CHAC-2013-12-12-12m—extracted from the Chac 
Mool cave system on December 12, 2013, at a depth 
that corresponds with an official cave survey drawn 
by previous explorers. Surrounded by the 
instruments he uses to identify phosphorous and iron 
content in rock, he takes out a chunk of limestone. 

First he uses a rock saw with a diamond disk to cut the sample into thin slices  
for an initial scan that will identify any critters—gastropods, brachiopods, and 
coral—in the rock. Then he grinds up the slices into little bits and feeds them into 
a machine that crushes them into powder. Once his sample is in powder form, he 
dissolves about 10 milligrams in nitric acid to allow for analysis of the components 
and takes a miniscule drop over to the inductively coupled plasma atomic emission 
spectroscope, which measures properties of light over a specific portion of the 
electromagnetic spectrum and thus helps geologists identify individual elements  
in a solution. “Fortunately, the machine is equipped with an auto-sampler, 
allowing us to replicate the process for 60 samples at a time,” says Monroy-Rios.

He drops the small quantity of solution into the machine, and it passes through  
a system of hoses and tiny tubes before it’s sprayed over a plasma quartz torch  
at high temperatures. Individual elements give distinct signals, emitting light  
at different wavelengths. He then compares the concentration of elements found  
in the sample to a standard concentration for that particular element. 
Understanding the quantities of phosphorous and iron in the different strata of 
rock in the Yucatan Peninsula will help Monroy-Rios assess the quantity of these 
nutrients that could leach into the ocean with global sea level rise. 

His research is motivated by a desire to contribute to knowledge about coastal  
karst systems, knowledge that he hopes will translate into policies on coastal 
conservation in the Yucatan Peninsula. Another motivation is largely personal:  
“I want my kids to know the coral reef.”

—Monika Wnuk

Beddows pulls off the road 
to examine exposed coral 
and seashell fossils. She 
attracts a crowd of children 
from a nearby school 
and gives an impromptu 
geology lesson. 
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